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Summary
The Metabolic Syndrome (MetS) is characterised by hyperinsulinaem ia, low glucose 

tolerance, dyslipidaem ia (increased triacylglycerol, (TAG) and non-esterified fatty acids 

(NEFA) and reduced high density lipoprotein (HDL)-cholesterol concentrations), 

hypertension and obesity. This cluster o f factors has been recognised for many years and 

was formally labelled in 1988 by Gerald Reaven who suggested that insulin resistance is 

the key metabolic perturbation. Given recent evidence that dietary interventions have 

been more effective than pharmacological agents in preventing the developm ent o f  the 

MetS and T2DM in high-risk individuals, exploration o f  the concept that altered dietary 

fat intake may attenuate the impact o f  the MetS warrants investigation. The objective o f 

this thesis was to examine the relationship between dietary and plasm a fatty acids and 

insulin sensitivity at baseline and after a 12-week dietary intervention in subjects with the 

MetS. It also served to determine if  the IRS-1 genetic polymorphism  Gly972R associated 

with increased risk o f the MetS played a causal role in determining an individual’s 

responsiveness to dietary fat modification.

In chapter three the design o f the LIPGENE Dietary Intervention Study was 

outlined. In effect, this chapter introduced and provided the basis for the entire thesis. 

Over 15,500 subjects were screened to recruit 486 subjects with the MetS who initiated 

the study. At screening, waist circumference for males and females were 111cm and 

103cm, respectively, with fasting plasma glucose 5.5mmol/L, TAG 1.8mmol/L, HDL 

cholesterol concentrations 1.30mmol/L and blood pressure 143/89mmHg.

The developm ent o f a food-exchange model to investigate the effects o f four 

experimental diets, distinct in fat quantity and quality and suitable for use in free-living 

volunteers with the MetS, at eight centres across Europe was illustrated in chapter 4. The 

quantity o f exchangeable fat in the diets were replaced by specifically designed study 

foods including spreads, cooking oils, mayonnaises and biscuits. Also critical to the food- 

exchange model were the use o f carbohydrate exchanges to ensure the diets were 

isoenergetic. The results indicated that overall compositional targets were largely 

achieved with significant differences in fat quantity and quality between the four study 

diets.



Chapter 5 assessed, among MetS subjects, participating in the LIPGENE Dietary 

Intervention Study, the physiological, metabolic, biochem ical and dietary characteristics 

between gender, age groups and BMI status and examined the association o f  these 

characteristics with the number o f  metabolic disorders that define the MetS. Females had 

greater insulin sensitivity at baseline (p<0.05) with no differences across the age 

categories. Body weight, BMI and waist circumference significantly decreased with 

increasing insulin sensitivity (p<0.05). Insulin sensitivity m easured by QUICKI 

decreased with increasing number o f  MetS criteria and increasing body weight 

determined both Si and HOM A-IR in linear regression analysis (/?<0.05).

The LIPGENE Human Dietary Intervention Study was a multi-centre, trans- 

European, randomised, controlled trial with the aim o f  determ ining the relative efficacy 

o f  reducing dietary SFA consumption, by altering quality and reducing the quantity o f 

dietary fat, on metabolic risk factors o f the MetS. 417 free-living subjects with the MetS 

received one o f  four dietary treatments for 12 weeks: (1) High-fat SFA-rich diet (2) High- 

fat, M UFA-rich diet; (3) Low-fat, high-com plex carbohydrate diet and (4) Low-fat, high- 

complex carbohydrate diet, with 1.24 g/d LC n-3 PUFA. An IVGTT, lipoprotein analysis, 

cytokines, adhesion molecules and coagulation factors were determ ined pre- and post

intervention. Dietary fat modification had no significant effect on insulin sensitivity (S[) 

as illustrated in chapter 6. The effect o f the four dietary treatm ents were determined in 

volunteers with a habitual high- or low-fat intake pre-intervention, defined as being above 

or below the median (36% o f Total Energy). Si was significantly lower following the 

high-fat, SFA-rich diet (P=0.021) in subjects with a habitual low-fat intake pre

intervention. The sensitivity to SFA was more applicable to females wherein Si was 

reduced following the high-fat, SFA rich diet. HOM A-IR was also reduced in females 

following the high-fat M UFA diet (P<0.05).

The G972R variant is a potential contributor to the insulin resistance in T2DM. In 

chapter 7 the codon-972 aminoacid variant o f  IR S -1 in the heterozygous form was found 

in 11.7% o f the W P1.2 MetS cohort. The GG hom ozygote group for rs 1801278 in the 

IRS-1 gene had significantly higher QUICKI values than the AG/AA genotype 

(/;=0.019). The effect o f carrying an A allele in rs 1801278 resulted in higher S| values 

with plasm a M UFA levels below the median o f 28.2%  (p=0.032).
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Chapter One 

Introduction

1.1 METABOLIC SYNDROME

The M etabolic Syndrom e (MetS) is characterised by hyperinsulinaem ia, impaired 

glucose tolerance, dyslipidaem ia (increased triacylglycerol, (TAG) and non-esterified 

fatty acids (NEFA) and reduced high density lipoprotein (HDL)-cholesterol 

concentrations), hypertension and obesity. This cluster of factors has been recognised 

for many years and was formally labelled in 1988 by Gerald Reaven who suggested 

that insulin resistance is the key metabolic perturbation (Reaven, 1988a). Other 

factors associated with the MetS or its consequences are hyperfibrinogenaem ia, 

increased plasm inogen activator inhibitor-1 (PAI-1), low tissue plasminogen activator 

(tPA), nephropathy, m icroalbum inuria and hyperuricaem ia (Hansen, 1999). The 

aetiology o f the M etS is unknown but predisposing factors include aging, obesity, 

sedentary lifestyle and genetics. The syndrome predicts cardiovascular disease (CVD) 

and Type 2 Diabetes M ellitus (T2DM ) (Ford, 2005b). Among non-diabetic insulin 

resistant subjects, w aist circumference, HD L-cholesterol, fasting glucose, proinsulin, 

insulin sensitivity, 2 hour insulin, 2 hour glucose and impaired glucose tolerance 

(IGT) were all significant predictors of the MetS in univariate models. W aist 

circumference was the optim um  variable to predict those who were likely to develop 

the M etS and was a better predictor than body mass index (BMI) (Palaniappan et a i ,  

2004). There are several terms in existence to describe the clustering o f components -  

Syndrome X, Deadly Quartet, Insulin Resistance Syndrome or Cardiom etabolic 

Syndrome as well as num erous ways of defining the syndrome with seven definitions 

proposed in the past 8 years {Table 1.1). In a cross-sectional analysis of 1859 men and 

women aged >20 years from the National Health and Nutrition Examination Survey 

(NHANES) 2001-2002, a larger percentage of participants with the MetS had fair or 

poor health than participants without the MetS (Ford & Li, 2008). Individuals with the 

MetS are twice as likely to die from, and have a three-fold higher risk o f developing 

heart attack or stroke compared with people w ithout the syndrome, with a 5-fold 

greater risk of developing T2DM (Isomaa et al., 2001).



Table 1.1: Timeline o f m ost popular definitions o f the M etabolic Syndrome

Year O rganization

1998 W HO, (W orld Health Organisation)

1999 EGIR (European Group for the Study of Insulin Resistance)

NCEP ATP III (National Cholesterol Education Program/Adult Treatment 
“ Panel)

2002 ACE (American College of Endocrinology)

2004 AHA/NHLBI (National Heart, Lung, and Blood Institute/American Heart Ass.)

2005 IDF (International Diabetes Federation)

2005 AHA/NHLBI (National Heart, Lung, and Blood Institute/American Heart Ass.)

1.1.1 Definitions used in the Diagnosis o f the M etabolic Syndrom e

The clustering o f m etabolic risk factors pertaining to CVD within individuals has 

spurred several established learned bodies to publish criteria to diagnose the M etS 

(See Table 1.1). Table 1.2 highlights the similarities and differences between the m ost 

widely used definitions. D ifferences between the definitions include the essential 

criteria, the emphasis on adiposity and the priority of assignment. Although the 

differences may seem subtle, they can have a significant impact when it comes to 

prevalence rates among certain communities. For example, among 4714 nondiabetic 

men, central obesity (in the diagnosis of the MetS) was present in 61.1% (W HO) or 

19.5% (NCEP) or 50.4% (IDF) of men, depending on criteria used (Qiao, 2006). Only 

about 30% of people appear to be diagnosed by most definitions and about 35-40%  of 

people diagnosed with the MetS are only eligible for such classification using one 

definition (Day, 2007).

In a recent report, Gerald Reaven stated that the approach o f the W H O  in 

attempting to create diagnostic criteria was the most rational effort and the recent 

version of the IDF was the m ost dangerous (Reaven, 2006). The W HO was the first 

organisation to outline the clinical criteria for diagnosing the MetS (Alberti & 

Zimmet, 1998). The W HO designated the M etS as a special classification for persons 

with the potential for diabetes presenting with impaired fasting glucose (IFG) or 

insulin resistance by hyperinsulinem ic euglycaemic clamp. Other risk com ponents 

included central obesity, dyslipidaem ia, hypertension and microalbuminuria. Their 

reasoning for the diagnosis o f the MetS was to identify persons at risk o f CVD 

(Reaven, 2006). The W HO definition was form ulated as a working definition, to be
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improved upon but to use as a sound basis to develop research and for comparative 

purposes (Hu et al,  2004). The European Group for the Study of Insulin Resistance 

(EGIR) proposed some modifications to the WHO working definition to enable the 

identification of MetS patients distinct from T2DM (Balkau & Charles, 1999). In 

addition, this group recommended the use of fasting insulin as opposed to the 

euglycaemic clamp due to its limited used in epidemiological studies and in a clinical 

setting. Fasting insulin values above the highest quartile for the non-diabetic general 

population were indicative of the presence of insulin resistance. They also suggested 

using fasting plasma glucose measurements (>6. Immol/L) instead of an oral glucose 

tolerance test (OGTT), further simplifying the criteria. EGIR also recommended using 

waist circumference instead of BMI and waist-hip ratio (WHR) as it is a more 

straightforward measurement and correlates better with intraabdominal visceral 

adipose tissue mass (Pouliot et al., 1994).

The National Cholesterol Education Program, Adult Treatment Panel III 

(ATPIII) proposed its definition of the MetS in 2001 (NCEP, 2001). Their aim was to 

“focus on primary prevention in persons with multiple risk factors” and considered 

the MetS to represent “multiple, interrelated factors that raise CVD risk” . The specific 

factors considered were abdominal obesity, atherogenic dyslipidaemia, elevated blood 

pressure (BP), glucose intolerance and pro-thrombotic and pro-inflammatory states. 

The components are not distinguished qualitatively from each other, any 3 out of the 5 

having an adverse effect as any other group of 3 abnormalities (Reaven, 2006). The 

ATPIII criteria does not require insulin resistance for the diagnosis. However, 3 or 

more components gives reasonable prevalence estimates of 12.9% for men and 11% 

for women (Hu et al ,  2004). Of the individuals fulfilling this definition, 59.5% of 

men and 60% of women fall within the highest quartile of plasma insulin levels (Hu et 

al,  2004). While the EGIR and the ATPIII definitions both use waist circumference 

to define obesity, with relatively high cut-off points, obesity is not an essential 

component (Cameron et al,  2007). In 2004 and 2005 the NCEP ATPIII definition 

was modified by the American Heart Association and National Heart, Lung and Blood 

Institute (AHA/NHLBI) (Grundy et al,  2004; Grundy et al,  2005). In the San 

Antonio Heart Study (SAHS), lowering the plasma glucose improved the predictive 

discrimination of the MetS in Mexican Americans (Lorenzo et al,  2003). For large 

scale screening purposes, the NCEP ATPIII classification is more practical than the 

WHO criteria, as fasting glucose is more easily attained and determination of insulin
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resistance is not required. The relationship between the presence of the MetS by the 

ATPIII criteria and insulin resistance is suggested not to be perfect and suffers mostly 

from lack of sensitivity (Sierra-Johnson et a l ,  2006). To provide a more sensitive 

identification of those individuals at increased risk, Sierra-Johnson et al. (2006) 

suggest to recognise that insulin resistance may be the underlying metabolic disorder 

contributing to increased CVD risk or to reduce the number of required ATPIII 

components from three to two. The authors further demonstrate that simple 

measurement of just waist circumference may provide greater overall diagnostic 

accuracy than counting categorical components of the MetS (Sierra-Johnson et a l ,  

2006).

In 2005, a new version of the MetS was published after a consensus 

conference organised by the International Diabetes Federation (IDF). The new 

worldwide definition highlighted additional metabolic criteria which they stated 

should be included in all research conducted in the field (IDF, 2005). The IDF criteria 

takes into account a lower cut-off value for central obesity with an ethnicity specific 

adjustment. It has been questioned whether the IDF set their cut-offs for waist 

circumference too low in identifying high-risk individuals for CVD and whether it 

labels low risk individuals in already economically challenged health systems 

(Nilsson et al., 2007).

The various definitions share the same goal: to identify high-risk individuals 

who would most benefit from early and more intensive disease prevention.
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Table 1.2: Definitions of tiie Metabolic Syndrome

WHO 1999

Glucose intolerance, 
IGT or diabetes 
and/or insulin 
resistance

' E G IR 1999

Insulin resistance 
(defined as 
hyperinsulinaemia)

ATPIII 2001

Plus two or more of Plus two or more of Three or more of the
followingthe following

1 Obesity:
BMI > 30 kg/m^ or 
WHR > 0.9 cm (M),
> 0.85 cm (F)

2 Dyslipidaemia: 
triglycerides
>1 .7  mmol/1 or HDL 
cholesterol
< 0.9 mmol/1 (M),
< 1.0 mmol/1 (F)

3 Hypertension:
B P >  140/90 mmHg 
and/or medication

4 Microalbuminuria: 
urinary albumin 
excretion
rate > 20 pg min"’ or 
albumin : creatinine 
ratio > 30 mg/g

the following

1 Central obesity: 
waist circumference
> 94 cm (M),
> 80 cm (F)

IDF

Central obesity— 
waist circumference
> 90 cm (M) or
> 80 cm (F)

Plus two or more of 
the following

1 Central obesity: waist 
circumference >102 cm 
(M), > 88 cm (F)

2 Dyslipidaemia: 
triglycerides
> 2.0 mmol/1 or HDL 
cholesterol
< 1.0 mmol/1 or on 
treatment for this 
abnormality

3 Hypertension:
BP > 140/90 mmHg 
and/or medication

4 Fasting plasma 
glucose > 6.1 mmol/1

2 Hypertriglyceridaemia: 
triglycerides > 1.7 mmol/1

3 Low HDL cholesterol:
< 1.04 mmol/1 (M),
< 1.29 mmol/1 (F)

1 Triglycerides 
> 1 .7  mmol/1 or 
treatment for this 
abnormality

2 Low HDL 
cholesterol:
< 1.03 mmol/1 (M), 
<1 .29 mmol/1 (F) or 
treatment for this 
abnormality

3 Hypertension: 
B P> 130/85 mmHg 
or medication

4 Hypertension: 
B P >  130/85 mmHg

5 Fasting plasma 
glucose > 6.1 mmol/1

4 Fasting plasma 
glucose > 5.6 mmol/1 
or previously 
diagnosed Type 2 
diabetes

The 2005 update to the NCEP ATPIII MetS definition specifies that waist circumference of
> 80 cm (F) and > 90 cm (M) are to be used for Asian Americans; the glucose cut-off was 
lowered to 5.6mmol/L and treatment of dylipidaemia and BP was included (Grundy et a l ,  
2005).

ATPIII, Adult Treatment Panel III; BMI, body mass index; BP, blood pressure; EGIR, 
European Group for the study of Insulin Resistance; HDL, high-density Hpoprotein; IDF, 
International Diabetes Federation; IGT, impaired glucose tolerance; MetS, metabolic 
syndrome; M/F, male/female; WHO, World Health Organization; WHR, waist-hip ratio.
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1.1.2 Prevalence of the Metabolic Syndrome

On the basis of the definition from the NCEP, the prevalence of the MetS is 

approximately 25% of the general population with variations in genetic background 

(Ford et al., 2002). The prevalence of the MetS varies depending on definition used 

and also on the characteristics of the population being studied. In the Kupio Ischemic 

Heart Disease Study, the predictive value of both the WHO and NCEP definitions of 

the MetS were examined. The prevalence ranged from 8.8% to 14.3% depending on 

the definition. The study reported that all cause mortality associated with the MetS 

was increased 1.9-fold and CVD mortality 2.6-fold when using the WHO definition, 

whereas the NCEP definition less consistently predicted all cause and CVD mortality 

(Lakka et a l ,  2002). However, in the Third National Health and Nutrition 

Examination Survey (NHANES III) approximately 24% of adult men and 23% of 

adult women have the MetS as assessed by the NCEP definition (Ford et a l ,  2002). 

This study however, reported marked differences in prevalence among ethnic groups 

and noted that the prevalence was highest in Mexican Americans and lowest in blacks 

of both sexes (Park et a l ,  2003). In the Atherosclerosis Risk in Communities (ARIC) 

study, the prevalence of the MetS was 28% in men and 34% in women using the same 

definition. In 1997, the Diabetes Epidemiology Collaborative Analysis of Diagnostic 

Criteria in Europe (DECODE) study determined the presence of the MetS using a 

modification of the WHO definition for 11 European cohorts and showed that 15% of 

nondiabetic men and 14.2% of nondiabetic women had the MetS (DECODE Study 

Group, 1998).

The prevalence of the MetS increases with age, rising steeply after the third 

decade and reaching a peak in men aged 50-70 years and in women aged 60-80 years 

(Park et al., 2003). Although the high prevalence of T2DM and glucose intolerance 

has been previously attributed to aging itself, data suggest that the age-related decline 

in insulin sensitivity is associated with abdominal obesity and inactivity, such that 

older persons who are physically active and do not have increased abdominal girth are 

much less likely to develop T2DM (Cefalu et a l ,  1995).

The prevalence of the MetS increases with obesity as assessed by BMI or 

waist circumference (Park et ah, 2003; Janssen et al., 2004). In NHANES (1988- 

1994) the MetS was present in 4.6% of normal weight, 22.4% of overweight and 

59.6% of obese men (Park et al., 2003). With the increase in obesity closely linked to 

the rising rates of T2DM and its preceding states such as IFG or IGT, it is alarming to
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consider that in the USA, data from NHANES show that amongst adults (20-74yrs) 

the prevalence of obesity has more than doubled from 15% (1976-1980 survey) to 

32.9% (2003-2004 survey) (National Centre for Health Statistics). Of concern, the 

prevalence of overweight in children has also risen from 5% to 13.9% in 2-5 year 

olds, 6.5% to 18.8% in 6-11 year olds and 5% to 17.4% in 12-19 year olds (National 

Centre for Health Statistics). This prompts for immediate intervention in this 

vulnerable group. Vanhala et al. (1998) showed that half of obese children (n=712) 

had become obese adults with an especially high risk of the MetS and that childhood 

obesity overall increases the risk for the MetS in adulthood. Furthermore, the risk of 

the syndrome was lower among obese adults who had not been obese as children. One 

possible mechanism proposed by the author is that continuous obesity from childhood 

to adulthood serves as a ‘generator’ for prolonged insulin resistance (Vanhala et a l ,  

1998).

The influence of gender on the prevalence of the MetS varies between 

populations, related to the population’s characteristics and the definitions used. 

Hwang et al. (2007) found in their population-based survey that women had the first 

isolated component earlier but presented as cases of MetS later than men. Lipid 

components of the MetS occurred earliest in both genders, indicating that dietary fat 

intake may contribute to this positive association (Miller et a l ,  1990). The presence of 

different sex steroid hormones and intrinsic sexual dimorphisms existing at the 

molecular and cellular level may account for the gender differences (Mittendorfer, 

2005). Greater visceral fat accumulation and lower plasma adiponectin concentrations 

in men than in women may be important candidates for mediating gender differences 

in insulin sensitivity and CVD (Wajchenberg, 2000; Nishizawa et al., 2002). The 

finding that the protection conferred on women is not lifelong and dissipates after the 

age of 50 years supports the protective effect of female sex hormones and the 

unfavourable effects of testosterone on substrate metabolism in view of the MetS 

(Hwang et al., 2007).
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1.2 UNDERLYING FACTORS OF THE METABOLIC SYNDROME 

1.2.1 Insulin Resistance

Insulin resistance is defined as an impaired biological response to either exogenous or 

endogenous insulin (ADA, 1998). Kolterman et al., (1980) stated that insulin 

resistance is a general term used to describe any defect in insulin action and divided 

insulin resistance into abnorm alities o f insulin sensitivity or insulin responsiveness. 

In a consensus developm ent conference on insulin resistance, the panel suggested that 

insulin resistance does not have to be confined ju st to parameters of glucose 

m etabolism  but should apply to any o f the biological actions of insulin and m ight 

include its effect on lipid and protein metabolism, vascular endothelial function and 

gene expression (ADA, 1998). Insulin resistance is now recognised as a characteristic 

trait o f  T2DM  and contributes to abnormalities in liver, fat, muscle tissue and 

pancreatic P-cells (Saltiel, 2000). Insulin resistance is associated with aging and a 

sedentary lifestyle with a genetic predisposition also advocated (Saltiel, 2000). 

Obesity is also a m ajor com ponent, its cause or effect not wholly determined.

Results from the Bruneck Study, a population based study, indicated that 

insulin resistance is very comm on among subjects with metabolic diseases (Bonora et 

al., 1998). Lower prevalence rates were found with hypercholesterolaem ia, 

hyperuricaem ia and hypertension. Higher rates of insulin resistance were found with 

T2DM  and hypertriglyceridaem ia and in the low HDL-cholesterol states, with the 

latter two almost never occurring as isolated disorders and nearly always associating 

with insulin resistance. This suggests that insulin resistance is almost ever-present 

when several metabolic disorders cluster together, more so than when metabolic 

disorders are isolated (Bonora et al., 1998). As this finding was independent of age, 

gender and BMI, R eaven’s hypothesis that insulin resistance is more likely to be the 

com m on denom inator with a pathogenic effect (Reaven, 1988a) is further 

substantiated.

Values for insuhn sensitivity vary widely in healthy populations and there is 

no agreed-upon cut-off for the definitions of insulin sensitivity or insulin resistant 

individuals.



1.2.2 Obesity

Obesity predisposes to insulin resistance and is the most important determinant of 

T2DM (Reaven, 1988a; Pi-Sunyer, 1993). The total direct (obesity related primary 

medical consultation, hospital treatment and medicines) and indirect (sick days as a 

result of obesity-related illnesses and from early deaths as a consequence of the same 

illnesses) cost of obesity for the fifteen member states of the EU in 2002 was 

estimated to be approximately €32,800 XloVyear (Fry & Finley, 2005).

The relationship between obesity and insulin resistance is seen across all 

ethnic groups and across the full range of body weights (Kahn & Flier, 2000). Central 

obesity has become a defining factor in the development of the MetS more so than 

peripheral body fat distribution (Kissebah et ai, 1982) with visceral adipose tissue 

(VAT) accumulation having a more significant pathogenic impact on insulin 

resistance than subcutaneous adipose tissue (SAT) (Carr et ai,  2004). However, due 

to its mass size, SAT contributes to circulating free fatty acids (FFAs) (Ybarra et al, 

2008). In a recent study, hposuction removal of abdominal SAT improved the lipid 

profile without an impairment in insulin sensitivity or inflammatory markers (Ybarra 

et ai,  2008). Insulin resistance in obesity is manifested by decreased insulin- 

stimulated glucose transport and metabolism in adipocytes and skeletal muscle and by 

impaired suppression of hepatic glucose output (Reaven, 1995). These fundamental 

defects may be as a result of impaired insulin signalling in muscle and liver tissue as 

well as in adipocytes. There may also be a downregulation of the major insulin- 

responsive glucose transporter, Glut4. In both muscle and adipocytes, insulin binding 

to its receptor, receptor phosphorylation, tyrosine kinase activity and phosphorylation 

of IRS are reduced (Kahn & Flier, 2000). In humans, the TAG content of muscle 

correlates directly with insulin resistance and the fatty acid composition of muscle 

phospholipids influence insulin sensitivity (Borkman et ai,  1993)

Adipose tissue is not purely a storage tissue but also acts as an endocrine 

organ with adipokines (adipose tissue-derived hormones and inflammatory cytokines) 

playing an essential role in overall insulin sensitivity and insulin resistance (Ruan & 

Lodish, 2004).

Both animal and human studies have repeatedly shown that the intake of 

dietary fat and total energy are strongly and positively associated with body weight 

gain (Riccardi et ai,  2004). Epidemiological data supports this finding (Astrup, 

2001). The importance of being overweight in relation to risk of developing the MetS
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and T2DM  is corroborated by intervention studies demonstrating an improvement in 

all abnomnalities clustering in the MetS in individuals who reduce their body weight 

(Riccardi et al., 2004). W eight loss improves insulin sensitivity in peripheral tissues, 

increasing the capacity of non-oxidative glucose metabolism (Henry et al., 1986; Albu 

et al., 1995). In the Normative Aging Study, overall adiposity was found to be 

positively related to both fasting and postprandial serum insulin concentrations. W hen 

the relationship o f diet and insulin were examined, both fasting and postprandial 

serum insulin increased with increasing saturated fatty acid, after adjustm ent for total 

energy, body adiposity and body-fat distribution (Parker et al., 1993).

An im portant question to ask in unravelling the aetiology o f insulin resistance 

is why a proportion o f obese subjects are not insulin resistant. One possibility is that 

the high rate o f conversion of insulin resistance into impaired glucose tolerance and 

T2DM m ay rem ove many obese individuals from a cohort selected on the basis of 

normal glucose tolerance (Ferrannini et al., 1997). Another reasoning is that in some 

individuals, weight accumulation occurs in ways or at sites that do not interfere with 

insulin action or glucose uptake (Ferrannini et al., 1997). Ferrannini et al., (1997) in 

their quest to elucidate this hypothesis also suggest that the levels o f insulin 

sensitivity in m any obese subjects were even higher before they gained weight. It is 

known from  longitudinal studies (Swinbum  et al., 1991b) that the risk o f weight gain 

is higher in insulin sensitive individuals.

1.2.3 Dyslipidaemia

Dyslipidaemia is a principal feature o f the MetS. It is characterised by a group of 

interrelated plasm a lipid and lipoprotein abnorm alities which includes 

hypertriglyceridaem ia, low HDL-cholesterol and increased small dense LDL- 

cholesterol particles (Nieves et a!., 2003; Taskinen, 2003). Over production o f very 

low density lipoproteins (VLDLs) is also attributed to this disarray and is dependent 

on fatty acid m etabolism  and insulin sensitivity (Sparks & Sparks, 1994; Nieves et 

al., 2003; Taskinen, 2003). W ith lipid overaccum ulation, ectopic deposition o f lipids 

in non-adipose tissue (e.g. liver, skeletal muscle) occurs leading to insulin resistance 

(Kelley et al., 2002). The increased delivery of lipolytic products to the liver results in 

a higher concentration of circulating V LD L and LDL particles (Lewis & Steiner, 

1996; Sniderm an et al., 2001), with enhanced clearance o f selected TAG-rich 

lipoproteins (TRL) decreasing HDL-cholesterol concentrations (Lam arche et al..
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1999). Hepatic gluconeogenesis would also be promoted leading to hyperinsulinaemia 

as well as to the accumulation of fatty acid metabolites in the pancreas causing 

impaired insulin secretion (Unger & Zhou, 2001). Homstra et al,  (1998), suggest that 

hyperinsulinaemia causes dyslipidaemia, as correction of the dyslipidaemic state 

leaves the insulin resistance unchanged, however, correction of the insulin resistance 

(by weight reduction, physical activity and a low-fat diet) results in the normalisation 

of dyslipidaemia.

Apolipoprotein (apo) B48 is essential for chylomicron formation in the 

intestine, the main pathway through which dietary fat enters the bloodstream. 

Intestinal TAG input varies on the basis of dietary fat intake. After chylomicrons enter 

the bloodstream, they rapidly undergo lipolysis via the action of lipoprotein lipase 

(LPL), lose much of their TAG and acquire cholesterol ester from other lipoproteins 

via the action of cholesterol ester transfer protein (CETP). During this process they 

also acquire apoE from HDL and become chylomicron remnants. These remnants are 

taken up by the liver via receptors that bind apoE (Schaefer, 2002). Apo E deficiency 

results in delayed apoB48 clearance and increases CHD risk (Schaefer et al,  1985). 

ApoBlOO is the major protein of VLDL and the sole protein of LDL. ApoBlOO is 

combined with lipid by the liver by the actions of microsomal transfer protein. VLDL 

is also TAG rich. VLDL rapidly loses much of its TAG via lipolysis. LDL is the 

major cholesterol-carrying lipoprotein (Schaefer, 2002). LDL is cleared from plasma 

in part through the action of the LDL receptor by both the liver and peripheral cells 

(Schaefer, 2002). ApoAl is essential for HDL formation. ApoAl is present largely in 

an atheroprotective particle (with 2 to 4 apoAl molecules per HDL particle). ApoCII 

is synthesised in the liver and intestine and activates LPL which hydrolyses TAG 

within the core of the lipoprotein particles and plays a key role in the regulation of 

TAG clearance (Jong et al,  1999). ApoCIII is also synthesised in the liver and 

intestine and is thought to play several roles in the metabolism of TRLs with 

increased concentration of apoCIII inhibiting the binding and hydrolysis of 

lipoproteins by LPL and hepatic lipase (Jong et al,  1999), and inhibiting the 

recognition and uptake of lipoproteins by the liver (Sehayek & Eisenberg, 1991; 

Mann et al,  1997). Apo E which is synthesised in the liver, plays an important role in 

mediating the hepatic recognition and uptake of remnant particles by receptor 

mediated processes (Blum, 1982). The overexpression of Apo E on lipoproteins has
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been shown to inhibit the LPL hydrolysis of TAG rich emulsions in vivo and in vitro 

(Rensen & van Berkel, 1996).

The disordered insulin signalling in peripheral tissues such as adipose cells 

results in abnormal lipid metabolism (Figure 1.1) (Semenkovich, 2006). With an 

increase in NEFAs, impaired insulin signalling leads to a loss or suppression of 

lipolysis. Insulin signalling through the PI3K dependent pathways, promotes the 

degradation o f Apo B, which leads to the hypertriglyceridemic effect characteristic of 

insulin resistance. Insulin resistance also decreases LPL activity, which mediates 

VLDL clearance. VLDL is metabolised to remnant lipoproteins and VLDL which 

increases atherosclerotic risk (Semenkovich, 2006). The increased concentrations of 

TAG-rich VLDL particles contributes to reduced HDL metabolism in insulin 

resistance (Ginsberg, 2006).

Figure 1.1: Abnormal lipid metabolism in insulin resistance (Semenkovich, 2006).
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1.2.4 Inflammation

Metabolic and immune pathways are closely linked and interdependent. Hormones, 

cytokines, signalling proteins, transcription factors and bioactive lipids can function in 

both metabolic and immune roles. In addition, metabolic and immune systems also 

regulate each other (Wellen & Hotamisligil, 2005). The normal inflammatory 

responses rely upon metabolic support and energy redistribution with the mobilisation 

of stored lipid playing an important role in fighting infection during the acute-phase 

response (Khovidhunkit et ai,  2004). Thus the basic inflammatory response favours a 

catabolic state and suppresses anabolic pathways including the insulin signalling 

pathway (Wellen & Hotamisligil, 2005).

Hotamisligil was one of the first to propose the concept of inflammation in 

relation to metabolic conditions, such as obesity and insulin resistance, with the 

demonstration that adipocytes constitutively express the proinflammatory cytokine 

tumor necrosis factor (TNF)- a  and that expression of TNFa in adipocytes of obese 

animals is significantly increased (Hotamisligil et ai,  1993). These observations 

provided the first link between an increase in the expression of plasma concentration 

of a pro-inflammatory cytokine and insulin resistance. In humans, it was shown that 

expression of TN Fa in adipose tissue fell after weight loss (Kern et ai,  1995). The 

inhibition of insulin signalling downstream of the insulin receptor (IR) is a primary 

mechanism through which inflammatory cytokines leads to insulin resistance (Wellen 

& Hotamisligil, 2005). Exposure of cells to TNFa or elevated NEFAs stimulates 

inhibitory phosphorylation of the serine residue of insulin receptor substrate (IRS)-l 

(Hotamisligil et ai,  1996; Yin et ai,  1998; Aguirre et ai,  2000). This phosphorylation 

reduces both tyrosine phosphorylation of lRS-1 in response to insulin and the ability 

of lRS-1 to associate with the IR, thereby inhibiting downstream signalling and 

insulin action (Hotamisligil et ai,  1996; Aguirre et ai,  2002)

In a population based study, a statistically significant and positive correlation 

between CRP and total cholesterol, TAG, BMI, glucose and uric acid was observed, 

with a negative correlation between CRP and HDL cholesterol (Frohlich et ai,  2000). 

In a multicentre, population-based study, a strong association between CRP and body 

fat (BMI and waist circumference), insulin sensitivity and fasting insulin was reported 

(Festa et ai,  2000). In a multivariate linear regression model, BMI, systolic BP and 

insulin sensitivity were related to CRP levels (Festa et ai,  2000). This suggests that
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low-grade systemic inflammation occurs in insulin resistance. However, whether it is 

a cause or effect of the disease is not clear.

1.2.5 Coagulation Factors

Although not included in the MetS criteria in most definitions, pro-thrombotic and 

pro-inflammatory states accompany the MetS the majority of the time.

Plasminogen Activator Inhibitor-1 (PAI-1) is the primary physiological 

inhibitor of plasminogen activation in blood and plays an important role in the 

regulation of the fibrinolysis cascade by binding and inactivating tissue-type 

plasminogen activator (tPA) (Kohler & Grant, 2000). Ultimately the action of PAI-1 

inhibits the formation of plasmin and the degradation of fibrin clots and increases the 

risk for thrombus formation (Goralski & Sinai, 2007) and ultimately acute and chronic 

CVD and development of atherosclerosis. Visceral fat accumulation is considered an 

important regulator of PAI-1 and the elevated levels observed in insulin resistance 

could be as a result of overexpression by adipose tissue. It is suggested that PAI-1 

may not just increase as a result of obesity and insulin resistance but may in fact have 

a direct causative role (Ma et a i,  2004).

Among people with the MetS, atherosclerosis is increased and fibrinolytic 

function is abnormal (Anand et a i,  2003). PAI-1 is increased among T2DM patients 

(Sobel et ciL, 1998). Also, elevated endogenous tPA predicts mortality and myocardial 

infarction (MI) (Ridker et a i,  1993). Concentrations of PAI-1 in a group of apparently 

healthy persons was significantly correlated with degree of insulin resistance, fasting 

plasma insulin, TAG and HDL-cholesterol concentrations (Abbasi et al., 1999).

Fibrinogen, considered an integral part of the acute phase response as well as 

the haemostatic system, is a strong and independent predictor of MI (Maresca et a i,  

1999). It is suggested that adiposity is strongly associated with circulating levels of 

CRP and fibrinogen and that visceral as well as subcutaneous adipose tissue 

contribute (Festa et a l,  2001).

1.2.6 Blood Pressure (BP)

Seme et al., (1999), demonstrated an inverse relationship between blood pressure and 

insulin sensitivity. On the basis of published reports, at least half of the patients with 

hypertension can be considered to have insulin resistance and hyperinsulinaemia 

(Reaven et a i,  1996). The possible mechanisms underlying a relationship between
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insulin and BP are complex and can be divided into direct and indirect effects 

(Hornstra et al,  1998). Hypertension may occur as a direct result of insulin resistance 

through the stimulatory effect which high insulin concentrations have on vascular 

smooth muscle proliferation (Banskota et al., 1989). Insulin also enhances sodium 

retention directly via its effect on the proximal tubuli (DeFronzo, 1981) and indirectly 

through stimulation of the sympathetic nervous system and augmentation of 

angiotensin-ll-induced aldosterone secretion (Rocchini et ai,  1990).

Reaven states that the relationship between insulin resistance, elevated BP and 

CVD is more complicated than that of any of the other components that make up the 

various definitions of the MetS (Reaven, 2006). To demonstrate the link, he presented 

the following three points: Firstly, patients with essential hypertension are insulin 

resistant and hyperinsulinaemic as a group; secondly, normotcnsive first degree 

relatives of patients with essential hypertension are more insulin resistant than 

matched controls without a family history of hypertension, and thirdly, 

hyperinsulinaemia has been shown in population based studies to predict the eventual 

development of essential hypertension (Reaven, 2006).

1.2.7 Endothelial Dysfunction

Damage of the endothelium leads to endothelial dysfunction which is characterised by 

enhanced expression of cytokines, cell adhesion molecules, von Wiilebrand factor 

(vWF), platelet activating factor and endothelin and decreased synthesis of 

prostacyclin (PGI2) and transforming growth factor-(3 (TGF- P) (Hornstra et ai, 

1998). Impaired endothelial release and/or action of nitric oxide (NO) has been 

proposed as a mechanism for reduced vasodilatation or “endothelial dysfunction” 

commonly associated with obesity and insulin resistance (Moller & Kaufman, 2005).

1.2.8 Impaired Fasting Glucose and Impaired Glucose Tolerance

Impaired glucose tolerance (IGT) is defined as hyperglycaemia following a glucose 

load (WHO., 1999). Subjects with IGT are at an increased risk of developing diabetes 

and CVD (Jarrett et ai,  1979; Fuller et al,  1980; Burchfiel et al,  1990). Due to the 

cumbersome nature of carrying out an OGTT, a new stage of impaired fasting glucose 

(IFG) (6.1-6.9mmol/L) was introduced by the ADA to replace IGT. One study 

(Tripathy et al,  2000) clearly demonstrated that IFG and IGT represent 2 different 

populations with disturbed glucose metabolism. The major determinant of IFG was
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defective insulin action rather than impaired p-cell function. This group also showed 

significantly elevated TAG and total cholesterol and lower HDL-cholesterol 

concentrations suggesting IFG subjects show several features of the MetS (Tripathy et 

a l ,  2000). Subjects with IGT differed with respect to impaired insulin secretion 

relative to glucose and the degree of insulin resistance (Tripathy et a l ,  2000). IGT 

remains a better predictor than LFG of risk of future diabetes and or mortality (Shaw et 

a l ,  1999; Tuomilehto e? a/., 2001).

1.2.9 Lifestyle Determinants

Adverse lifestyle factors independently associated with greater risk of having the 

MetS include physical activity, high carbohydrate (CHO) intake and smoking 

(Wannamethee et al., 2006). Bjorntorp et al., (1972), observed that insulin action is 

greater in physically active when compared to sedentary individuals. Insulin levels 

during an OGTT were lowest in men with the highest physical activity (independent 

of age, BMI, the ratio of subscapular to triceps skinfold thickness, cigarette smoking 

and energy intake) (Feskens et al., 1994).

However, speculation exists as to whether exercise alone without a 

concomitant decrease in body weight can improve insulin sensitivity (Ross, 2003). 

The Diabetes Prevention Program has demonstrated that moderate intense physical 

activity for at least 150 minutes/week, combined with weight loss of 5% to 7% can 

reduce the development of the MetS in subjects with IGT (Orchard et al., 2005). 

Physical activity could exert its protective effects on the MetS through improving the 

individual components (Zhu et al., 2004). Zhu et al., (2004), also observed a lower 

risk of having the MetS in light-to-moderate drinkers. With heavy drinkers, men had 

an increased risk of having the MetS consistent with a J-shaped effect of alcohol on 

CV D risk (Zhu et a/., 2004).

The term ‘type A ’ was originally coined by Friedman and Rosenman (1959) in 

reference to what they believed to be a ‘coronary-prone’ behaviour pattern. This 

pattern is characterised by competetiveness, time urgency, impatience and hostility 

(Friedman & Rosenman, 1959). Individuals with a ‘type A ’ behaviour pattern have 

been described as aggressive, dominant, quick-witted, self confident, autonomous and 

extraverted (Fry & Finley, 2005). Clinical features of the MetS are commonly 

observed among those individuals with a ‘type A ’ coronary-prone behaviour pattern 

(Ravaja et a l ,  1996), with gender differences observed (Fry & Finley, 2005).
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Socio-economic deprivation is also associated with clinical features of the 

MetS (Bjorntorp & Rosmond, 2000), in individuals who have spent less time in 

education (Wamala et a i ,  1999; Kerenyi et ai ,  2000; Hidvegi et a i ,  2001) and in 

those doing more menial jobs (Brunner et ai ,  1997).

Recently, it was observed that whole-body insulin sensitivity was decreased in 

response to the combination of physical inactivity and a high-fat diet (Stettler et ai ,  

2005).

1.2.10 Genetic Determinants

The current global epidemic in the incidence of the MetS and T2DM is an important 

illustration of the shared contribution of both genetic and environmental factors to 

diet-related polygenic disorders. Evidence for a genetic basis for the MetS and T2DM 

has been derived from studies of families, twins and populations with genetic 

admixture. The familial nature, marked difference in the prevalence of the MetS 

among various racial groups and the difference in concordance rates between 

monozygotic twins is clearly consistent with the idea that there is a genetic component 

to susceptibility to these diseases. High heritability estimates have been reported for 

fasting glucose, insulin, TAG and HDL-cholesterol concentrations (Freeman et ciL, 

2002; Mills et ciL, 2004). Poulsen et ai,  (2001), have studied the relative impact of 

genetic versus environmental factors for the development of the components of the 

MetS amongst 303 elderly twin pairs. This study demonstrated that glucose 

intolerance, obesity and low HDL-cholesterol concentrations are significantly higher 

among monozygotic twins than among dizygotic twins, indicating a genetic influence 

on the development on these phenotypes (Poulsen et ai,  2001). In contrast, the 

heritability estimates for hyperinsulinaemia, hypertension and 

hypertriacylglycerolaemia are low, indicating a more important environmental 

influence on these components of the MetS. More recently, results from a 

comprehensive study examining young and elderly monozygotic and dizygotic twins 

provided further evidence for a role of genes in controlling insulin secretion, insulin 

action and nonoxidative glucose metabolism (Poulsen et ai,  2005). These data 

indicate a major role for genetic susceptibility, whilst also emphasising the important 

role of the environment. In particular, trends in diet and physical activity, coupled 

with genetic susceptibility, must account for the recent and dramatic rise in the
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incidence of the MetS and T2DM, demonstrating the important impact of gene- 

environment interactions.

With the advent of high-throughput genetic analysis our understanding of the 

genetic architecture and biology of diet-related polygenic disorders is improving. 

2006 heralded identification of the most important T2DM susceptibility gene known 

so far, transcription factor 7-like 2 (TCF7L2) (Grant et ai,  2006). The original study 

in Icelandic, Danish and US white cohorts reported that SNPs of the TCF7L2 gene, 

especially rs 12255372 and rs7903146, were strongly associated with T2DM. This 

finding has been widely reproduced in several populations and also been shown to 

predict the conversion from impaired glucose tolerance (IGT) to overt diabetes 

(Florez et ai,  2006). More recently a Finnish study investigated the mechanisms of 

how these SNPs increase T2DM risk. They found that these variants altered TCF7L2 

gene expression and are associated with decreased insulin secretion, but not insulin 

sensitivity, both in the general population as well as in the offspring of T2DM 

individuals (Wang et ai,  2007). As part of this research the Finnish Diabetes 

Prevention Study investigated the association of these SNPs with incident diabetes. 

Five hundred and twenty two overweight subjects with IGT were randomly assigned 

to either an intensive diet and lifestyle intervention group or to a control group. 

Subjects in the intervention programme were given individually tailored dietary 

advice aimed to reduce weight and intake of total and saturated fat and to increase 

intake of dietary fibre. In addition, subjects were guided to increase their level of 

physical activity. The control group received general information on the benefits of 

weight reduction, physical activity and healthy diet. The mean duration of follow-up 

was 3.9 years, at which point DNA for genotyping was available from 507 subjects. 

Interestingly the study found that variants of the TCF7L2 were associated with 

incident diabetes in the control group, but not the intervention group. This indicates 

that environmental factors such as lifestyle-intervention can reduce the risk conferred 

by genetic factors, even when risk genotypes are related to impaired insulin secretion 

(Wang et ai, 2007).

1.3 DISEASES ASSOCIATED WITH THE MetS

It is now established that the MetS predicts the development of T2DM and CVD 

(Wilson et ai,  2005). Coronary Heart Disease (CHD) remains the major cause of 

death in most affluent societies (Mann, 2002). Rates of this disease are declining in
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most developed countries, although they continue to rise in some parts of the world, 

especially in many countries in Eastern Europe and Asia. However, with resp>ect to 

T2DM, unlike CHD, rates have not been declining in any country and statistics from 

the WHO suggest about 300 million adults worldwide will have developed T2DM by 

the year 2025 (King et a l ,  1998). The rapid acculturation from a somewhat traditional 

lifestyle to one more in place with modern-day socieites, with an increase in the 

prevalence of a sedentary lifestyle and obesity (Zimmet, 1995) are attributuable to the 

growing numbers of individuals who will develop T2DM.

1.3.1 Type 2 Diabetes Mellitus (T2DM)

After the discovery of insulin in 1922, it was assumed that deficiency in this hormone, 

exclusively led to T2DM (Saltiel, 2000). However, further pioneering work 

by Himsworth (1936), and Yalow & Berson (1960), demonstrated that insulin 

insensitivity rather than insulin deficiency was the biochemical defect in this group of 

patients. Figure 1.2 demonstrates that T2DM progresses from a worsening of insulin 

action, to peripheral insulin resistance to finally a loss of insulin secretion, p-cells of 

the pancreas normally compensate for the insulin resistant state by increasing basal 

and postprandial insulin secretion. With the eventual failure to compensate, the p-cells 

no longer respond appropriately to glucose leading to altered glucose homeostasis and 

the development of glucose intolerance. As insulin resistance increases, adipose tissue 

generates more fatty acids, the liver produces more glucose and the P-cells fail, 

resulting in progressive T2DM. Cross-sectional comparison of groups of various 

stages of impaired glucose tolerance (Knowler et al., 1990) as well as prospective 

studies in high-risk populations (Bergstrom et al., 1990; Haffner et al., 1990) have 

suggested that insulin resistance is already evident in the early stage of disease. In an 

attempt to determine which is the earliest and perhaps primary abnormality in T2DM, 

Martin et al., (1992) used a minimum model of glucose disposal and insuHn secretion 

to estimate insulin sensitivity (S|), glucose effectiveness (Sc-the propensity of high 

glucose concentrations (independent of insulin) to enhance glucose utilisation) and 

first-phase and second-phase p-cell responsiveness in normoglycaemic offspring of 

couples who both had T2DM (Martin et a l,  1992a). The study showed that the subject 

group had defects in Si and Sg which both independently influence the risk of 

diabetes. The measures of insulin secretion, however, were non-predictive. The 

presence of these defects more than 10 years before the onset of clinical disease
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suggests that they may be genetically determined traits that characterise a pre-diabetic 

state (Martin et a l, 1992a).

Figure 1.2: Metabolic staging of Type 2 diabetes (Saltiel, 2000).

1.3.2 Cardiovascular Disease (CVD)

The clinical features of the MetS are associated with an increased risk of CVD 

(Alexander et a l, 2003), including greater risk of CHD for a given level of LDL 

cholesterol and premature death (Trevisan et al., 1998). The principle that the 

individual components can act synergistically or cluster together to amplify the risk is 

seen in the criteria used to establish the syndrome, however, the components can also 

act independently in the development of atherosclerotic CVD (Moller & Kaufman, 

2005).

Trevisian et al., (1998) examined the association of the MetS with the risk of 

CVD in a large population-based (22,256 men; 18,495 women) Italian study. They 

reported that the risk of death from all causes as well as CVD, increased with the 

number of metabolic abnormalities in both genders. Similarly, the Framingham 

Offspring Study (2406 men; 2569 women) examined the clustering of metabolic 

factors in relation to coronary heart disease (CHD) (Wilson et al., 1999) and found 

that a cluster of 3 or more risk factors increased the risk of CHD 2.4 fold for men and 

5.9 fold for women. In the Insulin Resistance Atherosclerosis Study (IRAS), higher S| 

was associated with thinner intima-medial thickness (IMT) of the carotid artery wall 

in non-Hispanic whites and Hispanics (Howard et al., 1996). This association 

remained significant even after adjustment for traditional CHD risk factors. It has 

been suggested that higher insulin levels are related to the development of
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atherosclerosis both through a direct effect (Howard et a l ,  1996) on the arterial wall 

and indirectly through the effects on lipids and BP (Stout, 1990).

1.4 MEASURING INSULIN SENSITIVITY AND INSULIN RESISTANCE

With the increasing number and types of methods to measure insulin 

sensitivity/resistance, the choice may seem confusing. However, depending on the 

given hypothesis, the goals and experimental limitations, one method may fit the 

criteria more than others.

1.4.1 Intravenous Techniques

(i) Euglycaemic Hyperinsulinaemic Clamp

The most widely accepted research method or “gold-standard” is the euglycaemic 

hyperinsulinaemic clamp technique, originally developed by Andres and co-w'orkers 

(Andres et a l ,  1966; DeFronzo et al., 1979).

Briefly, exogenous insulin is infused, so as to maintain a constant plasma 

insulin level above fasting, while glucose is fixed at a basal level by infusing glucose 

at varying rates. The glucose infusion is delivered via an indwelling catheter at a rate 

based on plasma glucose which is measured every 5 minutes. When the plasma 

glucose level falls below basal, the glucose infusion rate is increased to return plasma 

glucose to basal levels and vice versa. The total amount of glucose infused over time 

is an index of insulin action on glucose metabolism. The more glucose that has to be 

infused per unit time, the more sensitive the patient is to insulin. In contrast, the 

insulin-resistant patient requires much less glucose to maintain basal plasma glucose 

levels. The advantage of this procedure is that the effect of insulin on fuel metabolism 

can be assessed without the confounding effects of hypoglycaemic counter-regulation, 

endogenous insulin secretion, or variable levels of hyperglycaemia (ADA, 1998). The 

use of isotopes allows for the assessment of insulin action on glucose uptake and 

production, inhibition of lipolysis and changes in protein metabolism (DeFronzo et 

al., 1982). The insulin sensitivity index derived from clamp data can be defined as 

SIcLAMP = M/(G X Al), where M is normalised for G (steady-state blood glucose 

concentration) and Al (difference between fasting and steady state plasma insulin 

concentration) (Katz et al., 2000).

During a clamp, insulin is administered as a constant infusion and, therefore 

does not reflect the variations inherent in endogenous secretion. Also, the peripheral
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administration of insulin is unphysiological, which reverses the normal gradient 

between portal and peripheral insulin (Radziuk, 2000). The peripheral and hepatic 

responses to insulin are assumed to occur in parallel, which is unlikely to occur (Rizza 

etal.,  1981).

The main advantage o f using the glucose clamp to estim ate insulin sensitivity 

in humans is that it directly measures whole body glucose disposal at a given level of 

insulinaemia under steady-state conditions (Muniyappa et a l ,  2008). The main 

disadvantage is that it is tim e-consuming, labour intensive, expensive and requires an 

experienced operator to manage the technical difficulties (M uniyappa et a l ,  2008). Its 

use therefore in large clinical investigations or epidemiological studies is limited.

(ii) Insulin Suppression Test

The insulin suppression test was introduced by Shen et al. in 1970 and m odified by 

Harano el al. (Shen et al., 1970; Harano et al., 1978). Briefly, after an overnight fast, 

somatostatin or the somatostatin analogue octreotide (Pei et al., 1994) is intravenously 

infused to suppress endogenous secretion o f insulin and glucagon. Simultaneously, 

insulin and glucose are infused into the same anticubital vein over 3 hours. From the 

contralateral arm, blood samples for the determination of glucose and insulin are 

taken every 30 m inutes for 2.5 hours and then at 10 minute intervals for 150-180 

minutes. The constant infusions o f insulin and glucose will determ ine steady-state 

periods assum ed to be from 150-180 m inutes after initiation o f the test (M uniyappa et 

al., 2008). Steady state plasma glucose (SSPG) concentrations will be higher in 

insulin resistant subjects and lower in insulin sensitive subjects. This is a less labour- 

intensive and less technically dem anding technique compared with the glucose clamp. 

Estimates o f insuhn sensitivity determ ined by SSPG correlate well with reference 

standard glucose clam p estimates in normal subjects (r=0.93) and in T2DM  patients 

(r=0.9I) (Greenfield et al., 1981; M im ura et al., 1994). Its lim itations are sim ilar to 

those cited with the clamp. In addition, SSPG under ideal conditions determines 

primarily skeletal m uscle insulin sensitivity and is not designed to reflect hepatic 

insulin sensitivity (M uniyappa et al., 2008).

(iii) Intravenous Glucose Tolerance Test (IVGTT)

Bergman et al., (1986), developed an alternative approach for analysing the dynamic 

response to an injection of glucose, the ‘m inimal-model m ethod’, which used
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computerised approaches to estimate P-cell function and insulin sensitivity from the 

frequently sampled IVGTT (Pacini & Bergman, 1986). To obtain an index of tissue 

sensitivity to insulin (SO, a specific “minimal” mathematical model is used to account 

for the exact dynamics of glucose observed during the IVGTT (Bergman et al., 1979; 

Bergman et al., 1981). It is known that the ability to normalise blood glucose after 

administration of carbohydrate (CHO) depends on the combined abilities of secreted 

insulin and glucose itself to inhibit endogenous glucose production and accelerate 

glucose uptake (Lemer & Porte, 1971; Reaven & Olefsky, 1974b). The minimal 

model of glucose metabolism (Bergman et a l ,  1979) had two major advantages over 

other methods at the time it was introduced (DeFronzo et a l ,  1979). The IVGTT 

allowed individuals to be characterised by means of complex mathematical processing 

of the data obtained from a single experiment, and it avoided the difficulty of 

modeling feedback between glucose and insulin metabolism by treating plasma 

insulin as a measured input to the glucose system (Araujo-Vilar et al., 1998). 

Although the S] derived from the minimal model correlates well with glucose clamp 

measurements, identifying Si from the minimal model in subjects with impaired 

insulin secretion is often problematic (Saad et a l ,  1994). Some studies have 

demonstrated systematic errors in minimal model estimates of glucose effectiveness 

and insulin sensitivity that could be due to oversimplified model representation of 

physiology (Quon et al., 1994; Finegood & Tzur, 1996; Cobelli et al., 1998). Since 

the minimal model relies on the glucose disappearance rate in response to insulin, it is 

essential to have adequate endogenous insulin secretion (Wallace & Matthews, 2002). 

In subjects with diabetes the test is modified by giving a bolus of intravenous 

tolbutamide (a potassium channel blocker which stimulates the secretion of insulin) 

(Yang et a!., 1987) to augment second phase insulin secretion or by giving a bolus of 

insulin, 20 minutes into the test (Finegood et al., 1990). Saad et al., (1997), compared 

the two MINMOD protocols and showed that both the tolbutamide and insulin 

MINMOD protocols give insulin sensitivity measures that correlate strongly with 

each other and with those from the glucose clamp in nondiabetic individuals. 

However, when expressed in the same units, insulin sensitivity estimates from the 

tolbutamide protocol were only 13% lower than those calculated from the clamp, 

whilst insulin sensitivity measures from the insulin protocol were much lower than 

both. The authors proposed a saturation of insulin action or its transendothelial
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transport to explain the lower Si values from the insulin protocol, however, the results 

did not support this (Saad et a i ,  1997).

After an overnight fast, an intravenous bolus of glucose (0.3g/kg body 

weight) is infused over 2 minutes starting a time 0 minutes. In the modified IVGTT, 

exogenous insulin (0.03U/kg body weight) is also infused 20 minutes after the 

intravenous glucose bolus (Finegood et a i ,  1990; Saad et a l ,  1997). Some studies use 

tolbutamide instead of insulin in the modified IVGTT to stimulate endogenous insulin 

secretion at this time (Saad et a i ,  1997). Blood samples are taken for plasma glucose 

and insulin measurements over a 3 hour period. These data are then subjected to 

minimal model analysis using the computer program MINMOD to generate an index 

of insulin sensitivity (Si). The minimal model is defined by two coupled differential 

equations with four parameters {Figure 1.3). The first equation describes plasma 

glucose dynamics in a single compartment. The second equation describes insulin 

dynamics in a “remote compartment”. MINMOD uniquely identifies model 

parameters that determine a best fit to glucose disappearance during the modified 

IVGTT (Muniyappa et a l ,  2008).

The modified protocol is now almost always used because it allows better 

estimation of the Si index (Yang et al., 1987). As well as enhancing the estimation of 

Si and Sg, the minimal model also enables the estimation of a number of other 

parameters including the basal glucose concentration (Gb); the basal insulin 

concentration (Ib); a parameter describing the removal rate of insulin from the 

interstitial space (P2); a parameter that describes the movement of circulating insulin 

to the interstitial space (P3); the acute insulin response to glucose (AIRg); the 

Disposition Index (DI) and the glucose effectiveness at zero insulin (GEZI). Si 

represents the summed ability of insulin to both promote the disposal o f glucose and 

to inhibit the endogenous production of glucose. Sg represents the capacity o f glucose 

to mediate its own disposal. Under conditions o f reduced insulin action and 

subsequent hyperglycaemia, Sg may contribute to the efficient disposal of glucose 

(Ader et a i ,  1997). Martin et al. (1992) reported that decreased minimal model 

derived Sg was an independent risk factor for the development of T2DM in high risk 

individuals (Martin et a i ,  1992a). Quon et al., (1994), argue that Sg derived from the 

minimal model is overestimated. They suggest that the minimal model attributes some 

of the effects o f incremental insulin to the effects o f glucose itself. Finegood and 

Tzur have argued that only with a blunted insulin response can reliable estimates of
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Sg be achieved (Finegood & Tzur, 1996). Very little information exists about the 

actual physiological mechanisms which determine So- While it is known that glucose 

can enhance glucose uptake and inhibit hepatic glucose output, the importance of 

these actions to determining So is unclear (Ader et ai,  1997). AlRg is a measure of 

the acute ability of the P-cells of the pancreas to respond to rising glucose by secreting 

insulin. In one study the measured environmental and anthropometric factors could 

account for 10% of the variation in the acute insulin response with the female gender 

being the major determinant (Clausen et ai,  1996). Loss of AIRg has long been 

recognised as a good predictor of subsequent development of T2DM (Efendic et ai, 

1988). However, it still remains unclear as to whether AIRg is influenced by habitual 

diet, physical activity or genetics (Martin et ai,  1992b). DI is the product of Si and 

AIRg and is an integrated measure of the body’s ability to respond to hyperglycaemia. 

Previous studies have suggested that DI, which reflects insulin secretion corrected for 

insulin resistance, can give a more accurate estimate of P-cell function (Bergman et

Use of the minimal model for Si determination is often preferred over the more 

invasive and labour-intensive glucose clamp technique, especially in large clinical 

trials and epidemiological studies (Saad et ai,  1994). However, the procedure focuses 

solely on glucose and not other insulin-sensitivity fuels. In addition the individual 

roles of peripheral and hepatic glucose metabolism are not determined. It is also a 

costly procedure due to the complexity of the sampling procedure, the time and effort 

involved and the sophisticated data analysis.

Figure 1.3: Schematic equations and parameters for the minimal model of 

glucose metabolism. Differential equations describing glucose dynamics [G(0] in a 

monocompartmental "glucose space" and insulin dynamics in a "remote 

compartment" [X(r)] are shown above. Glucose leaves or enters its space at a rate

ai,  1981).
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proportional to the difference between plasma glucose level, G(t),  and the basal 

fasting level, Gb. In addition, glucose also disappears from its compartment at a rate 

proportional to insulin levels in the "remote" compartment [X(r)]. In this model, t = 

time; G(r) = plasma glucose at t ime r, I(r) = plasma insulin concentration at time t; 

X{t)  =  insulin concentration in "remote" compartment at time t; Gb = basal plasma 

glucose concentration; Ib = basal plasma insulin concentration; G (0) = Go (assuming  

instantaneous m ixing o f the iv glucose load); pi, p2 , P3 , and Go = unknown parameters 

in the model that are uniquely identifiable from frequently sampled intravenous 

glucose tolerance test; glucose effectiveness = pi; and insulin sensitivity = P3/P2 

(Muniyappa et a i ,  2008).

1.4.2 Fasting Indices-Non Intravenous Techniques 

(i) Fasting Insulin

In healthy humans, the fasting condition represents a basal steady state w'here glucose  

is hom eostatically maintained in the normal range such that insulin levels are not 

significantly changing and hepatic glucose production is constant (Muniyappa et a i ,  

2008).

In the European Group for the Study o f Insulin Resistance (EGIR) definition  

o f the M etS, hyperinsulinaemia is defined by the cutoff for the highest fasting plasma 

insulin quartiles and is used as a proxy for insulin resistance. W ith the introduction o f  

laboratory methods that are specific for true (intact) insulin, the precision and 

standardisation o f plasma insulin measurements have improved (Hu et a i ,  2004). 

H owever, it must be considered that a single plasma insulin measurement does not 

always give a correct estim ate o f the “usual” plasma insulin level o f  an individual 

(M ooy et a i ,  1996). Fasting plasma insulin concentration explains only about 40% o f  

the variation in insulin resistance (Hu et a i ,  2004) and therefore a single measurement 

used as a marker o f  insulin resistance in identifying persons with the M etS (Despres et  

a i ,  1996) is far from ideal.

From a clinical perspective, taking a fasting plasma insulin sample is a quick, 

easy and practical means o f assessing insulin resistance. There is a significant 

correlation between fasting insulin levels and insulin action as measured by the clamp  

technique (A D A , 1998). A limitation o f using this method to determine insulin  

resistance is the lack o f  standardisation o f the insulin assay procedure, as patient 

samples measured in different laboratories showed a high degree o f  variability. W hile
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there is significant correlation between fasting insulin levels and M (refer to section 

1.4.1 (i)) in normoglycaemic populations, this relationship deteriorates as diabetes 

develops, that is, as plasma glucose increases and insulin decreases. As a result, the 

plasma insulin level no longer reflects only insulin resistance, but also P-cell secretory 

capacity (Gutt et ai ,  2000)

(ii) Oral Glucose Tolerance Test (OGTT)

The OGTT is the most commonly used method to evaluate whole body glucose 

tolerance in vivo (Matsuda & DeFronzo, 1999). Glucose tolerance is an expression of 

the efficiency with which homeostatic mechanisms restore glycaemia to basal levels 

after a perturbation (Radziuk, 2000). Clinically, the most common assessment is 

following an oral glucose load, a surrogate for a more physiological meal. The 

homeostasis response includes an increase in the insulin levels and therefore, also the 

insulin-dependent processes that lower glycaemia (Radziuk, 2000).

After an overnight fast, blood samples for determination of glucose and insulin 

concentrations are taken at 0, 30, 60 and 120 minutes following a standard oral 

glucose load (75g) or a standard meal (Dalla Man et ciL, 2005). It is suggested that the 

OGTT mimics the glucose and insulin dynamics of physiological conditions more 

closely than conditions of the glucose clamp or IVGTT (Muniyappa et ai ,  2008). 

However, glucose tolerance and insulin sensitivity are not equivalent concepts.

(iii) HOMA

Homeostasis Model Assessment (HOMA) of insulin sensitivity was proposed just 

over 20 years ago as a simple and inexpensive alternative to more sophisticated 

techniques (Matthews et a l ,  1985). HOMA derives an estimate of insulin sensitivity 

from the mathematical modelling of fasting plasma glucose and insulin 

concentrations. It was found that the HOMA-based insulin resistance score was 

strongly correlated with insulin sensitivity as assessed by the glucose clamp technique 

in both nondiabetic and diabetic subjects (r=-0.83 and -0.92, respectively) (Matthews 

et al ,  1985). However, validation of the HOMA was carried out in few subjects and 

when compared with the glucose clamp technique in a relatively greater number of 

subjects (n=55), of which half had T2DM, weaker correlations were noted (r=-0.40) 

(Anderson et al ,  1995). Bonora et al ,  (2000), however, found that HOMA scores and 

total glucose disposal (TGD) rates were strongly correlated and the results were
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consistent in men versus women, younger subjects versus older subjects, obese versus 

nonobese and in diabetic versus nondiabetic subjects. The authors summised that the 

HOMA score is as good an indicator of clamp determined insuhn sensitivity as the 

short insulin tolerance test (Bonora et ai ,  1989) or the IVGTT (Beard et a i ,  1986; 

Bergman et ai ,  1987; Saad et a i ,  1994; Saad et ai ,  1997). Further support for the 

widespread use of HOMA comes from several studies. Insulin resistance estimated by 

HOMA predicts the development of T2DM in Mexicans (Haffner et ai ,  1996). 

HOMA is based on measuring plasma glucose and serum/plasma insulin. Although 

the plasma glucose assay is highly reproducible across laboratories, in contrast the 

insulin assay can vary considerably (Robbins et ah, 1996). Therefore, comparing 

HOMA scores obtained in different studies cannot be done unless the insulin assay is 

standardised, which should precede the introduction of the HOMA in clinical practice 

(Bonora et ai ,  2000). Since insulin secretion is pulsatile, the optimal sample should 

be the mean of three results at 5 minute intervals (0, 5 and 10 minute samples) 

(Matthews et ai ,  1985). HOMA has proved to be a robust method for assessing 

insulin resistance in groups of patients over long periods of time because the sampling 

is simple, and the result is available w'ithout complex computing as soon as fasting 

glucose and insulin values are available (Wallace & Matthews, 2002). In contrast to 

other methods where estimates of stimulated insulin resistance are provided, HOMA 

gives an estimate of basal insulin resistance (Wallace & Matthews, 2002). The 

denominator of 22.5 is a nonnalising factor, that is, the product of normal fasting 

plasma insulin of 5|jU/ml and normal fasting plasma glucose of 4.5mmol/L, typical 

ranges of a “nonnal” healthy individual = 22.5. Over wide ranges of insulin 

sensitivity/resistance. Log (HOMA-IR) which transforms the skewed distribution of 

fasting insulin values determined a much stronger linear correlation with glucose 

clamp estimates of insulin sensitivity (Katz et al., 2000).

It has been suggested that HOMA-IR could overestimate the degree of insulin 

resistance in subjects with IFG, due simply to the way it is formulated. As people with 

IFG have higher than normal fasting glucose it follows that the HOMA-IR values will 

subsequently be higher than persons with normal glucose tolerance (Kim & Reaven, 

2008).
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(iv) Quantitative Insulin Sensitivity Check Index (QUICKI)

Katz et al. (2000) proposed an accurate index called “QU ICKI”, for the quantitative 

insulin sensitivity check index, defined from fasting plasm a glucose and insulin as:

QUICKI = 1/ [Log(IO) + Log(GO)], where 10 and GO are the fasting insulin 

and glucose (Katz et al., 2000)

QUICKI transforms the data by taking both the logarithm  and the reciprocal of the 

glucose insulin product (Katz et a l ,  2000). The authors explain the reasoning for 

these transform ations in that the distribution o f the fasting insulin value is skewed and 

as such, transform ation of the data m ight be predicted to generate a better fit to 

glucose clamp measurem ents of insulin sensitivity (Katz et a l ,  2000). As insulin 

levels are suggested to be indicators o f insulin resistance (Reaven & Olefsky, 1977), 

rather than sensitivity, they should be therefore inversely related.

It has been shown that QUICKI is an accurate index o f insulin sensitivity 

(Katz et al., 2000; Bastard et al., 2001), and better correlated to the gold standard 

SIcLAMP than other indices, such as the m inimal m odel index or HOM A (M atthews et 

al., 1985; Bergman et al., 1987). However, QUICKI is less correlated to the glucose 

clam p in non-obese non-diabetic control subjects than in obese T2DM  patients (Katz 

et al., 2000). The finding that QUICKI is less powerful when applied to non-obese 

subjects is probably related to the fact that this group’s fasting glucose and insulin are 

both within narrow ranges (Perseghin et al., 2001). Perseghin et al. (2000) improved 

its correlation to the S I c l a m p  by incorporating fasting plasm a FFAs into the equation. 

This group explored the hypothesis that markers o f lipolysis can add significant 

information to the estimate o f insulin sensitivity, as lipolysis is more sensitive to 

insulin than glucose utilisation. Increased NEFA concentrations could reflect insulin 

resistance earlier than glycaemia (Stum voll et at., 2002).

RQUICKI = l/[Log(IO) + Log(GO) +Log (FFAO)]

In addition, an experimental increment o f plasm a NEFA concentrations in healthy 

patients induces insulin resistance (Roden et al., 1996) and in insulin resistant subjects 

the impaired regulation of lipolysis has been w ell-docum ented (Groop et al., 1989). 

However, the proposed benefit of adding a m arker of lipolysis to the QUICKI formula 

did not improve correlations for T2DM , obese subjects and first-degree relatives of 

diabetic patients (Rabasa-Lhoret et al., 2003)

QUICKI is a simple, useful, inexpensive and m inim ally invasive surrogate 

index for glucose clamp derived m easures o f insulin sensitivity (M uniyappa et al..
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2008), m aking it an appropriate and effective tool for use in epidem iological and 

clinical research studies. Changes in QUICKI after therapeutic interventions are 

significantly correlated with change in S Iclamp (Katsuki et a i ,  2 0 0 2 ; Chen et a i ,  

2003),

Fasting based indices like HOM A, QUICKI and RQUICKI offer im portant 

advantages in estimating insulin sensitivity. They are obtained from a small num ber o f 

fasting blood samples m aking them ideal for large epidemiological studies. However, 

it remains an im portant point to consider, whether the methods based on fasting 

concentrations present information sim ilar to that exported from the more invasive 

techniques in which dynamic changes in glucose and insulin m etabolism  is 

investigated.
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Table 1.3: M easures o f  Insulin Sensitivity

T echnique Sam pling Method O utcom es
Intravenous techniques:  
Euglycaem ic  
Hyperinsulinaem ic  
Clam p

B lood G lucose m easurem ents 
every  3-5m in, in addition to 
p lasm a sam ples over 150-180m in

C onstant rate IV insulin infusion 
calculated as a dose per unit o f  surface 
area and variable rate IV g lucose infusion

Insulin  resistance estim ated 
from  the ratio o f  the 
m ean glucose infusion to the 
m ean insulin  concentration  over the 
last 20-30m in

IV G T T  with  
M inim al M odelling

12-35 sam ples taken over ISOmin IV glucose bolus, IV insulin /to lbutam ide 
at 20min

A nalysis o f  results w ith 
M inM od com puter program m e: 
estim ates key indices o f  
g lucose-insu lin  dynam ics: 
SI,insulin  sensitivity;
Sg ,glucose E ffectiveness; 
A IR g,acute  insulin response to 
glucose;

Insulin Suppression Test Six sam ples at 0, 60, 120, 
150, 160, 170, ISO m in

C onstant rate infusion o f  som atostatin , 
glucose and insulin for 150-ISOmin

SSPG  calcu lated  from  the m ean 
o f  the g lucose concentrations 
over the last 30m in

Indices derived from data collected during O G T T  data: 
Fasting Insulin A verage o f  2 fasting sam ples L ogarithm  usually  best 

transform ation

H O M A -IR 3 basal sam ples at 5m in intervals H O M A -IR =  (fasting  g lucose 
(mmol/1) X fasting insulin 
(^U /m l))/22 .5

Q U IC K I 1 sam pling  occasion Q U IC K I=  [ l/( lo g  fasting insulin 
+ log fasting glucose)]

IV, in travenous; IV G TT, in travenous glucose to lerance test; IS, insulin sensitivity; H O M A -IR , H om eostasis m odel assessm ent-insu lin  resistance; Q U IC K I, 
quantita tive  insulin sensitiv ity  check index.



1.5 DYSREGULATION OF FATTY ACID METABOLISM IN THE 

AETIOLOGY OF THE METABOLIC SYNDROME

The cellular m echanism s involved in the developm ent o f insulin resistance and the 

role of diet are yet to be defined (Cefalu, 2001). Research is underway in exploring 

the effects o f fatty acids on insulin signalling, on insulin secretion as well as on 

genetic determ inants involved in the regulation o f cellular glucose and lipid 

metabolism. An increased supply o f non-esterified free fatty acids (NEFAs) has been 

identified as having an im portant role in the developm ent of insulin resistance. 

Elevated NEFA levels are considered the norm in the fasted state. However in our 

W esternised societies where high fat diets are m ore typically consumed, overspill of 

fatty acids into the circulation following the breakdow n of circulating fat results in 

elevated levels of NEFAs in the fed or postprandial state.

1.5.1 The Effects of Non-Esterified Free F’atty Acids (NEFAs) on insulin 

resistance

The m echanism s responsible for the differential effects of fatty acids on insulin action 

have not been fully elucidated. In obesity, adipose tissue reaches its maximum 

capacity to store lipids and as a result, the pool of circulating fatty acids increases and 

leads to ectopic storage o f fat in non-adipose tissues such as muscle, liver and 

pancreas. An excessive lipid burden placed on the m uscle cell in the form of NEFA or 

VLDL borne fatty acids can cause increased long-chain acyl CoA (LCACOA) levels. 

This leads to the metabolic abnorm alities that are associated with insulin resistance 

(Hansen et a l ,  2006). It is now recognised that the intracellular accumulation o f fatty 

acids and their m etabolites alter insulin signalling and impede insulin’s ability to 

stimulate glucose uptake (Shulm an, 2000).

A dipocytes are highly responsive to insulin. Insulin promotes adipocyte TAG 

stores by a num ber o f m echanism s, including fostering the differentiation of pre

adipocytes to adipocytes and stim ulating glucose transport and TAG synthesis aswell 

as inhibiting lipolysis in mature adipocytes. Insulin increases the uptake o f fatty acids 

derived from  circulating lipoproteins by stim ulating lipoprotein lipase activity in 

adipose tissue. Insulin’s m etabolic effects are m ediated by a broad array o f tissue- 

specific actions that involve rapid changes in protein phosphorylation and function, as 

well as change in gene expression (Kahn & Flier, 2000). The initial m olecular signal

32



for insulin action involves activation of insulin receptor tyrosine kinase. This results 

in phosphorylation of insulin receptor substrates (IRSs) on multiple tyrosine residues. 

These phosphotyrosine residues act as docking sites for many SH2 domain-containing 

proteins including phosphoinositide 3’ kinase (PI3K) (Kahn & Flier, 2000). Binding 

of the p l lO catalytic subunit of PI3K to p85 activates the lipid kinase that promotes 

glucose transport (White, 1998). Pathways downstream of PI3K may also mediate 

insulin’s metabolic effects (Kitamura et a i,  1999). Of note, the anti-lipolytic effect of 

insulin requires a lower insulin concentration than needed for stimulation of glucose 

transport. Therefore, even in insulin resistant states where glucose transport may be 

somewhat impaired, sensitivity to insulin’s antilipolytic effect is relatively well 

preserved (Kahn & Flier, 2000). There is overwhelming in vitro evidence that a 5-to- 

10 fold increase in pancreatic islet fat content that occurs in vivo in the prediabetic 

phase of the disease causes the compensatory P-cell hyperplasia and 

hyperinsulinaemia. However, a further increase in islet fat to -50  times nonnal 

reverses the compensatory changes and causes P-cell dysfunction, a reduction in the 

number of P-cells and diabetes (Hirose et a i ,  1996).

The regulation of insulin resistance has been defined, somewhat, by the 

discovery of peroxisome proliferators-activated receptor's (PPARs), their role in 

regulation of adipocyte differentiation and gene expression and chemicals that 

activate PPARs and reduce insulin resistance (Ryan et ciL, 2000). Fatty acids are 

regulators of PPARs. Reports that the LC n-3 PUFAs and other eicosanoids bind and 

activate PPARy are paramount in unravelling this relationship.

1.5.2 Insulin Signalling-Disruption with Fatty Acids

To understand the effects of free fatty acids on the disruption of insulin signalling, the 

pathways that regulate glucose metabolism in muscle cells and adipocytes must first 

be defined.

During fasting, most of the glucose in the blood is supplied by the liver and is 

used by the brain, independendy of insulin. After a meal, a rise in blood glucose 

levels rapidly stimulates insulin secretion, which results in increased glucose 

transport, metabolism and storage by muscle and adipocytes. In addition, insulin both 

inhibits glucagon secretion and lowers free-fatty acid concentrations, contributing to 

the sharp decline in hepatic glucose production (Shepherd & Kahn, 1999). Muscle is 

the principle site of insulin stimulated glucose disposal in vivo; less glucose is
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transported into adipose tissue (DeFronzo et a l ,  1992). Resistance to the stimulaiory 

effect of insulin on glucose utilisation is a key pathogenic feature of obesity and the 

metabolic syndrome (Shepherd & Kahn, 1999).

GLUT-4 is the main insulin-responsive glucose transporter and is loctted 

prim arily in muscle cells and adipocytes (Shepherd & Kahn, 1999). In normal muscle 

cells and adipocytes, GLUT-4 is recycled between the plasm a membrane and 

intracellular storage pools. Insulin-stim ulated intracellular movement of G L U T 4 is 

initiated by the binding o f insulin to the extracellular portion o f the transmembrane 

insulin receptor (Figure 1.4). Its binding activates tyrosine kinase phosphorylation at 

the intracellular portion o f the receptor. The chief substrates for this tyrosine kinase 

include insulin receptor substrate m olecules (IRS-1, IRS-2, IRS-3 and IRS-4), Gcb-1 

and SHC (Shepherd & Kahn, 1999). In both adipocytes and skeletal muscle, 

subsequent activation o f phosphoinositide-3 kinase (PI3K) is necessary for the 

stim ulation of glucose transport by insulin (Holman & Kasuga, 1997; Shepherd ei al., 

1998) and is sufficient to induce at least partial translocation of GLUT-4 to the plasma 

m em brane (Tanti et al., 1996; Frevert & Kahn, 1997). Activation of downstream 

protein serine-threonine kinases may also be involved. PI3K also activates these ether 

kinases by generating phosphatidylinositol lipid products in the lipid bilayer of 

cellular mechanisms. These lipids, in turn, bring into proximity and thereby activate 

key signalling molecules. In this way, a serine-threonine kinase called protein kinase 

B (PKB or Akt) and phosphoinositide-dependent kinase 1 are brought together (A'essi 

et a l ,  1997), allowing the latter to phosphorylate and activate protein kinase B 

(Shepherd & Kahn, 1999). Some isoform s of protein kinase C (PKC) are also 

activated by insulin and phosphoinositide-dependent protein kinase 1 may contribute 

to the activation of PKC because it phosphorylates a site in the activation loop of PKC 

(Le Good et al., 1998). Intracellular translocation of GLUT-4 to the plasm a membrane 

is stim ulated by the expression of active forms of PKB or atypical isoforms of PKC in 

cultured cells (Shepherd & Kahn, 1999).
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Figure 1.4: Insulin Signalling Pathways that Regulate Glucose Metabolism in 

Muscle Cells and Adipocytes

GLUT-4 is stored in intracellular vesicles. Insulin binds to its receptor in the plasma 

membrane, resulting in phosphorylation o f the receptor and insulin-receptor substrates 

such as the IRS molecules. These substrates form  complexes with docking proteins 

such as phosphoinositide-3 kinase at its 85-kd subunit (p85) by means o f SH2 (Scr 

hom ology region 2) domains. Then p85 is constitutively bound to the catalytic subunit 

(pi 10). Activation of phosphoinositide-3 kinase is a m ajor pathway in the mediation 

o f insulin-stim ulated glucose transport and metabolism. It activates phosphoinositide- 

dependent kinases that participate in the activation of protein kinase B (also known as 

Akt) and atypical forms of protein kinase C (PKC). Exercise stimulates glucose 

transport by pathways that are independent o f phosphoinositide-3 kinase and that may 

involve 5'-A M P-activated kinase (Shepherd & Kahn, 1999).
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Data exists linking IRS dysfunction in skeletal muscle to adipocyte biology and 

lipotoxicity (Schinner et a l,  2005). Circulating NEFAs may increase serine 

phosphorylation of IRS proteins causing impaired insulin signal transduction (White, 

2002). There is strong evidence that dysfunction of adipose tissue plays a crucial role 

in the development of insulin resistance and T2DM through defects in the intracellular 

translocation of GLUT-4 from intracellular vesicles to the plasma membrane (Zierath 

et al., 1996), defects in signalling pathways and impairment of insulin-stimulated 

glucose and glucose toxicity.

Randle and colleagues were the first to show that fatty acids inhibit glucose 

uptake, in the rat heart muscle in vitro (Randle et al., 1964). They hypothesised that 

the crucial mechanism was increased fatty acid oxidation by the muscle, inhibiting 

pyruvate dehydrogenase activity, resulting in an increase in intracellular citrate 

concentrations which would in turn result in inhibition of phosphofructokinase (a key 

rate controlling enzyme in glycolysis) activity, leading to an increase in intracellular 

glucose-6-phosphate; this in turn would inhibit hexokinase activity, resulting in 

decreased glucose uptake and increased intracellular glucose concentrations. 

However, Shulman and colleagues performed in vivo studies and revealed a very 

different mechanism of fatty acid-induced insulin resistance to challenge the 

conventional Randle hypothesis. An increase in plasma fatty acids resulted in lower 

intramyocellular glucose-6-phosphate (Roden et al., 1996) and glucose concentrations 

suggesting that fatty acids inhibit insulin-stimulated glucose transport activity 

(Dresner et al., 1999). These changes were associated with reduced insulin-stimulated 

lRS-1 tyrosine phosphorylation and IRS-1 associated PI3K activity (Dresner et al., 

1999). Thus demonstrating that fatty acids cause insulin resistance through inhibition 

of insulin signalling thought to occur through activation of a serine kinase cascade 

involving PKC suggesting that glucose uptake rather than intracellular glucose 

metabolism is the rate limiting step for fatty acid induced insulin resistance in humans 

(Shulman, 2000) resulting in a reduced translocation of GLUT-4 into the plasma 

membrane. Figure 1.5 illustrates the differences between the theories of Randle and 

Shulman.
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PKC0: protein kinase C6.

Figure 1.5: Top: Mechanism of fatty acid-induced insulin resistance in skeletal 

muscle as proposed by Randle et al., (1964). An increase in fatty acid concentration 

results in an elevation of the intramitochondrial acetyl CoA/CoA and NADH/NAD^ 

ratios, with subsequent inactivation of pyruvate dehydrogenase. This in turn causes 

citrate concentrations to increase, leading to inhibition of phosphofructokinase.
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Subsequent increases in intracellular glucose-6-phosphate concentration would inhibit 

hexokinase II activity, which would result in an increase in intracellular glucose 

concentration and a decrease in muscle glucose uptake.

Bottom: Proposed alternative mechanism for fatty acid-induced insulin resistance in 

human skeletal muscle. An increase in delivery of fatty acids to muscle or a decrease 

in intracellular metabolism of fatty acids leads to an increase in intracellular fatty acid 

metabolites such as diacylglycerol, fatty acyl CoA, and ceramides. These metabolites 

activate a serine/threonine kinase cascade (possibly initiated by protein kinase C6) 

leading to phosphorylation of serine/threonine sites on insulin receptor substrates 

(IRS-1 and IRS-2), which in turn reduces the ability of the insulin receptor substrates 

to activate PI 3-kinase. As a consequence, glucose transport activity and other events 

downstream of insulin receptor signalling are diminished (Shulman, 2000)

1.5.3 Insulin Secretion-Disruption with Fatty Acids

Free fatty acids or NEFA have an important stimulatory effect on glucose-stimulated 

insulin secretion (GSIS), by maintaining a basal rate of insulin secretion, thus 

regulating adipose tissue lipolysis. In the MetS and T2DM, increased NEFA 

contributes to hyperinsulinaemia and ultimately over-exposure results in P-cell 

damage. It has been proposed that an elevation of the basal glucose level produces an 

increase in glucose-derived malonyl CoA within the p-cell (Prentki & Corkey, 1996). 

Increased levels of intracellular malonyl CoA inhibit activity of carnitine palmitoyl 

transferase-1 (CPT-1) (McGarry et a l,  1977). This in turn causes an increase in long- 

chain acyl CoA levels. The malonyl-CoA/CPT-1 interaction is central to GSIS 

highlighting the role of fatty acids in this process (McGarry, 2002)

From studies in animals, it has been suggested that in the fasted state, were it 

not for elevated concentrations of circulating NEFAs, the pancreatic p-cell would be 

blind to glucose in terms of insulin secretion when the fast is terminated. Secondly, 

NEFA promote a fall in their own plasma concentration during the fasted to the fed 

state by virtue of their ability to act with glucose to promote insulin secretion, 

furthermore, exerting its anti-lipolytic effect on the fat cell (McGarry, 2002). In obese, 

insulin resistant states, elevated plasma FFA levels contribute to hyperinsulinaemia 

(McGarry, 2002).
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1.5.4 Membrane phospholipid fatty acid composition and insulin action

Cell membranes are dynamic lipid bilayers which separate the cell from the 

extracellular milieu and surround intracellular organelles (Pan et ai ,  1995). The fatty 

acid composition of cell membranes has also been suggested to be one mediating 

factor in the interplay of dietary fat and insulin sensitivity (Storlien et al ,  1996). In a 

study where polyunsaturated fatty acids (PUFAs) were replaced with 

monounsaturated fat (MUFA), a reduction in the fasting insulin and insulin resistance 

was observed (Ryan et a l ,  2000). In the same study, adipocytes with oleic acid rich 

membranes had higher insulin stimulated glucose transport rates, related to the change 

in the oleic/linoleic acid ratio and proposed changes in membrane fluidity. It has been 

suggested that high fluidity of adipocyte membranes may impede conformational 

changes and aggregation of insulin receptors, therefore reducing insulin action (Tong 

et ai,  1995). Due to the presence of only one double bond in oleic acid, an oleic acid 

rich membrane would by default be less fluid than a membrane rich in linoleic acid 

which has two double bonds (Ryan et a l ,  2000).

1.5.5 Adipokines

Increasing evidence indicates that adipose tissue is an important source of cytokines 

(Ahima & Flier, 2000) and that adiposity contributes to a pro-inflammatory 

environment (Yudkin et al., 1999). The idea that adipose tissue functions solely as a 

storage vesicle has been replaced by the fact that it serves as both a dynamic 

endocrine organ, as well as a highly active metabolic tissue (Lyon et al ,  2003). Fat 

produces and secretes inflammatory factors collectively called adipocytokines or 

adipokines. These include TNFa, leptin, plasminogen activator inhibitor-1 (PAI-1), 

interleukin (IL)-6, resistin and angiotensinogen (Ahima & Flier, 2000). It has been 

demonstrated that levels of these adipokines are elevated in humans and animals with 

excess adiposity (Yudkin et ai,  1999), and to further corroborate this, a reduction in 

fat mass correlates with a decrease in the serum levels of these adipokines (Folsom et 

ai,  1993; Dandona et ai ,  1998; Ziccardi et ai ,  2002).

Cytokines produced by visceral adipose tissue are coming to the forefront in 

the insulin sensitivity story. TNFa is produced by adipose tissue and its expression is 

increased in the adipose tissue of obese states (Hotamisligil et al., 1994b). TNFa 

enhances the release of other adipocyte-specific proteins including adiponectin (Ruan 

& Lodish, 2003). TNFa causes an inhibition of auto-phosphorylation of tyrosine
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residues of the IR and an induction of serine phosphorylation of IRS-1 which in turr 

causes serine phosphorylation of the IR in adipocytes and inhibits tyrosine 

phosphorylation (Hotamisligil et al ,  1994a). It has been shown that neutralisation o:' 

TNFa improves insulin sensitivity by increasing the activity of insulin recepto' 

tyrosine kinase in muscle and fat tissues (Sikaris, 2007).

Leptin is also produced by adipose tissue (although not exclusively as it is also 

produced in several other places e.g. bone marrow, placenta, stomach, muscle and 

brain) (El-Atat et ai,  2003). Leptin has been shown to enhance cellular immune 

responses (Lord et ai ,  1998), as well as to increase BP (Correia et al ,  2001). Leptii 

markedly improves insulin sensitivity in patients with lipodystrophy with lovv' 

circulating levels of leptin (Oral et a l ,  2002).

Adiponectin is a 244-amino acid protein synthesised and secreted exclusively 

by the adipose tissue (Maeda et al., 1996). Adiponectin expression and secretion is 

increased by insulin like growth factor-1 and decreased by glucocorticoids and f- 

adrenergic agonists (Sikaris, 2007). Adiponectin is distinct from other known 

adipokines in that it alone among then appears to improve insulin sensitivity. Animal 

studies have shown that adiponectin lowers blood glucose, prevents lipid 

accumulation in skeletal muscle and antagonises TNFa (Ouchi et ai ,  1999; Berg et 

ai,  2001; Combs et al., 2001). In humans, the degree of insulin resistance is inversely 

related to circulating levels of adiponectin (Arita et al., 1999; Weyer et ai,  2001; 

Stefan et ai,  2002). Furthemiore, a reduction in BMI is associated with an increase in 

circulating adiponectin, suggesting a long-term regulation of adiponectin levels by 

changes in insulin sensitivity (Yang et ai ,  2001). Adiponectin is a potent anti

inflammatory cytokine which also exhibits anti-atherosclerotic effects (Goldstein & 

Scalia, 2004). Adiponectin concentrations have an inverse relationship with adiposity 

(WHR), insulin resistance, diastolic BP, TAG concentrations and TNFa receptor 

concentrations (Fernandez-Real et al., 2003). Adiponectin exists in a wide range of 

multimer complexes in plasma and combines via its collagen domain to create 3 major 

oligmeric forms: a low molecular weight (LMW) trimer, a middle-molecular weight 

(MMW) hexamer and a high molecular weight (HMW) 12-to-18-mer adiponectin 

(Pajvani et ai ,  2003; Waki et ai,  2003). The hypothesis that HMW adiponectin is the 

more active form of the protein and has a more relevant role in insulin sensitivity and 

in protecting against diabetes has been supported (Kadowaki et ai ,  2006). Increases in 

the ratio of plasma HMW adiponectin levels to total adiponectin levels correlate with
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im provem ents in insulin sensitivity during treatm ent with the group o f insu lin - 

sensitising drugs, thiazolidinediones (TZDs), in mice and hum an diabetic patients, 

whereas increases in total serum adiponectin levels did not show good correlations 

(Pajvani et ciL, 2004).

Another factor linking adipocyte hypertrophy with the secretion o f pro- 

inflamm atory compounds is believed to be endoplasm ic reticulum  (ER) stress (Ozcan 

et al., 2004). Stress of the ER results from a num ber of factors, including glucose and 

nutrient deprivation, increased synthesis o f secretory proteins and the presence of 

unfolded or misfolded proteins in the ER lumen (Ozcan et al., 2004). Am ong the 

pathways activated by the unfolded protein response in adipocyte are the 

serine/threonine kinases c-Jun N-terminal kinase (JNK) and inhibitor o f nuclear 

factor- kB (NF-kB) kinase (IKK), which induce the pro-inflam m atory transcription 

factors activator pro tein-1 and NF-kB, respectively (W ellen & Hotam isligil, 2005).

1.6 DIETARY FAT AND INSULIN SENSITIVITY

Many facets of the composition of the diet (carbohydrate (CHO), fat, fibre, vitamins, 

minerals, alcohol) have been considered in the m odulation o f insulin resistance. 

However, more recently, attention has been focused on the ability of the quality and 

quantity of dietary fat and its influence on insulin sensitivity. In the 1930’s 

Himsworth concluded that “the glucose tolerance of a healthy individual is 

determined by the composition of the diet which he is receiving” (Himsworth, 1939) 

and further, that “fat feeding retards and diminishes the action o f insulin on blood 

sugar, prevents or delays the progressive improvement o f sugar tolerance which 

occurs on injection o f consecutive doses of glucose and impairs the ability o f insulin 

to dim inish the hyperglycaemia following intravenous injection of glucose” 

(Himsworth, 1934).

Fatty acids are hydrocarbon chains with a carboxyl group at one end and a 

methyl group at the other. The carboxyl group is reactive and readily reacts to form 

ester bonds. Fatty acids are usually straight chains with even num bers of C (2 to >30). 

Fatty acids in the human diet are typically between CIO and C30. Saturated fatty acids 

contain no double bonds and generally vary in a chain length from  12 to 18 carbons. 

The most prevalent saturated fatty acid in the diet is palmitic acid ( C l6:0), then stearic 

acid ( C l8:0), myristic acid (C14:0) and lauric acid (C l2:0). M ajor sources of 

saturated fat include dairy and red meat products (Schaefer, 2002). Known for its
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cholesterol raising effects, not all saturated fatty acids affect total cholesterol 

concentrations in the same manner wherein stearic acid has little impact (Grande et 

a l ,  1970) and myrisitc and palmitic acids have the greatest cholesterol-raising 

potential (Schaefer, 2002). The proposed rapid conversion of stearic acid to oleic acid 

in the body could account for its neutral effects (Schaefer, 2002). Unsaturated fatty 

acids contain double bonds with MUFAs presenting with one double bond and 

PUFAs with two or more. The major MUFA in the diet is oleic acid (C18;l n-9) and 

contains one double bond at position 9 carbon. The major sources are similar to those 

of SFA with the addition of canola oil (Schaefer, 2002).

The shape and physical properties of the fatty acid change with the presence of 

double bonds, their number, position and configuration {cis or trans). Fatty acids are 

substrates for energy expenditure by P-oxidation. Where energy intake exceeds 

expenditure, fatty acids may be stored in adipose tissue. In addition, their 

physiological roles include modulation of membrane fluidity (Stubbs & Smith, 1984), 

interaction with intracellular signalling pathways and transcription factors (Sampath 

& Ntambi, 2004) and act as substrates for the production of signalling molecules 

(Lewis et al., 1990; Calder, 2003).

Both the amount and quality of dietary fat can modify glucose tolerance and 

insulin sensitivity (Storlien et a l ,  1996). Both IGT and T2DM are increased in 

persons with a high amount of fat and especially saturated fat (Marshall et a l ,  1994; 

Feskens et a l ,  1995). The epidemiological data is less definitive for the role of 

monounsaturated fat and subsequent risk. It has been postulated that both MUFA and 

SFA may have undesirable effects (Maron et al., 1991; Feskens et a l ,  1995). 

However, in some experimental studies in T2DM patients (Garg et a l ,  1992; Parillo 

et a l ,  1992) and in a meta-analysis (Garg, 1998) it has been suggested that high- 

MUFA diets have beneficial effects on glycaemic control, but this effect has not been 

shown by all studies in this patient group (Lerman-Garber et a l ,  1994). Population 

studies have shown that high intakes of MUFA are associated with high 2-hour 

postload glucose concentrations (Feskens et a l ,  1995) and low Si (Mayer-Davis et a l ,  

1997). Because our diets i.e. Western type diets, derive most MUFA from meat, milk 

and less from vegetable oils, it could be postulated that the negative effects observed 

are due to the strong intercorrelation with saturated fat intake. It is important in 

analysis to adjust one type of fatty acid for another.
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Public health recommendations aim to reduce the intake of dietary fat in the 

adult population with particular emphasis on the reduction of saturated fat. However, 

the alternative low-fat diet is not without its negative attributes also, particularly on 

lipoprotein profiles (Krauss & Dreon, 1995). Results of the NHANES have indicated 

that the replacement of dietary fat with dietary CHO failed to reverse the trend of the 

increasing obesity rates as CHO increased blood glucose concentrations stimulating 

the release of insulin which in turn promotes the growth of fat tissue and thus can 

cause weight gain (German & Dillard, 2004).

1.6.1 Animal Data

Himsworth’s observations were confirmed in animal models where fat feeding 

induced a reduction in glucose uptake, oxidation and conversion to fatty acids as a 

result of decreased insulin sensitivity (Lichtenstein & Schw'ab, 2000). In adipocytes 

isolated from rats fed a high fat diet, less insulin was bound and subsequently showed 

a decrease response to insulin (Ip et a i ,  1976). In a similar study, Olefsky and Saekow 

found a decrease in the number of insulin receptors in adipocytes isolated from rats 

fed a high-fat diet, as well as a decrease in activity of the glucose transport system and 

intracellular glucose metabolism (Olefsky & Saekow, 1978). This led the authors to 

speculate that the type of fat and its effects on plasma membrane phospholipid 

composition and function have an important impact. With respect to muscle tissue 

which is the major site of insulin action, Grundleger and Thenen reported that both in 

vivo and in vitro measures of insulin resistance were enhanced by feeding a high-fat 

diet to lean Zucker rats (Grundleger & Thenen, 1982). These included decreased 

receptor number independent of a change in receptor affinity, decreased insulin 

stimulated glucose transport and pathway-specific alterations in basal and insulin- 

stimulated glucose metabolism (Grundleger & Thenen, 1982; Lichtenstein & Schwab, 

2000). In a well-cited study, Storlien and colleagues assessed the effect of fat feeding 

on in vivo insulin resistance in rats (Storlien et al., 1986). The high-fat diet resulted in 

decreased whole body insulin resistance with decreased glucose utilisation in skeletal 

muscle and brown adipose tissue and insulin resistance in the liver. To further explore 

this, one study fed Sprague-Dawley rats a high fat diet which resulted in 

hyperinsulinaemia and decreased response of adipocytes to insulin (Watarai et a i,  

1988). Decreased insulin-stimulated glucose uptake was associated with a decrease in 

the insulin stimulated phosphorylation of the p-subunit of the insulin receptor
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(Watarai et a i ,  1988). To build on the initial reports and observations that the insulin 

resistance observed in rats as a result of high-fat feeding was due to increased TAG 

storage in the muscle and/or changes in membrane fluidity acid composition (Storlien 

et a i ,  1986; Storlien et a l ,  1991), Storlien assessed the effect of altering intracellular 

skeletal muscle TAG levels on insulin resistance (Storlien et a l ,  1993). Feeding a 

high fat diet, resulted in no significant effects on plasma TAG levels however it was 

observed that TAG content in skeletal muscle was increased.

In summary, multiple mechanisms have been proposed for the effects of high- 

fat feeding on altered glucose and insulin metabolism in animal studies. A decrease in 

basal and insulin-stimulated glucose utilisation, a decrease in the binding of insulin to 

its receptor and decrease in the active form of glycogen synthase are among the 

proposed mechanisms.

With respect to the type of fatty acid and its effects on insulin resistance, the 

work to date in animals is not as abundant. Storlien and co-workers have also 

investigated these effects where long chain n-3 PUFAs replaced -6%  of linoleic acid 

in a high-fat diet for 24 days (Storlien et al., 1987). They concluded that this subtle 

substitution prevented the development of insulin resistance and hypotheised that the 

potential mechanisms responsible for this effect included alterations in the production 

of various prostaglandins, thromboxanes and prostacyclins, changes in the membrane 

fluidity and inhibition of VLDL synthesis by the liver (Storlien et al., 1987). In a later 

study, this same group assessed the effects of high-fat diets enriched in SFA, MUFA, 

PUFA, PUFA plus LC n-3 PUFA, PUFA plus short chain n-3 PUFA and SFA plus 

short chain n-3 PUFA on insulin resistance (Storlien et a i ,  1991). Interestingly they 

found that regardless of the fatty acid profile, high-fat diets resulted in an increase in 

insulin resistance, however the degree of insulin resistance was greatest in the group 

of rats fed the SFA enriched diet relative to MUFA and PUFA fats. The addition of 

LC n-3 PUFA saw an improvement in insulin resistance. The addition of the short 

chain n-3 PUFA had no effect (Storlien et al., 1991). Given such extreme results, the 

qualitative and quantitative effects of the various fatty acid groups would have to be 

proven in human studies to change health policy and clinical guidelines.
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1.6.2 Human Studies

In a review detailing the relationship of dietary fat to glucose metabolism, a summary 

of the in vivo metabolic studies highlighted high-fat diets with favourable fatty acid 

composition (high PUFA:SFA ratio) appear to result in more desirable glycaemic 

control compared to high-CHO diets in T2DM patients (Lichtenstein & Schwab, 

2000). For in vitro studies, fatty acid composition of the membranes of peripheral 

tissues affects insulin sensitivity (Lichtenstein & Schwab, 2000). Vessby et a l ,  

(1994b) assessed the effect of skeletal muscle phospholipid fatty acid profile on 

insulin sensitivity in seventy-year-old men. This study demonstrated that peripheral 

insulin sensitivity was significandy and negatively correlated with the proportion of 

palmitic, palmitoleic and di-homo-y-linolenic acids and positively correlated with 

linoleic acid. Similar findings were previously reported (Borkman et al., 1993). 

Possible mechanisms include cell membrane fluidity and number and affinity of 

insulin receptors.

Epidemiological studies are perhaps the most appropriate way to study the 

relationship between diet, obesity, eventual T2DM and other degenerative diseases as 

an outcome. In the Zuptphen Elderly Study, it was demonstrated that in normal 

subjects, SPA intake was positively correlated with fasting glucose concentrations, 

and that insulin concentrations during an OGTT were inversely associated with PUFA 

intake and positively associated with SFA intake. They also investigated the role of 

diet as a predictor of the onset of T2DM and found that the intake of total, SFA and 

MUFA were higher in men with newly diagnosed T2DM (Feskens & Kromhout, 

1990; Feskens et a l ,  1994; Feskens et a l ,  1995). In a cross-sectional study, it was 

reported that the consumption of butter (high in SFA) was positively associated with 

blood glucose concentrations, whereas consumption of olive oil (high in MUFA) was 

inversely associated with blood glucose concentrations (Trevisan et a l ,  1990). In 

another study a positive association with the intake of SFA and cholesterol with 

fasting insulin concentrations, BMI and WHR was demonstrated (Maron et a l ,  1991). 

From the Nurse’s Health Study, a strong inverse relationship between the PUFA:SFA 

ratio of the diet and risk of developing T2DM was reported (Colditz et a l ,  1992). The 

epidemiological data demonstrates that habitual diets high in fat are associated with a 

higher incidence of T2DM. In a cross-sectional study of >4000 healthy individuals, 

the percentage of SFA and MUFA in plasma phospholipids were positively and 

negatively associated with fasting insulin, respectively (Folsom et al., 1996). Lovejoy
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et a i ,  (2001) have reported inverse associations between insulin sensitivity and serum 

concentrations of myristic acid (C l4:0), palmitoleic acid (C l6:1) and di-homo-y- 

linolenic acid (C20:3 n-6).

The evidence points to high intakes of dietary fat (especially hard animal fats) 

being positively associated with glucose intolerance. Regarding the type of fatty acid 

and assigning blame in terms of insulin resistance, concrete clear evidence has still to 

emerge. No doubt other factors such as body weight, type of diet consumed and other 

environmental influences should be tightly controlled to draw on meaningful 

conclusions.

Intervention studies allow the investigation of particular amounts and types of 

fat on insulin sensitivity whilst controlling for body weight or changing isoeneregetic 

conditions, which could not be determined in observational studies (Riccardi et a l ,  

2004). In intervention studies, examining the effects of high- versus low-fat diets 

(total fat intake changed between 20% and 40% of total energy), no major effect is 

observed on insulin sensitivity (Riccardi et al., 2004). The main intervention studies 

evaluating the effects of saturated versus unsaturated fat on insulin sensitivity have 

been reviewed and tabulated by Ricarrdi et al., (2004). The majority saw no effect on 

insulin sensitivity with changes in dietary fat quality (Heine et a i ,  1989; Uusitupa et 

al., 1994; Schwab et al., 1995; Fasching et al., 1996; Lovejoy et al., 2002). As 

Riccardi underlines, these studies were performed with small subject numbers and/or 

short study durations.

In a controlled feeding trial, Lovejoy and co-workers investigated the effects 

of saturated, monounsaturated and trans fat enriched diets on insulin sensitivity in a 

healthy cohort (Lovejoy et a i ,  2002). No effect of high-SFA or trans-isXly acids on 

insulin action was observed. The authors concluded that it is the total dietary fat that 

impacts on insulin sensitivity and as the total fat in the study was 28% total energy, it 

is postulated that with <30% total dietary fat, a relative enrichment of saturated or 

trans does not significantly alter insulin sensitivity. When stratifying the group 

according to BMI, a greater decrease in Si on the saturated diet was observed in 

overweight individuals. Lovejoy proposed that this response in overweight individuals 

could be due to the fact that “their relative baseline insulin resistance produces a 

diminished ability to respond to environmental challenges to glucose insulin 

homeostasis” (Lovejoy et al., 2002). In the IRAS, higher dietary fat intakes were also 

associated with insulin resistance in obese but not lean individuals (Mayer-Davis et
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aL, 1997). In an intervention study performed in 162 healthy subjects, Vessby et ai,  

(2001) randomly assigned subjects to a high-SFA or a high-MUFA diet. A randomly 

selected subsample within each dietary group was also given 3.6g/day fish oil 

supplement or placebo. Insulin sensitivity as determined by the FSIVGTT was 

significantly impaired on the SFA diet but remained unchanged on the MUFA diet. 

On further inspection, when the group were stratified according to their habitual 

intake of total fat the effect of fat composition was clearly different between the high- 

and low-fat diet groups. In those consuming <37% energy from fat, the difference 

between the two diets in relation to their effects on insulin sensitivity was profound 

(20.3%, p<0.03) {Figure 1.6).

In the Insulin Resistance Atherosclerosis Study (IRAS), dietary fat was 

positively associated to insulin secretion in subjects with normal glucose tolerance but 

not in IGT states (Mayer-Davis et a i ,  2001). Larsson et a i ,  (1999) did not however 

find any association between intake of specific dietary fatty acids and insulin 

secretion. In a crossover study of diabetic patients comparing the effects of 

isoenergetic diets with a high and low ratio of PUFA to SFA, an increased insulin 

response and an improved insulin sensitivity in the group that consumed the diet with 

a high ratio (Heine et a i ,  1989) was observed. This effect could be derived from the 

fact that the fatty acid composition of cell membranes modulates insulin action.

A diet high in fibre, low in SFA and low in simple CHO is more often advised 

to T2DM patients. Debate exists over whether replacement of SFA with MUFA or 

CHO should be encouraged. An improvement in in vivo insulin sensitivity in a young 

healthy normoglycaemic population was demonstrated, when SFA was isocalorically 

substituted with CHO or MUFA, showing an equal effectiveness with both (Perez- 

Jimenez et a i ,  2001). Of note, the fibre content in both diets was the same.

Figure 1.6: The KANWU study; effects of changing dietary fat composition (high 

SFA or high MUFA) on insulin sensitivity (50 in relation to total fat intake during 

treatment (total fat <37 vs. >37%). SFA: grey column; MUFA white column.
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It was found that men who over a 4 year follow up developed IFG or DM had 

smaller proportions of the major dietary PUFA linoleate at baseline than men who 

remained normoglycaemic (Laaksonen et ai,  2002). Men with lower proportions of 

linoleate had more adverse changes in insulin and glucose concentrations during 

follow up which led the authors to suggest that diets low in vegetable fats relative to 

saturated fat predispose to impairment of insulin and glucose metabolism. The degree 

of serum esterified fatty acid saturation and a higher proportion of palmitate (an 

individual SPA which has by far the greatest concentration in the serum) at baseline 

were associated with unfavourable changes in fasting serum insulin concentration 

even when confounding factors were controlled for (Laaksonen et ai ,  2002).

In a study of relatively short-duration, a decrease in total and LDL cholesterol 

concentration and an increase in insulin sensitivity following a PUFA-rich diet 

compared with a SFA-rich diet was noted (Summers et ai,  2002). Epidemiological 

and animal studies suggest that insulin sensitivity is decreased by a SFA-rich diet 

relative to a PUFA-rich diet (Storlien et a i ,  1991; Lichtenstein & Schwab, 2000; 

Vessby, 2000). Short term dietary studies in humans have not confirmed this finding 

(Schwab et ai ,  1995; Fasching et al ,  1996).
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T a b le  1.4: Sum m ary o f  H um an stud ies investigating  the role o f  fatty acids on glucose and insulin  action

S tu d y
W cssh y e l a l  2001 

P arillo  el al. 1992

S ark k in en  e l  a l. 1996

G arg e ta l .  1988

P o p u la t io n

162 h e a lth y  su b je c ts  

10 N ID D M  p a tien ts

31 su b je c ts  IG T

T y p e  o f  S tu d y T y p e  o f  n ie t O u tc o m e
R an d o m ised  In te rv en tio n  Iso e n erg e tic  d ie t; H igh  S FA  vs H igh  M U F A  

R an d o m ised  C ro sso v e r H igh  M U F A /L o w  C H O  vs H igh  C H O /lo w  M U F A

R an d o m ised  In te rv en tio n  H igh  F at M U F A  rich  vs L ow  Fat P U F A  en r ic h e d

10 N ID D M ,re c e iv in g  in su lin  th e ra p y  R an d o m ised  C ro sso v e r H igh  C H O  d ie t vs H igh  M U F A

P e re z -J im e n e z  e l  a l . 2001 59 y o u n g  h e a lth y  su b jec ts

U u s itu p a  e l al. 1994 

T h o m se n  e l  al. 1999

M arsh a ll a / .  1997

R y an  e t  a l. 2 0 0 0  

L o v e jo y  e l  al. 200 2

10 y o u n g  h e a lth y  fem ales

16 h e a lth y  (6 m en  a n d  lO w om en) 

( f ir s t  d e g re e  re la t iv e s  o f  T 2 D M )

1069 in d iv id u a ls

1 1 T 2 D M

25 h e a lth y  m e n  an d  w o m en

R an d o m ised  C ro sso v e r Iso e n erg e tic  H igh  M U F A  vs L ow  F at H igh  C H O  

a f te r  a b a se lin e  sa tu ra ted -fa t

R an d o m ised  C ro sso v e r H igh  S I 'A  vs H igh  M U F A

R an d o m ised  C ro sso v e r Iso c a lo ric  C H O  rich  o r  M U F A  rich  (o liv e  o il)

O b se rv a tio n a l S tu d y  H ab itu a l d ie tary  in take

O b se rv a tio n a l M U F A  (o le ic  ac id  rich ) vs P U FA

R an d o m ised  C ro sso v e r M U F A  vs S F A v s  Trans

E sp o s ito  e? fl/. 2 0 0 4  180 p a tie n ts  w ith  M S  (A T P IN ) O b se rv a tio n a l

T h o m se n  e /r t / .  1999 10 h e a lth y  p e o p le  F at m ea ls

M a y e r D a v is  e / a / .  1997 1173 m e n & w o m e n , n o  hx  o f  d ia b e te s  C ro ss -sec tio n a l

M ay e r e r a / .  1993 5 4 4  n o n -d ia b e tic  tw in s

R o jo -M a rtin e z  e l al. 2 0 0 6  5 38  fre e - liv in g  su b jec ts

C ro ss-sec tio n a l

C ro ss-sec tio n a l

B o n a n o m e  e t al. 1991

S o rig u e r  e i  a l. 2 0 0 4  

F e s k e n s e /f l / .  1995

19 N ID D M  p a tie n ts

5 38  P iz a rra  S p ia n

M ed ite rran e an  sty le  d ie t v.v P ru d en t d ie t 

H igh  F at. H igh  M U F A . co n tro l 

H a b itu a l d ie ta ry  in take

H ab itu a l d ie ta ry  in take

H ab itu a l d ie tary  in take

3 iso ca lo ric  d ie t changes;

P h ase  1&3 R ich  in C H O , P h ase  2 R ich  in M U F A

C ro ss-se c tio n a l s tu d y  H ab itu a l d ie ta ry  in tak e; u su al co o k in g  o il u sed

3 3 8  m en  (S e v e n  C o u n tr ie s  S tu d y ) L o n g itu d in a l H ab itu a l d ie ta ry  in take

M U F A  d ie t im p ro v ed  IS  (< 3 7 % c n e rg y  from  fa t)

H ig h M U F A /L o w  C H O -

i in  p o s tp ran d ia l g lu c o se  &  p la sm a  in su lin

M U F A  rich  d ie t - j f a s t in g  p la sm a  g lu c o se ; P U F A  no  ch a n g e  

Sc, h ig h e r  in M U F A  g ro u p  th a n  th e  P U F A  g ro u p

H igh  M U F A  d ie t - lp la s m a  g lu c o se  leve ls , 

iin su l in  re q u ire m e n ts - im p ro v e  g i jc a e m ic  co n tro l

Im p ro v e m en t in IS  w ith  h ig h -C H O &  h ig h -M U F A  d ie t

M U F A  d ie t-G lu c o se  A U C  lo w er; 

IS  s im ila r  in b o th  d ie ts

N o  a sso c ia tio n s  w ith  fa s tin g  in su lin  co n c . fo r M U F A  o r  P U FA  

H ig h  to ta l an d  S F A  w e re  a s so c ia te d  w ith  h ig h e r  fa s tin g  in su lin

M U F A  iin su l in  re s is ta n c e

M U F A -n o  im p ac t on  IS ; Sj d e c re a se d  on  th e  S F A  v ersu s  

th e  M U F A  d ie t in o v e rw e ig h t su b jec ts

M ed  d ie t [ in su lin  re s is ta n c e

G L P -l  a n d  G IP  re s p o n s e s ja f te r  th e  o liv e  o il m eal

H ig h er fat in tak e  a s so c ia te d  w ith  lo w e r IS  a m o n g  o b ese ; 

re su lts  co n s is te n t fo r  M U F A . P U F A  a n d  SFA

H ig h er in tak es  o f  S F A , o le ic  a c id  a n d  lin o le ic  ac id - 
p o s itiv e ly  re la te d  to  h ig h e r  fa s tin g  in su lin  v a lu e s

F av o u ra b le  re la tio n sh ip  o f  M U F A  

w ith (i-cell in su lin  se c re tio n

N o  s ig n if ic a n t c h a n g e s  n o te d  fo r p la sm a  g lu c o se , in su lin , 

C -p e p tid e  b e tw e e n  th e  d ie ts

IR  less  in p e o p le  w h o  u se d  o liv e  o il

In tak e  o f  to ta l, S F A , m o n o .d ie ta ry  c h o le ste ro l 

h ig h e r  in m en  w ith  n e w ly  d ia g n o se d  d ia b e te s



T a b le  1.4 c o n t in u e d
Salmeron 2001 84204 women (Nurses Health Study) 

no diabetes
Prospective study Habitual dietary intake No association between total fat intake and risk o f  T2DM . 

PUFA associated with a reduction in risk. Trans fat and 
dietary cholesterol associated w'ith an increased risk

Trevisian e /a / .  1990 4903 Italian men and wom en Cross-sectional Habitual dietary intake Consum ption o f  olive oil*
inversely associated with glucose levels; consum ption o f  
butter positively associated with glucose levels

M aron fl/. 1991 215 non-diabetic men w ith CAD Intervention Habitual dietary intake M UFA correlated positvely with fasting insulin 
SFA -positive!y correlated with fasting insulin

Soriguer el al. 2006 538 subjects from Pizarra Spain Cross-sectional Habitual dietary intake-high in oleic acid Interaction between dietary M UFA and 
the PPARG2 A la-12 allele

Louheranta et al. 2002 31 subjects with IGT Intervention High SFA run in diet(3wks), followed by a

High MUFA (40%Energy) or High PUFA (34%  Energy)
for 8 weeks

Higher Sg during the M UFA diet

Brady el al. 2004 29 indian Asian Men (35-70years) Intervention M oderate or High n-6 PUFA background diet for 6wks 
Both groups supplem ented with 4.0g fish oil/d for 6ks

No m odulation o f  insulin resistance or insulin sensitivity

Feskcns and Krom hout 1990 Healthy subjects Longitudinal Habitual dietary intake SFA positively correlated with fasting glucose conc.

Feskens el a l 1994 Healthy Subjects Longitudinal Habitual dietary intake Insulin conc. during an OG TT were inversely associated 
with dietary PUFA and positively with SFA

C olditz ei a / 1992 W omen in the Nurses Health Study Pros|5cctive study Habitual dietary intake Linoleic acid inversely related to risk o f  T2D M . Animal fat 
weakly related to risk o f  T2D M . Strong inverse relationship 
betw een P;S ratio and risk o f  T2DM

M ayer e / <7/  1993 Healthy women twins Prospective Habitual dietary intake Increase in dietary fat associated with fasting insulin conc 
SFA associated with 2hour postglucose load

Folsom  er a /  1996 >4000 healthy individuals Cross sectional Habitual dietary intake SFA positively associated with fasting insulin;
M UFA inversely associated with fasting insulin in plasm a 
phospholipids

Heine et a l  1989 14 Diabetic subjects Intervention SFA vs PUFA N o effects on insulin sensitivity

Sum m ers el a l  2002 6 D iabetic, 6 Healthy, 5 Obese Intervention SFA vs PUFA Insulin sesnitivity improved with PUFA (n-6)
T2DM  Type 2 Diabetes M ellitus;SFA saturated fatty acids; M UFA m onounsaturated fatty acids;PUFA polyunsaturated fatty acids; CH O carbohydrate; IS insulin sensitivity 
NIDDM  non-insulin dependent diabetes mellitus; jd ecrease; IGT impaired glucose tolerance;Sc glucose effectiveness; AUC area under curve; MS m etabolic syndrom e 

A TP 111 Adult Treatm ent Panel 111; tincrease;hx  history;lR  insulin resistant;CAD coronar> artery disease



1.6.3 n-3 PUFA

The essential fatty acid a-linolenic (C18:3n-3) is found in green leaves, some seeds, 

nuts and cooking oils (soybean oil and flaxseed oil). LC PUFA’s EPA (C20:5n-3) and 

DHA (C22:6n-3) are primarily found in oily fish but the amount varies with different 

species (Childs et a i ,  2008). In addition to dietary intakes, LC n-3 PUFA can be 

endogenously synthesised from their essential fatty acid precursor C18:3n-3 (a- 

linolenic acid) which predominantly occurs in the liver. A15 desaturase which is 

required to introduce the double bond into linoleic acid (C18:2n-6) in animals is 

absent and therefore a-linolenic acid is an essential n-3 PUFA. Once ingested, a- 

linolenic acid can be converted into LC n-3 PUFA via elongase, desaturase and p- 

oxidation steps. These enzymes are also involved in the metabolism of n-6 PUFA, 

linoleic acid, which is by far more abundant in the typical Western diet, into 

arachidonic acid (C20:4 n-6) and adrenic acid (C22:4n-6) and hence competition 

arises between the two for metabolism. Providing additional dietary a-linolenic acid 

results in dose dependent increase in EPA in plasma phospholipids, with the outcome 

on DHA less clear (Childs et a i,  2008). Overall more research is needed to define this 

relationship and produce more conclusive results.

Reviews of the evidence from epidemiological and human intervention studies 

of LC n-3 PUFA have summarised the significant benefits in disease states such as 

CVD, inflammatory conditions (e.g. rheumatoid arthritis), in early brain development 

and visual development and more recently in the areas of childhood behaviour and 

adult psychiatric disorders, dementia and Alzheimer’s disease (Childs et a i,  2008). 

Epidemiological and case-control study data have demonstrated that the risk of CVD 

is lowest among those with the highest fish or LC n-3 PUFA intake (Kris-Etherton et 

a i,  2002; Calder, 2004; Wang et a l,  2006). The use of supplements containing LC n- 

3 PUFA have been shown to reduce the risk of CVD mortality in subjects who had 

previously suffered a myocardial infarction (MI) (Wang et al., 2006).

The beneficial effects of fish oil on health were questioned in the light of 

evidence suggesting deleterious effects of high doses of fish oil on glucose control in 

subjects with T2DM (Borkman et a i ,  1989; Friday et al., 1989). However, further 

studies with moderate doses showed no adverse effects on plasma glucose control 

(Friedberg et al., 1998; Montori et al., 2000). Animal studies have reported an 

improvement in insulin sensitivity in insulin-resistant states (Storlien et a i,  1987; 

Rossi et a i,  2005) with reduced glucose oxidation rates (Luo et al., 1996) and
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lipolysis in isolated adipocytes (Peyron-Caso et ai, 2003). In a recent study with a 

double blind parallel design, 27 women with T2DM (without hypertriglyceridaemia) 

received 3g/day of either fish oil (1.8g n-3 PUFA) or placebo (paraffin oil) for 2 

months (Kabir et ai,  2007). The results showed an improvement in adiposity markers 

(total fat mass and adipocyte size in subcutaneous and abdominal adipose tissue) and 

in atherogenic factors. A decrease in plasma TAG was observed, a finding only 

previously shown in subjects with an increased TAG at baseline (Friedberg et ai,  

1998; Luo et ai,  1998; Montori et ai,  2000) and an increase in HDL-cholesterol also 

highlighted aswell as reductions in plasma PAI-1 concentrations (Kabir et ai,  2007). 

The authors proposed that decreased fat absorption, increased gastric emptying and 

gut hormone responses could be the mechanisms involved in the reduction in fat 

mass. However, insulin sensitivity was not affected in this study (Kabir et ah, 2007).

It has been suggested that an imbalance in dietary n-6 and n-3 PUFAs may be 

a contributory factor to the insulin resistance and related blood lipid abnormalities of 

the MetS (Brady et ai,  2004b). The current Western diet is very high in n-6 fatty 

acids relative to n-3 (ratio of n-6 to n-3 is 20-30:1) (Simopoulos, 1999). Intake of n-3 

fatty acids has declined secondary to the decrease in fish consumption, and this 

coupled with increased intakes of n-6 fatty acids from vegetable oils and the increased 

use of this fatty acid in animal feeds leading to the subsequent ingestion of meat rich 

in the fatty acid, has led to this imbalance. Because of the increased amounts of n-6 

fatty acids in the diet, the eicosanoid metabolites from arachidonic acid 

(prostaglandins, thromboxanes, leukotrienes, hydroxyl fatty acids, lipoxins) are 

produced in larger quantities than those formed from n-3 fatty acids (Simopoulos, 

1999), contributing to the formation of thrombi and atheromas. This prothrombotic 

state increases the risk of atherosclerosis, a major complication in T2DM. Animal 

studies reported that feeding LC n-3 PUFAs results in improvements in insulin 

sensitivity (Storlien et ai,  1987; Somova et ai,  1999), whereas feeding n-6 PUFAs 

leads to a worsening of insulin sensitivity (Jucker et ciL, 1999). Human studies are not 

as clear with some reporting beneficial effects (Popp-Snijders et ai,  1987; Fasching et 

ai,  1991; Feskens et ai,  1995) while others report a lack of effect of LC n-3 PUFAs 

(Toft et al., 1995) on insulin sensitivity. A high dietary intake of n-6 PUFAs has not 

been shown to attenuate the beneficial effects of fish oil supplement on the plasma 

TAG response (Brady et ai,  2004b) or insulin resistance (HOMA-IR) or sensitivity
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(minimal model) (Brady et al ,  2004b). Further clarification of this 

phenomenon/finding is warranted in patient groups with different states of glycaemia.

Recently, Riccardi reviewed the literature with respect to intervention studies 

examining the effects of n-3 PUFA supplementation on insulin sensitivity, (Riccardi 

et al ,  2004). In 6 studies (Borkman et a l ,  1989; Annuzzi et al ,  1991; Boberg et al., 

1992; McManus et al,  1996; Rivellese et al ,  1996; Luo et al ,  1998) there were no 

effects of n-3 PUFA observed on insulin sensitivity, including the previously 

mentioned KANWU study (Vessby et al ,  2001). Although intervention studies have 

shown no effect of n-3 PUFA on insulin sensitivity, prospective studies have 

demonstrated an inverse association between intakes and incidence of T2DM (Giacco 

et al., 2007). In considering these data, Giacco put forward three theories of interest: 

1) that fish oil may be able to modulate insulin action rather than reverting an 

established insulin resistance allowing the beneficial effects to be more evident in 

healthy people rather than diabetic patients; 2) fish oil may be more active as part of a 

diet rich in saturated fat, wholly or in part reverting the negative effects of the fatty 

acids on insulin action and 3) a different habitual intake of n-6 and n-3 PUFAs might 

condition the effects of fish oil on insulin sensitivity i.e. through competition of the 

same enzymes or transcriptional factors or production of eicosanoids (Giacco et al ,  

2007). However, on further investigation, the author found no effect on insulin action, 

insulin secretion or P-cell function in healthy volunteers, independent of the fatty acid 

composition of the diet and the serum phospholipids n-6/n-3 ratio, indicative of the 

habitual dietary intake.

In muscle, n-3 PUFA might improve insulin sensitivity through a relative 

increase in unsaturation of membrane phospholipids and/or a decrease in muscle TAG 

(Storlien et al ,  1996). The alterations in membrane composition could affect insulin 

receptors (Liu et a l ,  1994) and/or IRS-1 and PI3K expression and protein abundance 

(Kim et a l ,  1996). In adipose tissue, the defect in glucose transport induced by a high 

fat diet is not ameliorated by n-3 PUFA, which may result from reduced insulin 

receptor number and tyrosine kinase activity (Storlien et al,  1987).

1.6.4 Plasma Fatty Acids

The fatty acid composition of plasma lipids and adipose tissue may reflect the type 

and amount of dietary fat consumed, with plasma phospholipids and cholesterol esters 

estimating dietary intake over weeks and months and adipose tissue fatty acids
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providing a longer term evaluation (Riboli et a l ,  1987). However, due to time and 

effort required to obtain adipose tissue biopsy samples, it is often quicker, less labour 

intensive and more accepted by patients to obtain a blood sample for plasma fatty acid 

composition determination, especially in large scale epidemiological studies. In a 

prospective investigation study, strong correlations between diet and individual 

plasma fatty acids were found for PUFA and n-3 fatty acids (Ma et a l ,  1995b). 

Plasma MUFA, however, did not reflect MUFA intake but rather SFA intake. Because 

of complex metabolic processes involved (desaturation, elongation, transport to target 

cells, acylation and deacylation reactions), simple relationships cannot be drawn 

between dietary fatty acids and their resulting concentrations in plasma, plasma lipids 

and tissues (Galli et a l ,  1993). Furthermore, plasma fatty acids (expressed as a 

proportion of the total amount) include endogenously synthesised MUFA and SFA 

therefore skewing the desired interpretation of dietary intakes even more. Other 

factors to consider are measurement error, within-person variation over time, age, sex, 

body weight, smoking, alcohol intake or disease status (Holman et al., 1979; Wood et 

al., 1984; Moilanen et al., 1985; Asciutti-Moura «/., 1988).

Differences in serum lipid fatty acid composition have been reported between 

subject groups with glucose intolerance and T2DM (Salomaa et al., 1990). This may 

be due to differences in fatty acid metabolism but also dietary intakes as different 

types of dietary fat exert different changes in serum fatty acid profiles (Dougherty et 

al., 1987; Salomaa et al., 1990; Lopes et al., 1991; Clifton & Nestel, 1998). In one 

study (Sarkkinen et al., 1996), investigating the effects of a high-fat MUFA enriched 

diet and a low-fat PUFA enriched diet on glucose and insulin metabolism in subjects 

with IGT, lower fasting plasma glucose concentration and an improved glucose 

effectiveness index (So) were observed following the high-fat MUFA rich diet. In a 

later, but similar study examining the relationship between serum lipid fatty acids and 

glucose metabolism after a diet-enriched in MUFA (40% of Total Energy) or PUFA 

(34% of Total Energy), the authors demonstrated that the MUFA diet also resulted in 

beneficial changes in fasting plasma glucose and in the Sg and that this was associated 

with alterations in the proportions of oleic, a-linolenic and arachidonic acids in 

phospholipids (Louheranta et a l ,  2002).

Dietary fatty acids have a significant effect on glucose and insulin metabolism 

in subjects with altered glucose metabolism. This emphasises the importance of
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dietary fat quality in the prevention and treatment of such patient groups. Although 

both epidemiological studies and clinical evidence indicates that dietary saturated fat 

is deleterious to overall health, debate still abounds as to what is the most beneficial 

and overall mixture of dietary fats. International guidelines for the nutritional 

management and prevention of T2DM (Mann et a l ,  2004) which may be regarded as 

being appropriate for reducing insulin resistance (McAuley & Mann, 2006) are 

presented in Table 1.5.

Table 1.5: Optimal range of dietary macronutrients for weight-loss and maintenance 

in insulin-resistant states (McAuley & Mann, 2006)

Macronutrient Percentage of Total Energy

Carbohydrates" 45-60%

Sugars <10%

Protein 15-25%

Total fat^ 25-30%

Saturated fat <8%

Monounsaturated fat 10-20%

Polyunsaturated fat 5%

Cholesterol <200 mg

Dietary fibre 30-40 g/day (half should be soluble fibre)

j" Preferred sources of carbohydrate include vegetables, legumes, intact fruit, and 
|whole-grain cereals that are high in dietary fibre.

* Trans fatty acids should be avoided.

1.7 EFFECTS OF DIETARY FAT ON OTHER FEATURES OF THE MetS

Changes in dietary fat composition have different effects on plasma lipoprotein levels 

(Riccardi et al., 2004) {Table 1.6). Few studies have investigated the effects of dietary 

fat on lipoprotein metabolism in a MetS cohort. Replacing saturated fat with 

unsaturated fat lowers both LDL-cholesterol and VLDL TAGs (Swinbum et al., 

1991a). When dietary cholesterol is kept constant, SFA relative to MUFA or PUFAs 

or CHO, increased HDL-cholesterol concentration. This is primarily because of the
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delayed clearance of HDL apoAl from the plasma (Schaefer, 2002). However, when 

dietary cholesterol is reduced along with total and SFA, decreased HDL apoAl 

production and hepatic apoAl mRNA expression are observed (Brinton et a l ,  1990; 

Velez-Carrasco et a l ,  1999). So even though HDL decreased, when SFA decreased, 

LDL-cholesterol decreased to a greater extent. MUFA was considered neutral with 

respect to their effects on plasma total cholesterol concentrations (Schaefer, 2002). 

However, the overall data indicate that MUFA does not lower LDL or HDL 

cholesterol relative to SFA as compared to PUFA (Mensink & Katan, 1992; Valsta et 

al., 1992; Schaefer, 2002). Linoleic acid clearly has a hypocholesterolaemic effect 

when substituted for dietary SFA, reducing LDL and HDL-cholesterol concentrations. 

n-3 PUFA lower TAG concentrations significantly, independendy of their influence 

on lipoprotein concentration (Schaefer, 2002). n-3 fatty acids have also been shown to 

increase LDL cholesterol in both normolipidaemic and hyperlipidaemic individuals 

(Rivellese, 2000).

Table 1.6: Effects of dietary fat composition on plasma lipoprotein levels (Riccardi et

VLDL TG LDLchol HDLchol
SAFA —  r r j __

\-n::FA — ---- ---  f

PUr-'A a>-6 i —  — i
PUFA a»-3 l i i —

Some epidemiological studies have found significant associations between 

dietary fat intake and blood BP (Riccardi et ciL, 2004). SFA is associated with higher 

BP levels while MUFA intakes are associated with lower BP (Trevisan et a l ,  1990; 

Stamler et a l ,  1997). In a study where associations were examined between the fatty 

acid content of TAG, which reflects the dietary fatty acid intake of the previous few 

days, and metabolic variables of the insulin resistance syndrome. C l6:0 was strongly 

and positively correlated with BP (Tremblay et a l ,  2004). They suggested that this 

association is a result of competing effects of nutrients on BP regulation, because 

plasma fatty acid composition also reflects a certain dietary pattern. In the KANWU 

study, a MUFA-rich diet in contrast with a SFA-rich diet reduced the diastolic BP in 

healthy normotensive subjects. Furthermore, a MUFA-rich diet caused a reduction in 

both systolic and diastolic BP at a fat intake below 37% of energy (Rasmussen et al..
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2006). This decrease coincides with an increase in Si, therefore the effect may be 

mediated via an improvem ent in insulin sensitivity (Rasmussen et a l ,  2006).

Fish oil and in particular LC n-3 PUFAs have been shown to reduce BP in 

normotensive (M ortensen et a l ,  1983; Rogers et al., 1987) and hypertensive subjects 

(Toft et al., 1995; Knapp, 1996). The detailed mechanism underlying this anti

hypertensive effect are unknown, but have been attributed to a shift in eicosanoid  

production away from the two-series prostaglandins derived from arachidonic acid, 

which are potent vasoconstrictors (H ow e, 1997). Evidence that links insulin resistance 

and hyperinsulinaemia to the developm ent o f hypertension show s that manipulations 

aimed at inducing a state o f  insulin resistance in experimental animals led to elevated  

BP and in a study where fish oil caused a significant reduction in serum insulin 

concentrations in rats, a subsequent lowering effect on BP was observed (Aguilera et 

al., 2004). For associations between n-3 PUFA and BP, positive dose-related effects 

were observed in hypertensive people and in people with vascular diseases (Morris et 

al., 1993). The D A SH  (Dietary Approaches to Stop Hypertension) feeding study 

found that a com bination diet rich in fruit, vegetables and low  fat dairy products and 

low  in saturated fats could substantially lower systolic and diastolic BP levels (Appel 

e l a i ,  1997).

Dietary fatty acids have the ability to regulate prostacyclin production to some 

degree (Homstra et al.,  1998). Studies in Eskimos (Fischer et al., 1986) as w ell as 

intervention studies using fish or fish oil supplementation (Honstra et al., 1990) have 

led to the conclusion that n-3 fatty acids o f marine origin increase P G It and PGI3. In 

an intervention study, a low-fat, low  SFA and low  cholesterol diet for 3 years resulted 

in significantly low er plasm a vW F levels than the control diets (Blann et al., 1995).

In a cohort o f  healthy men and women, intake o f n-3 PUFA was inversely 

associated with plasm a markers o f  T N Fa activity (Pischon et a l ,  2003). From the 

N urses’ Health Study low er concentrations o f many markers o f  inflammation and 

endothelial activation (E-selectin, CRP, IL-6) were seen in the highest quintile o f  n-3 

fatty acids (Lopez-Garcia et a l ,  2004). H owever clinical trials have not yet published 

these effects.

According to a number o f studies, there is little effect o f  dietary fatty acids on 

fibrinogen (Hornstra et  al., 1998). One study showed increased plasm a fibrinogen  

levels after an extrem ely high stearic acid diet compared with a diet high in myristic 

and lauric acids (Bladbjerg et al., 1995). In the ARIC study, a negative association
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between the intake o f LC n-3 PUFAs and plasm a fibrinogen levels was found (Shahar 

et a l ,  1993). In a long-term  study with a low-fat, high-fibre diet, tPA activity 

increased significantly in healthy subjects (Marckmann et a l ,  1993). Effects of 

dietary composition on PAI-1 are not consistent. LC n-3 PUFAs mainly increase PAI- 

1 antigen and either increase or have no effect on PAI-1 activity. A high oleic acid 

diet was shown to decrease PAI-1 activity when compared to a high-CHO diet 

(Lopez-Segura er (3/., 1996).

1.8 LOW-FAT, HIGH-CARBOHYDRATE DIETS

With the increased production, advertisem ent and availability of lower-fat foods as a 

means o f reducing body weight and blood cholesterol along with the deemed ‘bad 

effects’ o f higher fat foods by the food industry, the effects of alternative low-fat, 

high-carbohydrate diets need to be considered. Low-fat, high-CHO diets in 

overweight subjects with characteristics o f the MetS prevented a further increase in 

weight, with modest weight loss observed when dietary fat was replaced by simple or 

complex-CHO, with the latter illustrating more significant outcomes (Poppitt et a i ,  

2002). However, when an increase in CHO content of the diet was not accompanied 

by weight loss or an im provem ent in total or LDL-cholesterol, a decline in HDL- 

cholesterol was associated with an increase in circulating TAG concentrations 

(Poppitt et al., 2002). The m ost published negative attribute is the 

hypertriacylglycerolaem ic effect of such diets (Parks & Hellerstein, 2000), depending 

on the concentration o f the dietary CHO fed, the type (mono- or polysaccharides), the 

physical form (liquid or solid) and the presence of fibre. This outcome can occur with 

the replacem ent o f dietary fat with as little as 5% CHO (Parks & Hellerstein, 2000). It 

is proposed that hypertriacylglycerolaem ia results from an increase in hepatic TAG 

secretion rate as a result o f hepatic insulin resistance (Reaven et al., 1967). Reaven 

went on to illustrate that as the CHO content of the diets increased, the insulin 

response was heightened to a much greater extent (Reaven & Olefsky, 1974a). 

Reaven and others proposed that the impaired ability of insulin to lower adipose tissue 

lipolysis was the m etabolic basis o f CHO induced-hypertriacylglycerolaemia. This 

leads to higher NEFA concentrations and increased VLDL production (Kissebah et 

al., 1976a; Kissebah et al., 1976b; Reaven, 1997).

In a random ised crossover study com paring the effects of a high M UFA fat 

diet with a high-CHO diet on patients with T2DM, the hypertriacylglycerolaem ic
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effect of the high-CHO diet (2.97mmol/L versus 1.91mmol/L) was demonstrated 

(Garg et ai,  1994). In an extension of the study, where subjects continued to consume 

a high-CHO diet for an additional 8 weeks, CHO induced hypertriacylglycerolaemia 

did not resolve.

The type of CHO is an important factor in this phenomenon. The beneficial 

effects of fibre in moderating CHO induced hypertriacylglycerolaemia are well 

documented in key studies (Simpson et ai,  1981; Riccardi & Rivellese, 1991). 

However, more research is needed to probe the effects of fibre on CHO induced- 

hypertriacylglycerolaemia in the postprandial state (Parks & Hellerstein, 2000).

In terms of the effects of a high-CHO diet on changes in glucose metabolism 

or insulin sensitivity, Daly et ai,  (1997) reported no worsening of blood glucose 

concentrations with high-CHO diets if the subjects were not overw'eight and in 

general good health. However, for insulin resistant and diabetic cohorts, high-CHO 

diets have the potential to worsen glucose and insulin profiles (Reaven, 1997).

The optimal diet to ameliorate insulin sensitivity and prevent the development of the 

MetS is still under debate and scrutiny. From the evidence presented above the diet 

for prevention/treatment should constitute low intakes of saturated fat and cholesterol 

(unfavourable effects on Si, BP and plasma lipids), while monounsaturated fat in 

moderate quantities should be permitted. Total fat does not need to be drastically 

reduced as within certain limits (35-40%) it is the quality and not the overall quantity 

that has had untoward effects. Low fat diets as promoted in the past led to high CHO 

intakes which are not without blame in relation to exacerbation of some metabolic 

features.

1.9 IMPACT OF WEIGHT LOSS ON INSULIN SENSITIVITY

Intentional weight loss in obese patients is paramount in terms of diabetes-related 

outcomes as well as risk of developing the disease (Aucott, 2008). Weight loss 

resulting from lifestyle, pharmaceutical and surgical interventions reduce the risk of 

developing T2DM by approximately 32%, 10-74% and 63%, respectively (Aucott, 

2008), with further benefits such as reduced clinical symptoms, reduced medications 

and a reduction in mortality risk. Weight loss with reductions in both fat mass and fat- 

free mass improves insulin sensitivity in obesity, irrespective of the presence of 

T2DM (Goodpaster et ai,  2000). A minor weight loss of 4-6% in obese individuals
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with IGT is associated with a reduction of the risk of T2DM by 58% within 3-5years 

(Tuomilehto et al., 2001; Knowler et a l ,  2002). The effect of weight loss on insulin 

sensitivity and insulin secretion was addressed in a group of obese nondiabetic 

subjects who were studied before and after a hypocaloric diet that halved their excess 

body weight (Muscelli et al., 1997). At baseline, insulin sensitivity was inversely 

related to BMI. Following weight loss, the obese subjects regressed well along the 

insulin sensitivity/BMI line. Therefore, it can be said that insulin resistance can be 

improved by reducing adiposity and is proportional to the amount of weight lost 

(Ferrannini & Camastra, 1998).

Observational studies have suggested that dietary fat is not a major 

determinant of body weight (Chaput et al., 2008). The W omen’s Health Initiative 

reported that almost 50,000 women randomly assigned to a low-fat intervention lost a 

small (0.5kg) but significant amount of weight compared to controls (Howard et al., 

2006). However, although the mean weight loss in groups consuming a low-fat diet is 

relatively small, on an individual basis, some do lose a considerable amount of weight 

attributed to a difference in motivation, compliance and biological factors (Chaput et 

al., 2008). The authors propose that one contributing biological factor that might 

affect weight loss during a low-fat diet is the early insulin response to CHO, which is 

increased in such diets. They hypothesised that individuals with high insulin secretion 

consuming a low-fat diet might be susceptible to weight gain, and when this was 

investigated in 276 individuals followed for 6 years, it was found that insulin 

secretion predicted weight gain and change in waist circumference, especially in those 

consuming lower fat diets (Chaput et al., 2008).

1.10 VALIDITY OF DIETARY INTAKE DATA -  UNDERREPORTING

It is an attractive assumption to presume that from performing a dietary survey we 

will categorically know what people eat. However, in reality, it still remains difficult 

to obtain a true picture of the habitual diets of people. Day-to-day variations in food 

intake, dietary habits and of course misreporting are all factors to take into 

consideration when conducting such surveys. Underestimation of total energy intake 

by 20% is common (Black et al., 1993) and could be as much as 50% in obese 

subjects (Hill & Davies, 2001). Other factors include sex, age, smoking, educational 

level, dieting behaviour and physiological issues (Briefel et a l ,  1997; Price et a l ,  

1997; Braam et a l ,  1998; Johansson et a l ,  2001). Selective under-reporting is also
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common i.e. underreporting of CHO and fats, in-between meals and snacks and 

‘unhealthy’ type foods (Price er al., 1997; Poppitt et a i ,  1998; Lafay et a i ,  2000; 

Johansson et al., 2001). Studies investigating how underreporting affects the 

association between dietary factors and the MetS are scarce. One study investigated 

such a phenomenon in 301 healthy men aged 63 years (Rosell et a l ,  2003). Lower 

intakes of fats (especially saturated fat), higher intakes of protein and lower intakes of 

sugars were seen in underreporters. This group also reported a lower intake of butter 

and margarine, buns and pastry, chips and snacks and a higher intake of bread, 

potatoes, meat and poultry, fish and shellfish which altogether give an impression of a 

healthier diet (Rosell et a i ,  2003). To substantiate this, energy intake, energy 

expenditure and biological markers verified that the validity of the dietary data w'as 

low. Further analysis related underreporting to the MetS and observed that a greater 

waist circumference and BP were seen in the underreporters (Rosell et al., 2003). This 

study highlighted that with studies involving dietary intake data, the popular approach 

of excluding underreporters in analysis may in fact lead to exclusion of a subgroup of 

people with poor health and to whom further investigations would be beneficial.

1.11 STRATEGIES TO PREVENT THE METABOLIC SYNDROME

The aim of national health policies in most industrialised countries is to improve the 

health status of the population as a whole and to diminish the social differences in this 

respect (Bruce, 2000). Food and nutrition is one area where measures are taken. Each 

of the metabolic components has a dietary relation, whether it be energy balance with 

respect to obesity, salt intake with hypertension or intake of dietary fats and 

dyslipidaemia. Nutritional strategies for the prevention of the MetS in the community 

are similar to national food-based dietary guidelines for health, as promoted by most 

European countries. In addition, approaches necessary for the management of 

overweight and central obesity are warranted (Anderson, 2000).The most effective 

prevention is usually through secondary prevention measures and is usually 

individualised.

1.12 GENE-NUTRIENT INTERACTIONS: IMPLICATIONS FOR 

DIETARY FATTY ACIDS

In light of the Human Genome Project and the rapid advances in molecular biology, a 

wealth of genetic information is being generated, particularly with respect to the
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common, polygenetic, diet-related diseases including obesity, insulin resistance and 

T2DM. It is becom ing increasingly obvious that an individual’s phenotype represents 

a complex interaction between the genetic background and environm ental factors over 

the course of an individual’s lifetime. Food intake and nutrient exposure are key 

environmental factors in the pathogenesis and progression o f the comm on polygenic, 

diet-related diseases. Therefore it is time to identify the nutrient sensitive genotypes 

and to develop a “personalised nutrition” approach, whereby nutrient mtake is 

m anipulated/optim ised based on an individual’s genetic profile to reduce disease risk 

and/or improve the effectiveness o f dietary guidelines/recomm endations in general 

(Phillips et a l ,  2006).

For exam ple the “thrifty genotype” (Neel, 1962), which conferred a protective 

effect in times o f food deprivation, prom oting fat deposition, has now been proposed 

to explain the escalating incidence o f obesity in recent times as food is more abundant 

and physical activity has decreased. Insulin affects the transcription of several genes 

involved in energy hom eostasis, glucose and lipid metabolism. Therefore the 

interactions betw een genes, dietary fat composition and insulin sensitivity are the 

focus o f many studies in order to define the molecular m echanism s that affect insulin 

responsive genes. An exam ple of one gene-nutrient interaction is Peroxisome 

Proliferator-Activated Receptor gamma (PPARy) which has shown strong association 

with the developm ent o f the MetS and T2DM . PPARs are m em bers of the nuclear- 

hormone receptor superfamily o f which there are three isoforms: PPA Ra, PPARp/5 

and PPARy. Unsaturated fatty acids can bind to specific isoforms and activate PPARs, 

varying to the PPARs affinity depending on fatty acid chain length and degree of 

unsaturation. It has been demonstrated that several PUFAs (a-linoleic acid (LA) 

C18:2n-6; y-linolenic C18:3n-6; arachidonic acid C20:4n-6 and eicosapentaenoic acid 

(EPA) (C20:5 n-3) activate PPARy (Daynes & Jones, 2002). In the context o f insulin 

resistance, PPARy regulates adipogenesis and is involved in insulin sensitisation 

(Daynes & Jones, 2002). PPARy prom otes the storage of fat and increases adipocyte 

differentiation and enhances the transcription of genes im portant for lipogenesis 

(Desvergne & W ahli, 1999).

The PPARy P ro l2A la polym orphism  has also been studied in the context of 

gene-nutrient interactions as a candidate genetic marker relevant to insulin resistance 

and the m etabolic syndrome. This variant results from a Proline to Alanine 

substitution at the codon 12, which m odulates the transcriptional activity of the gene.
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In a prospective population-based cohort study, Luan et al. (2001) demonstrated an 

important interaction between background dietary fat composition and the PPARy 

Prol2A la single nucleotide polymorphism (SNP). With an increase in the 

polyunsaturated to saturated (P:S) ratio, an inverse relationship for BMI and insulin 

concentrations in Ala carriers but not Pro homozygotes was seen (Luan et al., 2001). 

This important interaction between dietary fatty acid intake and the Prol2Ala 

polymorphism of the PPARy gene makes relevant the effects of diet on insulin 

resistance and other aspects of the complex metabolic syndrome. Luan’s study is 

supported by a meta-analysis (Altshuler et al., 2000) reporting an association between 

A lal2, insulin sensitivity and a decreased risk of T2DM. In the Quebec Family Study, 

total fat and SFA intakes correlated with BMI, abdominal adipose tissue area, waist 

circumference and fasting glucose levels in Pro 12 homozygotes but not seen in 

carriers of the Ala allele. The PPARy example demonstrates the significance of gene- 

nutrient interactions in modulating components of the metabolic syndrome. However, 

there is a need to further substantiate research in this area.

1.13 IRS-1 GENE

There has been much focus on proximal components of the insulin signalling pathway 

as functional variations of these molecules could in part explain the widespread 

disruption of post-receptor signalling that characterises T2DM (Zeggini et al., 2004). 

IRS-1 plays a key role in proximal insulin signalling and many sequential variants of 

the IRS-1 gene have been identified (Zeggini et al., 2004). The main focus has been 

on two relatively infrequent nonsynonymous variants P512A (rs 1801276) and G971R 

(G972R, rs 1801278). The combined prevalence of these variants was suggested to be 

increased in T2DM (Almind et al., 1993). The 0 9 7 IR variant, however, is more 

common and the evidence to support direct effects on gene product formation is 

stronger (Almind et al., 1996; Hribal et al., 2000). When polymorphisms of IRS-1 

were grouped together, the overall frequency of the codon 972 variant was 10.7% in 

T2DM patients versus 5.8% in control subjects (p<0.02), suggesting that this genetic 

variant is a potential contributor to the insulin resistance in T2DM (Hitman et al., 

1995). A recent augmented meta-analysis of 27 association studies indicated that 

carriage of the G971R allele conferred a significant increase in disease risk of -15%  

(Zeggini et a i,  2004). To test the reproducibility of this association, Florez et al. 

(2004) recently attempted to replicate the same genetic model in a large sample of
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9,000 white individuals. Despite >95% power to obtain a p<0.05 for the odds ratio of 

1.25 that had been estimated in the meta-analysis, they did not observe an association 

of G971R with T2DM related traits or age of onset (Florez et ai,  2004). The R971 

allele of the IRS-1 gene inhibits IRS-1 binding to PI3K owing to the defective 

interaction between IRS-1 and the p85 subunit of PI3K (Almind et ai,  1996).

Insulin stimulated glucose uptake is significantly decreased in skeletal muscle 

from the obese and in adipose tissue from rats fed a high-fat diet, with reduced protein 

levels of IRS-1 and PI3K (Goodyear et ai,  1995; Stevenson et ai,  1996). Mice made 

IRS-1 deficient by targeted gene knockout exhibit hyperinsulinaemia and glucose 

intolerance (Araki et ai,  1994; Tamemoto et ai, 1994). mRNA and protein levels of 

IRS-1 and PI3K were significantly lower in rats fed a beef tallow diet than those fed a 

safflower oil diet suggesting an impairment of the initial steps in insulin signal- 

transduction pathways contributing to the defect in insulin-stimulated glucose uptake 

in skeletal muscle (Kim et ai,  1996). In the Diabetes Prevention Study, the R971 

allele predicted poor weight reduction in the intervention group and also predicted the 

development of T2DM (Laukkanen et ai,  2004).

1.14 RESEARCH OBJECTIVES

LIPGENE is an EU Integrated Project entitled “Diet, genomics and the metabolic 

syndrome (MetS): an integrated nutrition, agri-food, social and economic analysis” 

funded under the Framework 6 Food Safety and Quality Programme in 2003 

(www.lipgene.tcd.ie). The primary objective of the Human Nutrition component of 

LIPGENE was to understand how dietary fatty acid composition interacts with an 

individual’s genetic background in relation to the development and risk of the MetS 

and Type 2 Diabetes MeUitus (T2DM).

The LIPGENE Human Dietary Intervention Study was designed to determine 

the relative efficacy of reducing dietary SEA consumption, by altering the quality of 

dietary fat or reducing the quantity of dietary fat, on multiple metabolic and molecular 

risk factors of the MetS. The second objective of the LIPGENE study was to explore 

if common genetic polymorphisms associated with increased risk of the MetS play a 

causal role in determining an individual’s responsiveness to dietary fat modification.
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The aims of this Ph.D. thesis are as follows:

• To outline how a rich dataset of MetS volunteers were recruited and to present 

their screening characteristics before their participation in the 12-week dietary 

intervention study.

• To develop a food-exchange model to investigate the effects o f four 

experimental diets, distinct in fat quantity and quality, suitable for use in free- 

living volunteers, with the MetS, and to evaluate the achievement of dietary 

targets.

• To assess, among M etS subjects, participating in the LIPGENE Dietary 

Intervention Study, the physiological, metabolic, biochem ical and dietary 

characteristics between gender, age groups and BM l status and to exam ine the 

association of these characteristics with the number of m etabolic disorders that 

define the M etS. To investigate the associations between both plasm a and 

dietary fatty acids with insulin sensitivity.

•  To determine the relative efficacy of reducing dietary SFA consum ption, by 

altering the quality of dietary fat and reducing the quantity o f dietary fat on 

multiple metabolic and molecular risk factors of the MetS; to determ ine 

insulin sensitivity and (3-cell dysfunction using the frequently sam pled 

intravenous glucose test (IVGTT) with m inimal m odelling and m ultivariate 

statistical approaches to identify determinants o f increasing Si after a 12-week 

intervention in four dietary treatment groups. A secondary aim of this chapter 

was to ascertain whether background total fat intake as a percentage o f energy 

determined the effects of the four intervention diets on insulin sensitivity and 

other IVGTT param eters and measures of insulin resistance.

• To explore if the IRS-1 genetic polymorphism  Gly972R associated with 

increased risk of the MetS plays a causal role in determining an individual’s 

responsiveness to dietary fat modification.
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Chapter Two 

Subjects, Materials and Methods

2.1 RECRUITMENT

2.1.1 Subjects

The LIPGENE human dietary intervention study was a randomised, controlled trial 

and was registered with The US National Library of Medicine Clinical Trials registry. 

The study was approved by the local ethics committees at each of the 8 clinical 

intervention centres, all o f which conformed to the Helsinki Declaration of 1975 as 

revised in 1983.

Free-living subjects with the Metabolic Syndrome (MetS), defined by a modified 

version of the NCEP criteria (2002), characterised by three or more of the following, 

participated in LIPGENE:

• Fasting glucose concentration 5.5 - 7.0 mmol/L

(Whilst 7mmol/L was the ideal maximum fasting glucose concentration, 

individuals with concentrations of up to 8mmol/L were accepted onto the trial, 

provided that the person was not on any oral hypoglycaemic medication or diet 

therapy for elevated plasma glucose concentrations).

• Serum TAG concentrations >1.5 mmol/L

• Serum HDL cholesterol concentration < 1.0 mmol/L (men)

The intervention study was completed in 8 European centres; Trinity College Dublin 

(TCD); University of Reading, URREADNSI (UoR); University of Oslo (UO); 

INSERM U476 Marseille (ENSERM); Maastricht University (UM); Hospital 

Universitario Reina Sofia-University of Cordoba (HURS-UCO); University of 

Krakow (JUMC); Uppsala University (UU).

• Blood pressure

Waist girth

< 1.3 mmol/L (women) 

systolic BP>130 

diastolic BP>85mmHg 

or treatment of previously 

diagnosed hypertension

> 102 cm (men)

> 88 cm (women).
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2.1.2 Inclusion/Exclusion Criteria

Subjects with the MetS invited to participate in the LIPGENE dietary intervention 

study complied with the following criteria as in Table 2.1.

Table 2.1: Inclusion and Exclusion Criteria of the LIPGENE Dietary 

Intervention Study 

Inclusion Criteria
•  Age: 35 -70 years
•  G ender: m ales and fem ales (not pregnant o r lactating)
•  B ody M ass Index (B M I) 20-40 kg/m"
• Total cholesterol concentration equal to o r < 8.0 mm ol/L
• M edications /  nutritional supplem ents allow ed on condition  that the subjects adhered to the sam e 

regim en during the intervention: anti-hypertensive m edication  (including beta-b lockers), oral 
contraceptives, horm one replacem ent therapy, m ulti-vitam in supplem ents, o ther non-fatty  acid 
based nutritional supplem ents (e.g. garlic, anti-oxidants, etc)

•  Sm okers and non-sm okers
•  Persons w ho do not consum e alcohol o r regular consum ers o f  alcohol, w hich is not excessive as 

defined by elevated  liver enzym es (A ST <41IU /L  and A LT 7-56 lU /L )
•  E thnicity: Intention to include white E uropeans

Exclusion Criteria
•  Age: < 35 o r >70years
•  D iabetes o r o ther endocrine disorders
• C hronic inflam m atory conditions
•  K idney or liver dysfunction
• Iron deficiency anaem ia (haem oglobin <  12g/d! m en, <  1 Ig /d l w om en)
• Prescribed hypolipidaem ic m edication
• Prescribed anti-infiam m atory m edication
• Prescribed w eight loss drugs
• Fatty acid supplem ents including fish oils, evening prim rose oil, etc.
•  C onsum ers o f  high doses o f  antioxidant v itam ins (A, C, E, (3-carotene)
•  Red rice yeast (M onascus purpureus) supplem ent usage
• H igh consum ers o f oily fish (> 2 serving o f  oily fish per w eek o f herring, m ackerel, k ippers,

pilchards, sardines, salm on, trout, tuna (fresh), crabm eat o r m arlin). O ne portion is defined  as a 
sm all herring or m ackerel, one can o f salm on o r sardines o r one salm on or tuna steak. T inned tuna
is perm itted as it contains only m inor am ounts o f long chain n-3 PU FA s

• H ighly trained or endurance athletes o r those w ho participate in m ore than 3 periods o f intense 
exercise per week

• V olunteers planning to start a special diet o r lose w eight (e.g. the S lim fast P lan, A tkins D iet etc).
•  W eight change equal or >3kg w ithin the last 3 m onths
• A lcohol or drug abuse (based on clinical judgem ent)
• Pregnant / lactating fem ales /  w om en p lanning a pregnancy in the next 12 m onths. W om en w ho

__________ becam e pregnant during the d ietary  intervention period w ere rem oved from  the study.____________

Volunteers were excluded if their alcohol intake exceeded the recom m ended units per 

week and if their liver enzymes were above the stated ranges due to the 

hypertriacylglyerolaem ic effect of high alcohol intakes Liver enzymes alone were 

not used to exclude subjects.
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Volunteers brought their medication and nutritional supplement bottles, capsule packs 

etc. for inspection at the screening visit. If individuals were using fatty acid 

supplements and were willing to stop taking their supplements and participate in the 

study, a wash-out period o f 8 weeks was required. M aximum intakes of Vitamin A 

was 800|jg, V itam in C 60mg, Vitam in E lOmg and [3-carotene 400|jg , equivalent to a 

daily dose present in a standard m ultivitam in capsule.

2.1.3 Recruitment Procedure

Initial contact was achieved using local advertisements (university e-mail, posters, 

newspaper article/adverts, flyers distributed to weight watcher clinics and taxi firms) 

and with established centre specific contacts (e.g. GP clinics, dietetic out-patient 

clinics, hospital records and other specific cohort databases).

Potential volunteers replied by telephone and a Subject Suitability Questionnaire 

(SSQ) was com pleted over the telephone. The purpose of this questionnaire was to 

exclude any subjects who did not m eet the most basic criteria (e.g. age, health and 

dietary habits) for the study. If deem ed suitable according to the SSQ, the volunteer 

was invited to attend the unit for a screening visit.

2.2 SCREENING VISIT

The study was explained in detail to the volunteer and any questions were answered. 

Each volunteer w illing to participate signed the consent form. Each volunteer 

completed a Health and Lifestyle Questionnaire (HLQ), which was designed to assess 

a volunteer’s health, lifestyle, physical activity and socio-demographic profile. This 

questionnaire was com pleted prior to the biochem ical screening. Body weight, height, 

waist and hip circum ference and blood pressure measurem ents were completed. A 

fasting (12 hours with no food or drink, except water) screening blood sample was 

taken. The volunteers that met all criteria were invited to take part in the study.

2.2.1 Body weight, Height, Waist and Hip Circumference and Blood Pressure 

Measurements

To m inimise variability, all anthropom etric measurements were taken by the same 

investigator throughout the study, as was practically feasible. M easurements were 

taken in the fasted state. Body weight was m easured in duplicate on a centre specific, 

cahbrated scale, to the nearest 0.1kg. Subjects were weighed in light clothing, without
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shoes, belts removed and pockets emptied and after voiding. Height was measured in 

duplicate to the nearest 0.1cm, in the upright position using a stadiometer. The 

measurement was taken with the subject’s head in the Franfurt Plane {Figure 2.1). 

This is a standard plane used for the correct orientation of the head. It is established 

by a line passing through the tragion (front of the ear) and the lowest point of the eye 

socket.

Figure 2.1: Frankfurt Plane position for measuring height

BMI was calculated using the equation: BMI = weight (kg)/height^ (m^)

Waist circumference was measured directly on the skin, at the mid-point between the 

supra iliac crest and lower ribs margin {Figure 2.2) at the end of a normal expiration, 

in duplicate to the nearest 0.1cm using a non-stretch tape measure. Hip circumference 

was measured in duplicate to the nearest 0.1cm, using a non-restrictive tape measure, 

at the level of the greater trochanter without compressing the skin {Figure 2.2). Blood 

pressure measurements were recorded in duplicate in the seated position after a 5 

minute rest, using an appropriately sized cuff and recommended equipment before 

blood samples were taken and after the subject had been weighed.

Figure 2.2: Measurement of waist circumference and hip circumference

Waist Circumference Hip Circumference
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2.2.2 Bio-electrical impedance (BIA) protocol

BIA was calculated with a Bodystat BIA machine (Bodystat 1500, Bodystat, UK). 

The subject was placed in a supine position with arms comfortably abducted from the 

body 15°, and legs comfortably separated {Figure 2.3). Two current-injection 

electrodes were placed at the right hand and foot on the dorsal surfaces proximal to 

the metacarpal-phalangeal and metatarsal-phalangeal joints, respectively. The centres 

of two voltage-detector electrodes were placed on the midline between the prominent 

ends of the right radius and ulna of the wrist, and midline between the medial and 

lateral maleoli of the right ankle {Figure 2.4). The black current-injection and red 

voltage detector electrodes were at least 5cm apart, respectively. The black current- 

injection lead alligator clips and the red voltage-detector lead alligator clips were 

connected to the electrodes placed on the right hand and foot and right wrist and 

ankle, respectively.

Figure 23:  Supine position for BIA measurement

2.2.3 Collection of Screening Blood Sample

Blood samples were taken by trained staff in phlebotomy or medics in each centre. 

Blood samples were obtained by venupuncture, following minimal compression with 

a tourniquet. Blood collected for the future determination of cholesterol, 

triacylglycerol (TAG) and high density lipoprotein (HDL) cholesterol concentrations 

were collected in EDTA-coated evacuated tubes and samples for glucose

Figure 2.4: Positioning of electrodes for BIA measurement

1
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determ ination  w ere  co llected  in tubes con ta in ing  fluoride oxalate (B ecton and 

D ickinson , O xford , UK ). T ubes w ere inverted  eigh t to ten tim es to ensure that the 

coagu lan t was m ixed  throughout. Sam ples w ere cen trifuged  im m ediately  at 3000rpm  

for lOmin at 4°C . P lasm a was im m ed ia te ly  harvested  in duplicate and frozen  at -20° 

or -70° until subsequen t analysis.

2.2.4 Determination of cholesterol concentration at screening

T he quan tita tive determ ination  o f  cho leste ro l in p lasm a was carried  out using an 

enzym atic endpo in t co lorim etric  m ethod  w ith  reagents and standards supplied by 

R andox (R andox, L aboratories, A ntrim , Ireland). The assay is based  on the principle 

that cholesterol is determ ined  after enzym atic  hydro lysis  and oxidation. T he ind icator 

qu inoneim ine is fo rm ed  from  hydrogen  p ero x id e  and 4 -am inoan tipyrine in the 

p resence o f  phenol and peroxidase.

C holesterol este r + H iO  —> cholestero l + fa tty  ac ids; cholesterol esterase

C holesterol + 0 2 ^  cho lest-4 -en-3-one +  H 2O 2 ; cholesterol ox idase

2 H 2O 2 - t -  4-am inoan tipy rine  - 1 -  phenol ^  q uinoneim ine - I -  4 H 2O (red colour); 

peroxidase.

Q uinoneim ine p roduc tion  is p roportional to  the cholesterol concentration  in the 

sam ple, and is quan tified  spec tropho tom etrica lly  at 500nm  and a b lank ing  w avelength  

o f 700nm .

2.2.5 Determination of TAG concentration at screening

T he determ ination  o f  T A G  in p lasm a w as m easured  by  enzym atic endpoin t analysis 

using a co lourim etric  assay (R andox, L aborato ries, A ntrim , Ireland). In this assay 

T A G  is hydro lysed  by  lipopro tein  lipase  fo rm ing  glycerol and fatty  acids. In the 

presence o f adenosine  triphosphate (A T P), g lycero l is converted  to g lycero l-3- 

phosphate and adenosine  d iphosphate  (A D P) by glycerol kinase. G lycerol-3- 

phosphate is then ox id ised  by g lycerophosphate  ox idase to form  d ihydroxyacetone 

phosphate and hydrogen  peroxide. H ydrogen  p erox ide  reacts w ith 4 -am inoan tipyrine 

and phenol in the presence o f  perox idase , y ield ing  quinoneim ine and water. 

Q uinoneim ine production  is p roportional to the concen tration  o f T A G  in the sam ple, 

and is quan tified  spec tropho tom etrically  at 500nm  and a b lanking  w aveleng th  of 

700nm .

71



2.2.6 Determination of glucose concentration at screening

Plasm a glucose was determ ined by endpoint bichromatic analysis with coupled 

hexokinase m ethodology using a colorimetric assay (Glucose RTU, Biomerijux, 

Lyon, France). In the presence o f ATP, glucose is converted to glucose-6-phospiate 

and nicotinam ide adenine dinucleotide (NAD)+ to 6-phosphogluconate and the 

reduced form of nicotinm ide adenine, NADH. Although hexokinase catalyses the 

phosphorylation o f hexoses other than glucose, the glucose-6-phosphate 

dehydrogenase is specific for glucose-6phosphate, and therefore glucose. The 

increased absorbance due to conversion o f NAD+ to NADH is directly proportional to 

the glucose present in the sample. Absorbance is m easured at a primary waveleng:h of 

500nm.

2.2.7 HDL isolation and analysis at screening

Plasm a total HDL was isolated using the Quantolip HDL Cholesterol Precipitation 

Reagents (Immuno Ag, Vienna, Austria). These reagents contain polyethylene glycol 

(PEG) o f different concentrations and pH, dissolved in O.IM phosphate buffer, and 

0.9g/L sodium azide. These PEG solutions enable the selective precipitation of the 

different lipoprotein fractions. Reagent A precipitates the VLDL and LDL fractions, 

leaving HDL in the supernatant. The precipitation reagents were added to fresh 

plasm a samples in a ratio o f 2:1. The mixtures were vortexed, incubated at room 

tem perature for 10 m inutes and centrifuged for 15 m inutes at 2500 x g. The 

supernatants were rem oved and frozen at -20°C for subsequent analysis. An 

im m unolip control sample (Om muno Ag, Vienna, Austria) was precipitated with 

every batch o f samples and assayed to ensure the precipitation step was successful. 

Results were only accepted when the control value was within two standard 

deviations o f the m anufacturers expected HDL-cholesterol concentration. The 

supernatant from the HDL fraction was assayed for cholesterol as in Section 2.2.4.

2.3 RANDOMISATION AND STUDY DESIGN

Random isation was completed by the coordinating centre (TCD), according to cge, 

gender and fasting plasm a glucose concentration. An equal num ber of subjects \\ere 

allocated to each dietary group at each centre using the MENIM (Minimisation 

Program me for A llocating patients to Clinical Trials, Dept o f Clinical Epidemiology, 

The London Hospital M edical College, UK) random isation programme. Subjects vere
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random ly assigned to one of the four diets for 12 weeks. The rationale for the 

LIPG EN E dietary intervention study was to determ ine the relative efficacy of 

replacing or reducing dietary SFA on insulin sensitivity, by comparing the effect of 

four different dietary treatments:

•  H igh-fat (38% energy) SFA-rich diet (16% SFA, 12 % M UFA 6% PUFA)

• H igh-fat (38% energy), M UFA-rich diet (8% SFA, 20% M UFA, 6% PUFA)

• Isoenergetic low-fat (28% energy), high-com plex carbohydrate diet (8% SFA, 

11%; MUFA; 6% PUFA), with 1.24 g/d high oleic sunflower oil supplement.

•  Isoenergetic low-fat (28% energy), high-com plex carbohydrate diet (8% SFA, 

11% M UFA; 6% PUFA), with 1.24 g/d LC n-3 PUFA supplement.

2.4 DIETARY INTERVENTION

Subjects were recruited and assigned to one o f the four dietary treatments. The 

intervention was conducted in two phases. In phase 1, approximately half of the 

subjects were recruited and the dietary intervention completed. In phase 2, the 

rem aining subjects were recruited and phase 2 dietary intervention was completed. 

Details o f the dietary strategy employed to achieve the intervention targets are 

presented in Chapter 4.

2.4.1 Dietary Assessments

Table 2.2 outlines the dietary assessments undertaken by the volunteers during the 12- 

week intervention period.

Pre-Intervention W eek- 0 Pre-Intervention Food Frequency Questionnaire 
Pre-Intervention 3-day weighed Food Dietary 
Assessment

M id-Intervention W eek 1-2 
(~ day 10)

24 hour recall to assess compliance 
Food Use Questionnaire, Body W eight

W eek 5 - 7 M id-Intervention 3-day weighed Food Dietary 
Assessment

W eek 9 - 1 0 24 hour recall. Body W eight

Post-Intervention W eek 12 Post-Intervention 3-day weighed Food Dietary 
Assessment, W eight Check

A 3-day weighed food diary, to include 2 weekdays and 1 weekend day was 

com pleted pre-, mid- and post-intervention. Pre-intervention, the investigator met the 

subject and demonstrated how to complete the diary and use the food scales. The
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scales were calibrated at the beginning and end of each assessment to ensure accuracy 

of weighing. This was done by weighing standard known weights on 4 different 

points of the scales and m aking sure the weight was the same at each point as the 

weight being used. The investigator met with the subject after the food diaries were 

completed (pre, mid and post) and checked weights and types of foods consumed with 

the aid of a photo atlas. Volunteers were asked to include the food packaging and 

home made recipes where possible. Various dietary analysis programs were used 

across the 8 European centres involved to ensure culturally specific foods were 

included (Reading, UK: Food Base version 3.1; Dublin, Ireland: W ISP version 3.0; 

Oslo, Norway: Kostberegningssystem  (nutrient calculation software developed at the 

Department of Nutrition, University o f Oslo); INSERM , France: Nutrilog; M aastricht, 

The Netherlands; Komeet to enter the dietary data and Orion to analyse the data; 

JUMC, Poland: “Dietitian software” ; Cordoba, Spain: Dietsource version 2.0; 

Uppsala, Sweden: M ATs connected to the Swedish Board of Food Adm inistration 

database for foods).

2.4.2 Intervention Foods

Spreads, oils, m ayonnaise/dressing, baking products and comm ercial fat were 

supplied by Unilever Best Foods (Unilever Health Institute, Unilever Bestfoods, 

Vlaardingen, The Netherlands). Cold storage (4°C) was required for the spreads and 

baking fats. Oils, m ayonnaise and salad dressings were kept at low room temperature 

(in storage cupboards, out of direct sunlight). Commercial fat products of differing 

compositions were also provided and used in the manufacture of biscuit products 

(Fusco Foods, Ltd., Dublin, Ireland). Com positional details o f the intervention foods 

are provided in Chapter 4.

2.5 CLINICAL INVESTIGATION DAY

A common Training Protocol and Standard Operating Procedures (SOP) were 

developed and adhered to in each centre to standardise collection o f biological 

samples. A t the clinical investigation day, pre- and post-intervention, urine, blood, 

adipose tissue and skeletal muscle (optional) were collected. Samples were collected 

after a 12 hour overnight fast, no food or drink was perm itted except for water.
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2.5.1 Collection of fasting blood samples

Blood sampling and the Intravenous Glucose Tolerance Test (IVGTT) were 

completed after an overnight fast (12 hours). Subjects refrained from vigorous 

exercise and alcohol the day before the IVGTT. The fasting samples were taken at the 

first sampling point (-5 minutes) of the FVGTT. The fasting blood samples were 

collected in the order presented in Table 2.3

Table 2.3: Amount, type and sample fasting analyte taken at pre- and post- 

clinical investigation day

Number Volume Colour
Tube Type Analytes

2 lOmI RED
SERUM

SEPERATOR

Leptin, resistin, adiponectin, CRP, IL-6 

TNFa, sICAM, sYCAM

2 7ml RED
SERUM Insulin & c-peptide 

LDL isolation

3 10ml PURPLE
K3-EDTA Plasma cholesterol, TAG , NEFA 

Plasma apo A l, B, B48, CIl, CIIl, E.

TRL, TRL Apo B, Total HDL, Plasma

fatty acids, spare sample

Buffy coat isolation

3 4.5ml H L I E
SODIUM

CITRATE*

PAI-1, t-PA, fibrinogen.

> 2ml GREY
FLUORIDE

OXALATE

Glucose

Every blood sample for plasma (K3 EDTA, sodium citrate and fluoride oxalate) was 

inverted 8-10 times to ensure the coagulant was mixed throughout. *The sodium 

citrate tube for PAI-1, tPA was pre-chilled on ice before collection. All samples, 

except for the serum samples, were put on ice after collection and processed within 1 

hour.

2.5.2 Sample Preparation Protocols

The preparation of blood samples for analysis and centrifugation conditions are 

summarised in Table 2.4 and Table 2.5, respectively. All blood samples were 

processed immediately after collection. Blood samples for plasma were placed on ice
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after collection and processed within 1 hour. Blood samples for serum samples were 

not placed on ice after collection. The serum separator tube (SST) samples were 

allowed to clot for 30 minutes before centrifugation. TRL, LDL and HDL fractions 

were isolated within 24 hours. The buffy coat was isolated within 2 hours.

Table 2.4: Organisation of Blood Samples for Analysis » (All samples aliquoted in 
duplicate)

Analytical
aliquots

Vaccutainer
type

Sample
type

Volume
(ml)

Preparation Analysing
Centre

T en ^
storage
(“C)

Glucose Huoride oxalate Plasma 0.5 Centrifuge & 
freeze immediately

UoR -20 ^

Insulin, c-peptide Serum Serum 1.0 Allow to clot, 
centrifuge & 
freeze.

TCD -20 ^

TAG & cholesterol EDTA Plasma 0.5 Centrifuge & 
freeze immediately

UoR -20

NEFA , EDTA Plasma 0.5 Centrifuge & 
freeze immediately

UoR -20

Plasma fatty acid 
composition

EDTA Plasma 0.4 Centrifuge & 
freeze immediately

TCD -20

Apo Ai, B, cn, cm 
& E, Apo B48

EDTA Plasma 0,5 Centrifugation & 
Add protein 
preservative

INSERM -20

TRL
TRL Apo B

EDTA
EDTA

Plasma
Plasma

4.0 Ultra
centrifugation, 
separation and 
freeze

UoR
INSERM

-20
-20

Total HDL EDTA Plasma 0.4 Precipitation and 
freeze

UoR -20

LDL cholesterol Serum Serum 0.4 Precipitation and 
freeze

UoR -20

DNA EDTA Buffy Coat 1.00 Centrifiigation & 
isolation

TCD -70

Leptin Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

Resistin Serum separator tube

m*

Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

Adiponectin Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

CRP Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

lL-6 Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

TNFa Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70

sICAM Serum separator tube Serum 0.20 Allow to clot,
centrifuge
&freeze.

TCD -T

sVCAM Serum separator tube Serum 0.20 Allow to clot, 
centrifuge & 
freeze.

TCD -70
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P A l-l Citrate Plasma 0.2 Centrifuge
im m ediately

TCD -70

tPA Citrate Plasma 0.2 Centrifuge
im m ediately

TCD -70

F ib r in o g en C itrate P la sm a 0 .2 C en tr ifu g a tio n T C D -7 0
Spare Serum separator tube Serum 0.5 Centrifugation TCD /

UoR
-70

Spare EDTA Plasma 0.5 Centrifugation UoR
INSERM

-70

Spare Citrate Plasma 0.5 Centrifugation TCD -70

Table 2.5: Centrifugation and sample preparation details
Tube Analyte Conditions
2ml Fluoride oxalate Glucose 1. 3000rpm 10 minutes @ 4°C.

2. Aliquot plasma samples.
3. Freeze immediately (-20°C).

6ml Serum Insulin & c-peptide 
LDL isolation

1. Clot for 30min @ room 
temperature

2. 3000rpm 10 minutes @ 4°C.
3. Aliquot serum samples.
4. Freeze insulin and c-peptide 

samples immediately (- 
20°C).

5. Refrigerate remaining 
plasma for LDL isolation.

10ml K3-EDTA Plasma cholesterol, 
T A G , NEFA 
Plasma A l, B, B48,
c i i ,  c m , E
TRL isolation 
HDL isolation 
Buffy coat isolation

1. 3000rpm 10 minutes @ 4°C.
2. Remove plasma.
3. Aliquot samples for plasma 

analysis & freeze 
immediately (-20°C).

4. Refrigerate remaining 
plasma samples for TRL, 
HDL & LDL isolation.

5. Pipette 1ml of intermediate 
white layer (buffy coat) into 
eppendorf & snap freeze & 
transfer to freezer 
immediately (-70"C).

10 ml serum Leptin, resistin, 
adiponectin, CRP, 
IL-6, TNFa, 
sICAM, sVCAM,

L Clot for 30min @ room 
temperature

2. 3000rpm 10 minutes @ 4°C
3. Aliquot plasma samples.
4. Freeze immediately (-70°C).

4.5ml Sodium citrate PAI-1, t-PA, L 3000rpm 10 minutes @ 4°C
2. Aliquot plasma samples.
3. Snap freeze and transfer to 

freezer immediately (-70°C).
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2.5.3 Intravenous Glucose Tolerance Test Protocol

Insulin sensitivity was assessed from a frequently sampled intravenous glucoie 

tolerance test (IVGTT) with minimal model computer analyses of insulin sensitivi y 

(Bergman et a i, 1985; Beard et a i ,  1986; Pacini & Bergman, 1986). Volunteers 

attended the Clinical Investigation Unit after a 12 hour overnight fast, having 

refrained from vigorous exercise and alcohol on the day prior to the IVGTT. On the 

morning of the IVGTT two cannulae were inserted into the antecubital veins of boh 

forearms. Fasting blood samples were taken from cannula 1. Then a bolus of 507c 

glucose solution (Phoenix Pharma Ltd, Gloucester, UK) (0.3g/kg body weight (BW)) 

was infused into cannula 2 over a 1-minute period followed by 20ml of saline. Twenty 

minutes later a dose of insulin (Novo Nordisk Pharmaceuticals Ltd, West Sussex, UK) 

(0.03U/kg BW) was infused into the same cannula (cannula 2). Meanwhile, blood wis 

sampled through cannula 1 at frequent intervals over a 3 hour period (-5, 0, 2, 4, 8, 19, 

22, 30, 40, 50, 70, 90, 180 minutes) after the start of the glucose injection. A to:aI 

volume of 8ml of blood was collected at each time point (2ml into a paediatric 

fluoride oxalate tube for subsequent glucose analysis and 6ml into serum tube for 

subsequent analysis of insulin). At each time point real time blood glucose monitoriig 

was performed using a gluco-trend machine to confirm that the volunteer’s blo)d 

glucose was not excessively low (<2.0mmol/L). If the blood glucose dropped below 

2.5mmol/L, the study was stopped and an isotonic high glucose drink was 

administered immediately. In addition, sterile 50% dextrose was on hand to giv'e 

intravenously to the volunteers if their blood glucose dropped too low. Blood sampes 

were spun at 3000rpm for 10 minutes after which the plasma/serum was aliquoted aid 

stored at -20°C until it was required for analysis.

2.6 BIOCHEMICAL ANALYSIS

2.6.1 Triacylglycerol-rich lipoprotein (TRL) Isolation protocol

The TRL fraction was isolated from each patient’s fasting blood sample and tvo 

aliquots of the TRL were harvested and stored (one for analysis, one spare). 25|jl 

preservative was added to plasma. Polycarbonate tubes were labelled and weighed 

and the empty weight of each tube was recorded. 3.0ml of plasma was pipetted into a 

polycarbonate centrifuge tube and overlayed carefully with 3.0ml of sodium chlorde 

solution (density <1.006 g/ml). The centrifuge tubes were weighed to ensure Mat
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tubes opposite each other in the rotor were balanced. The rotor (Type 100.4 TLA) was 

placed into the ultracentrifuge (Ultra Optima TLX, Beckman Coulter) and spun at 

50,000 rpm for 4 hours, 45 minutes at 24° C using m axim um  acceleration and 

deceleration. After the spin, the tubes were carefully rem oved from the rotor and 

placed into a rack. The top 1.5ml o f solution (TRL) was isolated using a glass Pasteur 

pipette and placed into a pre-weighed plastic graduated tube. The tube was rew eighed 

and the weight noted. 75|al preservative was added to the sample. TRL was aliquoted 

into 4 labelled graduated tubes. 0.5m l/tube was sent to UoR and 0.25m l/tube was sent 

to INSERM  for future analysis. The samples were stored at -20° C. Following 

analysis, all TRL concentrations were corrected back to their respective concentration 

in plasm a by m ultiplying by weight of TRL/3.0. This procedure was carried out by 

Jolene M cM onagle, Nutrigenomics Research Group, Trinity College Dublin.

2.6.2 LDL Isolation Protocol and Analysis

LD L was isolated using a LDL Precipitation Reagent (Randox, Antrim , Ireland). The 

reagent contains heparin, which causes LDL to be precipitated at its isoelectric point 

(pH 5.04). LDL precipitating reagent was added to fresh serum (lm l/100 |jl serum), 

vortexed, and incubated at room tem perature for 10 minutes. Samples were then 

centrifuged for 15 minutes at 2500 x g. A fter centrifugation, HDL and VLDL 

rem ained in the supernatant while LDL formed a pellet at the bottom of the tube. The 

supernatant was removed and stored at -20°C until cholesterol analysis was performed 

(Section 2.2.4). The concentration o f LDL-cholesterol was calculated as the difference 

between the total cholesterol concentration of the plasm a sample and cholesterol 

concentration of the supernatant. An imm unolip control sample (Immuno Ag, Vienna, 

Austria) was precipitated with every batch of samples and analysed to ensure that the 

LDL precipitation was successful. Results were only accepted when the control value 

was within two standard deviations o f the m anufacturers expected LDL-cholesterol 

concentration. LDL and HDL-cholesterol isolation (Section 2.2.7) was carried out by 

Jolene M cM onagle, Nutrigenom ics Research Group, Trinity College Dublin and 

analysis by Danielle Shaw, University o f Reading. CVs were less than 10% for 

internal controls.

79



2.6.3 Determination of Cholesterol, TRL Cholesterol, TAG, TRL TAG and 

HDL cholesterol concentrations

The quantitative determ ination of cholesterol, TR L cholesterol, TAG in plasm a and 

TRL fraction was carried out using the IL Test'^’’̂  Cholesterol kit and IL Test™  

Triglycerides kit (Instrum entation Laboratories, W arrington, UK). The principles of 

the assays are described in Section 2.2.4 and 2.2.5 respectively. The IL Test™  HDL- 

C Kit (Instrum entation Laboratories, W arrington, UK) was used for direct 

quantification o f HDL-cholesterol. A detergent specifically solubilises HDL- 

cholesterol and a polyanion assists in the selectivity by complexing LDL-cholesterol, 

VLDL and CM  lipoproteins. All samples taken were stored and analysed at the end of 

the trial in a single batch to minimise inter-assay variability. This analysis was carried 

out by Danielle Shaw, University of Reading. CVs were less than 10% for internal 

controls for all analytes.

2.6.4 Determination of NEFA concentrations

The W AKO NEFA C enzymatic colour kit (Alpha Laboratories, Hampshire, UK) was 

used to quantitate plasm a NEFA concentration. The intensity of coloured product 

(quinoneimine) is proportional to the concentration of free fatty acids and measured 

by absorbance using the ILAB. Control 01 and control 02 (Instrumental Laboratories, 

W am ngton, UK) and a NEFA calibrator were used with each analysis (Alpha 

Laboratories, Ham pshire, UK) and were within reference ranges. This analysis was 

carried out by Danielle Shaw, University o f Reading.

2.6.5 Determination of Plasma Glucose

The IL Test™  Glucose Hexokinase Clinical Chem istry kit (Instrumentation 

Laboratories, W arrington, UK) was used to determ ine plasm a glucose concentration. 

The principle o f the assay is previously described in Section 2.2.6. This analysis was 

carried out by Danielle Shaw, University of Reading. CVs were less than 10% for 

internal controls.

2.6.6 Buffy Coat Isolation

The buffy coat is the small white layer between the plasma and the red blood cells. 

The buffy coat contains the white blood cells including the leucocytes, which contain 

DNA. 1ml o f interm ediate white layer (buffy coat) was pipetted into a 1.5ml
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eppendorf tube using a plastic 3ml or 156mm (Starstedt) transfer pipette. Aliquoted 

samples were placed in liquid nitrogen and stored at -70°C.

2.6.7 Determination of Insulin and C-peptide

Serum insulin and C-peptide concentrations were m easured using solid phase, two- 

site fluoroim munom etric assays (AutoDELFIA Insulin kit and AutoDELFIA C- 

peptide kit respectively, W allac Oy, Turku, Finland). The assays are based on a direct 

sandwich technique in which two monoclonal antibodies are directed against separate 

antigenic determinants of the protein under investigation i.e. either the insulin or the 

C-peptide molecule. Samples are sim ultaneously reacted with immobilised 

monoclonal antibodies directed against the protein o f interest and with europium- 

labelled monoclonal antibodies directed against a different specific antigenic site on 

the insulin or C-peptide molecule. Enhancement solution dissociates europium ions 

from the europium -labelled monoclonal antibody into solution, where they form 

highly fluorescent chelates with components of the enhancem ent solution. The 

fluorescence in each well is measured, the concentration being directly proportional to 

the concentration o f insulin/C-peptide in the sample. This analysis was carried out by 

the author and Declan Gasparro in the Central Pathology Laboratory, St. James 

Hospital, Dublin, Ireland. CVs were less than 10% for all internal controls.

2.6.8 Plasma fatty acid compositional analysis

This analysis was completed at the Nutrition Laboratory, Departm ent of Clinical 

Medicine, Trinity Centre for Health Sciences, Dublin 8, Ireland. Extraction and 

transmethylation was carried out by the author and Jolene M cM onagle and the gas 

chrom atographic analysis of the samples was carried out by Jane Ferguson.

Extraction: 400|il of plasm a was transferred into 16ml borosilicate glass, 

screw-capped tubes and 400|al o f milliQ water was added. Lipid extraction was 

achieved by the addition of 2ml methanol, 1ml chloroform , 40|j1 5nM  BHT in 

ethanol, 100|al stock solution of heptadecanoic acid (C17:0). Samples were vortexed 

for Imin and 1ml milliQ water and 1ml chloroform were im m ediately added. The 

tubes were closed and vortexted for a further 30 seconds and centrifuged in a 

Beckman Avanti 0 2 5  equipped with a JLA rotor. They were spun at SOOOrpm 

(RCF=1673xg) for 15 minutes at 20°C. Infranatants (organic phase) were carefully 

removed with a pasteur glass pipette and transferred to new 16ml borosilicate glass
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tubes. The supernatants (aqueous phase) were then supplemented with 2ml 

chloroform  and vortexed for 30 seconds and then centrifuged at 3000rpm  for 15 

m inutes at 20°C. Infranatants were removed as previously indicated and pooled with 

the previous infranatants and dried under nitrogen. The dried samples were flushed 

with nitrogen, prior to sealing to prevent lipid oxidation and stored at -20°C.

Transesterficalion (OHTA Method): To each tube containing the dried lipid 

extract, 1ml of methanol and 1ml BF3-methanol (14%) were added and vortexed for 1 

minute. The tubes were placed in a boiling bath (100°C) for 40 m inutes and then 

cooled at room  temperature. The resulting methyl esters were then extracted by 

adding 2ml hexane and 2ml milHQ water, vortexted for 10 seconds and centrifuged at 

2000rpm (RCF=744xg) for 5 minutes at 10°C. Supernatants (hexane phase) were 

collected. For optim isation o f the extraction, 2ml of hexane was added on the lower 

phase, vortexed for 30 seconds and centrifuged at 2000rpm for 5 minutes. The 

supernatants were rem oved and pooled with the first supernatants and dried under 

nitrogen. The resulting methyl esters were then dissolved in 150|al of hexane and 

stored at -20°C under nitrogen until their analysis by GC.

Gas chromatographic analysis o f  total plasm a lipids: Fatty acid methyl esters 

(FAM E) were analysed by gas chromatography (GC) on a Shimadzu GC 2010 

(Shimadzu, Japan) using a fused silica capillary column Omegawax 250, (30 m x 0.25 

mm inner diam eter, 0.25|am film) (Supelco, Saint Quentin Fallavier, France).

GC was equipped with a flame ionisation detector and GC 

solutions software (Shimadzu, Japan). Heptadecanoic acid was used as an internal 

standard. Helium  was used as the carrier gas with pressure of 0.8 psig. Injector and 

flam e ionisation detector temperatures were 250°C. The following tem perature 

program was used: 215°C (43 minutes) and 10°C/minute to 260°C (2.5 minutes). 

Fatty acids were identified by comparing the relative retention times of plasma FAM E 

with FAM E standards (SUPELCO, Saint Quentin Fallavier, France). PUFA 2 (from 

M enhaden oil) and PUFA 3 (from an anim,al source), (both from Supelco), were run 

every week to determ ine the relative retention times of the fatty acids. The retention 

time of C l 7 was obtained from the blank sample from each batch. Fatty acid mass 

was determ ined as a relative percentage of the total quantified fatty acids. Individual 

fatty acid types were determined as follows: SFA (C14;0, C16;0,C18:0), M UFA 

(C 16:l, C 1 8 :l, C 20 :l), PUFA (n-3 -i- n-6 PUFAs), n-3 PUFAs (C18:3:3, C18:4, 

C20:4:3, C20:5, C22:5, C22:6) and n-6 PUFAs (C18:2, C18:3:6, C20:3, C20:4;6,
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C22:4) The fatty acid masses were calculated based on the blank C17 value for each 

batch. The efficiency of the experiment was also calculated from the C17 value. 

Samples with an extraction efficiency of less than 30% were rejected. To ensure 

consistency between batches, a standard serum sample, to serve as an internal control, 

was extracted as part of each batch. Batches were considered to be acceptable if the 

standard serum had a variance below 10%.

2.6.9 Plasma Apolipoprotein (apo) A l, B and E

Protease inhibitor was added (10|jl/ml plasma) to protect the samples. Plasma apoAl, 

B and E concentrations were measured using an immunonephelometric method on a 

BN ProSpec® System with commercial kits (Dade Behring, Deerfield, USA) at the 

Analytic Biochemistry I.aboratory, St. Marguerite, Hospital, Marseille, France. CVs 

were less than 10% for internal controls.

2.6.10 Plasma apoCII and CIII

Protease inhibitor was added (10|jl/ml plasma) to protect the samples. Plasma apoCII 

and CIII concentrations were measured by immuno-turbidimetry on a Hitachi 911 

system with commercial kits (Diasys, Bouffemont, France) at the Analytic 

Biochemistry Laboratory, St. Marguerite, Hospital, Marseille, France. CVs were less 

than 10% for internal controls.

2.6.11 Plasma apoB48

This analysis was completed at the Human Nutrition and Lipids (UMR 476-INSERM) 

Laboratory, University of Medicine Timone, Marseille, France. Protease inhibitor was 

added (10|al/ml plasma) to protect the samples. Assessment of apoB-48 was by 

competitive ELISA with a specific apoB-48 antibody obtained in rabbits. The assays 

were performed after a modification of the method (Lovegrove et al,  1996; Lorec et 

al,  2000). CVs were less than 10% for internal controls.

2.6.12 Serum Cytokine analysis

Human CRP, IL-6, TN Fa, total Adiponectin, Resistin sICAM-I, sVCAM-I and 

Leptin concentrations were measured by solid phase sandwich enzyme linked 

immuno-sorbent assay (ELISA). CRP was determined by high sensitivity (hs) CRP
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kits (BioCheck Inc, CA, USA), Human IL-6 ultrasensitive kits were purchased from 

Biosource International Inc, CA, USA. TNFa was determined using hs TN Fa kits 

(R&D Systems, Abingdon, UK). Adiponectin, Resistin and Leptin were analysed 

using a DuoSet® ELISA Development System (R&D Systems, MN, USA) and 

human sICAM-1 and sVCAM-1 were determined using R&D Systems, Abington, 

UK. The methods were completed in accordance with manufacturer’s instructions by 

Jolene McMonagle, Nutrigenomics Research Group, Trinity College Dublin. CVs 

were less than 10% for all internal controls.

2.6.13 Determination of PAI-1 and tPA

Plasma PAI-1 and tPA were determined using Asserachrom® kits (Diagnostica Stago, 

France) which are enzyme immunoassay procedures by the sandwich technique, also 

known as enzyme-linked immunosorbent assays (ELISAs). These kits provide a 

plastic support, coated with mouse monoclonal anti-human PAI-1 or tPA antibody 

which captures the PAI-1 and tPA, respectively, to be measured. Next, a second 

mouse monoclonal anti-human antibody coupled with peroxidase binds to another 

antigenic determinant distant from the first one forming the “sandwich”. The bound 

enzyme peroxidase is then revealed by its activity in a predetermined time on the 

substrate orthophenylenediamine in the presence of hydrogen peroxide. After 

stopping the reaction with a strong acid, the intensity of the colour produced bears a 

direct relationship with the PAI-1 or tPA concentration initially present in the plasma 

sample. The intensity of the colour produced is measured spectrophotometrically at 

492nm. Specific conditions and details of the assays are outlined in Table 2.6. A 

standard curve was constructed by plotting the absorbance values versus standard 

concentrations. All samples were run in duplicate and readings averaged. 

Concentrations of PAI-1 and tPA for each sample were extrapolated from the 

appropriate standard curve. Results for the patients 1:5 dilutions were read directly 

from the curve, those for the 1:10 dilutions had their values multiplied by 2. Samples 

with a concentration greater than the standard curve were diluted and re-assayed to 

obtain a precise concentration. All control values were ensured to be in the correct 

range. The inter-assay CV for PAI-1 was 6% and tPA was 3%
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2.6.14 Determination of Fibrinogen

Quantitative determ ination of fibrinogen was performed using an automated assay 

(Fibriquik, Organon Teknika Corporation, NC, USA) using a Coag-A-M ate M TX 

(Oraganon Teknika Corporation, NC, USA). The assay is based on the principle that 

when throm bin is added to a sample o f plasma, fibrinogen is converted enzymatically 

to fibrin. Fibrin, in turn, undergoes polymerisation to forni a fibrin network. W hen 

activated by throm bin. Factor XIII catalyses the form ation o f stabilising cross links to 

produce a visible clot. The elapsed time from the addition of thrombin to the 

formation o f a clot is inversely proportional to the fibrinogen level.

Verify Reference Plasma (Bio M erieux, NC, USA) was used to calibrate the 

assay prior to sam ple analysis. Two sets of coagulation reference plasma, a normal 

and an abnormal control sera (Universal Coagulation Reference Plasma and 

Abnormal Coagulation Reference Plasma, respectively. Pacific Haem ostasis, Fischer 

Diagnostics, M iddleton, VA, USA) were used to test assay performance. Duplicate 

m easurem ents were recorded. The inter-assay CV for fibrinogen was 4.5% for the low 

controls and 4.8%  for the high controls.

Table 2.6: Details of PAI-1 and tPA ELISAs

PAl-1 tPA

P ip e tte  in to  e a c h  p reco a ted  w ell: P ip ette  in to  e a c h  p reco a ted  w ell:

A n tig e n

Im m o b iliz a t io n

T e st S a m p le 2 0 0 |j l

A n tig e n

Im m o b iliz a t io n

T e s t  S a m p le 2 0 0 |j l

C o v e r  the w e lls  and let 

in cu b a te  fo r  1 hour (ro o m  

tem p , 1 8 -2 5 °C )

C o v e r  the w e l ls  and  let 

in cu b a te  fo r  2  hours (ro o m  

tem p , 1 8 -2 5 °C )

W a sh  a ll w e l ls  5 t im e s  w ith  w a s h in g  so lu tio n W a sh  all w e l ls  5 t im e s  w ith  w a sh in g  so lu t io n

Im m o b iliz a t io n  

o f  im m u n o -  

c o n ju g a te

M o u se

m o n o c lo n a l

a n ti-h u m a n

P A I-I

a n tib o d y

2 0 0 |j l

Im m o b iliz a t io n  

o f  im m u n o -  

c o n ju g a te

M o u se

m o n o c lo n a l

a n ti-h u m an

tP A

a n tib o d y

2 0 0 |j 1

C o v e r  the w e lls  and let 

in cu b a te  fo r  1 h ou r at ro o m  

tem p

C o v e r  the w e l ls  and let 

in cu b a te  for 2  h ou rs at ro o m  

tem p

W a sh  a ll w e l ls  5 t im e s  w ith  w a sh in g  so lu t io n , then  

im m e d ia te ly  p ro ceed :

W a sh  all w e l ls  5 t im e s  w ith  w a sh in g  so lu t io n ,  

then  im m e d ia te ly  p ro ceed :

O P D /H 2 O 2

S u b stra te

20 ()|j 1 O P D /H 2 O 2

S u b stra te

2 0 0 |j 1
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C olour

D ev elo p m en t

Let incubate at room  tem p for 

exactly  3 m inutes, then add  

acid

C olour

D evelop m en t

Let incubate at room  temp  

for exactly  6  m inutes, then 

add acid

Either 3M  

H 2 SO 4  or IM  

H CL

50|j 1

lOOpI

Either 3M  

H 2 SO 4  or 1 M 

HCL

50m 1 

lOOpl

W ait 3 0  m inutes, then m easure the absorbance at 

4 9 2 n m  w ithin 2 hours

W ait 30  m inutes, then m easure the absorbance at 

492nm  within 2  hours

2.7 IVGTT MODELLING

Glucose data was entered in mg/dl (to convert from m m ol/1^  mg/dl: x l8 ). Insulin 

data was provided in |aIU/ml (equivalent to the mlU/L). Glucose and insulin values 

from the -5 and 0 time points were averaged and entered for the 0 minute time point in 

the model. If the 2 fasting levels were significantly different, haemolysis notes were 

referred to, to identify the real value. The peak insulin value should have occurred at 

22 m inutes, if the correct protocol was adhered to. If the peak value did not occur at 

22 m inutes the m odelling was questioned. If the low value was explained by 

haem olysis then the m odelling could be carried out but the fit was queried and the 

m odel was checked for outlier status. If no haemolysis occurred, sampling 

protocol/IV G TT protocol was highly questionable and therefore the model was 

rejected. Table 2.7  details the standard operating procedure adhered to for the IVGTT 

modeling. Figure 2.5 shows an ideal model from a set o f IVGTT data.

Table 2.7: IVGTT Modelling Standard Operating Procedure

1. Open M inM od and select new data entry.

2. Enter tim epoints 0,2,4,8,19,22,30,40,50,70,90,180. Select other autom atically 

displayed tim epoints and delete so only those used in the LIPGENE IVGTT 

are present in the data sheet.

3. Copy and paste glucose and insulin data from excel sheet into minmod 

datasheet, nam e sheet with subject num ber and intervention stage (pre or post

intervention) code i.e. lO lL l. Save sheet.

4. W eight tim epoints 0, 2, 4 as zero, weight timepoints 8-180 inclusive as 1.

5. Always consult com pleted IVGTT incident questionnaires when entering data 

a. Adjust tim epoints as is relevant. If for example tim epoint taken at 2
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m inutes 36 seconds then enter tim epoint as 2.6 rather than 2.

b. If any tim epoint that has incomplete data e.g. if  glucose or insulin data 

is missing. Ensure cell is left blank in m inm od datasheet, do not enter 

a zero.

6. Save input - program m e does not automatically save changes when minmod 

data sheet is closed.

7. Complete data entry for subjects in one centre

8. Select all files to be modelled and click Run M inM od

9. Data output will be produced with graph, analysis data and original data with 

fraction standard deviation (FSD).

10. Important: unweighting data ONLY applies to glucose; if insulin data is 

dubious it should be deleted.

a. U nw eight/ delete any data with an FSD >0.05 (written as 5.0000000 E- 

0.2), save datasheet and re-run minmod.

b. Insulin data at time points 22 and 30 is critical and M UST be present if 

m odelling is to be performed without query

c. Check for carry over glucose which may have rem ained in cannula and 

adm inistered alongside insulin - may need to unweight the glucose at 

tim epoint 19 or 22 if this is the case. Decide by best fit to model.

d. Check that insulin peak occurs at 22 minutes. Investigate data further if 

it does not.

e. 0 to 8 m inutes represents a m ixing/settling period between the blood 

and extracellular fluid and the red line might not fall on the blue line 

for these timepoints - this is acceptable.

f. The model often unweights the 8min glucose tim epoint. This should be 

accepted.

g. It is not ideal to unweight more than 3 points. Avoid this as the model 

w on’t be successful.

h. If 90 m inutes and 180 m inutes samples are m issing, delete last two 

rows and run data. M INM OD can’t cope with these two points left 

blank.

i. M ake a note o f any changes made to dataset in lab book and entered in 

com m ent cell in the excel sheet of exported data, alongside info from
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the IVGTT questionnaires.

11. Note any inconsistencies in the modelling, e.g. unmatched blue and red line, Si 

highlighted in red etc.

12. Export M inmod data into a notebook file and save as an excel file. Add 

comments where necessary e.g. any deviations noted in questionnaire that 

deviate from IVGTT SOP, any queries from m odelling analysis

Notes:

If extremely high insulin occurs at 22 m inutes (~1000uIU/m l) then model should be 

accepted but queried. This value is much greater than the normal peak insulin 

~500uIU/ml but still occurs at the correct tim e point therefore model not rejected but 

queried as pharm acologically high value is questionable

If extremely high insulin occurs at 40 m inutes or after, then the whole time point is 

removed i.e. both the glucose and insulin values. This is because the sampling at that 

time point is highly questionable as insulin is not within physiological range, a major 

question is raised for this entire time point and therefore model should not be based on 

either the glucose or insulin value from this sample.

However if extremely high peak occurs at 30 minutes, it is unacceptable to remove the 

glucose and insulin data for the whole time point. This is because 30 minute data is 

essential to the model. Removal of it w ithout reason is unacceptable because of 

importance of time point to model. In this instance the model is rejected.

If peak insulin occurs at 22 m inutes but a steady decline in insulin after this point does 

not occur (and this is not explained by haemolysis) i.e. reduced at 30 minutes, again at 

40 minutes and 50 minutes but the 70 minute is greater than 50 minutes. This is 

questionable but it is not known if this is a sampling query or indeed a physiological 

response. There is no known reason to delete insulin 70 value therefore all data is 

included in model but the model is queried and its status as an outlier investigated.
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Figure 2.5 An Ideal IVGTT model

G l u c o s e  [ mg / d l ]  
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Blue dots'. Glucose observations; hollow blue dots: unweighted glucose 

observations; Green dots: Insulin observations; Red line: Fit of minimal 

observations to glucose observations; Black line: Insulin action “X”.

Parameters Exported from MINMOD Programme:

S,: Insulin Sensitivity

So: Glucose Effectiveness

AIRg: Acute Insulin Response to Glucose

DI: Disposititon Index (AIRg*SI)

P2: Removal rate of insulin from the interstitial space

P3: Movement of circulating insulin to the interstitial space

GO: Distributed glucose concentration at time 0

2.8 CANDIDATE GENE IDENTIFICATION SNP SELECTION AND 

GENOTYPING

A dual approach was used for candidate gene and SNP selection. SNPs identified in 

association, epidemiological and physiological studies as having an association with 

features of and/or risk of the MetS were included. Suitability of SNPs was determined 

in each candidate gene according to their allelic frequency and their putative 

involvement on function or expression of the gene product. The second SNP selection 

approach involved haplotype tagging. A number of recent studies have shown that this 

approach may be more advantageous than single SNP analysis. It is proposed that
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haplotype tagging captures the majority of diversity within a region by typing those 

SNPs which cover the most diversity and uses the most informative SNPs to expain 

genetic variation.

Online databases such as dbSNP http://www.ncbi.nlm.nih.gov/. HapMap 

http://hapmap.org and Perlegen http://perlegen.com were used to source genotype data 

for each candidate gene. This information was uploaded into Hitagene 

https://web I .hitagene.com/lipgene/frame.php which enabled haplotype frequency 

estimation to be determined by implementation of the EM algorithm. Using a 5% cut

off for individual haplotype frequency and >70% for the sum of all haplotype 

frequencies, genotype data were then transferred from Hitagene to SNP Tagger 

http://www.broad.mit.edu/mpg/tagger/server.html an online tool which identifies 

haplotype tagged SNPs. When a choice of haplotype tagged (Ht) SNPs was available, 

HtSNPs were chosen based on their allelic frequency and type of variant, with pricrity 

given to SNPs in the following order; (i) non-synonymous SNPs (ii) synonyrr.ous 

SNPs, (iii) promoter/regulatory region, 5’ UTR and 3’UTR SNPs, (iv) intronic SNPs.

Buffy coat samples were obtained from blood collected from participants of 

the dietary intervention study. The total number of samples was 464. The DNA was 

extracted using the Centra Autopure LS system. Samples were thawed at 37°C and 

lysed using 1ml cell lysate solution. Each sample was placed in a bar-coded tube, and 

these were inputted into the system using a computer and scanner, and a standard 

protocol was selected. Further extraction was performed automatically. DNA was left 

to re-hydrate for ~24 hours prior to quantification and further use. The concentration 

of the extracted DNA was determined using Nanodrop. Samples with a concentration 

less than 60ng/ul were replaced by re-extracting another buffy coat sample. There 

were 55 low samples, i.e. ~12% of the total number. Where a replacement was not 

available, or the re-extraction also gave a low yield, the sample was amplified using 

the Qiagen Repli-g midi WGA kit. Altogether, 24 samples were amplified. An input 

amount of DNA of lOng or more was used in all cases (this involved using Sul in 

most cases, and lOul in very low samples i.e. those below 5ng/ul to begin with). The 

resulting DNA quantified highly on Nanodrop (1000 -  2000ng/ul) but this is not a 

reliable indicator of actual concentration due to the presence of primers and other 

nucleotides that can mask an absence of amplified material. Performance was thus 

determined by Ilumina genotyping, and was generally good for the WGA samples.
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2.9 STATISTICAL POWER OF STUDY

The statistical power o f the LIPGENE dietary intervention study was based on insulin 

sensitivity as the prim ary biom arker of the MetS. Insulin sensitivity was assessed by 

an IVGTT wherein insulin sensitivity (Si) was m easured by the M INM OD minimal 

modeling programme. The power of the study was calculated with the ability to detect 

at least 1 unit difference at a SD o f 2, between diets. The pow er calculation was 

based on the assumption that 15% difference in insulin sensitivity was physiologically 

important and that this difference can be detected at a significance level o f 0.05 and a 

power o f 0.8. Thus, a m inimum  of 98 subjects per dietary group would be required to 

detect significance differences. The group size was increased to 120 per group, to 

account for an anticipated 20% drop-out rate.

Pow er calculations for gene-environm ent interactions in a case-only 

population were determined using the QUANTO form ula (Gauderman, 2002). This 

estim ated a sample size requirement of 96 subjects per dietary group, assuming a 

minor allele frequency o f 0.1; dom inant inheritance, a power o f 0.8 and type 1 error 

rate 0.05 (two-sided). This is based on the following criteria: Baseline disease risk: 

1% Environm ental relative risk: 1.0, Genetic relative risk: 2.2; Interaction effect: 3.4, 

the level of each being based on published data (Shen et al., 2007) which determined 

the interaction between fatty acid composition and risk of the MetS.
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Chapter Three

The LIPGENE Human Dietary Intervention Study: the interaction 

between dietary fatty acid modification and genetic risk of the 

metabolic syndrome in Europeans -  Cohort Details and Study Design

3.1 ABSTRACT

Background: Evidence suggests that dietary fatty acid composition affects insulin 

sensitivity, wherein dietary saturated fatty acids (SFA) are associated with insulin 

resistance.

Objective: The LIPGENE Human Dietary Intervention Study is a multi-centre,

Trans-European, randomised, controlled trial with two principal aims. Firstly, to 

determine the relative efficacy of reducing dietary SFA consumption, by altering 

quality of dietary fat and reducing the quantity of dietary fat, on metabolic and 

molecular risk factors of the metabolic syndrome (MetS). Secondly, to determine if 

common genetic polymorphisms affect an individual’s responsiveness to dietary 

modification.

Design: A total of 486 free-living subjects with the MetS received one of four

dietary treatments for 12 weeks: (1) High-fat (38% energy) SFA-rich diet; (2) High- 

fat (38% energy), monounsaturated fatty acid (MUFA)-rich diet; (3) Isoenergetic low- 

fat (28% energy), high-complex carbohydrate diet and (4) Isoenergetic low-fat (28% 

energy), high-complex carbohydrate diet, with 1.24 g/d LC n-3 PUFA. A 3-day 

weighed food intake diary assessed dietary compliance pre-, mid- and post

intervention. An IVGTT, lipoprotein analysis, cytokines, adhesion molecules, 

coagulation factors and isoprostane levels were determined pre- and post-intervention. 

Results: Over 15,500 subjects were screened to recruit 486 subjects with the

MetS who initiated the study. The average waist circumference for males and females 

were 111cm and 103cm, respectively, with average fasting plasma glucose 

(5.5mmol/L), tri acyl glycerol (TAG) (1.8mmol/L) and high-density lipoprotein (HDL) 

cholesterol (1.30mmol/L) concentrations, and blood pressure (143/89mmHg). 

Conclusions: LIPGENE will provide important information in relation to dietary 

fatty acid modification, genetic determinants of dietary responsiveness and molecular 

markers of insulin sensitivity.
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3.2 INTRODUCTION

LIPGENE is an EU Integrated Project entitled “Diet, genomics and the metabolic 

syndrome (MetS): an integrated nutrition, agri-food, social and economic analysis” 

funded under the Framework 6 Food Safety and Quality Programme in 2003 

(www.lipgene.tcd.ie). The primary objective of the Human Nutrition component of 

LIPGENE was to understand how dietary fatty acid composition interacts with an 

individual’s genetic background and is related to the development and risk of the 

MetS and Type 2 Diabetes Mellitus (T2DM).

The LIPGENE Human Dietary Intervention Study was designed to determine 

the relative efficacy of reducing dietary SEA consumption, by altering the quality of 

dietary fat or reducing the quantity of dietary fat, on multiple metabolic and molecular 

risk factors of the MetS. The second objective of the LIPGENE study was to explore 

if common genetic polymorphisms potentially associated with increased risk of the 

MetS play a causal role in determining an individual’s responsiveness to dietary fat 

modification.

The MetS includes a constellation of interrelated factors of metabolic origin 

w’hich is associated with increased risk of T2DM and cardiovascular disease (CVD) 

(Lakka et ai ,  2002; Ninomiya et ai ,  2004; Grundy, 2006; Sundstrom et tiL, 2006). 

The growing prevalence of the MetS is linked with increasing incidence of obesity 

(Carr et a i ,  2004). It is proposed that insulin resistance is the key metabolic 

perturbation of the MetS (Reaven, 2004), which is also characterised by central 

obesity, increased waist circumference, dyslipidaemia (increased triacylglycerol, 

(TAG) and non-esterified fatty acids (NEFA) and reduced high density lipoprotein 

(HDL)-cholesterol concentrations), hypertension, microalbuminuria and chronic, low- 

grade inflammation (NCEP 2002; Ghanim et ai ,  2004; Hanley et ai ,  2004; 2005). 

More recently, since the initiation of LIPGENE the International Diabetes Federation 

(IDF) has proposed a new definition of the MetS with central obesity as the main 

focus for the diagnosis in addition to at least two other factors, to include a raised 

TAG level, reduced HDL-cholesterol, raised blood pressure and raised fasting plasma 

glucose. Insulin resistance, which is not measured routinely in clinical practice, is not 

an essential requirement (IDF, 2005)(www.IDF.org).

Although diet is not listed specifically as a risk factor for the MetS, there is 

little doubt that metabolic stressors including energy dense, high-fat diets promote 

obesity, insulin resistance and the MetS (Roche, 2005). Furthermore there is evidence
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to suggest that dietary fat composition may impede insuhn signalling, wherein 

saturated fatty acids (SFA) are associated with reduced insulin sensitivity (Laaksonen 

et al., 2002; Warensjo et al ,  2005; Warensjo et a i ,  2006). Most dietary intervention 

studies have shown that isoenergetic substitution of SFA for monounsaturated fatty 

acids (MUFA) or carbohydrates improved insulin sensitivity (Perez-Jimenez et al, 

2001; Vessby et ai ,  2001; Lovejoy et a i ,  2002). Given recent evidence that dietary 

interventions have been more effective than pharmacological agents in preventing the 

development of the MetS and T2DM in high-risk individuals (Knowler et ai ,  2002; 

Orchard et ai ,  2005) and the notion that some pharmacological agents may even have 

adverse effects on T2DM patients (Nissen & Wolski, 2007) exploration of the concept 

that altered dietary fat intake may attenuate the impact of the MetS warrants 

investigation.

Genetic factors must also contribute to individual variation in the clinical 

presentation of the MetS. It is likely that the phenotypic expression of the diverse 

metabolic components associated with the syndrome is subject to genetic 

determinants. A variety of polymorphisms in genes involved in insulin signalling, 

glucose homeostasis, lipoprotein metabolism, TAG deposition and mobilisation in 

adipose tissue, vascular function, inflammation or coagulation could be adversely 

affected in subjects with the MetS (Phillips et ai ,  2006). For example, the Pro‘‘ 

PPARy polymorphism has been associated with greater diabetes risk, which seems to 

be augmented by obesity (Altshuler et al., 2000; Ghoussaini et al., 2005; Meirhaeghe 

et ai,  2005). Interestingly, there is evidence for interaction between habitual dietary 

fat composition and PPARy, whereby exposure to a SFA rich diet augments the 

insulin desensitising effect (Luan et ai,  2001). It is possible that the genetic 

determinants of some of the components of the MetS may be particularly sensitive to 

nutrient derived environmental exposures. For example, lipoprotein metabolism is 

sensitive to dietary fatty acid modification and there is considerable evidence that 

inter-individual variability in response to dietary m.odification is determined by 

genetic factors (Ordovas & Corella, 2004).

LIPGENE will provide important information in relation to the efficacy of 

dietary fat modification on risk factors for the MetS. It has the potential to identify 

the role of candidate genes in determining responsiveness to dietary fat intervention. 

It may provide insights in relation to the molecular interactions between dietary fat 

composition with adipose tissue biology, skeletal muscle metabolism and vascular
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function tiiat contribute to the MetS. This study design chapter outhnes how this rich 

dataset of volunteers were recruited and presents their screening characteristics before 

their participation in the 12-week dietary intervention study. In effect, this chapter 

lays the foundation for the results and discussion presented in the remaining chapters.

3.3 SUBJECTS AND METHODS

3.3.1 Study design & Dietary Intervention Rationale

The LIPGENE human dietary intervention study was a randomised, controlled trial 

designed to determine the efficacy of changing dietary fatty acid consumption on risk 

factors of the MetS and to determine if common genetic polymorphisms associated 

with increased risk of the MetS affect an individual’s responsiveness to dietary 

modification. The LIPGENE Dietary Intervention Study is registered with The US 

National Library of Medicine Clinical Trials registry. The study was approved by the 

local ethics committees at each of the 8 clinical intervention centres, all of which 

conform to the Helsinki Declaration of 1975 as revised in 1983.

Free-living subjects with the MetS, defined by a modified version of the NCEP 

criteria (2002), characterised by three or more of the following, participated in 

LIPGENE;

• Fasting glucose concentration 5.5 - 7.0 mmol/L

• Serum TAG concentrations > 1.5 mmol/L

• Serum HDL cholesterol concentration < 1.0 mmol/L (men)

< 1.3 mmol/L (women)

• Blood pressure systolic BP> 130

diastolic BP>85mmHg 

or treatment of previously 

diagnosed hypertension

• Waist girth > 102 cm (men)

> 88 cm (women)

The rationale for the LIPGENE dietary intervention study was to determine the 

relative efficacy of replacing or reducing dietary SFA on insulin sensitivity, by 

comparing the effect of four different dietary treatments:
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• High-fat (38% energy), SFA-rich diet (16% SFA, 12 % MUFA 6% PUFA) 

(HFSFA)

• High-fat (38% energy), MUFA-rich diet (8% SFA, 20% MUFA, 6% PUFA) 

(HFMUFA)

• Isoenergetic low-fat (28% energy), high-complex carbohydrate diet (8% SFA, 

11%; MUFA; 6% PUFA), with 1.24g/d high oleic sunflower oil supplement (LF)

• Isoenergetic low-fat (28% energy), high-complex carbohydrate diet (8% SFA, 

11% MUFA; 6% PUFA), with 1.24 g/d LC n-3 PUFA supplement (LF n-3 PUFA)

Subjects were randomly assigned to one of the four diets for 12 weeks. The control 

diet was a high-fat, predominantly saturated fat diet. The second diet was to 

determine the efficacy of a high-fat, MUFA enriched diet. Two low-fat diets were 

included to evaluate the effectiveness of reducing total fat intake and within the low- 

fat groups the effect of LC n-3 PUFA supplementation was also determined. A range 

of fat-modified food products (margarines, cooking fats, baking fats, mayonnaise, 

dressings, biscuits, etc) were produced by Unilever Best Foods (Vlaardingen, The 

Netherlands) and provided to volunteers with specific dietetic counselling. Extensive 

details in relation to the dietary fatty acid modification and achievement of dietary 

goals IS presented in Chapter 4. The LC n-3 PUFA supplement (Marinol ™ C-38) and 

the comparator high-oleic acid sunflower seed oil (HOSO) supplement were provided 

by Lipid Nutrition, Loders Croklaan (Wormerveer, The Netherlands), the composition 

of which is presented in Table 3.1.
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Table 3.1: Fatty Acid Composition and tocopherol content of the LC n-3 PUFA

and comparator HOSO supplement

LC n-3 PUFA HOSO Supplement

Description: M arin o l'^ C -3 8  is a 
concentrated natural fish oil 
with a high content o f EPA 
and DHA

High Oleic Acid 
Sunflower Seed Oil 
supplement

Fatty Acid Composition w/w % w/w %
C14:0 5 0
C16:0 10.5 3.5
C16:l 4.5 0
C17:0 0.2 0
C18:0 2.5 3.4
C18:l 8.0 79.2
C18:2 1.0 11.8
C18:3 0.5 0.2
C20:0 0.2 0.3
C20:l 1.1 0.3
C22:0 0.2 0.9
C24:0 0.2 0.3
C20:5 24 -

C22:6 17.5 -

Total EPA and DHA 38* -

Mixed Natural Tocopherol 3.0mg 3.0mg
*38% is the standard minimum value o f EPA and DHA that is assured in all batches 
of the product.

The LIPGENE intervention study was completed in 8 European centres, in order to 

represent the heterogeneous nature o f habitual European dietary fatty acid intake. 

Each centre adhered to a stringent common standard operating procedure. 

Approxim ately 60 subjects were recruited and random ly assigned to one o f four 

dietary interventions per centre. Random isation was completed by the coordinating 

centre, according to age, gender and fasting plasm a glucose concentration. An equal 

num ber of subjects were allocated to each dietary group at each centre using the 

M INIM (M inimisation Programme for Allocating patients to Clinical Trials, Dept of 

Clinical Epidemiology, The London Hospital Medical College, UK) random isation 

programme.

3.3.2 Recruitment and screening process

The LIPGENE screening process to recruit subjects was conducted in several stages, 

as illustrated in Figure 3.1. M ore than 15,500 subjects were screened to recruit 486
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free-living subjects with the MetS. Each conformed to the LIPGENE inclusion and 

exclusion criteria {Table 3.2). Initial contact was attained by e-mail, posters in 

Universities and local hospitals, advertisements in local newspapers, GP chnics and 

dietetic out-patient clinics. Initially a subject suitability questionnaire was completed 

by telephone to determine if interested participants conformed with the LIPGENE 

criteria. Then an anthropometric and biochemical screening visit was scheduled and 

the nature of the LIPGENE study was explained. Written informed consent was 

provided by each potential volunteer before assessment of anthropometric indices, 

blood pressure and collection of a fasting blood sample. Weight, height, waist and hip 

circumference were measured at screening by the same trained investigator at each 

centre. Body weight was measured in duplicate on a centre specific, calibrated scale, 

to the nearest 0.1kg. Subjects were weighed in light clothing, without shoes and after 

voiding. Height was measured in duplicate to the nearest 0.1cm, in the upright 

position using a stadiometer. Waist circumference was measured directly on the skin, 

at the mid-point between the supra iliac crest and lower ribs margin at the end of a 

normal expiration, in duplicate to the nearest 0.1cm using a non-stretch tape measure. 

Hip circumference was measured in duplicate to the nearest 0.1cm, using a non- 

restrictive tape measure, at the level of the greater trochanter without compressing the 

skin. Blood pressure measurements were recorded in duplicate in the seated position 

after a 5 minute rest, using an appropriately sized cuff before blood samples were 

taken.

Blood samples were collected from subjects in the morning after a 12 hour fast 

and having avoided excessive alcohol and exercise during the previous 24 hours. 

Fasting plasma glucose, triacylglycerol, total cholesterol, high density lipoprotein, and 

haemoglobin levels were measured. Liver and kidney function tests were also 

measured. Biochemical analysis was completed at each centre, according to 

established and standardised in-house methods. A urine sample was taken in all 

female subjects to outrule pregnancy. A health and lifestyle questionnaire also 

determined each subject’s level of physical activity, smoking habits, alcohol intake, 

menopausal state in females and demographics. Volunteers who attained 3 of the 5 

MetS criteria listed above were offered participation in the LIPGENE dietary 

intervention study.
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Figure 3.1: LIPGENE Dietary Intervention Study: Screening, Recruitment and 
Randomisation of subjects with the metabolic syndrome

Diet C=119

Diet A=121

Diet D=120

6 dropped out before 
randomisation

43 dropped out 
before study 
com m encem ent

486 w ere invited to th e  Pre- 
Intervention clinical in day

15058 excluded 
- did not m eet LIPGENE 

inclusion/exclusion criteria

15,593 initially approached (Subject Suitability Questionnaires)

529 randomly assigned to one of four 
intervention diets

535 assessed  for eligibility (Anthropometric and 
Biochemical Screen) and m et 3 out of 5 criteria 

for Metabolic Syndrome
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Table 3.2: Inclusion and Exclusion Criteria of the LIPGENE Dietary 
Intervention Study

Inclusion Criteria
• A ge; 35-70years
• G ender: m ales and fem ales (not pregnant o r lactating)
• B ody M ass Index (B M I) 20-40 kg/m"
• T otal cholesterol concentration  equal to o r < 8.0 m m ol/L
• M edications /  nutritional supplem ents allow ed, on condition that the subjects adhere to the sam e 

regim en during the intervention: anti-hypertensive m edication (including beta-blockers), oral 
contraceptives, horm one replacem ent therapy, m ulti-vitam in supplem ents, o ther non-fatty  acid 
based nutritional supplem ents (e.g. garlic, anti-oxidants, etc)

• Sm okers and non-sm okers
• Persons who do not consum e alcohol o r regular consum ption o f alcohol, w hich is not excessive as 

defined by elevated  liver enzym es (A ST  <41IU /L  and ALT 7-56IU/L)
• E thnicity: Intention to include white Europeans

Exclusion Criteria
• A ge: < 35 or >70years
• D iabetes o r o ther endocrine disorders
• C hronic inflam m atory  conditions
• K idney or liver dysfunction
• Iron deficiency anaem ia (haem oglobin <  12g/dl men, < 1 Ig/dl women)
• P rescribed hypolip idaem ic m edication
• Prescribed anti-in flam m atory  m edication
• Fatty  acid supplem ents including fish oils, evening primrose oil, etc.
• C onsum ers o f  high doses o f  antioxidant v itam ins (A, C. E, P-carotene)
• R ed rice yeast (M onascus purpureus) supplem ent usage
• H igh consum ers o f  o ily  fish (> 2 serving o f oily fish per week o f  herring, m ackerel, k ippers,

pilchards, sardines, salm on, trout, tuna (fresh), crabm eat or marlin). One portion is defined  as a
sm all herring or m ackerel, one can o f salm on o r sardines or one salm on or tuna steak. T inned tuna
is perm itted as it con tains only m inor am ounts o f  long chain n-3 PUFAs

• H ighly trained or endurance athletes or those w ho participate in more than 3 periods o f intense 
exercise per week

• V olunteers p lanning to  start a special diet or lose w eight (e.g. the Slim fast Plan, A tkins D iet etc).
•  W eight change equal o r >3kg within the last 3 months
• A lcohol or drug abu.se (based on clinical judgem ent)
•  P regnant /  lactating  fem ales /  w om en p lanning a pregnancy in the next 12 m onths. W om en who 

becam e pregnant during the d ietary  intervention period should be rem oved from  the study

3.3.3 Clinical Investigations & Dietary Assessment Pre- and Post-intervention

A common Training Protocol and Standard Operating Procedures were developed and 

adhered to in each centre to standardise collection of biological samples and dietary 

data. The schedule o f the clinical investigations and dietary assessment during the 

study are summarised in Figure 3.2. Pre- and post-intervention, subjects reported to 

one of the eight intervention centres following a 12 hour overnight fast. At each 

clinical investigation day subjects brought their fasting urine sample (first void), 

completed anthropom etric m easurements, donated a fasting blood sample and 

completed an insulin m odified intravenous glucose tolerance test (IVGTT) as per
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published protocols (Finegood et a i ,  1990). Each subject had a cannula inserted into 

both forearms. Fasting samples were taken prior to the IVGTT. At 0 minutes a bolus 

of 50% glucose solution (0.3g/kg body weight) was infused within a 1 minute period 

followed by 20ml of saline. At 20 minutes an insulin dose (0.03U/kg body weight) 

was infused into the same cannula. Meanwhile, blood samples were drawn from the 

other cannula in the opposite arm at times -5, 0, 2, 4, 8, 19, 22, 30, 40, 50, 70, 90 and 

180 minutes after the start of the glucose infusion. At each time point each subject’s 

blood glucose was monitored using a gluco-trend machine to ensure the level did not 

drop below 2.0mmol/L. A select number of volunteer subjects also donated adipose 

tissue and skeletal muscle biopsies in the following days after the IVGTT assessment.

An intensive dietary assessment schedule was implemented. Volunteers kept a 

3-day weighed food dietary record (two weekdays and one weekend day) to assess 

pre-intervention dietary habitual intake. This assessment formed the basis for dietary 

fat modification in order to achieve the dietary intervention targets using the 

intervention foods, without a significant (<2% body weight change) alteration in body 

weight. Dietary advice was given to each volunteer using the dietary intake data 

gained at the pre-intervention dietary assessment and modified in order to achieve 

their target intervention diet. Two further weighed 3-day food dietary records were 

completed at week 6 and 12 to assess dietary intake mid- and post-intervention. 

Compliance was promoted and assessed by regular contact with each volunteer by 24- 

hour recalls and food use questionnaires, every two weeks of the trial. Body weight 

was measured pre-, mid- and post-intervention at week 0, 6 and 12 to ensure 

isocaloric dietary compliance. Study foods were delivered by the investigators or 

subjects collected them from the study centre throughout the 12 week study period. 

Capsules were given to each participant on the pre-intervention clinical investigation 

day and a capsule count assessed. The level of physical activity, alcohol consumption 

and smoking habits did not deviate throughout the intervention period.
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Figure 3.2: LIPGENE Dietary Intervention Study - Schedule of Dietary
Assessments & Clinical Investigations

Pre- Post -
Intervention Intervention Period (weeks) Intervention
0  1 2 3 4  5 6  7 8 9 10 11 12

Dietary Assessment
3 d ay  w e ig h ed  fo o d  d ia ry  ■ /  V

F o o d  F re q u e n c y  Q u e stio n n a ire  
(F F Q ) ^

D ie ta ry  M o d if ica tio n

D ie ta ry  A d v ic e  ■ /  v '

2 4 -reca ll c o m p lia n c e  ch ec k  • /  y

F o o d  U se  Q u e s tio n n a ire  ^  ^

Clinical Investigation Day ^
U rin e  S am p le  ^  ^

W eig h t ■/ ■ /  • /

H eig h t y  y

W aist & H ip  C irc u m fe re n c e  ^  ^

B lo o d  P re ssu re  ^  ^

B io e le c tr ic a l Im p e d a n c e  ^  ^

F astin g  b lo o d  sam p le  ^  ^

In trav en o u s g lu co se  to le ran ce  
test (IV G T T )

Fat b io p sy  (o p tio n a l)  ^  ^

M u scle  b io p sy  (o p tio n a l)_________
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A list o f the m etabolic risk factors associated with the M etS m easured in LIPGENE is 

presented in Table 3.3. Insulin and glucose concentrations were detem iined at each 

IVGTT time point and measures o f insulin sensitivity, glucose effectiveness and the 

acute insulin response to glucose were determined with the M INM OD M illennium  

com puter program  (version 6.02, Richard N. Bergman). All blood samples were 

processed im m ediately after collection according to standard protocols.

Table 3.3: LIPGENE Metabolic Risk Markers of the Metabolic Syndrome

Insulin sensitivity 

Lipoprotein m etabolism

Oxidative injury & 
inflamm ation

Coagulation & 
fibrinolysis 
Biom arker o f habitual 
dietary fat com position

IVGTT, glucose & insulin 
C-peptide
Total plasm a triacylglycerol (TAG),
cholesterol & non-esterified fatty acids (NEFA).
Apolipoprotein A l, B, CII, CIII, E & B48
TAG Rich Lipoprotein (TRL) TAG, cholesterol & apo B.
Total High Density Lipoprotein (HDL), HDL3, HDL 2
and low density lipoprotein (LDL) cholesterol.
Urinary 15-keto-dihydro-prostaglandin F2 (15-keto- 
dihydro-PGFo),8-iso-prostaglandin F 2 (B-iso-PGFi) 
Tum our necrosis factor (TN F)-a, Interleukin (IL) 6, C- 
reactive protein (CRP),
Leptin, resistin, adiponectin 
sICAM, sVCAM  P-Selectin
Fibrinogen, plasminogen activator inhibitor (PAI-1), 
tissue plasminogen activator (tPA)

Plasma fatty acid composition__________________________

3.3.4 Candidate gene identification, SNP Selection and Genotyping

A dual approach was used for candidate gene and SNP selection. SNPs identified in 

association, epidem iological and physiological studies as having an association with 

features of and/or risk o f the MetS were included. Suitability o f SNPs was determined 

in each candidate gene according to their allelic frequency and their putative 

involvement on function or expression o f the gene product. The second SNP selection 

approach involved haplotype tagging. A number of recent studies have shown that this 

approach may be more advantageous than single SNP analysis. It is proposed that 

haplotype tagging captures the m ajority o f diversity within a region by typing those 

SNPs which cover the m ost diversity and uses the most inform ative SNPs to explain 

genetic variation (M eirhaeghe ef al., 2005; Elosua et al., 2006).
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O nline databases such as dbS N P  http ://w w w .ncb i.n lm .n ih .gov /. H apM ap 

h ttp ://hapm ap .o rg  and P erlegen h ttp ://perlegen .com  were used to  source genotype data 

for each  cand idate  gene. T his in form ation  was uploaded in to  H itagene 

h ttps://w eb  1 .h itagene.com /lipgene/fram e.php  w hich  enabled haplo type frequency  

estim ation  to  be determ ined by im plem entation  o f  the expectation m axim isation  (EM ) 

algorithm . U sing  a 5% cu t-o ff fo r ind iv idual haplo type frequency and >70%  fo r the 

sum  o f  all hap lo type frequencies, geno type data w ere then transferred  from  H itagene 

to SN P  T agger h ttp ://w w w .broad .m it.edu /m pg/tagger/server.h tm l an on line tool w hich 

iden tifies hap lo type tagged SN Ps. W hen a choice o f haplotype tagged (H t) SN Ps w as 

availab le , H tS N P s w ere chosen based  on their allelic frequency and type o f  variant, 

w ith  p rio rity  given to SN Ps in the fo llow ing  order; (i) non-synonym ous SN Ps (ii) 

synonym ous SN Ps, (iii) p rom oter/regu lato ry  region, 5 ’ U TR  and 3 ’U T R  SN Ps, (iv) 

in tron ic SN Ps.

D N A  sam ple ex traction  (from  stored buffy  coat cell sam ples) w as perform ed 

using the Puregene protocol for D N A  extraction  from  buffy  coats and sam ples w ere 

p rocessed  using the A utoPure LS au tom ated  system  (C entra  S ystem s Inc., 

M inneapo lis, M N , U SA ). Low  yield ing  sam ples w ere subsequently  sub jected  to 

w hole genom e am plification  using the R E PL I-g  k it (Q iagen Ltd. W est Sussex, U K ). 

H igh-th roughput genotyping  using the G oldenG ate assay w as conducted  by Illum ina 

Inc. (San D iego, CA , U SA ). A dditional genotyping  was perform ed by K B iosciences 

(H erts, U .K .) using a com petitive allele specific PCR  system  (K A SPar) (availab le  at 

h ttp ://w w w .kb ioscience.co .uk ).

3.3.5 Statistical power of study design

The statistica l pow er o f  the L IP G E N E  dietary  in tervention study w as based  on insu lin  

sensitiv ity  as the p rim ary  b iom arker o f  the M etS. Insulin sensitivity  w as assessed  by 

an IV G T T  w herein  insu lin  sensitiv ity  (Si) w as m easured by the M IN M O D  m inim al 

m odeling  program m e. T he pow er o f  the study w as calculated w ith the ab ility  to detect 

at least 1 unit d ifference at a standard  deviation  (SD ) o f 2, betw een diets. T he pow er 

calcu lation  w as based on the assum ption  that 15% difference in insulin  sensitiv ity  was 

p hysio log ically  im portan t and that this d ifference can be detected  at a sign ificance 

level o f  0.05 and a pow er o f 0 .8. T hus, a m inim um  o f 98 subjects per d ietary  group 

w ould  be required  to detect sign ificance d ifferences. T he group size w as increased  to 

120 p er group, to accoun t for an anticipated  20%  drop-out rate.
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Statistical Analysis was performed using SPSS® for Windows™ 14.0 software 

(SPSS Inc, Chicago, USA). All continuous variables were normalised when 

necessary. Results are presented as group means ± SEM. Differences in mean values 

between males and females were assessed using independent-samples t-test and 

Mann-Whitney Test (for normally distributed and skewed variables, respectively). 

One way ANOVA was used to calculate the statistical differences between the means 

of the continuous and normal variables across the diets. Non-parametric tests (Krukal- 

Wallis) were used for cases of non-normality. Significance was defined as P<0.05.
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3.4 RESULTS

The results presented were obtained from the screening stage of the study before entry to the 

intervention. A total of 15,593 people completed the subject suitability questionnaire in all 

centres. Because of prescribed medications (mainly hypolipidaemic and anti inflammatory) 

nutritional supplements, medical conditions or other exclusion criteria, 15,058 people were 

eliminated at this stage. It was not recorded by each centre the exact reaon for exclusion or 

numbers given for each exclusion factor. Of the 535 volunteers invited to attend the relevant 

centre’s clinical unit for a screening visit and were deemed suitable according to the 

LIPGENE criteria, 486 volunteers (91%; 220 males and 266 females), aged between 35-70 

years went forward to take part in the study. Table 3.4 presents the clinical characteristics 

indicative of the MetS and other demographics for the volunteers recruited to participate in 

the LIPGENE Dietary Intervention Study at screening of which 45% (n=220) were men and 

55% (n=266) were women. Fasting plasma glucose, blood pressure, waist circumference, 

height and weight were significantly greater in males than females (p<0.05). In women, 

mean HDL cholesterol concentrations, age, total cholesterol, BMI and hip circumference 

were significantly greater than in males (p<0.05). Subjects were randomly assigned to one of 

four diets. Table 3.5 illustrates there were no significant differences in the important clinical 

characteristics indicative of the MetS between the four dietary groups at screening. This 

demonstrates that the randomisation was successful as all groups began the intervention on a 

similar metabolic background. Table 3.6 demonstrates the screening characteristics across the 

eight participating centres. Fasting glucose concentrations were highest in the UM cohort at 

screening and significantly higher compared to TCD, UoR, INSERM and UU. The highest 

TAG concentrations occurred in the UoR centre; however there were no statistical 

differences in total cholesterol concentrations across the eight centres. HDL-cholesterol 

concentrations were lowest in the UM cohort, compared to 5 other centres. Waist and Hip 

circumference were highest in the UM and JUMC cohorts, respectively. BMI was greatest in 

the HURS-UCO cohort which also saw the highest systolic blood pressure readings. A total 

of 486 subjects went forward to the pre-intervention clinical investigation day and received 

dietary intervention counselling for the study. 57%, 36% and 7% met 3, 4 and 5 criteria 

according to the LIPGENE criteria at screening.
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Table 3.4: Screening characteristics of subjects who met the MetS according to the 
LIPGENE criteria and went forward to the intervention study n=486

All Male Female
n=486 n=220 n=266

Mean SEM Mean SEM Mean SEM p value
Glucose (mmol/l) 5.54 0.03 5.62 0.05 5.46 0.05 p^O.022
TAG (mmol/L) 1.81 0.04 1.86 0.06 1.78 0.05 ns
HDL (mmol/L) 1.30 0.02 1.18 0.02 1.41 0.02 p=0.0005
Blood Pressure Systolic (mmHg) 142.80 0.73 144.79 1.01 141.14 1.02 p=0.017
Blood Pressure Diastolic (mmHg) 89.25 0.48 91.27 0.72 87.56 0.62 p=0.0005
Waist Circumference (cm) 106.42 0.50 110.60 0.68 102.97 0.65 p=0.0005
Age (y) 54.52 0.41 53.35 0.67 55.48 0.49 p=0.039
Total Cholesterol (mmol/L) 5.63 0.04 5.44 0.07 5.78 0.06 p^O.0005
Hip Circumference (cm) 114.27 0.55 110.28 0.73 117.90 0.72 p^O.0005
Weight (kg) 91.49 0.63 98.92 0.89 85.37 0.70 p^O.0005
Height (m) 1.68 0.00 1.76 0.00 1.62 0.00 p=0.0005
BMI (kg/m^) 32.27 0.19 31.85 0.26 32.62 0.27 p^O.036
* independent samples t-test significance p<0.05 
 ̂ Mann-Whitney U Test p<0.05
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Table 3.5: Screening characteristics of subjects that met the MetS according to the LIPGENE criteria and were assigned to one of four intervention diets 
_________ and went forward to intervention study n=486________________________________________________________________________

High Fat SFA-rlch High Fat M UFA-rich Low Fat High CHO Low Fat n-3 PUFA
n= 121 n==126 n==119 n=120

fulean SEM Mean SEM Mean SEM Mean SEM
Glucose (m m ol/L) 5.60 0.07 5.55 0.07 5.48 0.07 5.51 0.07
TAG (m m ol/L) 1.94 0.08 1.70 0.06 1.84 0.08 1.77 0.06
HDL (m m ol/L) 1.29 0.03 1.30 0.03 1.32 0.03 1.30 0.03
Blood Pressure Systo lic  (m m Hg) 143.51 1.20 142.36 1.51 141.55 1.51 143.81 1.58
Blood Pressure D iasto lic  (m m Hg) 89.16 0.84 88.67 0.97 89.21 0.91 89.99 1.11
W aist C ircum ference (cm) 104.89 0.91 106.16 1.01 107.68 1.10 106.97 0.98
Age (y) 54.45 0.78 54.88 0.76 54.07 0.85 54.65 0.88
Total C holestero l (m m ol/L) 5.69 0.08 5.58 0.09 5.58 0.10 5.66 0.09
Hip C ircum ference (cm) 114.08 1.07 113.77 1.23 115.50 1.01 113.74 1.07
W eight (kg) 90.16 1.17 91.47 1.26 92.61 1.37 91.75 1.28
Height (m) 1.69 0.01 1.68 0.01 1.68 0.01 1.68 0.01
BMI (kg/m^) 31.79 0.39 32.38 0.37 32.59 0.37 32.32 0.39
no significance noted as assessed by one way anova and kruskal wallis tests between the diets

Table 3.6: Screening characteristics of subjects that met the LIPGENE MeS criteria across the 8 participating centres who went forward to intervention study n=486

TCD, n=■59 UoR, =62 UO, n= 64 INSERM, n=41 UM, n=l59 HURS-UCO , n=77 JUM C , n==73 UU, n=l51
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Glucose (m m ol/L) 5.64 ad 0.12 5.11 b 0.07 5.61 acd 0.09 5.16 ab 0.11 5.95 C 0.08 5.57 ac 0.09 5.60 cd 0.06 5.52 ad 0.11
TAG (m m ol/L) 1.60 ac 0.09 2.21 b 0.12 1.77 abc 0.10 2.00 ab 0.12 1.54 C 0.08 1.92 abc 0.11 1.79 abc 0.07 1.68 ac 0.11
HDL (m m ol/L) 1.23 acde 0.07 1.29 ade 0.04 1.37 ae 0.04 1.22 acd 0.05 1.07 0.03 1.42 ef 0.03 1.54 bf 0.03 1.13 cd 0.04
Blood Pressure Systo lic  (m m Hg) 143.44 ac 2.33 140.42 ac 1.68 142.97 acd 1.76 130.66 b 1.97 146.66 ac 2.10 149.01 c 1.95 144.46 a 1.85 138.37 abd 1.98
Blood Pressure D iastolic (m m Hg) 92.14 c»C 1.55 87.06 ab 0.98 95.02 C 1.33 81.39 b 1.08 90.51 ac 1.25 90.49 a 1.07 89.99 ad 1.50 83.43 bd 0.91
W aist G irth (cm ) 108.71 a 2.07 105.28 ab 1.36 105.77 a 1.14 104.11 ab 1.70 109.37 a 1.14 108.74 a 0.95 107.54 a 1.32 99.29 b 1.37
Age (y) 49.58 a 1.27 55.13 abd 1.20 53.80 ab 1.17 52.59 ab 1.43 57.37 be 1.13 56.35 be 0.88 51.64 a 0.77 59.96 c 1.06
Total Choi (m m ol/L) 5.36 0.13 5.75 0.13 5.96 0.13 5.89 0.15 5.47 0.11 5.52 0.11 5.56 0.10 5.60 0.11
Hip (cm) 113.70 ad 1.74 114.15 ad 0.90 * 107.06 b 1.51 108.64 ab 1.35 117.67 de 0.93 119.92 ce 1.06 *

W eight (kg) 92.80 a 1.97 91.60 a 1.63 93.18 a 1.71 87.00 ab 2.52 94.73 a 1.76 91.00 a 1.34 94.79 a 1.67 83.62 b 1.78
Height (m ) 1.67 ad 0.01 1.71 abd 0.01 1.74 b 0.01 1.68 abd 0.02 1.73 ab 0.01 1.61 c 0.01 1.67 d 0.01 1.68 abd 0.01
BMI (kg/m^) 33.03 acd 0.58 31.41 ab 0.47 30.66 b 0.39 30.82 ab 0.74 31.69 abd 0.60 34.99 cd 0.38 34.02 d 0.38 29.71 b 0.48
*Hip circumference not measured at screening

^  denotes significance across centres {when two superscripts contain the same letter there is no significant difference between two of the eight categories)

* non parametric Kruskal Wallis Test p<0.0018  

’  One way anova p<0.05



3.5 DISCUSSION

The LIPGENE Dietary Intervention Study represents the largest European intervention study 

designed to determine the effect o f dietary fat modification on insulin sensitivity and other 

m etabolic markers associated with the M etS, including lipid m etabolism , inflamm ation and 

coagulation. To date no study has addressed the relative efficacy of the removal of dietary 

SFA either by replacem ent with M UFA or reduction with a low-fat, high-com plex 

carbohydrate diet whilst m aintaining isoenergetic conditions or w ithout a weight loss factor 

in a group o f subjects with the M etS. The beneficial effects o f M UFA and low-fat dietary 

interventions are highly controversial. Furthermore, the role o f LC n-3 PUFA in term s of 

negating the hypertriacylglycerolaem ic and HDL lowering effect of low-fat, high 

carbohydrate diets can be addressed in this very large cohort. The study involved individuals 

from 8 European countries, and will provide a wealth of data in terms o f the effect o f the 

diversity of habitual dietary fatty acid intake on insulin sensitivity. Also within LIPGENE, 

health and other lifestyle factors were collected which will give a broader view to cause and 

effect o f the MetS in addition to diet.

It will be possible to ascertain the differences between the four intervention diets as there 

were no statistical differences at screening betw een the four arms. There were differences in 

the criteria between the centres which more than likely reflects the recruitment strategies 

employed in each centre. For exam ple, based on their high glucose values at screening, 

perhaps UM recruited from  im paired fasting glucose clinics, lipid clinics in UoR and perhaps 

weight loss or blood pressure clinics in HURS-UCO. These differences were taken into 

account when com paring effects o f the diets in the follow-up analysis as was gender and age. 

An important justification for the investigation o f the MetS is its ability to predict T2DM , 

therefore a study with adequate size and duration, com prehensive analysis and with an 

IVGTT to determine insulin sensitivity is o f considerable im portance. The modified version 

of the NCEP definition used detected more subjects at future risk for diabetes, supporting the 

notion of early detection for T2DM  with prevalence rates rising to epidem ic proportions. 

Impaired fasting glucose (IFG) is a strong predictor of T2DM. The NCEP definition has a 

clinical strategy with the objective o f reducing the population burden of atherosclerosis 

(NCEP, 2002). In the San Antonio Heart Study, the prediction of MetS induced diabetes 

improved when using the fasting plasm a glucose cutoff o f >5.4m m ol/L (Lorenzo et a l ,  2003) 

and performed well as a predictor o f diabetes. The LIPGENE study may also go towards 

determining the optimal cut-off point for fasting plasm a glucose in further predictive models.
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Furthermore, LIPGENE will address the hypothesis as to whether genetic markers associated 

with the MetS affect an individual’s responsiveness to dietary alteration. A very 

comprehensive range of gene targets affecting the different metabolic components of the 

MetS have been determined including insulin signalling, glucose homeostasis, lipid 

metabolism, adipogenesis, inflammation, vascular function and coagulation (Phillips ei a i ,  

2006). This will provide insight as to whether a personalised nutrition approach is appropriate 

for the treatment of the MetS.
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Chapter Four

LIPGENE food exchange model for alteration of dietary fat quantity 

and quality, in free-living participants with the metabolic syndrome

from eight European countries

4.1 ABSTRACT

Background: Human prospective studies support the hypothesis that dietary fat 

quahty may influence insulin action, a central component of the metabolic syndrome. 

However, controlled human intervention trials are required to confirm this hypothesis 

and causality.

Objective: The aim was to develop a food-exchange model to investigate the

effects of four experimental diets, distinct in fat quantity and quality, suitable for use 

in free-living volunteers, with the metabolic syndrome, participating in a human 

intervention study at eight centres across Europe.

Design: A theoretical food exchange model was successfully developed. The

quantity of exchangeable fat in the average UK and Irish diet was calculated as the 

sum of fat provided by added fats (spreads and oils), milk, cheese, biscuits, cakes, 

buns and pastries as described in the National Diet and Nutrition Survey of UK adults 

and the North/South Ireland Food Consumption Survey of Irish adults. This 

exchangeable fat was replaced by specifically designed study foods including spreads, 

cooking oils, mayonnaises, baking fats and biscuits. Also critical to the food-exchange 

model were the use of carbohydrate exchanges to ensure the diets were isoenergetic. 

Volunteers completed 3-day weighed food diaries and a Food Frequency 

Questionnaire to assess habitual dietary intake. Based on these, nutritionists advised 

volunteers individually on food choices for their allocated diet. Fortnightly 24 h 

recalls were taken and the frequency of study food consumption monitored.

Results: Results indicated that overall compositional targets were largely

achieved with significant differences in fat quantity and quality between the four 

study diets.

Conclusions: A robust, flexible food exchange model was developed and 

implemented successfully in the LIPGENE dietary intervention trial.
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4.2 INTRODUCTION

The metabolic syndrome (M etS) was first proposed by Reaven (1988b) to describe a 

cluster o f metabolic disorders linked with hyperinsulineamia. Although there is not 

yet a universally agreed definition, those proposed generally agree the five key 

features include insulin resistance, hyperglycaem ia, dyslipidaemia, central obesity and 

hypertension, with attainm ent o f three or more features indicative of the syndrom e’s 

presence (W HO., 1999; Expert Panel on detection evaluation and treatm ent of high 

blood cholesterol in adults, 2001; European Group for the study of Insulin Resistance 

(EGIR), 2002; Alberti et a i ,  2006). W ith clear evidence to show the MetS is an 

important predictor o f type 2 diabetes mellitus (T2DM) and cardiovascular disease 

(CVD), it is a critical target for intervention (Shaw et a l ,  2005).

Epidemiological evidence indicates that the incidence of the MetS increases 

with extent of insulin resistance (Bonora et al., 2003; Resnick et al., 2003; W eiss et 

a!., 2004) and central obesity (Ascaso et al., 2003; Carr et a l ,  2004; Palaniappan et 

al., 2004). The incidence o f obesity has risen exponentially over the past five decades 

and it is unlikely that this trend can be reversed in the near future (Parikh et a l ,  2007). 

M oreover the full implications o f the somewhat newer phenomenon of childhood 

obesity and young adult obesity, tracked from childhood, are not yet known. It 

therefore seems unlikely (even with extreme public health interventions) that the 

obesity epidem ic can be reversed in the short term. Additional strategies must be 

considered to reduce the im pact o f the MetS in the short term, targeting insulin 

resistance represents a rational approach.

M echanistic studies have shown that fatty acids may influence insulin action 

via effects on the insulin receptor, the insulin signalling cascade and insulin secretion 

(Boden, 1997; Boden & Shulman, 2002; Gravena et al., 2002). Human prospective 

studies support the hypothesis that dietary fat quality may influence insulin action. 

For example, the N urses’ Health Study showed intakes of polyunsaturated fatty acids 

(PUFA) were negatively, and trans fatty acids were positively, associated with risk of 

T2DM , with m onounsaturated fatty acids (MUFA) and saturated fatty acids (SFA) 

reported to have neutral effects (Salm eron et al., 2001). However, controlled human 

intervention trials are required to confirm  these suggested associations and to prove 

causality. To date, a very lim ited num ber have been carried out, mainly among those 

with diabetes or obesity and most have suffered from poor study design, often with 

low numbers o f participants, short study duration and limited fatty acid subclass
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comparison. The LIPGENE project, a large European, multi-centre human 

intervention trial (n=486 volunteers at baseline) has been conducted to compare the 

impact of substituting SPA for MUFA and the effects of low fat diets with and 

without additional long chain n-3 PUFA, on insulin sensitivity.

Although the achievement of target dietary intakes is essential to the successful 

outcome of any controlled dietary intervention study, detailed information on the 

strategies used to achieve target intakes is rarely provided (Knapper et a l ,  1996; 

Nydahl et al ,  2003). In the present chapter, details of the approaches used to set up 

and complete the LIPGENE dietary intervention study are described. The aim was to 

create four isoenergetic diets which differed significantly in dietary fat composition. 

The approach was designed to cause minimal disruption to the normal dietary habits 

of the participants and should be appropriate for use in eight European countries with 

widely different habitual diets. The food exchange model used is described in detail, 

the achievement of dietary targets evaluated and the problems encountered discussed.
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4.3 METHODS AND VOLUNTEERS 

4.3.1 Study design

The dietary intervention study was a random ised, controlled study carried out at eight 

European centres (Trinity College Dublin, Ireland (TCD), University o f Reading, 

URREADNSI, UK (UoR), University of Oslo, Norway (UO), INSERM  U476 

Marseille, France (INSERM ), M aastricht University, The Netherlands (UM), Hospital 

Universitario Reina Sofi'a-University o f Cordoba, Spain (HURS-UCO), University o f 

Krakow, Poland (JUM C) and Uppsala University, Sweden (UU).

Volunteers with the MetS as defined by the presence of three of the following 

components; fasting glucose > 5.5 mmol/L, triacylglycerol > 1.5 mmol/L, high 

density lipoprotein cholesterol (HDL-C) concentration < 1.0 mmol/L (men), < 1.3 

mmol/L (women), blood pressure (BP) systolic blood pressure > 130 mmHg or 

diastolic blood pressure > 85 mmHg, or on prescribed BP medication, waist 

circumference > 102 cm (men), > 88 cm (women), were recruited for the study. The 

criteria were based on the National Cholesterol Education Programme (NCEP) 

definition (Expert Panel on detection evaluation and treatment of high blood 

cholesterol in adults, 2001) with m inor refinements to aid recruitment (Tierney et a l ,  

2007). In total, 486 volunteers (220 male, 266 female) with an average age of 54.58y, 

started the study across the eight centres. Considered in the present analysis were 

volunteers who completed the 12-week intervention trial and provided satisfactorily 

completed food records (n=414).

Details o f the recruitm ent strategies and volunteer details are presented in the 

previous chapter (Chapter 3). In brief, volunteers were recruited using various 

methods including use o f general practitioner databases, poster and newspaper 

advertisements. Initially volunteers were screened over the telephone using a 

volunteer suitability questionnaire which assessed dairy food consumption, fish 

consumption and willingness to consume sandwiches during the study, to ensure 

potential alteration of diets. This was followed up in those meeting the inclusion 

criteria by com pletion o f a health and lifestyle questionnaire, anthropometric and 

biochemical tests.

A central m inim isation procedure was used to randomise volunteers to one of 

four study diets. The four diets differed in dietary fat quantity and quality whilst 

rem aining isoenergetic. Tw o diets were designed to provide 38% energy intake from 

fat (%E from  fat); diet HFSEA containing high saturated fatty acid levels should

114



provide ~16% E as SFA, diet HFM UFA containing high m onounsaturated fatty acid 

levels was designed to provide ~20%E  from MUFA. The other two diets (LF and 

LFn-3PUFA) were low fat and were designed to provide 28% E from fat with diet 

LFn-3PUFA including a 1.24g/day supplement o f eicosapentaenoic and 

docosahexaenoic acids (EPA and DHA, ratio 1.4:1, 4 x Ig  capsule/day) and diet LF 

including a com parator high-oleic acid sunflower seed oil capsule 4 x Ig capsule/day). 

The target fatty acid com positions o f the four diets are included in Tab/e 4.1. Diets 

were designed to differ only in SFA and M UFA, PUFA was to be maintained at the 

same level across all four diets.

4.3.2 Food Exchange Model

A food exchange model was developed based on the National Diet and Nutrition 

Survey (NDNS) of UK adults aged 19-64 yrs and the National Food Survey and the 

North South Ireland Food Consum ption Survey (DEFRA. National Food Survey, 

2000; Harrington et al., 2001; Henderson et al., 2003).

In the LIPGENE study, the food exchange model was designed to ensure the 

target dietary fatty acid compositions o f the four diets were achievable in a free-living 

population, across Europe. In the present strategy, mean population intake data for 

total energy, total fat, SFA, M UFA and PUFA were tabulated separately. This 

included a breakdown of the m ajor sources o f exchangeable dietary fat (Table 4.2). 

Exchangeable fat was considered to be that which was not intrinsic within a food 

product; it could be removed from the diet and replaced with study foods. The amount 

of exchangeable fat in the average UK was calculated as the sum o f fat provided by 

added fats (spreads and oils), milk, cheese, biscuits, cakes, buns and pastries. The total 

exchangeable fat was subtracted from  the NDNS total fat intake to determine the non- 

m odifiable fat intake, i.e. that which could not easily be altered without severely 

affecting comm on dietary habits of the volunteers. This form ed the backbone of the 

food exchange model onto which specifically designed sources o f exchangeable fat 

could be added to create diets of differing fat composition.

The re-introduction of fat involved the use of specifically designed study foods 

manufactured by Unilever R&D, Vlaardingen, The Netherlands. The compositions of 

the various study foods were designed alongside the food exchange model. Drawing 

from previous research (Knapper et al., 1996), ideal profiles were established that 

allowed the theoretical alteration o f dietary composition, through the use o f food
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products that were also aesthetically pleasing and without technological lim itition. 

The study foods provided included spreads, cooking oils, baking fats and 

mayonnaises. Three types of spreads were available and form ulated to be either high 

in SFA, high in M UFA or low in fat. Each type of spread had two varieties which 

differed only in salt content to account for the differences in acceptable sensorial 

properties by volunteers across Europe. Commercial fat products o f differing 

compositions were also provided and used in the manufacture of biscuit products 

(Fusco Foods, Ltd., Dublin, Ireland). The average nutritional composition of the study 

foods is shown in Table 4.3. Looders-Croklaan, The Netherlands, supplied the study 

capsules used in diets LF and LFn-3PUFA.

Inclusion o f these compositionally modified study foods in specified arr.ounts 

allowed modification of overall dietary fat composition {Table 4.4). Also criti:al to 

the food exchange model was the use of carbohydrate (CHO) exchange to ensure all 

four diets were isoenergetic. One CHO exchange was considered as 35g complex 

carbohydrate, e.g. slice o f brown bread, handful of rice, one potato. In diets H rSFA  

& HFM UFA, to ensure a higher %E from fat (38%) than the NDNS average, but 

without increased energy intake, one CHO exchange was removed. In diets LF and LF 

n-3 PUFA, fat intake was lower than the average NDNS level and therefore two CHO 

exchanges were added in the exchange model to ensure appropriate energy intake. 

Table 4.4  illustrates that the food exchange model would enable the establishment of 

four diets, with distinct dietary fat compositions.

The LIPGENE food exchange model was verified using Irish food consunption 

survey data (Harrington et al., 2001) and the North South Ireland Food Consunption 

databases (w w w .iuna.net). The food and nutrient intake database from this survey is 

stored in a disaggregated format with full compositional analyses for each food at 

every m ealtim e for 7 days presented in a relational database. Volunteers with a BMI 

of > 25 kg/m^ were random ly selected from the database. The m odifiable foods they 

consum ed were identified and removed from the diets for each volunteer. The 

rem oved foods were replaced with the proposed modified foods and njtrient 

com position was reanalysed for the m odified diet. This procedure was repeated for 

each o f the four diets. Reanalyses of the nutrient intakes for energy, total fat, SFA, 

M UFA and PUFA show ed that the target diets were achievable in a random  selection 

of Irish obese subjects without any net change in energy intake (data not shown).
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4.3.3 Dietary advice

Prior to tiie start of the intervention period volunteers were asked to com plete a 3-day 

weighed food diary and an extensive food frequency questionnaire (FFQ). The pre

intervention food diary was analysed using country-specific food analysis 

program mes to reveal the volunteer’s current percentage of total fat, SFA, M UFA, 

PUFA, CHO and total energy intake. This gave an insight into the usual dietary habits 

and allowed identification o f foods to be m odified and appropriate snack substitution. 

At the start o f the intervention period each volunteer was provided with a handbook 

specifically designed for the diet to which they had been random ised (available at 

http://w w w .ucd.ie/lipgene/internal/reports/w p_l_2_sop/intervention_dow nload_docu 

ments/). Trained investigators read through the handbook with each volunteer 

individually explaining the food exchange model. Discussion was encouraged and 

considerable time was spent ensuring that the concept of food exchanges was 

understood. Key m essages were highlighted in a summary sheet for the volunteers to 

refer to quickly and easily (available at

http.7/w w w .ucd.ie/lipgene/intem al/reports/w p_l_2_sop/intervention_dow nIoad_docu 

ments/). This included a clear table stating foods to be removed and those that should 

be consum ed instead. Am ounts of food to be eaten were stated by weight and in 

general household m easures such as teaspoons. Advice was also provided on foods to 

choose and those to avoid when eating outside the home. Volunteers were advised 

that other food com ponents such as fruit and vegetables, meats, and drinks should be 

consumed as normal. The 3-day food diary completed at baseline was used to 

illustrate to the volunteer where their food exchanges should be made, taking into 

consideration the individual’s habitual food patterns, meal timing and portion sizes. 

The investigator also consulted the detailed FFQ completed by each volunteer to 

assess in more detail the eating habits and areas that may not have been highlighted in 

the food diary that could be targeted as food exchanges during the intervention period. 

Included in the handbooks were sample recipes to illustrate how to incorporate the 

study foods within the habitual diet of the volunteers.

For all diets, volunteers were told to discontinue the use of any habitually used 

oils, fats or spreads and to use only those which had been provided by the 

investigators. Those volunteers random ised to diet FIFSFA were asked to ensure all 

dairy foods consumed were o f the full fat variety, e.g. whole milk, and to include 

cheese in their diets every day. They were asked to replace one snack product
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normally consumed with their choice o f either a muesli cookie or honey flapjack (diet 

HFSFA varieties) each day. These volunteers were also advised to eat less CHO 

(equivalent to one CHO exchange). It was recommended that they have two small 

handfuls less breakfast cereal or one less slice of bread, or one less potato than normal 

everyday (one CHO exchange equivalent to ~ 35 g portion of CHO).

Volunteers random ised to diets HFM UFA, LF & LFn-3PUFA were asked to 

only use low fat dairy products for the length of the study. They were encouraged to 

use only skim m ed milk, and to choose low fat options of cheese and yogurts. 

Volunteers on diet HFM UFA were advised to consume the HFM UFA m ayonnaise 

provided everyday. If they found this difficult, they were asked to ensure they 

consumed a handful o f hazelnuts or cashew nuts (high in MUFA) when m ayonnaise 

was not consumed, to ensure adequate intake of MUFA. Volunteers on this diet were 

also asked to replace one norm ally consum ed snack product with their choice of 

biscuit provided.

In diets LF and LFn-3PUFA, in addition to the dairy recom m endations 

described above, volunteers were asked to reduce their consumption of high fat snack 

options and encouraged only to have one study biscuit every other day. These 

volunteers were asked to ensure they consumed two extra portions of CHO daily 

^equivalent to ~ 70 g CHO) and to take supplied capsules daily.

Importantly, flexibility was possible with all diets; for example if spread could 

not be consumed at the required level every day then a greater consumption o f oil was 

advised.

4.3.4 Food collection and compliance monitoring

At the beginning o f the intervention period volunteers were provided with a supply of 

study foods to last for two weeks. Additional study foods were supplied if required, 

for exam ple if they were used in meals given to other family members. Volunteers 

collected or were delivered additional study foods every fortnight or whenever 

needed. At these tim es a 24 h recall o f the previous day’s food intake and a short Food 

Use Questionnaire (FUQ) based on the study foods were completed. These were used 

to m onitor and m otivate volunteers to adhere to the dietary advice. A point system 

was used to assess the num ber o f food exchanges achieved in the 24 h recall and 

additional advice was given if  either the 24 h recall or FUQ showed inadequate intake 

of food exchange options. Those volunteers who met exchange requirem ents were
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encouraged to continue in this manner. Body weight was m easured at baseline, week 

6 and 12, and additional weeks if required or requested for m onitoring purposes. 

Further dietary advice was given if weight change from baseline had occurred. 

Usually this took the form of reducing or increasing CH O  exchanges as appropriate.

4.3.5 Dietary assessment

Volunteers were asked to complete 3-day weighed food diaries at baseline, week 6 

and week 12. W eighed food intake over two week days and one weekend day was 

recorded using scales provided by the investigators. Volunteers were asked to include 

the food packaging and home made recipes where possible. Various dietary analysis 

program s were used across the 8 European centres involved to ensure culturally 

specific foods were included (Dublin, Ireland: W ISP version 3.0; Reading, UK: Food 

Base version 3.1; Oslo, Norway: Kostberegningssystem  (nutrient calculation software 

developed at the Departm ent of Nutrition, U niversity o f Oslo); INSERM , France: 

Nutrilog; M aastricht, The Netherlands: Komeet to enter the dietary data and Orion to 

analyse the data; JUM C, Poland: “Dietitian softw are” ; Cordoba, Spain: Dietsource 

version 2.0; Uppsala, Sweden: MATs connected to the Swedish Board of Food 

Adm inistration database for foods). O f note, analysis of individual fatty acid intakes 

was not available in all programs used, therefore the recorded intakes o f EPA and 

DHA are based on intakes m easured in a subgroup o f volunteers.

4.3.6 Statistical Analysis

All data is presented as group means ± standard error o f the mean unless stated 

otherwise. Data that was not normally distributed, as assessed by skewness and 

kurtosis, was normalised by log or square root transform ation.

A one-way ANOVA was used to compare differences in dietary variables 

across the four diets at pre-, mid-, and post-intervention. A repeated measures 

ANOVA (RM ANOVA) was used to compare differences in outcom e variables 

among the four diet groups between mid- and post-intervention and pre- and post

intervention. The analysis was adjusted for the betw een-subject factor diet. A 

significant tim e*diet group interaction effect, and a significant main effect o f time 

were investigated using post-hoc analysis, paired t-tests and one-way ANOVA. A 

one-way ANOVA also determined statistical differences between the centres, pre

intervention and splitting the file by centre and running a one-way ANOVA
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investigated if targets were met in each centre, post-intervention. Pearson chi-square 

determined statistical significance in the proportion of underreporters pre- and post

intervention. All statistical analysis was performed using SPSS® for W indows™  

version 14.0 (SPSS Inc, Chicago, 111). Statistical significance refers to a /? value o f at 

least <0.05.
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4.4 RESULTS 

4.4.1 Achievement of dietary targets

There were no significant differences in dietary composition at basehne between the 

four diet groups {Table 4.1). During the intervention period there were significant 

differences in various nutrient components between diet groups, with the exception of 

energy intake which did not differ significantly between diet groups. However, total 

energy intake at week 6 and 12 was significantly lower than baseline on diet LF, with 

similar differences on the LF n-3 PUFA diet which were of borderline significance.

The data presented in Table 4.1 is from the week 0, week 6 and 12 dietary 

assessments. Over time there were no significant differences in any nutrient, in any of 

the diet groups, between the mid intervention (week six) and the end of the 

intervention period (week 12).

During the intervention period, %E from fat was significantly greater in diets 

HFSFA and HFMUFA compared to diets LF and LF n-3 PUFA. Conversely, %E 

from CHO was significantly greater in diets LF and LF n-3 PUFA compared to diets 

HFSFA and HFMUFA. %E from SFA was significantly greater in diet HFSFA than 

any of the other three diets. Diet HFMUFA also had significantly greater %E from 

SFA than diets LF and LF n-3 PUFA. Diet HFMUFA had significantly greater %E 

from MUFA than any of the other diets, whilst diet HFSFA had significantly greater 

%E from MUFA than diet LF /?-3PUFA. Finally, %E from PUFA was significantly 

greater in diet HMUFA than in diet LF n-3 PUFA. Intake of EPA and DHA was 

significantly greater on LF n-3 PUFA diet compared to the other diets. Total energy 

intake did not differ significantly between the four study diets.

4.4.2 Achievement of dietary targets by each centre

Dietary intake at baseline differed significantly between centres {Table 4.5). Most 

notable were the significantly higher intakes of %E from fat in the HURS-UCO, 

INSERM and JUMC centres and with %E from MUFA also significantly higher in 

HURS-UCO and JUMC centres. In addition, significantly higher %E from CHO 

intake in the Uppsala centre was recorded.

Each centre successfully manipulated the habitual diets of their volunteers to 

achieve intervention diets that were distinct in fat composition. Tab/e 4.6 shows the 

composition of diets during the intervention period, as assessed at week 12, for each 

centre separately. In all centres %E from fat was greater in Diets HFSFA and
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HFM UFA compared to Diets LF and LF n-3 PUFA, and this reached the level o f 

statistical significance in five centres. In the other three centres although there was a 

distinct trend for reduced %E from  fat levels in Diets LF and LF n-3 PUFA compared 

to Diets HFSFA and HFM UFA, one of the low fat diets was not distinct in %E from 

fat compared to one of the higher fat diets. In all centres %E from SFA was 

significantly greater in Diet H FSFA than the other 3 diets. In HURS-UCO centre. 

Diet HFM UFA was also significantly greater in %E from SFA than diets LF and LF 

n-3 PUFA. In all centres except JUM C, %E  from MUFA was significantly greater in 

Diet HFM UFA compared to all other diets. In the JUMC centre, although %E from 

M UFA was greater in Diet HFM UFA than Diet HFSFA, this difference did not reach 

the level of statistical significance. In the TCD and HURS-UCO centres, %E  from 

M UFA was significantly greater in Diet HFSFA compared to Diets LF and LF n-3 

PUFA. %E  from PUFA was sim ilar across all four diets, with the exception of the 

UoR and UM centres, for which Diet HFM UFA had significantly greater %E from 

PUFA than Diet LF or LF n-3 PUFA, respectively. %E  from CHO was consistently 

greater in Diets LF and LF n-3 PUFA com pared to Diets HFSFA and HFM UFA and 

these differences were statistically significant in four out of the eight centres 

investigated. Finally, all centres achieved isoenergetic diets with the exception of the 

TCD centre, in which diets HFSFA and HFM UFA had significantly greater energy 

than diet LF n-3 PUFA.

4.4.3 Compliance and Under-reporting

All volunteers on Diets LF and LF n-3 PUFA reported > 85% compliance to the 

capsules. Figure 4.1 highlights the correlation coefficients between plasm a and 

dietary fats, irrespective o f diet, post-intervention. The relationship between these two 

datasets at post-intervention in the four diet groups are presented in Table 4.7. For 

plasm a and dietary intakes, correlation coefficients for post-intervention palmitoleic 

acid (C 16:l), saturated and m onounsaturated fatty acids were weak (r<0.25). The 

only negative correlation was seen for palm itoleic acid (C l6:1) where the results 

show that increasing levels of this fatty acid in the plasma at post-intervention is 

associated with decreasing concentrations in the diet. This was seen in Diets 

HFM UFA and LF only. The positive correlation observed with saturated fat was 

apparent in the H FM U FA diet. DHA (C22:6:3) had the strongest positive correlation 

(r=0.492) and w as significandy correlated in all four diets. Oleic acid (C l8:1) (Diets

122



HFMUFA, LF and LF n-3 PUFA), EPA (C20:5:3) (Diets HFSFA and HFMUFA) and 

n-3 PUFA (Diets HFMUFA and LF) were also significantly and positively correlated.

Figure 4.1 Correlation coefficients between fatty acid composition in plasma (w/w%) 

and dietary intakes (% of total fat), post-intervention, irrespective of diet.

Correlation coefficients betw een  fatty acid com position  in p lasm a (%) and dietary intakes 
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Schofield equations were used to estimate BMR. The Goldberg cut off for Energy 

intake:BMR of I.l was used to identify under-reporters (Black, 2000). There were no 

significant differences in the level of under reporting between diet groups pre- and 

post-intervention. A one-way ANOVA assessed differences between mean EI:BMR 

between pre- and post-intervention and revealed significant differences for both low- 

fat diets with a reduction at post-intervention (LF diet: pre-intervention 1.26, post- 

Intervention 1.58; LF n-3 PUFA; pre-intervention 1.26, post-intervention 1.17). RM- 

ANOVA demonstrated a significant within-subject time*diet group interaction 

(p=O.OOI) wherein body weight was significantly reduced post-intervention following 

both LF diets (p<0.0005).
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Table 4.1 :Composltlon of diets at baseline, mid and end of the intervention period, alongside dietary targets

Composition of diets pre-intervention over the four dietary groups
HFSFA, Diet A 

n=98
HFMUFA. D ie ts  

n=110
LF Diet, Diet C 

n=106
LF n-3 PUFA. 

n=100
Diet D

Pre-Intervention Mean SEM Mean SEM Mean SEM Mean SEM
Body weight (kg) 90.37 1.37 91.23 1.37 91.88 1.52 91.30 1.36 ns
Basal Metabolic Rate (MJ/day) 7,14 0.10 7.12 0.11 7.15 0.12 7.17 0.11 ns
Total Energy(MJ) 8,47 0.27 8.80 0.26 8,99 0.26 8.99 0.24 ns
Total fat (g) 82.82 3.17 83.70 2.74 87.57 3.50 87.25 3.00 ns
Total fat (%Energy) 36.46 0.75 35.60 0.61 35,86 0.75 36.23 0.81 ns
SFA (g/day) 28.91 1,28 29,16 1.19 29.30 1.34 30.60 1.10 ns
SFA (%Energy) 12.71 0.32 12.21 0.30 11.94 0.32 12.69 0.30 ns
MUFA (g/day) 29.92 1.39 31.53 1,22 32.64 1,46 32.60 1.54 ns
MUFA (%Energy) 13.23 0.48 13.60 0,44 13.50 0.46 13.58 0.56 ns
PUFA (g/day) 13.61 0.72 12.78 0.60 14.34 0,87 12.76 0,63 ns
PUFA (%Energy) 5.93 0.23 5.40 0,19 5.79 0,25 5.24 0.21 ns
n-3 (g/day) 1.35 0.11 1.43 0.12 1.63 0.18 1.46 0.12 ns
n-6 (g/day) 9,17 0.71 8,89 0.58 9.97 0.87 9,03 0.56 ns
CHO (g/day) 225.45 9.14 238.86 8.54 239.28 7.53 239.10 7,91 ns
CHO (%Energy) 43,29 0,83 44,19 0.67 43,89 0.76 43.70 0.79 ns
Protein (g/day) 87.22 2.79 88.55 2.61 94.59 3.25 92.40 3.02 ns
Protein (%Energy) 17.86 0.42 17.36 0,37 17.93 0,41 17,45 0.33 ns
Alcohol (g/day) 8,66 1.72 9.25 1.37 7.42 1,19 8.83 1.27 ns
Alcohol (%Energy) 2,49 0.47 2.81 0.41 2.29 0,34 2.62 0.35 ns
Composition of diets mid-intervention over the four dietary groups

Mid-Intervention Mean SEM Mean SEM Mean SEM Mean SEM ANOVA p
Body weight (kg) 89,94 1,32 90,95 1,37 91.61 1.55 91.06 1,34 0.869
Basal Metabolic Rate (MJ/day) 7.13 0,11 7.11 0.11 7.18 0.12 7.15 0.11 0.973
Total Energy(MJ) 8.71 0,24 8.65 0.23 8.09 0.20 8.37 0.22 0.178
Total fat (g) 92.00 a 3.00 89.56 a 2.80 65.72 b 2,13 66,13 b 2.09 0.0005
Total fat (%Energy) 39.48 a 0.61 38.48 a 0,62 30.50 b 0,68 29,63 b 0.60 0.0005
SFA (g/day) 39.87 a 1.46 23.91 b 0.87 18.97 c 0.77 19.71 c 0.85 0.0005
SFA (%Energy) 17.06 a 0.34 10.21 b 0.21 8.67 c 0.23 8.78 c 0.29 0.0005
MUFA (g/day) 28.92 a 1.06 43.45 b 1.47 25.88 a 0,90 26.10 a 0.95 0.0005
MUFA (%Energy) 12,40 a 0.27 18.54 b 0,44 12.07 a 0.31 11.65 a 0.30 0.0005
PUFA (g/day) 14,32 ab 0,52 15.54 a 0,56 13,43 b 0.53 12.76 b 0.43 0,001
PUFA (%Energy) 6,24 ab 0,19 6.67 a 0,17 6,33 ab 0.26 5.77 b 0.16 0,002
n-3 (g/day) 1.94 a 0,17 1.97 a 0,15 1.83 a 0.13 2.92 b 0,11 0,0005
n-6 (g/day) 9.76 0,62 10.37 0,59 8.94 0.55 8,59 0,49 0.086
CHO (g/day) 220.38 a 7,34 224-33 a 6.52 241.27 ab 7,18 251,79 b 7.31 0,006
CHO (%Energy) 41.48 a 0.71 42.53 a 0.61 48.67 b 0.76 49,42 b 0,65 0.0005
Protein (g/day) 88.72 2.84 86.73 2.51 89.48 2.87 92.77 2.84 0.461
Protein (%Energy) 17.38 a 0.38 17.13 a 0.32 18.74 b 0.40 18.84 b 0,38 0.0005
Alcohol (g/day) 6,32 1.58 6,73 1.40 6.37 1.27 7.10 1.30 0,642
Alcohol (%Energy) 1.78 0.42 2.00 0,37 2,07 0.43 2.27 0.40 0,624
Composition of diets post-intervention over the four dietary groups

Post-Intervention Mean SEM Mean SEM Mean SEM Mean SEM ANOVA p
Body weight (kg) 89.70 1.33 90.94 1.34 91.03 1,53 90,45 1.35 0.905
Basal Metabolic Rate (MJ/day) 7.09 0.10 7.08 0.11 7.14 0,12 7,14 0.11 0.975
Total Energy(MJ) 8.67 0.25 8,67 0.26 8.23 0,30 8.27 0.24 0,359
Total fat (g) 92.64 a 3.01 90.36 a 2.86 65.83 b 3.33 64.37 b 2.17 0.0005
Total fat (%Energy) 39.83 a 0.62 38,92 a 0,51 29,63 b 0.60 29.12 b 0.50 0.0005
SFA (g/day) 40,79 a 1,45 24.34 b 0.93 19,44 c 1.18 18.98 c 0.77 0.0005
SFA (%Energy) 17.50 a 0.33 10.38 b 0.20 8,56 c 0.26 8.65 c 0.26 0.0005
MUFA (g/day) 29,58 a 1.03 43.04 b 1.34 26.11 c 1.40 25.24 c 0,96 0.0005
MUFA (%Energy) 12.74 a 0.26 18.73 b 0.37 11.78 ac 0.30 11,40 c 0.28 0.0005
PUFA (g/day) 14.52 ac 0.55 15.54 a 0.59 13.13 be 0,69 12.57 b 0.48 0.0005
PUFA (%Energy) 6.25 ab 0.16 6.66 b 0.16 6.00 a 0.17 5.67 a 0.14 0.0005
n-3 (g/day) 1.84 a 0.12 1.90 a 0.12 1,89 a 0.16 3.05 b 0.14 0.0005
n-6 (g/day) 9.96 ab 0.63 10,57 a 0,58 8.91 b 0.78 8.31 b 0.54 0.002
CHO (g/day) 218.70 a 7.90 222.72 a 7.50 245.92 ab 8.19 254.06 b 8.04 0.003
CHO (%Energy) 41.24 a 0.67 42.07 a 0.59 49.35 b 0,76 50.22 b 0,68 0.0005
Protein (g/day) 87.85 2.82 86.18 2.83 92.21 4.14 88.58 2.77 0.907
Protein (%Energy) 17.42 ac 0.41 16.87 a 0.34 19.18 bd 0.49 18,34 cd 0.39 0.0005
Alcohol (g/day) 5,96 1,14 7.31 1.36 6,31 1.36 7.05 1.27 0,439
Alcohol (%Energy) 1,59 0.26 2.20 0.37 1.78 0.37 2.29 0.40 0.365
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; CHO, carbohydrate;

Mean values within a row with dissimilar superscript letters were significantly different (p < 0,05, p<0.01 where bonferroni correction applied

Targets HFSFA___________ HFMUFA_____________ LF____________LF n-3 PUFA
%E from fat 38 38 28 28
%E from SFA 16 8 8 8
%E from MUFA 12 20 11 11
%E from PUFA 6 6 6 6

1.24 g/d total EPA and DHA (g/d)
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Table 4.2: Exchangeable fat intake and its removal

Total energy Total fat SFA MUFA PUFA

(MJ/day) (g/day) (g/day) (g/day) (g/day)

Male Female Male Female Male Female Male Female Male Female

NDNS total intake 9.68 6.83 86.5 61.4 32.5 23.3 29.1 20.2 15.2 11.1

Exchangeable fat Added fats and oils 0.38 0.26 10.0 7.0 0.9 0.7 3.9 2.7 4.7 3.3

intake Added fats- spreads 0.39 0.27 10.4 6.8 3.9 2.6 3.5 2.2 2.3 1.3

Milk 0.48 0.41 4.3 3.7 2.6 2.1 1.2 0.8 0.9 0.8

Cheese 0.29 0.21 5.2 3.7 3.3 2.3 1.2 0.8 0.3 0.2

Biscuits, cakes. 0.58 0.48 6.1 4.3 2.6 1.9 2.0 1.4 1.1 0.8

buns, pastries

Total exchangeable fat intake 2.12 1.63 36.0 25.4 13.3 9.6 11.8 8.0 9.3 6.4

NDNS intake minus exchangeable fat 7.56 5.20 50.6 36.0 19.3 13.7 17.3 12.2 5.9 4.7

(Non-modiflable fat intake)

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. Intake and contribution to total nutrient intake data extracted

from NDNS and National food survey and the North/South Ireland Food Consumption Survey (DEFRA. National Food Survey, 2000; Henderson et ai, 2003)



Table 4.3; Nutrient composition of study foods

K)
ON

Energy

(M J)

Fat

(g)

Protein

(g)

CHO

(g)

Sugar

(g)

SFA

(g)

MLIFA

(g)

PUFA

(g)

C8:0

(g)

C10:0

(g)

C I2:0

(g)

C14:0

(g)

C16:0

(g)

C18:0

(g)

C 18:l

(g)

C18:2 

n-6 (g)

Diet HFSFA

Honey flapjack 2.23 31.7 7.7 57.3 18.8 14.4 8.8 4.5 0.34 0.31 3.42 1.33 3.37 2.94 7.18 4.13

Muesli cookie 1.79 19.3 5.9 60.4 32.2 9.2 5.0 3.6 0.29 0.29 3.07 1.21 2.67 2.39 5.45 4.25

Spread 2.96 80 0 0 0 39.4 20.7 19.8 0.64 0.63 9.49 3.31 11.73 12.90 20.13 16.74

Spread (Low Salt) 2.96 80 0 0 0 39.4 20.7 19.8 0.67 0.65 9.58 3.34 11.71 12.79 20.11 16.76

Oil replacement 3.69 99.6 0 0 0 48.2 33.4 17.8 0.72 0.73 10.85 3.87 15.18 16.06 32.52 15.02

Baking fat 3.66 99 0 0 0 47.9 33.1 17.7 0.80 0.77 11.07 3.86 14.90 15.71 32.37 15.39

Diet HFMUFA

Honey flapjack 2.23 31.7 7.7 57.3 18.8 7.2 15.2 5.3 0.25 0.25 3.09 1.21 3.39 3.06 7.39 4.45

Muesli cookie 1.79 19.3 5.9 60.4 32.2 5.3 8.5 4.0 0.17 0.15 1.62 0.70 1.79 0.89 7.77 4.16

Spread 2.96 80 0 0 0 15.3 47.8 16.7 0.13 0.13 1.78 0.65 7.92 4.01 46.72 14.13

Spread (Low Salt) 2.96 80 0 0 0 15.3 47.9 16.7 0.13 0.13 1.78 0.65 7.94 3.99 46.76 14.12

Oil 3.70 100 0 0 0 15.6 74.4 9.9 0 0 0.03 0 12.0 2.88 73.01 9.34

Baking fat 3.66 99 0 0 0 19.0 49.5 30.3 0.17 0.17 2.36 0.86 9.30 5.30 48.35 25.86

Mayonnaise (Cohort 1) 3.02 81.4 0.7 0 0 12.7 60.7 7.6 0 0 0 0 9.32 2.44 59.09 7.02

Mayonnaise (Cohort 2) 2.97 79.1 l.l 1.3 1.3 6.2 50.0 22.9 0 0 0 0 3.96 1.42 48.27 15.98

Diet LF and LFn-3

Honey flapjack 2.23 31.7 7.7 57.3 18.8 7.2 15.2 5.3 0.25 0.25 3.09 1.21 3.39 3.06 7.39 4.45

Muesli cookie 1.79 19.3 5.9 60.4 32.2 5.3 8.5 4.0 0.17 0.15 1.62 0.70 1.79 0.89 7.77 4.16

Spread 1.03 27.9 0 0 0 6.1 14.4 7.5 0.07 0.06 0.91 0.33 2.73 1.74 14.01 6.29

Spread (Low Salt) 1.03 27.9 0 0 0 6.1 14.4 7.5 0.67 0.06 0.82 0.33 2.76 1.69 14.07 6.31

Oil 3.70 100 0 0 0 11.0 55.9 33.0 0 0 0.13 0.07 7.24 2.64 54.55 27.64

Mayonnaise (Cohort 1) 1.13 26.4 1.9 6.8 5.7 3.2 14.3 8.5 0 0 0.06 0.03 1.79 0.71 13.45 6.98

Mayonnaise (Cohort 2) 1.24 29.8 0.7 6.7 2.2 2.7 18.7 8.3 0 0.03 0.03 0.12 1.70 0.57 18.09 5.71



Table 4.4: Replacem ent o f exchangeable fat with study foods

(nJ

W eight o f  
replacem ent fat 
source (g/day)

Total energy (M.l/day) Total fat (g/day) SFA (g/day) M UFA (g/day) PUFA (g/day)

Male Female Male Female Male f'emale M ale Fem ale Male Female M ale Female
NDNS intake minus exchangeable fat 7.56 5.20 50.6 36.0 19.3 13.7 17.3 12.2 5.9 4.7

Diet HFSFA Spread 20 15 0.59 0.44 16.0 12.0 7.9 5.9 4.1 3.1 4.0 3.0
Oil replacem ent 10 6 0.37 0.22 10.0 6.0 4.8 2.9 3.3 2.0 1.8 1.1
biscuit 45 45 0.80 0.80 8.7 8.7 4.1 4.1 2.3 2.3 1.6 1.6
Cheese (full fat) 17 12 0.29 0.21 5.8 4.1 3.7 2.6 1.6 1.1 0.2 0.2
Milk (whole) 230 230 0.64 0.64 9.0 9.0 5.5 5.5 2.5 2.5 0.2 0.2
CHO portion -35 -35 -0.34 -0.34 -0.7 -0.7 -0.1 -0.1 -0.1 -0.1 -0.2 -0.2
Total intake 9.91 7.17 99.3 75.0 45.2 34.7 31.1 23.1 13.5 10.6
% total energy 37.8 39.5 17.2 18.2 11.8 12.2 5.1 5.6

Diet HFMUFA Spread 20 15 0.59 0.44 16.0 12.0 3.1 2.3 9.6 7.2 3.3 2.5
Oil 10 6 0.37 0.22 10.0 6.0 1.6 0.9 7.4 4.5 1.0 0.6
M ayonnaise C l 20 20 0.60 0.60 16.3 16.3 2.5 2.5 12.1 12.1 1.5 1.5
Biscuit 45 45 0.80 0.80 8.7 8.7 2.4 2.4 3.8 3.8 1.8 1.8
Cheese (low fat) 17 12 0.19 0.13 2.6 1.8 1.6 1.1 0.7 0.5 0.1 0.1
M ilk (skimmed) 230 230 0.32 0.32 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0
CHO portion -35 -35 -0.34 -0.34 -0.7 -0.7 -0.1 -0.1 -0.1 -0.1 -0.2 -0.2
Total intake 10.09 7.37 103.6 80.2 30.5 23.1 50.9 40.2 13.5 11.0
®/o total energy 38.7 41.0 11.4 11.8 19.0 20.6 5.0 5.6

Diet LF & LF 
n-3 PUFA Spread 15 10 0.15 0.10 4.2 2.8 0.9 0.6 2.2 1.4 1.1 0.8

Oil 6 4 0.22 0.15 6.0 4.0 0.7 0.4 3.4 2.2 2.0 1.3
Biscuit 22.5 22.5 0.50 0.50 7.1 7.1 1.6 1.6 3.4 3.4 1.2 1.2
Cheese (low fat) 17 12 0.19 0.13 2.6 1.8 1.6 1.1 0.7 0.5 0.1 0.1
Milk (skim med) 230 230 0.32 0.32 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0
CHO portion 70 70 0.69 0.69 1.4 1.4 0.2 0.2 0.2 0.2 0.4 0.4
Total intake 9.63 7.09 72.1 53.3 24.4 17.9 27.2 20.0 10.7 8.5
% total energy 28.2 28.3 9.6 9.5 10.6 10.7 4.2 4.5



Table 4.5: Baseline Composition of diets across the 8 LIPGENE centres
___________________________ TCP, n=55__________UoR, n=57___________ U P. n=54________ INSERM, n=38________ UM. n=49________ HURS-UCO. n=74________ JUMC, n=42___________UU. n=45
Pre-Intervention Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM ANOVA p
Body weigtit (kg) 93.39 a 2.13 91.99 ab 1.84 92.89 a 1.98 87.42 ab 2.62 92.46 ab 1.99 90.95 ab 1.42 96.03 a 2.07 83.38 b 1.85 0.00
BMR (MJ/day) 7.34 a 0.17 7.31 a 0.15 7.24 a 0.17 7.11 a 0.19 7.50 a 0.14 7.03 a 0.11 7.21 a 0.16 6.33 b 0.14 0.00
Total Energy(MJ) 9.93 a 0.39 9.62 ac 0.39 8.84 abc 0.40 7.66 b 0.27 9.39 abc 0.39 8.55 abc 0.22 7.85 b 0.41 8.12 be 0.35 0.00
Total fat (g) 89.97 ab 5.17 80.84 a 3.93 85.85 ab 4.95 77.16 a 3.83 89.88 ab 5.05 98.50 b 2.97 78.14 a 4.28 71.84 a 3.58 0.00
Total fat (%Energy) 33.34 ac 1.05 31.62 a 0.91 35.52 bcf 0.83 37.66 be 1.07 35.00 ace 1.00 43.27 d 0.67 36.86 ce 0.84 32.53 af 0.69 0.00
SFA (g/day) 32.37 ab 2.08 28.39 ab 1.73 33.10 ab 1,99 27.68 ab 1.63 33.22 a 1.96 25.61 b 0.97 27.27 ab 1.63 28.88 ab 1.62 0.01
SFA (%Energy) 11.99 ab 0.44 10.99 a 0.44 13.71 b 0.44 13.36 b 0.60 12.92 b 0.42 11.15 a 0.24 13.02 b 0.51 13.01 b 0.39 0.00
MUFA (g/day) 30.88 a 1.80 24.43 a 1.21 29.55 a 1.81 24.48 a 1.51 28.64 a 1.84 48.56 b 1.44 31.10 a 1.88 26.69 a 1.41 0.00
MUFA (%Energy) 11.44 a 0.43 9.55 be 0.30 12.26 a 0.36 12.05 a 0.61 11.10 ac 0.39 21.47 d 0.43 14.60 e 0.43 12.07 a 0.33 0.00
PUFA (g/day) 15.13 ac 1.06 11.98 ab 0.73 16.38 ce 1.23 9.95 b 0.95 18.38 c 1.17 10.51 bd 0.40 13.86 ade 1.28 11.06 ab 0.67 0.00
PUFA (%Energy) 5.56 ac 0.29 4.73 a 0.25 6.72 bd 0.30 4.84 a 0.37 7.22 bd 0.36 4.59 a 0.11 6.45 cd 0.44 5.04 ac 0.19 0.00
n-3 (g/day) 0.73 a 0.07 1.67 be 0.15 2.66 c 0.22 0.99 ad 0.11 1.13 d 0.06 1.68 bd 0.27 0.00
n-6 (g/day) 6.10 a 0.51 10.30 be 0.67 13.23 c 1.02 7.70 ab 1.02 no data 7.99 ab 0.36 11.13 abc 1.92 no data 0.00
CHO (g/day) 281.72 a 11.58 281.94 a 13.47 227.08 be 11.12 192.21 be 8.94 242.72 ac 9.71 196.43 b 6.50 223.31 be 13.58 237.83 abc 11.99 0.00
CHO (%Energy) 45.12 ac 1.17 45.85 ac 1.12 43.74 a 0.94 41.81 ab 1.08 44.55 a 0.95 38.32 b 0.70 43.58 a 0.97 49.58 c 0.89 0.00
Protein (g/day) 101.04 ac 3.93 110.58 a 6.00 93.68 acd 4.14 84.07 cde 2.62 87.55 ede 3.49 86.34 cde 1.96 80.07 bd 4.61 75.55 be 2.69 0.00
Protein (%Energy) 17.40 ab 0.47 19.47 a 0.78 18.34 ab 0.46 18.87 a 0.66 16.22 b 0.44 17.16 ab 0.30 17.60 ab 0.61 16.17 b 0.40 0.00

Alcotiol (g/day) 13.76 ac 2.57 10.02 abc 2.12 7.12 abc 1.51 7.76 abc 2.47 15.17 a 2.68 5.59 abc 0.96 4.24 b 1.32 4.28 be 1.06 0.00
Alcohol (%Energy) 3.92 ab 0.71 2.97 ab 0.60 2.39 ab 0.53 1.92 ab 0.49 4.15 a 0.72 1.74 ab 0.30 1.59 b 0.48 1.62 ab 0.40 0.00

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; CHO, carbotiydrate;
Mean values wittiin a row witti dissimilar superscript letters were significantly different (p < 0.05, p<0.0018 whiere bonferroni correction applied).



Table 4.6: Composition of diets at end of intervention period at each centre
TOD UoR UO INSERM

HFSFA HFMUFA LF LF n-3 PUFA HFSFA HFMUFA LF LFn-3 PUFA HFSFA HFMUFA LF LFn-3PUFA HFSFA HFMUFA LF LFn-3PUFA
n*13 n =14 r =13 n=13 n =14 n=15 r =15 n=14 n =10 n =14 r =14 n*13 n=fl n=11 n=9 r =10

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Body weight (kg) 88.93 4.08 92,37 3.36 100.91 5.03 88,22 3.74 87.17 2.17 92,94 3.38 93.27 5.14 94.55 3,55 93,87 3.32 92.23 3.64 92.50 4.45 90.87 4.45 86.80 5.95 80,41 5.25 84,61 4.23 90.87 5.40
Total Energy(MJ) 9.80 a 0.69 10.95 a 0.87 8.59 3b 0.89 6,48 b 0.49 9.14 0.66 10.30 0.71 7.89 0.48 8.87 0,74 9.41 0.85 8.41 0.72 9.51 1.61 8.79 0.68 7.98 0.43 6,28 0.42 7,98 0.78 7.99 0.64
Total fat (%Energy) 38.50 a 0.80 36.85 a 1.28 28.57 b 1.43 29,08 b 1.53 37.25 a 2.24 36,51 a 1.40 24.83 b 2.32 28.24 b 1.44 40.87 a 2.83 4 040 a 1.88 33.39 ab 1.52 31.39 b 1,63 40.88 a 2.19 36,93 a 1.19 29.07 b 0.57 28.93 b 0.91
SFA (%Energy) 15.39 a 0.55 11.15 b 0.37 8.95 b 0.52 9,60 b 0.85 16.56 a 1.07 9,50 b 0.54 7.18 b 0.87 8.83 b 0,61 19,04 a 1.48 11.29 b 0.75 10.38 b 0.63 10.22 b 0,79 18.19 a 1.16 8,60 b 0.30 7.09 b 0,37 7.56 b 0.54
MUFA (%Energy) 12.58 a 0,35 15.44 b 0.64 9.76 c 0.50 10,05 0.67 10.68 a 0.64 16,19 0,75 8.21 a 0.86 9.52 a 0,54 12.84 a 0.93 19.28 b 1.22 12.97 a 0.64 12.54 a 0.85 12.75 a 1.17 18,78 b 1.11 12.30 a 0,51 11.91 a 0.41
PUFA (%Energy) 6.54 0.38 6.58 0.37 5.72 0.49 5,30 0.26 5.41 ab 0.61 6.25 a 0,46 4.05 b 0.30 4.69 ab 0,31 6.41 0.58 7.28 0.47 7.22 0.43 6.16 0.40 5.85 0.34 6.21 0.44 6,30 0.34 6.48 0.17
n-3 (g/day) 0.76 a 0.12 0.93 a 0.14 0.69 a 0.13 1.68 b 0.07 1.88 a 0.20 2.39 ac 0.20 1.22 b 0.11 2.86 c 0,23 2.50 a 0.24 2.71 a 0.32 3.36 ab 0.47 4.23 b 0.44 2.16 a 0.37 1.71 a 0.20 2,19 a 0.22 3.49 b 0.29
CHO (%Enerqv) 42.71 1.53 42.93 1.95 48.38 2.41 48,23 2.05 40.34 2.28 41,42 1,89 48.99 3.73 48.37 1,81 41.70 ab 2.42 39.51 a 1.83 46.75 b 1,66 49.35 b 1.79 37.95 a 2,54 44.47 a 1,56 52,91 b 1.56 53.29 b 1.12

UM HURS-UCO JUMC UU
HFSFA HFMUFA LF LF n-3 PUFA HFSFA HFMUFA LF LFn-3 PUFA HFSFA HFMUFA LF LF n-3 PUFA HFSFA HFMUFA LF LFn-3PUFA
n=14 n *12 r =11 n =12 n-17 n=17 r =20 r =20 r =9 n =14 =11 n=8 n=12 n=13 n=11 n=9

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Body weight (kg) 91.08 3.87 99.41 4.05 87.20 3.45 90.03 4.10 92,46 3.06 88,40 3.13 89.37 2.63 91.05 2,64 96.10 3,29 97.30 2.91 91.73 4,70 94.08 4.44 81.24 4,16 83.18 3,30 84,76 3,98 83.13 3.50
Total Energy(MJ) 8.68 0.58 9.31 0.53 8.85 0.68 8.94 0.56 8.16 0,44 7.76 0.43 7.68 0.36 9.21 0,54 5.77 0,84 7.36 0.53 7.16 0,93 6.30 0.60 9.60 0.74 8.60 0,64 8.31 0.55 8.29 0.47
Total fat (%Energy) 40.58 a 1,52 40.24 a 1.37 29.88 b 1.56 28.22 b 1.02 40.33 a 0.50 40.29 a 0.69 27,05 b 0.50 26.49 b 0.49 38.44 a 2,54 38.93 a 1.90 33.21 ab 1.42 29.01 b 1.90 42.18 a 1.62 41.02 ab 1,36 33.93 c 1.67 34.57 tx; 2.08
SFA (%Energy) 17.88 a 0.64 10.75 b 0.53 9.13 b 0.57 8,82 b 0.44 17.92 a 0,29 9.13 b 0.43 6,62 c 0.25 6,35 c 0.28 14.95 a 0.86 11.70 b 0.65 10.50 b 0.90 9.21 b 1.08 20.03 a 0.93 10.95 b 0,19 9.89 b 0.67 10.37 b 0.54
MUFA (%Energy) 12.60 a 0.69 18.62 b 0.73 11.80 a 0,84 10.55 a 0,47 12.84 a 0,34 21.06 b 0.37 11,54 c 0.25 11,07 c 0.26 14.92 ab 1,25 19.03 a 1.36 14.14 b 0.69 11.61 b 1.05 13.65 a 0.65 21.28 b 0,99 15.20 a 0.82 15.74 a 1,14
PUFA (%Energy) 6.99 ab 0,44 8.47 a 0.52 6.51 b 0,37 6.30 b 0,44 6,11 a 0,27 5.68 ab 0.17 5.32 ab 0.24 4,96 b 0.22 6.23 0,56 5.87 0.30 6.33 0.69 5.77 0,56 6.41 0.34 7.43 0,54 7.53 0.35 6.78 0,54
n-3 (g/day) no data 2.13 a 0,15 1.73 a 0.19 1,96 a 0.27 3,22 b 0,15 1,84 0,75 1.78 0.34 2.52 0.68 1.28 0,04 no data
CHO (%Energy) 43.02 ab 1.60 41.69 a 1.73 49.70 bd 1,81 50.58 cd 2,02 38,24 a 0,99 40.60 a 1.07 51.20 b 1.09 54.05 b 0,92 43.23 2,62 42.69 2.01 48.27 1.94 45.73 3,42 43.18 1.76 44.21 0,99 48.70 1.21 48.80 2,47
SFA. saturaled fatty acids; MUFA, monounsaturated fatty acids; PUFA. polyunsaturated fatty acids: CHO, cartx)hydrate; 

Mean values within a row witti dissim ilar superscript letters were significantly different (p < 0.01. bonferroni corrected).



Table 4.7: Correlation coefficients between fatty acid composition in plasma (%) and dietary intakes (% of total fat) measured at post-intervention 
_________of the 12 week dietary interventon study in the four diets______________________________________________________________________
Post-Intervention Plasma Fatty Acids(w/w%) Post-Intervention Dietary Fat intakes

HFSFA d ie t (Diet A) HFMUFA diet (Diet B) LF d ie t (Diet C) LF nSPUFA d ie t (Diet D)
C16:1%Total Fat C16:1%Total Fat C16:1%Total Fat C16:1%Total Fat

r r r r
Post C16:1% -0.173 ns -0.318 -0.277 -0.158 0.160

C18:1 %Total Fat C l 8:1 %Total Fat C l 8:1 %Total Fat C l8:1 %Total Fat
r r r r

Post C l8:1% 0.130 ns 0.287 0.218 0.368 **

C20:5 n-3 %Total Fat C20:5 n-3 %Total Fat C20:5 n-3 %Total Fat C20:5 n-3 %Total Fat
r r r r

Post C20:5 n-3% 0.343 * 0.421 0.163 ns 0.105 ns
C22:6 n-3 %Total Fat C22:6 n-3 %Total Fat C22:6 n-3 %Total Fat C22:6 n-3 %Total Fat

r r r r
Post C22:6 n-3% 0.592 **★ 0.462 0.467 0.438 * * *

SAFA %Total Fat SAFA %Total Fat SAFA %Total Fat SAFA %Total Fat
r r r r

Post SFA% 0.081 ns 0.208 0.114 ns 0.088 ns
MUFA %Total Fat MUFA %Total Fat MUFA %Total Fat MUFA %Total Fat

r r r r
Post MUFA% 0.115 ns 0.143 ns 0.077 ns 0.151 ns

PUFA n-3 %TotalFat PUFA n-3 %TotalFat PUFA n-3 %TotalFat PUFA n-3 %TotalFat
r r r r

Post PUFA n-3% 0.217 ns 0.409 0.469 0.143 ns



4.5 DISCUSSION

The purpose of this chapter was to describe and evaluate the m ethods employed in the 

design and im plem entation o f four experim ental diets, differing in saturated, 

m onounsaturated and total fat composition in a dietary intervention study across eight 

European centres with the aim of assessing the effects of the quantity and quality o f 

dietary fat on m ultiple metabolic and m olecular risk factors on the m etabolic 

syndrome. The key objectives of this strategy were to develop diets that were i) 

significantly different in overall fat intake, ii) one diet was to be significantly higher 

in its SFA content compared to all other diets, another significantly higher in its 

M UFA content com pared with the three other diets and iii) the effect of long chain n- 

3 PUFA supplem entation was tested, based on a low fat background diet.

The results indicated that the food exchange model used was successful. The 

compositional objectives were largely achieved. This food exchange model enabled 

the creation o f two diets (HFSFA and HFM UFA) that were significantly different in 

terms o f %E from fat than the other two diets (LF and LF n-3 PUFA), thus fulfilling 

the first objective of the model. This was achieved by the use o f CHO exchanges, 

which significantly increased %E  from CHO in the low fat diets compared with the 

higher fat diets. The second objective was also fulfilled as diet H FSFA had 

significantly greater %E  from SFA compared to the other three diets whereas diet 

HFM UFA had significantly greater %E  from M UFA than the other diets. Similarly, 

the third objective was met with significantly greater LC n-3 PUFA intakes in the LF 

n-3 PUFA diet group.

At baseline, there were no significant differences in the nutrient com position 

of the four groups, indicating successful random isation. In contrast, at both the mid 

and end of the intervention periods these four diets were distinct in their dietary fat 

composition. The dietary change instigated during the intervention period was 

maintained throughout as no significant differences in the levels o f key nutrients 

were found between the mid and end of intervention periods.

The distinct differences in baseline dietary intake between centres highlight 

the challenge which was set; to change the habitual diets of volunteers at all centres 

with the use o f a single food exchange model. This highlights the novel aspect of the 

present work. Previous reports have shown replacem ent o f SFA for M UFA is 

possible, when at least one meal per day is provided alongside additional study foods 

(Knapper er al., 1996; Nydahl et a i ,  2003). The current work has shown dietary fat
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alteration  can also  be achieved through the sole use o f study foods when incorporated  

by volunteers them selves into desirab le  m eal form ats. Furtherm ore, these results 

show  that this strategy  can be  used across populations w ith variations in habitual 

d ietary  intakes.

O verall the % E from  fat w as sign ifican tly  d ifferen t betw een the high and low  fat 

diets. H ow ever, in th ree centres this d ifference did not reach the level o f  statistical 

sign ificance at the w eek 12 d ietary  assessm ent (U O , JU M C , UU). N otably , at m id

in tervention  the U U  and U O  centres did achieve significant distinction in % E from  

fat betw een  these diets. T he U U  data provides an im portant insight into the 

usefu lness o f  the food exchange m odel and highlights the challenges encountered  

w hen habitual diets differed  across the in tervention  population. V olunteers from  the 

UU cohort had sign ifican tly  g reater % E  from  C H O  at baseline com pared to  all o ther 

centres except T C D  and UoR. The food exchange m odel described depended on the 

ab ility  o f  vo lunteers to undertake fat-C H O  exchanges in order to achieve % E from  fat 

targets in the low  fat diets. A s C H O  form ed a large part o f the habitual diets o f 

vo lunteers in the U U  centre (49.6 % E) before in tervention, further increases in this 

m acronutrien t p roved  d ifficult to  achieve. T hus, at the end of the in tervention  period, 

although % E  from  fat was g reater in diet H FM U FA  than the LF n-3 PU FA  diet, these 

d ifferences in % E  from  fat did not reach the level o f  statistical significance.

Im portan tly  how ever, a statistica lly  significant distinction in % E  from  C H O  

betw een the h igh-fa t and low -fat diets w as not an essential output o f the m odel. In the 

T C D  and U oR  centres, d ifferences in % E  from  C H O  betw een the high and low fat 

diets w ere observed  but these too  did not reach statistical significance. H ow ever, 

these cen tres ach ieved  target d ifferences in % E  from  fat betw een diet groups. Key to 

this w as the ab ility  o f  these centres, in contrast to  U U , to further increase C H O  intake 

in the low  fat d iets above their baseline levels.

All centres achieved  the second objective (% E from  SFA in diet H FSFA  was 

significantly  g rea ter than the o ther three d iets), irrespective o f  baseline intake. In 

addition, in the H U R S-U C O  and T C D  cohorts, diet H FM U FA  had significantly  

greater % E from  SFA  than the low  fat diets. A lthough this did not reach statistical 

sign ificance in the o ther centres, m ost d isplayed a sim ilar trend. T his highlights a 

d ifficu lty  in the targeted  reduction  o f SFA  alongside the m aintenance o f  a high fat, 

high M U FA  diet, w hich  has been reported  prev iously  (N ydahl er aL,  2003). In the

132



HURS-UCO centre however, the data suggests the significant difference in %E  from  

SFA reported between the HFM UFA and low fat diets was due instead to low %E 

from SFA intakes within the low fat diet groups, reflective o f habitual dietary intake, 

rather than a problem  with reducing SFA in the H FM U FA diet. Critically, these data 

do not indicate a fault in the model as %E  from SFA rem ained significantly greater in 

diet HFSFA compared to the other diets.

All centres also achieved a level of %E  from M UFA in diet HFM UFA that
f

was greater than the other diets. This reached statistical significance in all centres 

except the JUM C centre, where although %E  from M UFA was higher in HFM UFA 

compared to diet HFSFA the difference was not statistically significant. This 

difficulty again is likely to be associated with habitual dietary intake. The %E from  

M UFA intake at baseline for this centre was significantly greater than all centres 

except HURS-UCO. This highlights the difficulties associated with the targeted 

substitution of a specific fatty acid subclass with another, whilst m aintaining a high 

fat intake. Furthermore, in the TCD  and HURS-UCO centres, %E from M UFA was 

significantly greater in diet HFSFA compared to the lower fat diets, once again 

underlining the difficulty of targeted subclass m anipulation alongside control o f fat 

quantity.

PUFA levels were m aintained at similar levels across all diets, although diet 

HFM UFA tended to have greater levels compared to the low fat diets, reaching 

statistical significance for the UoR and UM centres. At baseline, these centres had the 

lowest intake o f %E  from M UFA and therefore were set the greatest challenge in 

reaching target %E  from M UFA levels for diet HFM UFA. To substantially increase 

%E  from M UFA, the use o f food sources e.g. hazelnuts, in addition to the study 

foods provided, were actively encouraged at these centres. This allowed the 

successful distinction of diet HFM U FA in terms o f M UFA content but concurrently 

is likely to have increased PUFA intake. An unavoidable change in the com position 

o f the m ayonnaise product used in diet HFM UFA, as detailed below, is also likely to 

explain the increased %E  from PUFA in the HFM UFA diet.

The mean ratio of energy intakes to estimated basal metabolic rate (EI/BM R) 

is used to assess the validity of reported energy intakes (Black ef a/., 1991; Goldberg 

er a/., 1991) . Mean EI/BM R values in the low fat diet groups were lower than the 

high fat diets groups, suggesting that underreporting o f energy intake may have 

occurred. Further research to look at the percentage o f overweight and obese
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underreporters in these diet groups is warranted as it has been well documented that 

these groups o f people are more likely to underreport energy intakes than those of 

normal weight (Briefel et a i ,  1997). When interpreting the influence of 

underreporting, consideration m ust be given to the cut-off criteria used to define 

underreporters. Num erous studies have shown that it is difficult to obtain a 

representative picture o f what people usually eat, mainly because of large day-to-day 

variations in food intake, m isreporting and changes in dietary habits during a given 

study.

Although underreporting is more common in subjects with a high body mass 

index, other factors e.g. sex, age, smoking, educational level and dieting behaviour 

have also been found to be related to underreporting (Price et a i ,  1997; Braam et al., 

1998; Johansson et ciL, 2001). A crude estimate of 1.1 EI/BM R was used to define 

underreporters. However, much is to be gained if participants are categorised 

differently based on their physical activity level.

Logistic challenges

Whereas the results show the strategy for dietary manipulation used in the present 

study was successful, certain problem s were encountered. It is important these are 

disseminated as they may be valuable for those planning similar dietary intervention 

studies in the future.

Provision o f adequate refrigerated storage for a period of up to 18 months was 

required for volum es of up to 180 kg spread, 270 kg baking fat and room  temp 

storage for 1254 kg biscuits, 208 kg oil, 100 kg mayonnaises per centre. Logistics for 

the distribution o f the various products to all centres was highly complex. Required 

food volumes had to  be individually calculated per centre, per cohort, based on their 

number of volunteers (and their study food preferences).

Food production challenges

Difficulties also arose in the design o f the study foods, in terms o f their ideal 

theoretical nutritional com position versus a useable composition with satisfactory 

organoleptic properties. A major difficulty arose in the formulation of an oil product 

for diet HFSFA. To fulfil the requirem ents of the model this product had to be based 

largely on SFA. O riginally  a suitable bottled liquid product was produced, however 

this could not be repeated as seasonal temperature changes resulted in this product
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solidifying during production of subsequent batches. Thus the product had to be 

packaged in a tub format, with improvements in colour and flavour to improve 

volunteer acceptability. Another unavoidable occurrence was a change in supplier of 

the mayonnaise product, as the factory responsible for production of the original 

products went into liquidation. Unfortunately the second supplier could not produce 

products to match the exact nutrient composition of the first. As a result the 

mayonnaise used in cohort 2, for diet HFMUFA, had lower levels of MUFA and 

higher levels of PUFA than originally planned {Table 4.3).

Key to the overall success of this food exchange model was the flexibility 

incorporated within its design. Provision of foods other than those which were 

essential within the food exchange model enabled this achievement. For example, a 

mayonnaise product was provided for the low fat diets. This was not a specific tool 

w'ithin the model to alter dietary composition, but as the intervention study was 

completed in summer months when salad cream and mayonnaise can be consumed in 

large amounts, and therefore contribute to fat intake, a suitable alternative was 

provided. Baking fat was also provided for diets HFSFA and HFMUFA (to allow 

volunteers to prepare their own cakes or biscuits if desired).

In conclusion, a robust, flexible food exchange model was developed and 

implemented successfully in the LIPGENE pan European study. The main objective, 

to design four diets distinct in fat quality and quantity, was achieved. This food 

exchange model has the flexibility to be implemented in future studies designed to 

investigate the effects of diet in free-living populations with varying habitual dietary 

intakes.
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Chapter Five

Determining age, gender and BMI differences in a Metabolic 

Syndrome cohort and the associations between their plasma and 

dietary fatty acids and insulin sensitivity

5.1 ABSTRACT

Background: Costly efforts are now being employed to detect individuals and thus 

treat the MetS, reducing the risks and attempting to prevent the continuing surge of 

obesity, T2DM and CVD. Dietary fat composition has been implicated in the 

development of impaired fasting glucose and T2DM.

Objective: To assess, among MetS subjects, participating in the LIPGENE Dietary

Intervention Study, the physiological, metabolic, biochemical and dietary 

characteristics between gender, age groups and BMI status. To examine the 

association of these characteristics with the number of metabolic disorders that 

defines the MetS. To investigate the associations between both plasma fatty acids and 

dietary fatty acids with insulin sensitivity.

Design: The LIPGENE human dietary intervention study was a randomised,

controlled trial. 486 free-living subjects with the MetS attended one of the eight 

intervention centres, pre-intervention where anthropometry and fasting blood samples 

were taken. Subjects underwent an IVGTT and completed a pre-intervention 3-day 

weighed food diary.

Results: Females had greater insulin sensitivity at baseline (p<0.05) with no

differences across the age categories. Body weight, BMI and waist circumference 

significantly decreased with increasing insulin sensitivity (p<0.05). Insulin sensitivity 

measured by QUICKI decreased with increasing number of MetS criteria and 

increasing body weight determined both Si and HOMA-IR in linear regression 

analysis (p<0.05).

Conclusion: Body weight significantly decreased from low to high insulin 

sensitivity tertiles as did BMI, confirming its underlying causality in the MetS. 

Increasing body weight also increased the likelihood of having “5 versus 3” criteria of 

the MetS.
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5.2 INTRODUCTION

Insulin sensitivity is the overall measure of the ability of insulin to regulate the uptake 

of glucose and glucose metabolism (DeFronzo et a i ,  1979). Individuals with insulin 

resistance require higher than normal amounts of insulin to maintain normal levels of 

glycaemia. Insulin resistance, however, varies among normal, overweight and obese 

individuals (Ferrannini et a i,  1997; Yeni-Komshian et al., 2000). An advocate of the 

metabolic syndrome (MetS), Gerald Reaven stated that insulin resistance is the 

underlying component of the different metabolic abnormalities that cluster and define 

the MetS (Reaven, 2006). The core components include hypertension, 

hypertriglyceridemia, low HDL-cholesterol, abdominal obesity and impaired glucose 

tolerance. These main features are accompanied by pro-thrombotic and pro- 

inflammatory states (Beckman et al., 2002; Scheffer et a i,  2004). Usual traits of 

elevated triglycerides and reduced HDL-cholesterol concentrations are now 

accompanied by apolipoproteins as markers of vascular risk (Sniderman & Faraj, 

2007). Apolipoprotein (Apo) CIII, recognised as a useful marker of triglyceride rich 

lipoprotein metabolism (Wang et al., 1985) has also been proposed as an indicator of 

coronary risk in healthy subjects (Luc et al., 1996; Sacks et a l ,  2000). In a MetS 

cohort, total and non HDL apoCllI were determinants of the MetS (Onat et a l,  2003).

As yet there is no internationally agreed definition of the MetS with 5 

definitions being proposed in the last 8 years. In the absence of a true definition, it is, 

however, agreed that these highly intercorrelated disturbed metabolic features predict 

the future development of Type 2 diabetes mellitus (T2DM) and cardiovascular 

disease (CVD). Indeed, it has been reported that persons with the MetS are more 

likely to have a CVD event and are twice as likely to die (Isomaa et a i,  2001). The 

aim of identifying subjects with the MetS is to distinguish those with an elevated risk 

of developing CVD. Costly efforts are now being employed to detect and treat the 

MetS thus reducing the risks and attempting to prevent the continuing surge of 

obesity, T2DM and CVD, which many populations are now experiencing.

Health and lifestyle factors are also associated with the MetS including 

physical activity, smoking and diet (Pekkanen et a i,  1995; Hu et a l,  2001; Liu & 

Manson, 2001). Zhu et a i,  (2004) demonstrated that the level of physical activity was 

most strongly associated with a lower risk of having the MetS. This has also been 

observed in epidemiologic studies (Carroll et al., 2000; Irwin et a i ,  2002; Kullo et al., 

2002). This could be a result of the favourable effects of physical activity on HDL-
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cholesterol concentrations (Reaven et a i ,  1990; Krummel et a l ,  1993; Leon & 

Sanchez, 2001), TAG levels (Fahlman et al., 2002), blood pressure (Katzmarzyk et 

al., 2003), improving glucose tolerance (DiPietro et al., 1998) and insulin sensitivity 

(M ayer-Davis fl/., 1998).

Different definitions lead to different prevalence rates and perhaps 

identification of high risk individuals as opposed to low risk persons in the pre

diabetic stage, should be first targeted for prevention and treatment to better utilise 

our already econom ically challenged health systems and budgets. For example central 

adiposity for men as defined by the W orld Health Organisation (WHO) requires a 

BM I > 30kg/m^ or waist-hip-ratio of >0.90 (Alberti & Zimmet, 1998). The NCEP 

ATPIII (2001) definition defines a cut-off of > 102cm and the European Group for the 

study o f Insulin Resistance (EGIR) and International Diabetes Federation definitions 

(IDF) (2005) request that >94cm be defined as the waist circumference level, for 

identification of M etS m ale subjects. It is estimated that approximately 30% of people 

are diagnosed by m ost definitions (Day, 2007). As well as including lower cut-off 

values for central obesity with ethnic specific considerations, the IDF also lowered the 

fasting plasm a glucose and included patients receiving appropriate treatments for 

previously diagnosed events (w w w.idf.org). On the other hand lowering the threshold 

levels o f the core com ponents helps identify low risk individuals in clinical practice 

and allows effective intervention at this preliminary stage. The prevalence of T2DM  

in adults is continuing to rise with figures quoted of 8% in 2000 (International 

Diabetes Federation, 2001) to 9.4% in 2007, projected to increase to 10.3% in 2025 

(International Diabetes Federation, 2006). Using the NCEP ATPIII definition, the 

prevalence o f the M etS is estim ated to be 25% of the general population, varying with 

genetic background (Ford et al., 2002). A consistent finding is the highly age 

dependent prevalence o f the condition (Ford et al., 2002), increasing from 7% in 20- 

29year olds to 40% in over 60years (Meigs, 2002). In the family heart study, the MetS 

increased substantially over a 7 year period (Kraja et al., 2006) with central adiposity 

as the main driver for the longitudinal increase. However, the syndrome is not 

exclusive to m iddle and older age groups. Overweight and obese states have nearly 

risen 9% in 2-5 year olds, 12% in 6-11 year olds and 12.4% in 12-19 year olds 

(National Centre for Health Statistics , 2004) . The prevalence of the MetS has been 

calculated for 12-19 year olds and has doubled in the last 10 years (Jolliffe & Janssen, 

2007). Age, therefore, could be an adjunct factor in the development of the M etS. In
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European populations, the MetS is found to be more frequent in males, with estimates 

of 50% higher prevalence in men according to the W HO criteria compared to the 

EGIR (Balkau et a l ,  2002). This could in part be explained by the different cut-off 

values used for abdominal obesity in the W HO definition. Recently, it was suggested 

that wom en present earlier than men with the first isolated component of the M etS 

(Hwang et al., 2007) but present later as cases. W ith increasing rates of the M etS, it 

should be noted and o f concern that the prevalence is now higher in women than in 

men, which coincides with the rise in obesity in women (Steinbaum, 2004). Data in 

the literature also indicates that elevated TAG is more of an im portant risk factor for 

women than men (Regitz-Zagrosek et al., 2006). In middle aged men, dyslipidaem ia 

remains a priority whereas in older men, elevated fasting plasm a glucose was of 

greater concern (Kobayashi et a l ,  2007). To further understand the characteristics of 

the M etS and population groups most at risk, attention needs to be paid to age groups 

and gender differences in the various abnorm alities to prevent the m ulticom ponent 

disorder.

As a multifactorial disorder, diet is sure to play an important role in the 

developm ent o f the M etS, where a dietary pattern characterised by high consumption 

of fruit, vegetables, poultry and legum es term ed the “healthy dietary pattern" was 

associated with reduced risk of insulin resistance and the M etS (Esmaillzadeh et al., 

2007). In another study, poor dietary quality was associated with the developm ent of 

abdominal obesity and MetS (Millen et al., 2006). Dietary fat composition has been 

implicated in the development of IFG and T2DM  (Colditz et al., 1992; Feskens et al., 

1994; Vessby et al., 1994a; Storlien et al., 1996). Non-esterified fatty acids (NEFAs) 

may induce long term hyperinsulinaem ia and ultimately p-cell toxicity and damage 

(M cGarry & Dobbins, 1999). In one study, serum fatty acids such as linoleate were 

associated with the risk for developm ent o f IFG or T2DM  and unfavourable changes 

in insulin and glucose m etabolism  (Laaksonen et al., 2002). Fat composition attained 

from dietary records was not, however, associated with hyperglycaem ia. W arensjo et 

al., (2005) suggest that altered fatty acid m etabolism  could be a potentially significant 

predictor of MetS with the high levels of saturated fatty acids such as palmitic acid 

(C16:0) and low levels o f linoleic acid ( C l8:2:6) observed in subjects with the 

syndrome. Cross-sectional and human intervention studies have suggested that a high 

intake o f fat contributes to the developm ent of obesity (Astrup et al., 2000). Obesity is 

one o f the most important determinants of the risk of developing T2DM (Ohlson et
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al,  1985). And in the context of the MetS, with impaired insulin sensitivity as the 

underlying component, some studies have demonstrated that a high intake of fat is 

associated with this underlying feature (Mayer et al., 1993; Parker et al,  1993; 

Marshall et al,  1997; Mayer-Davis et al,  1997). Furthermore, the risk of developing 

insulin resistance and T2DM may be altered with the type of predominant fatty acid in 

the diet (Tsunehara CH et al,  1991; Colditz et ai,  1992). In animal studies, omega-3 

fatty acids improved the insulin action, saturated fat had a detrimental effect and 

monounsaturated and omega-6 fatty acids had little influence (Storlien et ai,  1991). In 

a recent review, Riccardi et ai,  (2004) summarised from the available literature, that 

higher intakes of saturated fat is associated with impaired insulin action, including 

hyperinsulinaemia, and increasing intakes of unsaturated fat is associated with an 

improved insulin sensitivity. The amount and type of fat is also associated with 

changes in plasma lipoprotein levels. The effects of dietary fat on blood pressure are 

few, especially in MetS subjects.

Fatty acid composition of serum lipid esters reflects proportions of dietary 

fatty acids, especially polyunsaturated, essential fatty acids and some saturated fatty 

acids (Vessby, 2000). Insulin sensitivity is associated with low proportions of palmitic 

and palmitoleic acid and a high proportion of linoleic acid (Vessby et ai,  1994b). This 

led to the suggestion of a decreased activity of the enzyme delta-5 desaturase and 

increased activities of delta-6 and delta-9 desaturase. Positive associations between 

the incidence of diabetes and SFA in plasma phospholipids and diet have recently 

been reported (Hodge et ai,  2007) while lower diabetes incidences are associated 

with increased proportions of linoleic acid in plasma phospholipids (Wang et ai,  

2003). Lovejoy et ai,  (2001) demonstrated significant relationships between fasting 

insulin and myristic and palmitoleic acid in the serum cholesterol of patients with IGT 

and T2DM. Vessby concluded that the typical plasma fatty acid pattern observed with 

the MetS is characterised by increasing SFA, especially palmitic acid with a reduced 

content of linoleic acid (Vessby, 2003). Diets rich in monounsaturated fat have been 

associated with an improved lipoprotein profile, a lowering of plasma glucose 

concentrations, fasting and postprandial reductions in daytime blood pressure and did 

not include weight gain in a calorie controlled environment (Garg et ai,  1988). The 

low rates of total mortality and CHD in the Mediterranean region where oleic acid is 

the predominant dietary fat further substantiates this.
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Investigations o f fasting insulin, glucose and C-peptide concentrations and 

intakes of dietary fat are scarce. Overall adiposity is found to be positively associated 

with both fasting and postprandial insulin concentrations (Parker et a i ,  1993). Obesity 

is an important determinant o f insulin resistance, M etS and T2DM. Dietary factors 

such as energy and total fat intake are also significantly associated with increasing 

body weights (Riccardi et ciL, 2004). Although obesity is probably the m ajor lifestyle 

determinant of the M etS, examining a persons education, work and living status as 

well as physical activity, cigarette smoking, alcohol intake and age enables public 

health strategists to target specific groups of the population deemed at risk.

Lovejoy and DiGirolam o demonstrated that habitual fat intake is associated 

with reduced insulin sensitivity (Lovejoy & DiGirolam o, 1992). However, few have 

determined the effect o f habitual diet on MetS subjects with distinctions on the type of 

fat or the effect o f insulin sensitivity levels, which is essential to draw conclusions on 

a cohort of these disease susceptible people. A noticeable strength of this study is that 

it was carried out in 8 European groups, living in comparable socio-econom ic 

conditions. Centre/country differences cannot be due to genetics o f a population alone 

but more indicative of environm ental influences.

Characterising a group of MetS subjects in term s of differences between 

countries, age, BMI and intakes of total amount and type of fat will give a better 

understanding of isolated components and com bined risk factors that can be better 

targeted. The objective o f this study was to assess, among MetS subjects, participating 

in the LIPGENE Dietary Intervention Study, the physiological, metabolic, 

biochem ical and dietary characteristics between gender, age groups and BM I status. 

This study offers a unique opportunity to address the objective as the dataset contains 

information on directly m easured insulin sensitivity and insulin secretion determined 

from an IVGTT. W e also examined the association o f these characteristics with the 

num ber of m etabolic disorders that defined the MetS. Our aim was also to investigate 

the associations between both plasma fatty acids and dietary fatty acids with insulin 

sensitivity. W e identified independent (univariate) predictors of insulin sensitivity as 

m easured by an IVGTT and insulin resistance estimated by the Hom eostasis Model 

Assessment (HOM A-IR). The data is obtained from free-living subjects with the 

MetS using natural foods which will increase the generalisation of the findings.
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5.3 SUBJECTS AND METHODS

The LIPGENE human dietary intervention study was a randomised, controlled trial 

approved by the local ethics committees at each of the 8 clinical intervention centres, 

all of which conformed to the Helsinki Declaration of 1975 as revised in 1983. The 

study was registered with The US National Library of Medicine Clinical Trials 

registry (NCT00429195). The nature of the LIPGENE study was explained to each 

subject and written informed consent was attained before assessment of

anthropometric indices, blood pressure, and collection of a fasting blood sample at the 

screening visit. The statistical power of the LIPGENE dietary intervention study was 

based on insulin sensitivity as the primary biomarker of the MetS and was calculated 

with the ability to detect at least 1 unit difference at a SD of 2, between diets. The 

power calculation was based on the assumption that 15% difference in insulin 

sensitivity was physiologically important and that this difference can be detected at a 

significance level of 0.05 and a power of 0.8. Thus, a minimum of 98 subjects per 

dietary group would be required to detect significance differences. The group size 

was increased to 120 per group, to account for an anticipated 20% drop-out rate.

486 free-living subjects with the MetS, defined by a modified version of the 

NCEP criteria (2001), characterised by three or more of the following criteria, 

initiated the LIPGENE dietary intervention programme:

• Fasting glucose concentration 5.5 - 7.0 mmol/L

• Serum TAG concentrations >1.5 mmol/L

• Serum HDL cholesterol concentration < 1.0 mmol/L (men)

Each conformed to the LIPGENE inclusion and exclusion criteria. None of the 

subjects were receiving pharmacological treatment for glycaemic control, 

hyperlipidaemic medication, anti-inflammatory treatment or weight loss drugs. 

Chapter 3 provides a more detailed description of the inclusion and exclusion criteria,

• Waist girth

• Blood pressure

< 1.3 mmol/L (women) 

systolic BP>130 

diastolic BP>85mmHg 

or treatment of previously 

diagnosed hypertension

> 102 cm (men)

> 88 cm (women).
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as well as information on the recruitment procedures and screening process. The 

intervention study was completed in 8 European centres: Trinity College Dublin 

(TCD), University o f Reading, URREADNSI (UoR), University of Oslo (UO), 

INSERM  U476 M arseille (INSERM ), M aastricht University (UM), Hospital 

U niversitario Reina Sofia-University of Cordoba (HURS-UCO), University of 

Krakow (JUM C) and Uppsala University (UU).

5.3.1 Dietary Assessment

Subjects completed a 3-day weighed food dietary record (two weekdays and one 

weekend day, not necessarily consecutive) to assess pre-intervention habitual dietary 

intake. The nutrient com position of the subject’s diets was assessed using centre 

specific dietary analysis program mes to ensure a comprehensive assessm ent of 

culturally specific foods (Ireland: W ISP version 3.0; UK: Food Base version 3.1; 

Norway: Kostberegningssystem  (nutrient calculation software developed at the 

Departm ent of Nutrition, University o f Oslo); France: Nutrilog; The Netherlands: 

Komeet to enter the dietary data and Orion to analyse the data; Poland: “Dietitian 

software” ; Spain: Dietsource version 2.0; Sweden: M ATs connected to the Swedish 

Board of Food Adm inistration database for foods).

5.3.2 Clinical Investigations

Pre-intervention, subjects reported to one of the eight intervention centres following a 

12-hour overnight fast. Subjects abstained from strenuous exercise and alcohol intake 

for 24 hrs before the examination. Subjects were asked to provide details of their last 

meal eaten i.e. time and amounts in household quantities.

5.3.3 Collection of fasting blood samples

Fasting blood samples were taken at the first sampling (-5 m inutes) o f the intravenous 

glucose tolerance test (IVGTT). Blood for insulin, C-peptide and low density 

lipoprotein (LDL) isolation was collected in serum  tubes (Becton Dickinson, Oxford, 

UK). Samples for plasma cholesterol, triacylgycerol (TAG), non-esterified fatty acids 

(NEFA), total high density lipoprotein (HDL), triacylglyceride rich lipoproteins 

(TRL), plasm a apolipoproteins (Apo) A l, B, B48, CII, CIII, E, TRL apoB and for 

plasm a fatty acid analysis were collected in K3-EDTA tubes (Becton Dickinson, 

Oxford, UK). Samples for glucose analysis were collected in tubes containing sodium
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fluoride. Every blood sample for plasma (K3 EDTA, sodium citrate and fluoride 

oxalate) was inverted 8-10 times to ensure the coagulant was mixed throughout. All 

samples, except for the serum samples were put on ice after collection and processed 

within 1 hour. The serum separator tubes were allowed to clot for 30 minutes before 

centrifugation. Most blood samples were centrifuged and the plasma was harvested 

and stored at the appropriate temperature. TRL, LDL and HDL fractions were isolated 

within 24 hours, with the buffy coat isolated within 2 hours. In Chapter 2, Table 2.4 

details the organisation of blood samples for analysis (vaccutainer type, plasma or 

serum harvested, volume, preparation, analysing centre and temperature storage). 

Table 2.5 shows the centrifugation details.

5.3.4 Intravenous Glucose Tolerance Test (IVGTT)

On the morning of the IVGTT two cannulae were inserted into the antecubital veins 

of both forearms. Following donation of the fasting blood samples from cannula 1, a 

bolus of 50% glucose solution (Phoenix Pharma Ltd, Gloucester, UK) (0.3g/kg body 

weight) was infused into cannula 2 over a 1 minute period followed by 20ml of saline. 

Twenty minutes later a dose of insulin (Novo Nordisk Pharmaceuticals Ltd, West 

Sussex, UK) (0.03U/kg body weight) was infused into the same cannula (cannula 2). 

Meanwhile, blood was sampled through cannula 1 at frequent intervals over a 3 hour 

period (-5, 0, 2, 4, 8, 19, 22, 30, 40, 50, 70, 90 and 180 minutes after the start of the 

glucose injection). A total of 8ml of blood was collected at each time point (2ml into 

paediatric fluoride oxalate tubes for subsequent glucose analysis and 6ml into serum 

tube for subsequent analysis of insulin). At each time point real time blood glucose 

monitoring was performed using a gluco-trend machine to confirm that the 

volunteer’s blood glucose was not excessively low (<2.0mmol/l). If blood glucose 

dropped below this level, the IVGTT was discontinued and an isotonic high glucose 

drink was administered immediately. Blood samples were spun at 3000rpm for 10 

minutes after which the plasma^serum was aliquoted and stored at -20°C for future 

analysis. After analysis, glucose and insulin values at each timepoint were entered 

into the MENMOD computer programme (version 6.02, Richard N. Bergman) to 

determine insulin sensitivity (SO, glucose effectiveness ( S g), acute insulin response to 

glucose (AIRg), disposition index (DI), removal rate of insulin from the interstitial 

space (P2), movement of circulating insulin to the interstitial space (P3) and 

distributed glucose concentration at time 0 minutes (GO) (Bergman et a i ,  1985; Beard
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et ai,  1986; Pacini & Bergman, 1986), further described in section 2.7. Homeostasis 

model assessment-insulin resistance (HOMA-IR) (fasting glucose x fasting 

insulin/22.5)(Matthews et ai ,  1985) and quantitative insulin sensitivity check index 

(QUICK!) (l/(log fasting insulin concentration + log fasting glucose concentration) 

(Katz et al ,  2000) were calculated from fasting data also.

5.3.5 Biochemical Analysis

Serum insulin and C-peptide concentrations were measured by solid-phase, two-site 

fluoroimmunometric assays (AutoDELFIA Insulin kit and AutoDELFIA C-peptide 

kit, respectively; Wallac Oy, Turku, Finland) on a 1235 AutoDELFIA automatic 

immunoassay system (Wallac Oy, Turku, Finland) at the Central Pathology 

laboratory, St. James’s Hospital, Dublin 8, Ireland (Section 2.6.7). The IL Test™ 

Glucose Hexokinase Clinical Chemistry kit (Instrumentation Laboratories, 

Warrington, UK) was used to determine plasma glucose concentration (Section 2.6.5).

The TRL fraction was isolated form each patient’s fasting blood sample. The 

preparation of the TRL fraction is described in Section 2.6.1. Total HDL 

concentrations were determined after precipitation with Quantolip total HDL 

precipitation Reagent (Immune Ag, Vienna, Austria) as described in section 2.2.7 and 

2.6.3. LDL-cholesterol concentrations were measured after precipitation of LDL using 

Randox Precipitation Reagent (Randox C H I350, Antrim, Ireland) as outlined in 

section 2.6.2. The IL Test™ HDL-C Kit (Instrumentation Laboratories, Warrington, 

UK) was used for direct quantification of HDL-C. Quantification of total cholesterol, 

LDL cholesterol and TRL cholesterol from defrosted plasma and supernatant samples 

was performed using the IL Test™ Cholesterol Kit (Instrumentation Laboratories, 

Warrington, UK) on the ILAB 600 clinical chemistry analyzer (Instrumentation 

Laboratory, Warrington, UK). Quantification of plasma and TRL TAG was performed 

using the IL Test™ Triglycerides Kit (Instrumentation Laboratories, Warrington, 

UK). The WAKO NEFA C enzymatic colour kit (Alpha Laboratories, Hampshire, 

UK) was used to quantify plasma NEFA concentration. The intensity of coloured 

product (quinoneimine) is proportional to the concentration of free fatty acids and 

measured by absorbance using the ILAB. Control 01 and control 02 (Instrumental 

Laboratories, Warrington, UK) and a NEFA calibrator were used with each analysis 

(Alpha Laboratories, Hampshire, UK). Plasma apoAl, B and E concentrations were 

measured using an immunonephelometric methods on a BN Prospec® System with

145



commercial kits (Dade, Behring, Deerfield, USA) at the Analytic Biochemistry 

Laboratory, Ste Marguerite Hospital, Marseille, France. Plasma apoCII and CIII 

concentrations were measured by immuno-turbidimetry on a Hitachi 911 system with 

commercial kits (Diasys, Bouffemont, France) at the Analytic Biochemistry 

Laboratory, Ste Marguerite Hospital, Marseille, France. Assessment of apoB-48 was 

by a competitive ELISA with a specific apoB-48 antibody obtained in rabbits. The 

assays were performed after a modification of the method (Lovegrove et a i ,  1996; 

Lorec et ai,  2000).

5.3.6 Fatty acid compositional analysis

Plasma fatty acid composition was measured with the use of gas liquid 

chromatography. Lipid extraction (Bligh and Dyer Method, Bligh & Dyer, 1959) and 

transesterfication (OHTA Method) of samples was performed (Section 2.6.8) before 

analysis of the fatty acid methyl esters (FAME) of plasma fatty acids by gas 

chromatography (GC) on a Shimadzu GC 2010 (Shimadzu, Japan) using a fused silica 

capillary column Omegawax 250, (30 m x 0.25 mm inner diameter, 0.25|jm  film) 

(Supelco). GC was equipped with a flame ionisation detector and GC solutions 

software (Shimadzu, Japan). Fatty acids were identified by comparing the relative 

retention times of fatty acids with a FAME standard (PUFA n-3, PUFA n-2 and C17 

(standard)). The fatty acid composition was represented as a relative percentage of the 

total of the quantified fatty acids (Section 2.6.8).

5.3.7 Anthropometric measurements

Body weight was measured in duplicate on a centre specific, calibrated scale, to the 

nearest 0.1kg. Subjects were weighed in light clothing, without shoes and after 

voiding. Height was measured in duplicate to the nearest 0.1cm, in the upright 

position using a stadiometer. Waist circumference was measured directly on the skin, 

at the mid-point between the supra iliac crest and lower ribs margin at the end of a 

normal expiration, in duplicate to the nearest 0.1 cm using a non-stretch tape measure. 

Hip circumference was measured in duplicate to the nearest 0.1cm, using a non- 

restrictive tape measure, at the level of the greater trochanter without compressing the 

skin. Blood pressure measurements were recorded in duplicate in the seated position 

after a 5 minute rest, using an appropriately sized cuff before blood samples were 

taken. Bioelectric impedance analysis was measured in subjects in the supine position.
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using a body fat analyser (TBF-300; Tanita Corporation, Arlington Heights, IL, 

USA).

5.3.8 Data preparation and statistical analysis

All data is presented as group means ± standard error of the mean unless stated 

otherwise. Data that was not normally distributed, as assessed by skewness and 

kurtosis, was normalised by log, square root, inverse or sin transformation.

Descriptive statistics were generated for baseline measures o f IVGTT 

param eters, measures of insulin resistance, anthropom etric measurem ents, lipid and 

apolipoprotein concentrations, plasma fatty acid concentrations and dietary variables 

measured from the 3-day weighed food diaries pre-intervention. Independent samples 

t-test (non-parametric: M ann-W hitney) was used to compare differences between 

m ales and females and a one-way ANOVA (non parametric: Kruskal W allis) was 

used to compare differences between age-categories, BM I-categories and centre 

differences. Insulin sensitivity was ranked into three tertiles and a one-w ay ANOVA 

(non parametric: Kruskal W allis) tested statistical differences between the low, 

medium and high rankings. Quartiles were generated for percentage energy total fat 

and tertiles for percentage energy saturated and monounsaturated fat. The same 

statistical tests were applied. The Bonferroni and Tam hane post-hoc tests were used to 

identify significant differences Qj<0.05) between the groups as appropriate (Coakes & 

Steed, 1999). A Bonferroni correction applied if multiple testing occurred in order to 

account for the increase in type 1 error. Age categories were defined into three

groups: 35-49y, 50-64y and 65-70y. BMI categories were also defined into three
2 2 categories: normal weight (20-24kg/m ); overweight (25-29kg/m ) and obese

(>30kg/m ‘). Correlation analysis was used to describe the strength and direction of 

the linear relationship between two variables. Pearson product-moment coefficient 

was used for continuous variables. Spearman rank order correlation was used for 

variables not normalised by transformation. Interrelationships among the pre

intervention variables were explored (IVGTT with IVGTT; IVGTT with 

anthropom etry; IVGTT with lipids and lipoproteins; IVGTT with plasm a fatty acids 

and IVGTT with dietary factors). All correlations reported below are significant at 

p<0.05.

Linear regression analysis was used to determ ine the best fitting model to 

describe the relationship between the dependent variables Si and HOM A-IR measured
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at pre-intervention and a set of explanatory variables. When constructing the complex 

models with several predictors, care was taken in selecting the type of regression 

analysis to perform as the predictors included and the way in which they are entered 

into the model can have a great impact. The forced entry linear regression analysis 

was chosen as all known and suspected predictors are forced into the model 

simultaneously based on theory, logic and past research. The stepwise method was not 

used for this analysis as predictors may be entered (and others removed) based on 

slight differences in their semi-partial correlations rather than on their theoretical 

importance (Field, 2005). Three separate regression analysis steps were carried out in 

the final model development for Si and HOMA-IR. Firstly, each of the biochemical 

parameters and dietary variables were entered individually in a univariate regression 

analysis against the dependent variable measured (Enter method). Secondly, 

multivariate regression analysis was performed for each of the individual variables, 

controlling for the volunteer’s age, sex and body weight. These models were then 

examined to identify the variables that would be used in further multiple linear 

regression modelling. Two approaches were taken to decide which variables to 

include; variables that were significant (p<0.1) in both models were included and 

variables that were significant (jxOA) in only one of the models for which there was 

strong literature support for their inclusion. At this early stage the cut-off used to 

denote significance was y?<0.1, as the customary cut-off of p<0.05 may fail to identify 

variables that are influential in the final model (Hosmer & Lemeshow, 2000). The 

explanatory variables to be included were then grouped into six further models: 1. 

Centre and IVGTT parameters, 2. Anthropometry, 3. Lipid and Lipoproteins, 4. 

Plasma Fatty Acids, 5. Dietary Variables and 6. Health and Lifestyle data. Multiple 

linear regression analysis, controlling for the volunteer’s age, sex and pre-intervention 

body weight, was performed for each of the six different models. Finally, the 

variables that were significant (/?<0.05) in each of the six different models were 

included in a final model controlling for age, sex and body weight. The strength of 

each explanatory variable was determined using the beta co-efficient value. In the 

final multiple linear regression model significance was taken at /7<0.05. 

Multicollinearity and singularity were checked at the end of each model. Tolerance 

and Variance Inflation Factor (VIF) values were noted to identify highly 

intercorrelated independent variables that would confound the model. If
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m ulticollinearity was present, one predictor was rem oved as it restricted the accuracy 

and predictive power of the model.

In an attempt to discrim inate patterns o f having 3, 4 or 5 criteria o f the MetS 

defined by the modified version of the NCEP ATPIII criteria, binary logistic 

regression was used to find the best fitting model to describe the relationship between 

the dependent dichotomous variable “3 versus 4” , “4 versus 5” and 3 versus 5” and a 

set o f explanatory variables for each. IVGTT param eters, measures of insulin 

sensitivity and insulin resistance, centre, anthropom etries, lipids and apolipoproteins, 

plasm a fatty acids, dietary factors and health and lifestyle variables taken from the 

database were analysed to see which of these factors predict the num ber o f criteria. 

The model developm ent was approached using three separate regression analysis 

steps as done so in the linear regression analysis. Firstly, the independent influence of 

each o f the variables on the binary variable was assessed. M ultivariate logistic 

regression analysis was then performed for each o f the individual variables, 

controlling for the subject’s sex, age and body weight. These models were then 

examined to identify the variables that would be used in further multiple binary 

logistic regression modelling. The models were then examined to identify significance 

(jj<0.02) (Hosm er & Lem eshow, 2000). The variables significant in either or both 

models were then grouped into six further models: 1 Centre and IVGTT param eters, 

2. anthropom etry, 3. Lipids and lipoproteins, 4. Plasma fatty acids, 5. Dietary 

variables and 6. Health and lifestyle factors. M ultiple binary logistic regression 

analysis, controlling for the volunteer’s age, sex and body weight was perform ed for 

the six models. Finally, the variables that were significant (/;><0.Q5) in each of the six 

separate models were included in a final model controlling for the individual’s sex, 

age and body weight. In the final model, significance was taken at p<0.05. The model 

fit for the data was assessed by m easuring the -2 log likelihood (-2LL) ratio. Sm aller - 

2LL values indicate better model fit.

All statistical analysis was performed using SPSS® for W indows™  version 

14.0 (SPSS Inc, Chicago, 111).
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5.4 RESULTS

5.4.1 Characteristics of the cohort at baseline

Baseline characteristics were determined for 486 volunteers who donated a pre-fasting 

blood sample or an IVGTT or both at the pre-intervention clinical investigation day.

Table 5.1 demonstrates the characteristics of the group as a whole, whose 

mean age was 54.58y. Looking at the criteria of the MetS, mean fasting glucose at 

pre-intervention was 6.0mmol/L, TAG and HDL cholesterol were 1.80mmol/L and 

l.lOmmol/L, respectively. Waist circumference was 106.31cm and blood pressure, 

138/86mmHg. BMI for the cohort was 32.36kg/m“. Pre-intervention insulin sensitivity 

( S i) and HOMA-IR was 2.849 (m U /L)-lm in-l and 2.673, respectively.

Plasma palmitic acid (C16;0), oleic acid (C l8:1), linoleic acid (C l8:2:6), total 

SPA, MUPA, PUPA, n-6 PUPA and n-3 PUPA were 26.48%, 26.41%, 27.46%, 

32.54%, 28.02%, 39.44%, 35.44% and 4%, respectively.

Table 5.2 illustrates the differences in the characteristics between males (n= 

220, 45.3%) and females (n=266, 54.7%), at baseline. Pemales were significantly 

older, had a greater hip circumference, body fat (% and kg) and impedance values 

(/7<0.05). Pemales also had greater insulin sensitivity at baseline. Total cholesterol, 

NEPA, LDL- and HDL-cholesterol, apoA l. apoCIII and apoE concentrations were 

greater in females whilst TRL TAG and TRL cholesterol were lower in females 

compared to males, pre-intervention (j7<0.05). Males were significantly taller, 

heavier, had a greater waist circumference and diastolic blood pressure, lean body 

mass (% and kg) and body water (% and L) (/?<0.05). Males had a significantly 

greater acute insulin response to glucose (AIRg), revised QUICKI and C-peptide 

concentrations. Males had significantly greater concentrations of plasma myristic acid 

(C14:0), palmitic acid (C16:0), SFA and lower concentrations of palmitoleic acid 

(C l6:1), stearic acid (C l8:0) and plasma EPA (C20:5:3), compared to females 

(p<0.05). With respect to dietary information generated, males had a greater BMR, 

higher total energy and dietary fat intakes including SFA, MUFA, PUPA and trans 

fatty acids and also had greater intakes of CHO and alcohol compared to females 

(/:><0.05).

Table 5.3 highlights the differences in the metabolic markers associated with 

the MetS across three age categories; 35-49y, 50-64y and 65-70y. The younger age 

group (35-49y) were significantly heavier, had a greater BMI, greater waist 

circumference, lean body mass (% and kg) and body water (% and L), p<0.05. With
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the IVGTT param eters, AIRg and DI were significantly higher in the 35-49 age group 

compared to the other age groups, p< 0 .05 . There were no differences in insulin 

sensitivity across the three age-categories. From the dietary variables exported BMR, 

total energy, total fat (g), SFA (g), CHO (g) and Protein (g) were significantly higher 

in the 35-49 year olds than volunteers aged between 50-64y and 65-70y whilst M UFA 

(g) was significantly higher in the younger age group com pared to the oldest age 

category only, p< 0 .05 . The older age groups (50-64y and 65-70y) were significantly 

smaller, had higher systolic blood pressure, and higher im pedance values, p<0.05. 

Interestingly, fasting plasm a glucose was also highest in the older age groups 

(p<0.05). Com pared to the oldest age group the 35-49y and the 50-64 year age 

categories had a greater hip circum ference, fasting insulin and HOM A-IR was 

significantly higher, QUICKI and Revised QUICKI were lower and plasm a 

concentrations o f EPA (C20:5;3) were also lower, ;?<0.05. The 50-6y age group had 

higher cholesterol, HDL-cholesterol, apoA l and apoB as compared to those aged 

between 35-49y. The plasm a concentrations o f myristic acid (C14;0) was lower in this 

age group as com pared to the younger age-category, /?<0.05.

The volunteers were stratified according to their BMI status at baseline into 

one of three groups: normal weight (20-24kg/m “), overweight (25-29kg/m ‘) and obese 

(>30kg/m “). A one way ANOVA dem onstrated significant differences between the 

groups for anthropom etric and biochem ical markers {Table 5.4). Obese volunteers 

were significantly older, had the greatest body fat (%), the lowest lean body mass (% 

and kg), greater acute insulin response to glucose (AIRg), lower P3 (movement of 

circulating insulin to the interstitial space), C-peptide and insulin to C-peptide was 

significantly higher, as compared to the normal weight and overweight categories, 

p<0.05. Com pared to the obese volunteers, the overweight volunteers were 

statistically taller, had significantly higher impedance values and lower GO 

(distributed glucose at tim e 0 minutes). HOM A-IR was considerably lower in the 

overweight volunteers as compared to the obese subjects, p<0.05. The normal weight 

and overweight volunteers also had low er intakes of total fat (% energy), M UFA (% 

energy), dietary palm itoleic acid (C l6:1 g/day), oleic acid ( C l8:1 g/day) and alcohol 

(g/day) but statistically low er in the overw eight subjects as compared to the obese, 

/7<0.05. The normal weight and overw eight subjects had statistically significant and 

obviously lower body weights, BMI, w aist and hip circum ference, considerable lower
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fasting insulin values and higher QUICKI and Revised QUICKI values. BMR was 

also statistically lower as compared to the obese volunteers, p<0.05.

There were many differences in the baseline anthropometries, IVGTT 

param eters, measures o f insulin resistance, lipids and lipoprotein concentrations, 

plasm a fatty acids and dietary m easures between the 8 European centres as 

dem onstrated in Table 5.5. Some of these differences were as a result of the different 

recruitm ent strategies em ployed at the screening stage. UU volunteers were 

significantly older compared to volunteers in TCD, UoR, INSERM and HURS-UCO 

with the TCD volunteers being the youngest, p<0.05. JUM C subjects were 

significantly heavier compared to UU volunteers and HURS-UCO participants had 

the greatest BM I compared to subjects in UoR, UO, INSERM , UM and UU who had 

the lowest BMI index, p<0.05. UM volunteers had the greatest waist circumference 

com pared to Uppsala, p<0.05. Both systolic and diastolic blood pressure were 

significantly higher in the JUM C cohort and significantly higher compared to 

INSERM , p<0.05. Interestingly, there were no significant differences in insulin 

sensitivity, AIRg and P2 (removal rate of insulin from the interstitial space) between 

the centres. Fasting glucose, however, was significantly higher in the HURS-UCO 

cohort compared to TCD, UoR, INSERM , UM  and JUM C, p<0.05. Fasting insulin 

w'as highest in the JUM C cohort and significantly higher than UU, p<Q.05. HOMA- 

IR was also significantly higher in the HURS-UCO volunteers but only significantly 

higher compared to UU volunteers, /7<0.05. Accordingly, UU had the highest 

QUICKI values and significandy higher than UoR, UO, UM, HURS-UCO and JUMC 

cohorts,/?<0.05. Triglyceride and HDL-cholesterol concentrations were highest in the 

UoR and UU cohorts, respectively, p<0.05. Body weight, BMI, waist circumference, 

blood pressure and lipid concentrations were targets at the screening stage to recruit 

volunteers onto the LIPGENE Intervention study, through weight m anagement 

clinics, blood pressure clinics and lipid clinics etc. O f the plasma fatty acid 

concentrations, UU had the highest plasm a oleic acid ( C l8:1) and plasma M UFA 

concentrations, significantly higher than plasm a concentrations in TCD, UO and UM, 

p<0.05. Plasma EPA (C20;5:3) and DHA (C22:6:3) were highest in the UO centre as 

was plasm a PUFA and plasm a n-3 PUFA, p< 0.05 . Plasma SEA was highest in the 

UM cohort, significantly higher than UO, INSERM , HURS-UCO, JUM C and UU 

cohorts, /7<0.05. Plasm a n-6 PUFA was significantly higher in INSERM  volunteers 

compared to UoR and UU centres, p<0.05. From the dietary information exported and
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analysed from the dietary programmes, total energy (MJ/day) was highest in the TCD 

cohort, and significantly higher than energy intakes in INSERM, JUMC and UU 

cohorts, p<0.05. Intakes of total fat (% Energy) and MUFA (% Energy) were 

significantly higher in the HURS-UCO cohort compared to the other seven centres, 

p<0.05. UO had the highest intakes of SPA (% Energy) compared to UoR and HURS- 

UCO cohorts, p<0.05. Intake of PUFA (%Energy) was highest in the UM cohort 

compared to all other centres, except UO and JUMC, p<0.05. Dietary n-3 PUFA 

g/day, EPA (C20;5:3 g/day) and DHA (C22;6:3 g/day) were significantly higher in 

the UO cohort which showed good agreement with the plasma fatty acid 

concentrations.
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T a b le  5 .1 : Baseline charactenstics o f the  L IPG EN E Cohort n=486
A nthropom etry n Mean SEM
Age(y) 486 54.58 0.406
Height(m) 485 1.68 0.004
BodyWeight(kg) 485 91.63 0.649
BMI (kg/m^) 485 32.36 0.190
Waist circumference{cm) 485 106.31 0.500
Hip circumference (cm) 485 112.89 0.455
Diastolic BP(mmHg) 484 86 18 0.456
S ^ to lic  BP(mmHg) 484 138.47 0.716
Body Fat (%) 464 36 55 0.404
Body Fat(kg) 464 33,27 0.428
Lean Body Mass(%) 464 61.80 0,446
Lean Mass Body(kg) 464 56.65 0.636
Body Water(%) 398 44.64 0.346
Body W ater (L) 380 40,89 0.523
Impedance(KHz) 339 520.82 5076
IVGTT Parameters n Mean SEM
S|(mU/L)'’min-1 432 2.849 0.083

Somin-I 434 0,016 0.000
AIRg mUL ’ min"’ 434 358.178 16.170
Dl 434 879.701 34.286
GO mg/dl ■’ 434 298.308 1.927
P2 m in ’ 434 0.044 0.001
P3 (mU/U) min ' 434 0,000013 0.000001
Fasting Glucose (mmol/l) 475 5,956 0.039
Fasting lnsulin(ulU/ml) 475 10.106 0.253
HOMA-IR 480 2.673 0.074
QUICK! 475 0.598 0.017
Revised QUICKI 474 0.225 0.001
C-Peptide ng/ml 472 2.638 0.041
Insulin to C-peptide Ratio 472 3.801 0.070
L ip ids  and L ipop ro te ins n Mean SEM
TAG (mmol/L) 484 1.80 0,04
Cholesterol (mmol/'L) 484 5,34 0.04
NEFA (mmol^L) 484 616,55 10,49
TRL TAG (mmol/L) 476 0,88 0.03
TRL Cholesterol (mmol/L) 476 0,39 0.01
LDL Cholesterol (mmol/L) 479 3,27 0.05
HDL (mmol/L) 484 1.10 0.01
Apo A1 (g/L) 475 1,40 0.01
Apo B (g^L) 475 1,02 0.01
Apo CM (mg/L) 474 45.59 0.81
Apo C lll (mg/L) 474 157,98 2.37
Apo E (mg/L) 473 41,57 0.76
Apo B48 (mg/L) 374 0.79 0.04
TRL ApoB (mg/L) 461 50.38 2.10
P ljisma Fatty A c ids  (w/w%) n Mean SEM
C14:0 475 1.90 0.04
C16:0 475 26,48 0.22
C16:1 475 1,39 0.05
C18:0 475 4.16 0.10
C18:1 475 26.41 0.20
C18:2:6 475 27.46 0.25
C20:4:6 475 6.88 0.11
C20:5:3 475 0.97 0,04
C 2 2 6 3 475 2.19 0.06
SFA 475 3254 0.29
MUFA 475 28.02 0.22
PUFA 475 39.44 0.32
n-6 PUFA 475 35.44 0.29
n-3 PUFA 475 4.00 0.09
D ietary Measures n Mean SEM
Basal Metabolic Rate (MJ/day) 451 7.20 0.05
Total Energy (MJ) 453 8.81 0.12
Total fat (g/day) 453 85.55 1.47
Total fat (%Energy) 453 36.12 0.35
SFA (g/day) 453 29.57 0.58
SFA (%Energy) 453 12.43 0.15
MUFA (g/day) 453 31.85 0.66
MUFA (%Energy) 453 13.54 0.23
PUFA (g/day) 453 13.51 0.34
PUFA (VoEnergy) 453 5.66 0.10
n-3 (g/day) 314 1.50 0.07
n-6 (g/day) 314 9.39 0.34
C8 (g/day) 176 0.22 0.01
C10 (g/day) 237 0.53 0,02
C12 (g/day) 283 1.11 0.05
C14 (g/day) 360 2.53 0.09
C16 (g/day) 360 14.06 0.32
C16;1 (g/day) 360 1.33 0.04
C l 8 (g/day) 360 6.52 0.20
C18:1 (g/day) 360 26.23 0 75
C l 8:2:6 (g/day) 419 9.91 0.30
C18:3;3 (g/day) 419 1.16 0.04
C20:4:6 (g/day) 237 0.12 0.01
C20:5:3 (g/day) 373 0.14 0.01
C22:6:3 (g/day) 373 0.22 0.02
Trans fatty acids (g/day) 204 2.48 0.14
CHO (g/day) 453 234.32 3.85
CHO (%Energy) 453 43.56 0.36
Starch (g/day) 245 142.01 3.60
Total Sugars (g/day) 260 102.72 3.13
Protein (g/day) 453 90.97 1.38
Protein (%Energy) 453 17.71 0.18
Alcohol (g/day) 453 8.74 0.67
Alcohol (%Energy) 453 2.62 0.19
Fibre (g) 443 19.48 0.39
Vitamin E (mg/day) 453 10.21 0.25
SEM: standard error of the mean
not all IVGTT data modelled sucessfully, therefore different n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S|. insulin sensitivity; Sq, glucose effectiveness; AIRg, acute insulin response to glucose; Dl, disposition index; GO, distributed glucose at time Omin

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; CHO, Carbohydrate
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T a b le  5 .2 :  Baseline characteristics of male and females volunteers of the LIPGENE Dietary Intervention Study
(pre-intervention clincial investigalion day, n=486)

Antt>roDometrv n
Male

Mean SEM n
Female

Mean SEM
Age(y) 220 53.41 0.66 266 55,54 0.49
Heighl(m) 219 1.76 0.00 266 1,62 0.00
BodyW eight(kg) 219 99.15 0.92 266 85,45 0.71

BM I (ko/m^) 219 31.96 0,26 266 32,70 0.27
W aist circumference(cm) 219 110.83 0.67 266 102,59 0.64
Hip circumference (cm) 219 109.97 0.61 266 115,30 0.62
Diastolic BP(mmHa) 219 87.85 0,69 265 84,80 0.59
Systolic BP(mmHg) 219 138.89 1,01 265 138,12 1.01
Body Fat (%) 207 29.89 0,39 257 41.91 0.42
Body Fat(kg) 207 29.91 0,59 257 35,98 0.55
Lean Body M ass(% ] 207 69.29 0,44 257 55,77 0.45
Lean Mass Body(kg) 207 68.29 0,71 257 47,28 0.48
Body W aler(% ) 165 50.14 0.38 233 40.75 0,35
Body W ater (L) 160 49.82 0.64 220 34,39 0,38
Impedance(KHz) 170 474.28 5.17 169 567,63 7,14

Male Female
fVGTT Param eters n Mean SEM n Mean SEM
S| (m U /L)’ min-1 202 2.424 0.094 230 3.222 0.128 •

S c fn ln -I 203 0.015 0.000 231 0.016 0.000

AIRg m UL'’  m in ’ 203 400,598 28,143 231 320.900 17.340 ’
Dl 203 875.192 52,943 231 883,663 44.660
GO mg/dl 203 295.659 2,467 231 300.635 2.895
P2 mln'’ 203 0.041 0,002 231 0.046 0.002 •
P3 (mU/L) min ^ 203 0,000010 0,000001 231 0.000015 0.000001 *
Fasting Glucose (mmol/L) 218 6.025 0,059 257 5.897 0.052
Fasting lnsulin(ulU/ml) 218 10,207 0,357 257 10,021 0.357
HOMA-IR 219 2,734 0.105 261 2,622 0.103
QUICKI 218 0,594 0.037 257 0.602 0.007
Revised QUICKI 218 0.227 0.001 256 0.223 0.001 *
C-Peptide ng/ml 218 2.737 0.060 254 2,554 0.056 *
Insulin to C i3eptide Ratio 218 3.712 0,107 254 3.877 0.093

Male Female
Lip ids and L ipop ro te ins n Mean SEM n Mean SEM
TAG (m m o lt) 219 1.85 0,07 265 1.75 0.05
Cholesterol (mmol/L) 219 5.08 0,06 265 5.56 0.06
NEFA (mmol/L) 219 557.84 15,39 265 665.07 13.65 *
TRL TAG (mmol/L) 215 0.95 0.04 261 0.82 0.04
TRL Cholesterol (mmol/L) 215 0.42 0.02 261 0,38 0,02
LDL Choleslero! (m m o ll.) 217 3.11 0.07 262 3.39 0.07
HDL (mmol/L) 219 0,98 0.02 265 1.20 0.02
Apo A1 (g/1) 216 1.31 0.01 259 1.47 0,02
Apo B (g/L) 216 1.00 0.02 259 1.04 0.01
Apo C ll (mg/L) 215 45.18 1.28 259 45,94 1.04
Apo CHI (mg/L) 215 151.06 3.43 259 163,72 3.23
Apo E (mg/L) 216 39.68 1.04 257 43,16 1.07
Apo B4fl (mg/L) 167 0.73 0.06 207 0,83 0,06
TRL ApoB (mg/L) 209 56.23 3.13 252 4 5 5 4 2,81

Male Female
Plasm a Fatty A c ids (w /w% ) n Mean SEM n Mean SEM
C14:0 214 2.00 0.07 261 1.82 0.06
C16;0 214 27.22 0.35 261 25.87 0.28
C16:1 214 1.20 0.06 261 1.55 0.07
C18 0 214 4.07 0.15 261 4,24 0.12
C18;1 214 26.22 0.31 261 26,56 0.26
C18:2:6 214 27.15 0.38 261 27.71 0,33
C20 4 6 214 6.98 0,18 261 6.79 0.14
C20;5:3 214 0.90 0,06 261 1.03 0,06
C22:6:3 214 2.12 0,09 261 2,25 0,07
SFA 214 33.29 0.45 261 31,93 0,37
MUFA 214 27.66 0.33 261 28,31 0,29
PUFA 214 39,05 0.49 261 39,77 0,41
n-6 PUFA 214 35.17 0.44 261 35,66 0,38
n-3 PUFA 214 3.88 0.14 261 4,11 0.12

Male Female
Dietary M easures n Mean SEM n Mean SEM
Basal Metabolic Rate (M J/day) 210 8.20 0.06 241 6,34 0.03
Total Energy (MJ) 210 10.10 0.18 243 7,70 0.12
Total fa t (g/day) 210 97.05 2.34 243 75,62 1.59
Total fa t (%Energy) 210 35.76 0.52 243 36,43 0.46
SAFA (g/day) 210 33.96 0.96 243 25 78 0.61
SAFA (%Ener0y) 210 12.39 0.21 243 12,46 0.21
MUFA (g/day) 210 35.52 1.02 243 28,67 0.82
MUFA (%Energy) 210 13,20 0.32 243 13,84 0,33
PUFA (g/day) 210 15.85 0.54 243 11.50 0,37
PUFA (“/©Energy) 210 5,85 0.16 243 5.48 0,13
n-3 (g/day) 138 1,71 0.12 176 1.33 0,07
n-6 (g/day) 138 10.45 0.53 176 8.56 0.42
C8 (g/day) 79 0.25 0.02 97 0.19 0,01
C10 (g/day) 108 0.59 0.04 129 0.48 0.03
C 12 (g/day) 118 1.19 0.09 165 1,05 0,07
C14 (g/day) 148 2.85 0.14 212 2,31 0,11
C16 (g/day) 148 16.21 0.54 212 12,56 0,36
C16:1 (g/day) 148 1.51 0.06 212 1,21 0,05
C18 (g/day) 148 7,61 0.31 212 5,76 0,25
C18:1 (g/day) 148 29,47 1,24 212 23,96 0.91
C18:2:6 (g/day) 190 11,62 0.49 229 8.50 0.35
C18:3:3 (g/day) 190 1,31 0.07 229 1.04 0.04
C20;4:6 (g/day) 108 0,14 0.01 129 0.10 0.01
C20:5:3 (g/day) 180 0,15 0.02 193 0.13 0.01
C22:6:3 (g/day) 180 0.22 0.03 193 0.21 0.02
Trans fatty acids (g/day) 114 2.72 0.21 90 2.17 0.18
CHO (g/day) 210 263.30 5 93 243 209.27 4 44
CHO (%Energy) 210 42.74 0.52 243 44.27 0.48
Starch (g/day) 128 164,74 4.87 117 117.13 4,29
Total Sugars (g/day) 131 109.55 4.66 129 95.79 4.09
Protein (g/day) 210 103.54 2,26 243 80.11 1.33
Protein (%Energy) 210 17.53 0,28 243 17.87 0.24
Ateohol (g/day) 210 14,39 1,26 243 3.87 0.43
Ateohol (%Energy) 210 3,97 0,34 243 1.46 0.16
Fibre (g) 203 20,75 0.60 240 18.40 0.49
Vitam in E  (mg/day) 210 11.04 0.42 243 9.50 0.29

* p  va lu e  < 0 .0 5  in d e p e n d e n t sam p les  t  te s t 
SEM : s ta n d a rd  e rro r o f the  m ean
n o t all IV G T T  da ta  m o d e lle d  s u c e s s fu lly . the re fo re  d iffe re n t n n u m b e rs  
BMI (k g /m 2 ), B ody  M ass Index; BP , b lo o d  p re ssu re

S|, In su lin  se n s itiv ity : S g . g lu co se  e ffe c tive n e ss ; A IR g , a cu te  In su lin  re sp o n se  to  g lu co se ; D l. d isp o s itio n  index ; GO, d is tr ib u te d  g lu c o s e  a t tim e  Omin 

SPA. s a tu ra te d  fa tty  a d d s ; M U FA. m o n o u n sa tu ra te d  fa tty  a d d s ; PU P A , p o ly u n s a tu ra te d  fa tty  a d d s ; C H O , C a rb o h yd ra te
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T a b le  5.3 ; Base line  charac te ris tics  o f vo lun tee rs in three d iffe ren t age  ca tegories that p artic ipa ted  in L IPG ENE pre -in te rven tion  c lin ica l inves tiga tion  day n=486

35-49y 50-64y e5-70y

A n th ropom etrv n Mean SEM n Mean SEM n Mean SEM
Heigl^t(m) 130 1.71 a 0.01 290 1.67 b 0.01 65 1.68 b 0.01
BodyW eight(kg) 130 98.33 a 1.30 290 90.06 b 0,78 65 85 29 c 1.60

B M I(k o /m ') 130 33.41 a 0.35 290 32.35 b 0,25 65 30.35 c 0.49
W aist circumferencetcm) 130 108.29 a 0.97 290 105.98 ab 0,65 65 103.83 b 1.21
Hip circumferefx:e (cm) 130 114.72 a 0.87 290 112.93 a 0.60 65 109.06 b 0.99
D iastolic BP(mmHg) 130 86.06 1.01 289 86.26 0.57 65 86.05 1.01
S ysto lic BP(mmHg) 130 134.25 a 1,32 289 138.74 b 0.91 65 145.68 c 1.92
B ody Fat (%) 125 34.98 0.72 276 37,13 0.53 63 37.16 1.12
B ody Fat(kg) 125 34.26 0.82 276 33.26 0,57 63 31.35 1.02
Lean Body M ass(% ) 125 65.09 a 0.74 276 60.58 b 0.59 63 60.65 b 1.22
Lean Mass Body(kg) 125 63.94 a 1.17 276 54.48 b 0,78 63 51.71 b 1.60
Body W ater(% ) 111 47.18 a 0.55 234 43 68 b 0,47 53 43.58 b 0.91
Body W ater (L) 99 47.18 a 1.00 230 39.17 b 0,63 51 36.42 b 1.14
Impedance(KHz) 97 494.39 a 6.99 199 530.02 b 6.73 43 537.85 b 18.48

3 5 ^ 9 y 50-S4y 65-70y
fVGTT Param eters n Mean SEM Mean SEM Mean SEM
S i(m U /L )'m in -1 118 2.59 0.13 257 2.97 0.12 57 2.84 0.21

Somin-1 118 0.016 0.001 259 0.016 0,000 57 0.015 0.001

AIRg mUL'^ m in'’ 118 513.26 a 43.33 259 296.31 b 15,33 57 318.23 b 33.57
Dl 118 1130.42 a 74.22 259 778.11 b 41.01 57 822.26 b 83.41
GO mg/dl 118 295.62 4.27 259 300.82 2.36 57 292.48 4.70
P2 min ’ 118 0.046 a 0.002 259 0.043 b 0.002 57 0.043 ab 0.005

P 3 (m U /L )m in ' 118 0.0000125 0.0000010 259 0.0000130 0.0000007 57 0,0000123 0,0000015
Fasting Glucose (mmol/L) 127 5.68 a 0.07 284 6.07 b 0,05 64 5.99 b 0.10
Fasting lnsulin(ulU/ml) 127 11.34 a 0.50 284 10,04 a 0,33 64 7,94 b 0.54
HO M A-IR 129 2.82 a 0.14 287 2.72 a 0,10 64 2,14 b 0.16
QUICKI 127 0.58 a 0.01 284 0.60 a 0.03 64 0,64 b 0.01
Revised QUICKI 127 0.22 a 0.001 283 0.23 a 0,001 64 0,23 b 0.002
C-Peptide ng/ml 127 2.63 0.07 281 2.66 0.05 64 2,56 0.12
Insulin to C-peptide Ratio 127 4.30 a 0.15 281 3.75 b 0,09 64 3,03 c 0.12

35-49y 50-64y 65-70y
U p ids and U p opro te ins n Mean SEM Mean SEM n Mean SEM
TAG  (m m ot^) 130 1.90 0.09 289 1.77 0,05 65 1.73 0.10
Cholesterol (mmol/L) 130 5.12 a 0.08 289 5.47 b 0,06 65 5.22 ab 0.11
NEFA (m m ol/t) 130 610.63 20.60 289 614 23 13.42 65 638,68 29.33
TRL TAG (mmol1_) 129 0.97 0.06 282 0.84 0.03 65 0,85 0.07
TRL Cholesterol (mmol/L) 129 0.42 0.03 282 0.37 0.02 65 0,44 0.05
LDL Cholesterol (mmol/L) 129 3.14 0.09 286 3.35 0.06 64 3,13 0.13
HDL (mmol/L) 130 1.03 a 0.02 289 1.13 b 0.02 65 1.12 ab 0.04
Apo A1 (g/L) 128 1.34 a 0.02 282 1.42 b 0,02 65 1.38 ab 0.03
Apo B  (g/L) 128 0.98 a 0.02 282 1.04 b 0,01 65 0.99 ab 0,02
Apo CM (mg/L) 127 44.78 1.59 282 46.19 1,05 65 44.59 2.17
Apo CHI (mg/L) 127 154.21 4.57 282 158.87 3.07 65 161.45 6.45
Apo E (mg/L) 128 41.25 1.51 280 40.76 0,74 65 45.69 3.33
Apo B48 (mg/L) 100 0.79 0.09 224 0.80 0.06 50 0.74 0.09
TRL ApoB (mfl/L) 128 51.22 3.84 269 49.15 2.84 64 53.87 5.39

35-49y 50-64y 65-70V
P lasm a Fatty A c ids (w/w*/*) Mean SEM n Mean SEM n Mean SEM
C14:0 126 2.08 a 0.09 285 1.83 b 0.06 64 1.90 ab 0.12
C16:0 126 27.07 0.47 285 26.28 0.28 64 26,21 0.52
C16:1 126 1.39 0.09 285 1.37 0.06 64 1.49 0.14
C 1 8 0 126 4.23 0.21 285 4.23 0.11 64 3.73 0 26
C18;1 126 26.45 0.37 285 26.19 0.25 64 27.27 0.62
C18:2:6 126 26.69 0 48 285 27.83 0.32 64 27 33 0.62
C20:4:6 126 7.07 0.25 285 6.92 0.13 64 6.32 0.26
C20:5:3 126 0.81 a 0.08 285 0.98 a 0.05 64 1.22 b 0.14
C22:6:3 126 2.03 0.11 285 2.24 0.07 64 2.31 0.14
SFA 126 33.38 0.64 285 32.33 0.36 64 31.84 0.71
MUFA 126 28.07 0,41 285 27.77 0.27 64 29.02 0,67
PUFA 126 38.55 0.68 285 39.91 0.40 64 39,15 0.72
n-6 PUFA 126 34.86 0.60 285 35.87 0.37 64 34.64 0.66
n-3 PUFA 126 3.68 a 0.19 285 4.03 ab 0.12 64 4.50 b 0.25

35-49V 50-64y 65-70V
D ie ta ry M easures n Mean SEM n Mean SEM n Mean SEM
Basal Metabolic Rate (M J/day) 118 7.93 a 0.11 268 7.01 b 0,06 65 6.67 b 0.12
Total Energy (MJ) 119 9.82 a 0.27 269 8.46 b 0,15 65 8.40 b 0.25
Total fa t (g/day) 119 94.56 a 3.37 269 83.15 b 1,76 65 79.01 b 3.23
Total fa t (%Energy) 119 35.80 0.68 269 36.56 0,45 65 34.85 0.88
SAFA (g/day) 119 32.75 a 1.38 269 28.75 b 0,71 65 27 17 b 1.15
SAFA (%Energy) 119 12.26 0.29 269 12.60 0,20 65 12.06 0.38
M UFA (g/day) 119 34.33 a 1.42 269 31.45 ab 0,85 65 28.94 b 1.44
M UFA (%Energy) 119 13.04 0.41 269 13.93 0.32 65 12.86 0.52
PUFA (g/day) 119 14.87 0,76 269 12.95 0.40 65 13.35 0.87
PUFA (%Energy) 119 5.58 0.21 269 5.63 0.13 65 5.89 0,32
n-3 (g/day) 95 1.44 0.13 186 1.52 0,08 33 1.53 0,20
n-6 (g/day) 95 9.61 0.72 186 9.27 0,40 33 9.44 0.94
C8 (g/day) 66 0.22 0.02 93 0.22 0,02 17 0.15 0.02
C IO  (g/day) 81 0.54 0.05 133 0.53 0,03 23 0.47 0.07
C 12 (g/day) 86 1.04 0.10 157 1.12 0.07 40 1.21 0.12
C14 (g/day) 100 2.80 0.21 210 2.44 0.10 50 2.41 0.15
C16 (g/day) 100 14.93 0.74 210 13.78 0.39 50 13.54 0.68
C16;1 (g/day) 100 1.41 0.09 210 1.29 0.04 50 1.35 0.09
C18 (g/day) 100 7.60 0,55 210 6.16 0.20 50 5.88 0.33
C18:1 (g/day) 100 25.51 1,51 210 26.74 0.99 50 25.54 1.73
C18:2;6 (g/day) 109 10.07 0,66 248 9.75 0.37 62 10.32 0.79
C 18:3:3 (g/day) 109 1.18 0.10 248 1.15 0.05 62 1 20 0.09
C20:4:6 (g/day) 81 0.12 0,01 133 0.12 0.01 23 0.14 0.02
C20:5:3 (g/day) 104 0.11 0,02 224 0.14 0.01 45 0.17 0.04
C22:6:3 (g/day) 104 0.18 0,03 224 0.23 0.02 45 0.23 0.04
Trans fatty acids (g/day) 65 2.48 0,23 110 2.64 0.21 29 1.86 0.24
C HO (g/day) 119 264.88 a 8,57 269 221.58 b 4.64 65 231,08 b 8,36
C HO (%Energy) 119 43,75 ab 0,73 269 42.96 a 0.45 65 45.72 b 0,90
Starch (g/day) 78 153.43 7,40 138 135,79 4.36 29 140.84 9,32
Total Sugars (g/day) 73 109.65 6,80 141 98,36 4.01 46 105.12 6,67
Protein (g/day) 119 100.79 a 3.12 269 88.07 b 1.69 65 84.99 b 2,76
Protein (%Energy) 119 17.56 0.37 269 17.88 0.24 65 17.27 0.42
Alcohol (g/day) 119 9.94 1.59 269 8.71 0.84 65 6.68 1.16
Ateohol (%Energy) 119 2.82 0.44 269 2.66 0.24 65 2.09 0.35
Fibre (g) 116 18.42 0.82 262 19.96 0.50 65 19.44 0.83
Vitam in E (mp/day) 119 9.82 0.48 269 10.41 0 33 65 10.09 0.62

d e n o te s  s ig n ific a n c e  a c ross  a ge  ca te g o rie s  (w h e n  tw o  s u p e rs c r ip ts  co n ta in  th e  sa m e  le t te r  th e re  is  n o  s ig n if ic a n t d iffe re n ce

be tw een  tw o  o f  th e  th re e  a g e  ca te g o rie s ) p < 0 .0 5 . O n e  W a y  A N O V A , p < 0 .0 1 7  w h e n  bo n fe rro n i co rre c tio n  a p p lie d  
SEM : s ta n d a rd  e rro r o f th e  m ean

n o t a ll IV G TT d a ta  m o d e lle d  s u c e s s fu ily . th e re fo re  d iffe re n t n nu m b e rs  
BM I (kg /m 2 ). B o d y  M ass Index; BP , b lo o d  p re ssu re

S|, in s u lin  sen s itiv ity ; S q. g lu c o s e  e ffe c tive n e ss ; A IR g , a c u te  in s u lin  re sp o n se  to  g lu co se ; D l. d isp o s itio n  index ; GO, d is tr ib u te d  g lu c o s e  a t tim e  Omin

S F A , s a tu ra te d  fa tty  a d d s , M U FA , m o n o u n s a tu ra te d  fa tty  a d d s ; P tJFA , p o lyu n s a tu ra te d  fa tty  a d d s
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Table 5.4: Baseline characteristics of volunteers across three BMI categories that participated in LIPGENE pre-intervention clinical investigation day n=486

20-24Ko/m ’ 25-29Kg/m2 >30Kg/m 2
Antt^ropom etrv Mean SEM n Mean SEM n Mean SEM
Aoe (y) 13 62,06 a 1.92 135 56.68 a 0,76 337 53,43 b 0.48
Height(m) 13 1.67 ab 0,02 135 1.70 a 0,01 337 1,68 b 0.01
BodyWeighl(kQ) 13 65.64 a 1.94 135 81,03 b 0,83 337 96,88 c 0.68
B M I(k g W ) 13 23.50 a 0,30 135 27,90 b 0,11 337 34.49 c 0.16
W aisl circumference(cm) 13 94.96 a 6,73 135 97,85 b 0,60 337 110,14 c 0.50
Hip circumference (cm) 13 97.19 a 1.44 135 104,78 b 0,63 337 116,75 c 0,46
Diastolic BP(mmHg) 13 78.88 a 1.54 135 85,22 ab 0,77 336 86,85 b 0,57
Systolic BP(m m H 3 ) 13 131.77 4,31 135 137.85 1,35 336 138,97 0,86
Body Fal (%) 13 31,78 a 2,40 128 33,66 a 0,85 323 37,89 b 0,44
Body Fa{(kg) 13 20,84 a 1,58 128 26,78 b 0,62 323 36.35 c 0,46
Lean Body M ass(% ) 13 68 24 a 2,39 128 64,40 a 0,87 323 60,52 b 0,51
Lean M ass Body(kg) 13 44.95 a 2,27 128 52,20 a 1,04 323 58.88 b 0,78
Body W ater(% ) 10 50.49 a 2.04 106 46,52 a 0,69 282 43,73 b 0,40
Body W ater (L) 11 33.58 a 1,97 104 37,72 a 0,83 265 42.43 b 0,65
Impedance(KHz) 566,54 ab 27.31 98 568,22 a 11,52 232 499.03 b 4,90

20-24Kg/m^ 25-29Kg/m2 >30Kg/m 2
IVGTT Param eters n Mean SEM n Mean SEM n Mean SEM
S| (mU/L)'’ min-1 10 4,94 1,18 120 3,14 0,15 302 2.66 0,09

Somin-1 10 0.02 0,0018 121 0,02 0,0006 303 0.02 0,0004

AIRg mUL’ ’ m in'’ 10 148.21 a 28.61 121 299,09 a 22,76 303 388,70 b 21,01
Dl 10 818.64 287,63 121 879.85 65,96 303 881.66 40,52

GO mg/dl 10 281.56 ab 9,71 121 288.14 a 3,08 303 302,92 b 2,41

P2 min"’ 10 0.0424 0.0041 121 0.0488 0,0032 303 0,0417 0,0016
P3 (mU/L) min‘^ 10 0.000020 a 0,000005 121 0.000015 a 0.000001 303 0,000012 b 0,000001
Fasting Glucose (mmoi/L) 12 5.82 0.24 133 5.91 0,07 330 5.98 0,05
Fasting lnsulin(ulU/ml) 12 5,22 a 0.88 133 7.51 b 0,27 330 11,33 c 0,32
HOMA-IR 12 1,38 ab 0.26 135 1.95 a 0,08 332 3,02 b 0.09
QUICKI 12 0,73 a 0.04 133 0,64 b 0,01 330 0,58 c 0,02
Revised QUICKI 12 0,24 a 0.004 133 0,23 b 0,001 329 0.22 c 0.001
C-Peptide ng/ml 12 1.82 a 0.22 132 2,33 a 0,06 328 2,79 b 0,05
Insulin to C-peptide Ratio 12 2,77 a 0.18 132 3,26 a 0,09 328 4,06 b 0,09

2O-24K0/m’ 25.29Kfl/m 2 >30Kg/m 2
L ip ids and L ipopro te ins Mean SEM n Mean SEM n Mean SEM
TAG (mmol/L) 13 1,79 0.19 135 1 83 0.09 335 1,78 0.05
Cholesterol (mmol/L) 13 5,24 ab 0 24 135 5,51 a 0.08 335 5,28 b 0,05
NEFA (mmol/L) 13 545,37 30.59 135 618.59 20.35 335 618,38 12.69
TRL TAG (mmol/L) 12 0,86 0.14 132 0,89 0,06 331 0.88 0.03
TRL Cholesterol (mmol/L) 12 0,45 0.07 132 0,44 0,03 331 0.37 0.02
LDL Cholesterol (mmol/L) 12 3,03 0,30 135 3,41 0,09 331 3,21 0.06
HDL (mmol/L) 13 1,17 0,07 135 1,11 0,02 335 1.09 0.02
Apo A1 (o - l) 13 1,37 0,07 132 1.36 0.02 329 1.41 0.01
Apo B (fl/L) 13 0.96 0,07 132 1.04 0.02 329 1,01 0.01
Apo C ll (mg/L) 13 43.49 3,54 132 47.95 1.57 328 44.71 0,97
Apo cm  (mg/L) 13 149,10 12.54 132 163 64 4.70 328 156,03 2.81
Apo E (mg/L) 13 43,98 5.27 132 41.14 1.38 327 41,65 0.92
Apo B48 (mg/L) 12 0,92 0.23 105 0.71 0.07 256 0,81 0.05
TRL ApoB (mfl/L) 12 58,63 10,78 129 59.17 4.90 319 46,31 2,24

20-24Ko/m* 25-29Kg/m2 >30Kg/m 2
Plasm a Fatty A c ids (w/wV») Mean SEM n Mean SEM n Mean SEM
C14:0 13 1,84 0,28 131 1.99 0.08 330 1 87 0,05
C16:0 13 24.99 0.90 131 26.86 0.42 330 26,39 0,27
C16:1 13 1 88 0.29 131 1,41 0.09 330 1.37 0.05
C18:0 13 4,00 0.42 131 4 04 0.18 330 4.21 0,12
C18:1 13 27,14 0.64 131 25.83 0.37 330 26.61 0,24
C18:2:6 13 28 29 1 37 131 27 91 0 43 330 27 25 0 31
C20:4:6 13 6.52 0.43 131 6 54 0.22 330 7.02 0,13
C20:5:3 13 1 17 0.29 131 1.06 0 09 330 0,92 0,05
C22:6:3 13 2.07 0.41 131 2,22 0,12 330 2.18 0.06
SFA 13 30.54 1.23 131 32,89 0,55 330 32.48 0,35
MUFA 13 29.15 0.85 131 27,45 0,41 330 28.20 0,26
PUFA 13 40.01 1.24 131 39,65 0,60 330 39.33 0,38
n-6 PUFA 13 36.00 1.28 131 35,49 0.54 330 35.39 0.35
n-3 PUFA 13 4,01 0,75 131 4 16 0.20 330 3.93 0 10

20-24Kg/m^ 25-29Kg/m2 >30KB/m2
D ietary M easures n Mean SEM n Mean SEM n Mean SEM
Basal Metabolic R ale (MJ/day) 13 5,64 a 0,17 128 6,78 b 0.08 310 7.44 c 0.06
Total Energy (MJ) 13 7,88 0,52 128 8.91 0.22 312 8.81 0.15
Total fa t (g/day) 13 69,81 5,86 128 82.65 2.63 312 87.40 1.81
Total fa t (% Enerfly) 13 33,14 ab 1,73 128 34,62 a 0.68 312 36,85 b 0 41
SAFA (g/day) 13 25,84 2,19 128 30,45 1.12 312 29,37 0,71
SAFA (%Energy) 13 12,48 0,98 128 12,73 0.32 312 12,31 0,17
MUFA (g/day) 13 23,47 a 2,18 128 28.31 a 1,05 312 33,65 b 0,84
MUFA (%Energy) 13 11,17 ab 0.81 128 11,96 a 0.36 312 14,29 b 0,29
PUFA (g/day) 13 11,61 1,92 128 13,51 0.66 312 13,60 0,40
PUFA (%Energy) 13 5,34 0,60 128 5,62 0.23 312 5,68 0,12
n-3 (g/day) 6 1,16 0.44 80 1.54 0.13 228 1 49 0,08
n-6 (g/day) 6 7,24 1.96 80 9,61 0.72 228 9.37 0,39
C8 (g/day) 5 0,22 0,05 47 0,22 0.02 124 0.22 0,02
C10 (g/day) 6 0,46 0.08 71 0.55 0.04 160 0.52 0,03
C12 (g/day) 10 1,17 0.39 91 1.16 0.09 182 1.08 0.07
C14 (g/day) 10 2,32 0.31 100 2.68 0.15 250 2.48 0,11
C16 (g/day) 10 11,22 1.34 100 14.00 0,61 250 14,20 0,39
C16;1 (g/day) 10 0,92 ab 0.16 100 1.19 a 0,06 250 1,41 b 0.05
C18 (g/day) 10 5.03 0.45 100 6.57 0.34 250 6,56 0.25
C18:1 (g/day) 10 18.24 ab 2.69 100 22.93 a 1,16 250 27,87 b 0.96
C18:2:6 (g/day) 12 8.67 1.87 123 10.41 0,61 284 9,75 0.35
C18:3:3 (g/day) 12 1.10 0.22 123 1.26 0,07 284 1,12 0.05
C20:4:6 (g/day) 6 0.07 0.03 71 0.13 0,01 160 0,12 0.01
C20;5:3 (g/day) 8 0,06 0.03 103 0.12 0,02 262 0.15 0.02
C22;6:3 (g/day) 8 0.10 0,04 103 0.19 0,03 262 0.23 0.02
Trans fatty acids (g/day) 7 1,66 0,60 66 2.46 0,25 131 2.53 0,18
CHO (g/day) 13 217,92 16,16 128 242,09 7,55 312 231,81 4,60
CHO (%Energy) 13 46 11 1,79 128 44,71 0,71 312 42.99 0,42
Starch (g/day) 8 117,91 14,09 75 139,33 6,44 162 144.43 4,49
Total Sugars (g/day) 12 91,07 9,20 91 108,43 5,06 157 100.30 4,20
Protein (g/day) 13 84,53 8.21 128 91,65 2.66 312 90,96 1.65
Protein (%Energy) 13 18.45 1.58 128 17,60 0.36 312 17,72 0,21
Alcohol (g/day) 13 6 81 ab 3.32 128 10,76 a 1.42 312 7.99 b 0.77
Alcohol (%Energy) 13 2.19 0,98 128 3,08 0.37 312 2,45 0.23
Fibre (g) 12 19.77 2.12 123 19,69 0,74 308 19.38 0,47
Vitamin E  (mfl/day) 13 10.41 1.52 128 9,94 0.47 312 10.32 0,30

d e n o te s  s ig n ific a n c e  a cro ss  BMI ca te p o rie s  (w h e n  tw o  s u p e rs c r ip ts  con ta in  th e  sa m e  le t te r  th e re  is n o  s ig n ific a n t d iffe re n ce
be tw e e n  tw o  o f th e  th re e  BM I ca te g o rie s ) p< 0 .05 , O n e  W a y  A N O V A , p«=0.017 w h e n  b o n e rro n i co rre c tio n  a p p lie d  

SEM : s ta n d a rd  e rro r o f th e  m ean
not a il IV G TT d a ta  m o d e lle d  su c e s s fu lly , th e re fo re  d iffe re n t n n u m b e rs  
BMI (kg /m 2 ), B ody  M ass Index: BP , b lood  p re ssu re

S|, in s u lin  se ns itiv ity ; S q. g lu c o s e  e ffec tiveness ; A IR g, a cu te  in s u lin  resp o n se  to  g lu co se ; D l, d isp o s itio n  index; GO, d is tr ib u te d  g lu c o s e  a t tim e  Omin 

S FA . s a tu ra te d  fa tty  a d d s ; M U FA . m o n o u n sa tu ra te d  fa tty  a d d s ; PUPA, p o ly u n s a tu ra te d  fa tty  a d d s ; C H O . C a rb o h yd ra te
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T a b le  5.5: Baseline characteristics o f volunteers across the 8 parlicipating centres
TCO UoR IJO INSrRU UM HUftSJJCO JUMC UU

AnIhroBomilrv n Mean SEM Mean ^EM Mean SfM Mean SEM SEM n Man SEM Mean SEM Mean SEM
i.ti 49 56 >4 1 27 62 6513 bed I 20 53 91 aOd » 17 41 52 29 aed 56 67 38 bc 77 56 36 bd 088 73 £2 08 d 0 76 51 6012 c 100

H«igN(m) » 1 66 » 001 62 1 71 ae 001 64 1 74 b 001 41 1 68 ad OCC 59 1 73 bd 001 77 1 61 c 001 72 1 67 a 001 51 1 67 a 001
8o<JyWsigh((kg] se 9337 a 201 62 91 SO ae 1 75 64 94 14 a 1 74 41 »  73 aC 252 56 94 49 a 1 78 77 W S  ae 1 39 72 94 79 a 1 «7 51 94 07 B 1 88
e u  n.a/mh w 3318 ac 057 62 3146 ae 049 64 3118 ab 039 41 30 78 ab 076 58 31 60 ab 061 77 34S C 040 72 34 S  c 038 51 2995 b 051
WsBl circumfsr«nc«(cn h6 10710 a 1 54 S 10662 a 1 76 $1 1>:«01 a 1 10 41 10340 ab 1 77 58 1’»37 a 1 14 77 1 06 33 a 1 00 72 10756 a 1 36 51 9934 b 143
Hip crcurnl»r«nct (cm) i6 11419 ac 1 64 « 114 S  a 088 64 l'» S 7 b 076 107 06 b 1 56 58 1>3864 b 1 36 77 116 98 K 097 72 119S c 1 « 51 1C620 b 1 06
Diastole 8P(nvnHg) 66 6525 a 1 12 62 9i26  a 129 64 W91 a 1 08 41 7951 b 1 40 58 9549 a 123 77 85 64 a 1 11 72 89 98 a 1 50 51 0*07 b 0S6
Syetokc SP(mmHg) se 13815 ae 1 99 62 138 33 a 1 92 64 136 52 ae 1 97 41 128 71 e 256 58 138 60 ab 211 77 13888 a 1 78 72 144 46 a 1 85 51 137 44 ab 223
Bod/Fal(%) S7 38 64 ac 1 24 •S 36 72 ae 1 01 64 36C6 ab 096 39 34X ab 1 42 4S 31 !6  b 125 74 3537 ae 067 69 37 40 a 1 51 42 87 c icn

57 35 93 a 1 3 2 2 3  ae 103 64 3312 ab 085 38 3021 ae 1 71 48 29 94 b 74 S  46 ae 1 11 3SX a 121 51 35 76 a 096
Lian Boi^ Mns(%> 67 61 44 ad 1 24 •S 64S  ae 1® 64 6329 ae 095 38 6661 ae 1 39 68 45 b 125 74 54 87 c 120 68 S S  a 1 « 51 6717 Cd 101
L«an Mass Bo<V<l(g} 57 5744 ac 1 78 S 5841 a 1 52 94 5857 a 163 38 56 11 1 73 64 64 a 1 67 74 6iD 64 be 1 85 69 £607 a 1 63 51 48 31 B 1 S

56 4519 ac 079 62 47 09 a 075 64 46 60 a 070 30 47 28 ac 121 not measured 74 3868 b 091 61 45 72 ac 088 51 42 K  be 072
Bo^WaiarO.) 31 41 67 ae 1 81 S 42 76 a St 43 84 a 122 38 41 91 ae 1 27 74 36 57 b 1 37 60 43 97 a 1 29 51 36 38 b 1 19

{>̂ 50723 , 10 05 S 56719 bed 6 71 64 581 04 6 14 28 4«i<5 a 442 9* e 1169 74 S'XIMa 734 AM rtn) m^auirM
TCO U«ft uo M s rm i uw HURS-UCO JUMC UU

IVCTT P w M alir* Mian SCM »*an S£M Ml*n SEM Mean S£M M«n SEM n Man SEM Man SEM Man SEM
S,(mC«.)'nw>.1 » 324 027 61 294 020 54 260 026 31 283 031 57 242 021 67 2 58 019 63 293 019 47 315 030
SrtOKtVl S3 0 <S ae 0C»09 61 OCC ae 00007 55 OCC a 0CO14 31 001 ae 00012 57 001 e 00006 67 001 b 0(X>X 63 001 ab 0 0006 47 O S ab 00007

m o f' rmn-’ S3 426 «8 81 10 51 39319 4064 66 326 97 37 39 31 372 W 51 65 57 464 20 4385 67 297 9D 2980 €3 311 71 3  46 47 2S39 3389
Dl S3 10»306 a 105 70 61 96967 ae 92 98 55 »S4 »3 ac 1')4 43 31 9136C ae 128 09 57 974 s  ac 10695 67 64590 ab 64 60 63 KO15 ab OD87 47 785 64 ab 10143
OOm yd' S3 3)4 13 ac 641 61 296 S4 aec 452 55 SO 28 a 766 31 27361 e 607 57 295 1 9 K 367 67 300 97 ac 454 63 293 95 abc 393 47 > 3  68 ae 4 S
P2m*»-' S3 004 0003 61 004 0003 55 005 0004 31 004 0003 57 004 0003 67 0 06 0006 63 O'X 0003 47 005 ooo«
P3<murt.>mm'* S3 0000015 a OOOOXB 61 0000012 ae 0000001 55 00X1015 ae ooooocc 31 0(»>011 ab 00C»»I 57 0000009 b 00X001 67 0 000012 ab OCJXWOI 63 0000014 ab OOOOOJ1 47 0000014 ab 000003
Fasiina Ghjcoss fnmoV Sd 5 95 ac 012 62 5 76 ac 008 64 612 ab 011 35 567 C 015 56 597 ac 008 77 6 37 b 012 68 5 83 ac 008 61 595 abc 010
Fasimg hsukn(uU/ml} 58 961 ae OS 1122 a 077 $4 1051 a 067 35 968 ae 068 58 10 34 a 078 77 1 0 78 a 061 68 1143 a 063 51 6 76 b 049
HOMXR 2 47 ae 021 S 294 a 022 64 293 ae 022 35 2 14 ae 016 56 2 72 a 021 77 3 07 a 019 73 2 78 a 019 51 1 S2 b 016
OUCKI 58 054 aec 006 S 059 ac 001 64 068 K 001 35 OS ae OS 58 0 58 ac 001 77 0 67 ac 001 65 0 57 c 001 51 078 b 012
R«\«8dQUCKI Sd 023 aec 005* 62 023 aec 0002 64 022 ae oocc 35 023 K OOS 58 023 aec OOS 77 022 b OOS 67 022 ab 0001 51 023 c 0003
C-P«Hid» n^ml 56 2 40 acd O il 61 281 ae 010 64 322 b 012 34 219 Cd 013 56 2 94 ae O il 76 2 61 acd O il 68 2 73 ac 006 61 212 d 010

5^ 36* (K 024 61 385 acd 017 ?4 316 0 011 34 3 9R aCc 020 35* ICl 016 76 4 52 ac 0 24 68 4 14 C 015 ?1 321 M 017
TCO U»l* UO INSVKM UW HURS-UCO JUWC UU

Mian SCM Man SFM Mian 5€M Mean S€M Ml*n SEM n MHn SFM Mean SEM Mian SEM
TAG(mmol/l) 56 166 ae 010 S 215 a 016 64 1 77 ae 010 40 1 71 ae 015 56 1 91 ae 015 77 1 68 ab 008 72 1 91 ab 008 61 1 56 b 008
ChoMsirol (mntoM.) 58 507 a 012 S 647 aec 012 64 6«3 be O il 4-3 507 ae 014 58 503 a 010 77 5 41 aec 012 72 5 64 c 010 61 519 aec O il
NeFA(mmoH) 58 6^1 2 34 11 c 568 60 » 2 5 64 ^ 7  93 33 0 40 S3064 343 56 57946 29 S4 77 ^ 9 6 2300 72 56320 25S 51 61906 24 88
TRL TAG(mo>oW.) 58 000 aec 006 60 1 19 a 010 S3 096 ae 006 40 064 DC 007 56 098 a 010 76 0 56c 004 59 1 08 a 007 61 004 aCc 008
TRL Chotwsrol (mmoV 58 034 ac 003 60 061 b 006 S3 041 aec 004 40 033 acd 004 58 044 abc 004 76 024 d OS S8 038 a 003 51 042 ac 006
LDL ChJtWtrM (nvnoV se 2 79 a 015 61 330 ac 012 S3 351 Oc 012 38 342 ae 012 58 288 a o i l 77 327 ae 014 72 3 76 b 011 51 310 ac 012
MOl (mmoifl.) se 116 ac 004 62 103 ae 004 64 111 ac 003 40 1 <B ac 004 58 096 b 003 77 1 06 aec 003 72 121 c 004 51 122 c 00*
apoA1 (91) 66 140 ac 003 61 1 37 a 003 S3 1 32 a OCC 38 127 a 003 58 129 a o s 76 1 50 be 003 71 1 56 0 004 51 1 33 a 003
AceBOL) 66 093 a 003 61 107 e 003 S3 106 e 003 38 1 01 ae 003 59 1 00 ab 003 76 1 S  ae 003 71 1 oe C 003 51 097 ab 003
»CoCI(m9l) 66 4018 a 2C9 61 49 64 ac 259 S 46 93 ae 221 38 44 32 ao 236 58 4601 ac 234 76 43 67 ae 1 OS 71 5042 e 216 51 4166 ab 2 45
«CoCI(m9l) 66 151 72 aec 628 61 1K95 a 761 s 16057 aec 538 38 14397 oc 694 58 15111 bc 756 76 1 38 73c 536 71 164 03 ae 533 51 171 05 ae 601
PfO E (m jjl) 66 37 56 a 1 73 61 41 69 ae 1 96 s 4094 a 234 38 41 56 ab 2 » 58 37 61 a 1«5 76 4727 B 228 70 4379 ab 1 95 51 3873 a 243
<poB46(mQA.) 60 057 OOS 47 089 015 47 066 oce 32 063 010 0 67 010 68 079 O il 47 120 017 39 085 016
TRlA096(mflH f6 25 72 a 1 76 96':» e 893 53 56 93 c# 581 ?? fit 70 ce 6312 ce 593 74 17 80 d 127 70 5649 c 379 47 40 03 ce 335

TCO UoK UO MSCMe Ul* HURS4JCO JUMC UU
n w M i FMtvAcMlw^ Mean SEM Mean SEM Man SEM Mean SfM Man SFM n Me«i SFM Mean SFM Man SFM
c u o 66 221 ac 013 60 2 70 a 016 64 1 96 be 009 41 1 83 be 008 58 211 ce 012 74 1 19 d 007 72 1 90 ce 013 50 1 56 be 006
C160 66 20 29 a 073 60 28 77 ae 094 64 26 56 be 038 41 24 40 cd 037 59 3050 a 061 74 24 46 Cd 050 72 23 68 d 023 50 24 66 cd 039
c ie i 66 1 68 ac 013 60 220 a 021 64 123 be O il 41 ISO ab 014 59 0 97 de 010 74 0 73 d 006 72 126 be 007 50 1 98 a 006
C190 66 4 53 ae 045 60 4 46 ae 039 64 384 ae 018 41 401 ae 008 56 4 56 ae 038 74 3 50 a 015 72 469 b 007 50 3»D ab 008
C1B1 66 24 38 a 042 60 26 65 0 040 64 23 58 a 0 46 41 27 48 bc 0S7 58 2326 a 051 74 2904 c 049 72 2742 be 044 50 29 39 c 046
01626 66 26 91 ae 070 60 26 34 a 063 64 29 63 b 070 28 56 ae 084 58 27 75 ae OS 74 2 9 63 be 06S 72 2 6 3  ac 050 50 26 64 ab 057
C204 9 66 6 60 ac 045 60 540 e 029 64 649 ab 022 41 794 cd 0 3 58 633 ae 036 74 7 66 Cd 018 72 831 d 023 50 5 78 ab 017
C20 5 3 66 064 a oce 60 068 a oce 64 1 72 e 015 41 066 a 006 58 067 ac 009 74 0 47 c 006 72 1 X  b 010 50 1 69 b 013
C22S3 66 1 70 ac 016 60 1 16 a oce 64 311 0 016 41 1 60 C 010 56 1 60 c 012 74 2 69 b 008 n 2 S  B 013 50 2 51 b 013
SFA 66 3S03 ac 111 60 36 93 ac 1 14 64 32 35 ac 040 41 300* bd 041 58 3717 c 096 74 2914 d 045 72 X 0 8  Bd 031 50 3006 bd 039
UJFA 66 2631 a 050 60 29 20 be o s 64 24 93 a OS 41 2915 bc 07S 68 24 57 a 056 74 2999 be 049 72 28 79 B 045 60 3146 c 049
PiJFA 66 37 66 ac 1 10 60 34 87 a 089 64 42 72 6 0T7 41 4090 be 098 58 3826 ac 1 12 74 40 87 be 067 72 41 12 be 056 50 3849 be 066
o.6PUfA 66 >162 aec 097 60 31 K  ac 079 64 37 08 be 073 41 37 OS b 097 56 34 97 ace 099 74 3731 b 070 72 3600 bc 053 50 3353 c 060
ivTP'IfA 3'J» a 024 « 301 ac 017 5«3 fi 033 41 294 K 017 J8 329 ac 020 74 356 ? 014 7? 512 b 022 Vi 4 96 b 026

TCD UoK UO m m r m UM HURS-UCO JUMC
DI«tarvM*wur«» Mean SEM Man SFM l*an SEM Man SEM Man SEM n Man SEM Man SEM Man SEM
BaM hWaeok: R«« rv 56 735 a 017 58 731 a 015 61 736 a 016 40 713 a 018 58 756 a 012 77 7 03 a O il 56 736 a 016 634 e 014
Total Energy (MJ) 56 9 S  a 037 57 9 62 ac 039 61 900 ae 03S 779 e 027 59 915 aC 036 77 9 56 ae 021 56 786 b 033 46 615 be 034
Total fai {3/<3*y) 58 90 66 ae 493 57 8DS4 a 383 61 67 73 ac 454 40 7740 a 371 56 67 20 aC 4 S 77 98 76 6 2 89 56 79S a 369 46 71 S  a 351
Total fai (Energy) 56 3367 ac 103 57 31 62 a 091 «1 3565 cdi 077 40 3729 ce 1 06 56 3* 72 ac* 088 77 4 3 28 e 066 56 3757 e 081 46 3 4 2  ad 068
SfifA{al<3iy) 58 32 32 ae t 98 57 2836 ae 1 73 61 33 78 a 1 96 40 274S ae 1 58 59 3  18 ae 1 77 77 25 57 0 0S6 65 2 7 S  aC 1 41 46 28 96 ab 1 56
SAfA(%EiW7y) S8 12 00 ae 042 57 1099 a 044 61 1372 b 040 40 1329 0 061 56 12 78 bc 038 77 11 14 ac 0 24 £6 1326 0 044 46 13S  b 038
MJFA(0r<3»y) 58 31 43 ad 1 74 57 24 43 e 121 61 X 4 3  abd 1 67 40 24 42 ac 1 44 58 27 70 abd 1 S 77 48 64 c 1 40 56 32 2  d 1 67 46 26 63 abd 1 38
MJFA(^nargy) 58 1167 a 043 57 956 e 030 61 1240 a 035 40 11 98 a 058 58 1096 ae 035 77 21 45 c 041 56 1 5 «  d 043 46 12 01 a 033
PUFA(»fa*y) 58 15 35 ac 1 ce 57 11 96 ae 073 61 1656 cd 1 12 1028 b 094 56 1 7 «  c 1 0* 77 1051 C 039 55 1366 aCd 1 04 46 1096 ae 066
PUFAOiEwgy) 58 566 ac 026 57 473 a 025 61 668 be 028 490 a 036 56 717 b 031 77 4 63 a 011 66 6 39 bed 037 46 4 99 ad 020
n-3(a/«y) 58 073 ad 007 57 167 e 015 61 2 68 c 020 30 096 de 010 not measured 77 1 13 e 006 31 1 70 be 021 not measured
n-60<3*y) 56 605 ac 049 57 10 X) cd 067 61 1341 0 093 X> 747 cd 0(6 77 8 08 d 036 31 11 16 bd 1 51
C80(^<]>y) 58 020 a OCC 57 021 a oce not measured 30 0 3  b 003 not rrveasured not measured 31 017 a 001
C100(yiJ»y> 58 039 a 005 57 046 a 005 61 075 e 005 30 056 ac 006 not measured 31 042 a 004
C13 0{»f(3*y) 56 064 a 008 57 091 a 008 61 1600 013 30 069 a 007 not measued not measured 31 0 77 a 008 46 1 80 B 015
C14 0 (gTiby) 59 1 90 a 019 57 3 04 be 026 61 326 b 019 30 228 ac 022 77 1 87 a 020 31 2 68 be 022 46 2 87 BC 018
C1S0<9rcby) 58 11 01 a 0 76 57 14 61 b 080 61 16 51 fi 091 30 975 a 091 t>M measured 77 14 76 b 056 31 14 69 b 096 46 1520 B 083
C161 (9'Ay) 56 083 a 0 07 57 121 b 007 ei 1 52 bd 008 30 072 a 007 not measured 77 1 66 c ooe 31 1 61 cd 012 46 1 19 B 007
C1B(9/day) 58 518 ad 042 57 6 94 be 043 61 847 B 053 30 600 d 077 nw measured 77 6 47 c 051 31 649 abc 054 46 620 abc 035
C161 (â day) 58 1558 a 1 12 57 21 43 b 1 06 61 2711 b 1 S3 30 12 53 a 124 not measured 77 43 75 C 1 40 31 25 99 B 1 91 46 24 26 b 127
C1926(9'«y) 56 627 a 049 57 994 bd 066 81 1327 be 093 30 690 ae 123 59 14 25 ct 068 77 8 1 5 dj 035 31 11 00 Befg 1 50 46 866 dg 0 57
C1933(g^day) 58 058 a 006 57 1 06 be 007 61 1 96 c 016 30 087 aed 010 68 129 el 010 77 0 77 d 005 31 1 41 cef 014 46 146cf ooe
C204 6(g/day) 58 006 a 001 57 020 b OCC 61 014 c 001 30 001 d 000 not measured r\ot measured 31 016 BC OS not measured
C20S3(^diy) 58 006 ac OCC 57 019 b 005 61 024 b 003 30 010 ae 004 56 008 c 003 77 015 B OS 31 010 aB OCM not measured
CZZS3(9'diy) 58 008 a 003 57 025 bd OOS 61 042 C 005 30 017 aC 006 68 O il a 003 77 0 24 cd OS 31 019 ab 007 not measured
Trans FaRv acxft (a/Av 58 1 98 ac 017 67 1 93 a 016 not measured 30 351 cd 058 58 2 97 bd 028 not measured rtot measured not measured
CHO (9̂ day) 58 27970 a 11 12 67 281 94 a 1347 61 228 05 b 1011 40 194 33 b 866 58 237 46 ac 872 77 19731 B 627 56 21786 B 1068 46 238 74 ab 11 77
CHO («£nv9y) 56 44 76 a 67 45 96 ae 1 12 61 4319 a 090 40 4166 ac 1 Oi 58 44 64 a 084 77 38 44 c 068 56 42 70 a 083 49 58 B 097
Starch (9't ty) 56 1B77 a 726 67 15326 ae 890 not measured 40 136 23 c 6 S 56 142 17 ae 4 89 31 126 74 Bc 1088
Total Swgan (o'day) 56 112K  ac 683 67 126 70 a 823 not measured 40 7025 b 451 56 95 23 be 558 rxM measured not measured 46 97 95 ac 559
Protan (^d»y) 56 101 90 ac 377 57 110 56 a 600 61 9590 ac 376 40 960t be 260 56 67 24 be 306 77 85 94 be 1 93 56 81 54 b 398 7599 B 257
Protean (Wnargy) 56 17 54 ae 046 57 1947 a 078 «1 1643 ae 043 40 18 78 ae 0S3 58 1667 b 046 77 1 7 04 ae 030 56 17S aB 056 46 1619 b 039
AcoAoi (9̂ d»y) 58 13 33 a 246 57 IOCS ae 212 61 846 ae 1 67 40 9 78 ae 2 74 58 1385 a 2 3 77 5 S  ae 09* 55 4 52 B 126 46 458 ae 1 06
Alcohol (^nargy) 56 381 ae 068 57 2 97 ae 0«) «1 271 ab 054 40 2 S  ae 063 59 391 a 063 77 1 75 ae 029 SS 1 59 B 042 46 1 71 ae 040
F*re (9) 56 16 03 ac 1 00 57 1412 a 0»3 81 24 08 b 1 15 30 1817 acd 1 S3 56 2322 b 1 15 77 1624 cd 06D 56 19S3 Be 1 04 46 22 3  bd 1 01
'/tarnri F 58 9?3 ac 0 64 57 771 a 046 61 1048 063 40 9M  K 0 93 14 96 b 104 77 1166 IK> 0 3 56 6 X  ac 056 46 915 ac 053

denotes sionificarce across BMi categories fv^en  two suoerscripts contain the same letter there is no sioniricant difference
between two of the three BMI categories) pcO.05, One Way ANOVA, p<0.0018 when bonferor^i correction applied 

SEM; standard error of the mean
not aH IVGTT data modelled sucessfuHy, therefore different n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S|. insulin sensitivity; Sg. glucose effectiveness; AIRg, acute insulin response to glucose; Dl. disposition index; GO. distributed glucose at time Omin



5.4.2 Tertiles of Insulin Sensitivity (Low: 0.186 to 1.963; Medium: 1.966 to 

3.114; High: 3.135 to 13.645)

The continuous variable Si was ranked into three tertiles: low (0.186 to 1.963), 

medium (1.966 to 3.114) and high (3.135 to 13.645) and a one-way ANOVA 

investigated differences between the tertiles. This was to investigate if differences 

existed in the anthropometric and metabolic variables between the respective groups. 

These differences are illustrated in Table 5.6. Body weight, BMI and waist 

circumference significandy decreased with increasing insulin sensitivity, p<0.05. 

Lean body mass (kg) was significantly higher in the ‘low’ and ‘medium’ tertiles as 

compared to the highest tertile of insulin sensitivity. AIRg was significantly higher in 

the lowest tertile compared to the highest tertile of Si. DI, P3, QUICKI and Revised 

QIJICKI were shown to significantly increase with increasing insulin sensitivity, 

whilst fasting insulin and HOMA-IR significantly decreased with increasing insulin 

sensitivity, /;<0.05. Fasting glucose concentrations were highest in the ‘low’ tertile 

and significantly higher compared to the ‘high’ tertile. C-peptide concentrations were 

significandy higher in the lowest tertile of Si compared to the ‘medium’ and ‘high’ 

tertiles and Insulin to C-pepdde ratio significantly decreased with increasing Si, 

;j<0.05. TAG and TRL TAG concentrations were significantly higher in the lowest 

tertile, however cholesterol concentrations were lowest in the ‘low’ tertile compared 

to the highest tertile, /;><0.05. There were no statistical differences in plasma fatty 

acids, with the exception of plasma myristic acid (C l4:0). BMR was significantly 

higher in the ‘low’ and ‘medium’ terdles compared to the ‘high’ tertile. Total fat 

(g/day), MUFA (g/day), dietary caprylic acid (C8:0 g/day) and trans fat (g/day) were 

higher in the lowest tertile of Si compared to the highest tertile, p<0.05.
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Table 5.6: Tertiles (Low, Medium and High) o f Insulin Sensitivity at baseline
Low M edium High

A n lh ropom etrv n Mean SEM Mean SEM n Mean SEM
Age (y) 144 53.57 0,77 144 54.97 0.79 144 54.61 0.69
Height(m) 144 1.70 a 0.01 144 1.69 ab 0.01 144 1,67 b 0.01
BodyWeight(kg) 144 96.86 a 1.23 144 91.24 b 1.09 144 87,31 c 1.09

BMI (kg/m^) 144 33.60 a 0.36 144 31.99 b 0.31 144 31.47 b 0.34
Waist circumference(cm) 144 110.35 a 0.86 144 106.08 b 0.79 144 102.37 c 0.96
Hip circumference (cm) 144 113.76 0.79 144 112.36 0.74 144 112.47 0.91
Diaslolic BP(mmHg) 143 86.70 0.85 144 87.23 0.89 144 84,44 0.76
Systolic BP(mmHg) 143 138.70 1.29 144 140.13 1.33 144 137,21 1.37
Body Fat (%) 134 36.07 0.69 140 35.89 0.79 140 36,97 0,74
Body Fal(kg) 134 34.59 0.80 140 32.50 0.76 140 32,27 0.76
Lean Body Mass(%) 134 62.29 0.85 140 62.63 0.82 140 60,91 0.83
Lean Mass Body(kg) 134 60.26 a 1.28 140 57.28 a 1.15 140 53.35 b 1.05
Body Water(%) 112 45.11 0.69 117 45,14 0.65 123 43,73 0,63
Body W ater (L) 109 43.37 a 1.10 112 41,12 ab 0.96 114 38.45 b 0.85
lmpedance{KHz) 105 502.30 a 9,71 96 519,52 ab 9.99 101 541.05 b 8.46

Low M edium H iflh

IVGTT Param eters n Mean SEM n Mean SEM Mean SEM

S| (mU/L)'’ min-1 144 1.32 a 0.04 144 2.53 b 0.03 144 4.69 c 0.14

Sq min-1 144 0.0149 0.0004 144 0.0155 0.0005 144 0.0165 0.0006

AIRg m UL'’ min"’ 144 470.74 a 38.84 144 350.65 ab 21.83 144 256.65 b 15.30
01 144 608.24 a 47.92 144 881.59 b 54,85 144 1140.27 c 66.21

GO mg/dl ’ 144 299.09 2,74 144 300.37 3.40 144 295.24 3.83
P2 min ' 144 0.039 a 0,003 144 0.046 b 0.002 144 0.047 b 0.002
P3 (mU/L) min'^ 144 0.0000051 a 0.0000004 144 0.0000116 b 0.0000006 144 0.0000218 c 0,0000011
Fasting Glucose (mmol/L) 144 6.00 a 0.07 144 6.00 ab 0.07 144 5,79 b 0.07
Fasting lnsulin(ulU/ml) 144 13.63 a 0.53 144 9.56 b 0.38 144 7.20 c 0.26
HOMA-IR 144 3.63 a 0.15 144 2.56 b 0.11 144 1,88 c 0,08
QUICK! 144 0.54 a 0.01 144 0.60 b 0.06 144 0.65 c 0,01
Revised QUICKI 144 0.22 a 0.001 143 0.23 b 0.002 144 0.23 c 0,001
C-Peptide ng/ml 144 4.53 a 0.14 143 3.60 b 0.12 142 3.19 b 0.08
Insulin to C-peptide ratio 144 3.04 a 0.07 143 2.66 b 0.07 142 2.25 c 0.06

Low M edium High
L ip ids  and L ipop ro te ins n Mean SEM Mean SEM n Mean SEM
TAG (mmol/L) 144 2.00 a 0.09 143 1.81 ab 0.08 144 1.67 b 0-06
Cholesterol (mmol/L) 144 5.21 a 0.07 143 5.32 ab 0.08 144 5.50 b 0.08
NEFA (mmol/L) 144 614.46 19.85 143 617.79 18.48 144 597.85 20.01
TRL TAG (mmol/L) 141 1.01 a 0.06 143 0.90 ab 0.05 139 0.79 b 0.04
TRL Cholesterol (mmol/L) 141 0.43 0.03 143 0.41 0.03 139 0.37 0.02
LDL Cholesterol (mmol/L) 143 3.18 0.08 143 3.16 0.09 140 3.40 0.09
HDL (mmol/L) 144 1.02 a 0.02 143 1.08 a 0.02 144 1.19 b 0.03
Apo A1 (g/L) 143 1.36 a 0.02 140 1,37 ab 0.02 140 1.45 b 0.02
Apo B (g/L) 143 1.03 0.02 140 1.01 0.02 140 1.03 0.02
Apo CM (mg/L) 142 45.93 1.59 140 47,25 1,64 140 44,77 1.30
A poC III{m g /L ) 142 161.35 4,39 140 159.44 4 83 140 157,23 4.03
Apo E (mg/L) 143 42.75 1.42 139 42.85 1.69 139 39.31 0.99
Apo B48 (mg/L) 105 0.85 0.09 105 0.78 0.09 123 0.77 0.07
TRL ApoB (mg/L) 139 52.70 3.78 138 49.49 3,66 134 51.26 4.42

Low M edium High
Plasma Fatty A c ids  (w/w%) n Mean SEM Mean SEM n Mean SEM
C14:0 142 2.10 a 0.09 138 1.77 b 0.07 142 ,86 ab 0,08
C16:0 142 27,32 0.41 138 26.32 0.42 142 26.31 0,42
C16;1 142 1.37 0.07 138 1.29 0.07 142 1.52 0.11
C18;0 142 4.03 0.16 138 4.39 0.19 142 4.27 0,19
C18:1 142 26.70 0.35 138 26.79 0.40 142 25.90 0.36
C18:2:6 142 26.38 0.46 138 27.44 0.44 142 27.89 0.44
C20;4;6 142 6.89 0.20 138 6.76 0.20 142 6.79 0,20
020:5:3 142 0.85 0.07 138 0.99 0.07 142 1.01 0.08
C22:6:3 142 2.17 0.09 138 2.12 0.10 142 2.20 0.11
SFA 142 33.45 0.51 138 32.48 0.57 142 32,44 0.56
MUFA 142 28.30 0.37 138 28.27 0.42 142 27.66 0.42
PUFA 142 38.25 0.59 138 39.24 0.57 142 39.91 0.59
n-6 PUFA 142 34.38 0.54 138 35.31 0.52 142 35.79 0.52
n-3 PUFA 142 3.86 0.15 138 3.93 0.16 142 4.12 0.19

Low M edium High
D ietary M easures n Mean SEM n Mean SEM n Mean SEM
Basal Metabolic Rate (MJ/day) 135 7.55 a 0.10 136 7.26 a 0.10 131 6.90 b 0.09
Total Energy (MJ) 135 9.18 0.23 136 8.83 0.23 133 8.55 0.22
Total fat (g/day) 135 89.02 a 2.74 136 86.78 ab 2.84 133 80.03 b 2.37
Total fat (%Energy) 135 36.26 0.66 136 36.31 0.64 133 35.04 0.58
SFA (g/day) 135 30.45 1.06 136 30.44 1.18 133 28.08 0.98
SFA (%Energy) 135 12.29 0.25 136 12.67 0.29 133 12.27 0.28
MUFA (g/day) 135 33.13 a 1.27 136 32.92 a 1.25 133 28,75 b 1.00
MUFA (%Energy) 135 13.62 0.45 136 13.85 0.41 133 12,76 0.38
PUFA (g/day) 135 13.93 0.65 136 13.49 0,58 133 13.08 0.63
PUFA (%Energy) 135 5.63 0.19 136 5.65 0.19 133 5.61 0.20
n-3 (g/day) 86 1.50 0.15 87 1.54 0.12 102 1,43 0.11
n-6 (g/day) 66 9.80 0.66 87 9.21 0.57 102 9.24 0,63
C8 (g/day) 43 0.27 a 0.03 46 0.20 ab 0.03 68 0.19 b 0,02
C10 (g/day) 59 0.59 0.05 64 0.53 0.05 85 0.50 0.04
C12 (g/day) 69 1.18 0.10 84 1.23 0.11 97 1.04 0.10
C14 (g/day) 96 2.59 0.17 107 2,69 0.19 114 2.47 0.14
C16 (g/day) 96 14.77 0.62 107 14,78 0.63 114 13.27 0.51
016:1 (g/day) 96 1.31 0.06 107 1,44 0.08 114 1.25 0.06
018 (g/day) 96 6.82 0.36 107 6,92 0.45 114 6.20 0.31
C18:1 (g/day) 96 27.90 ab 1.52 107 28.09 a 1.41 114 23.17 b 1.10
C18:2;6 (g/day) 120 10.64 0.60 127 9,91 0.51 127 9.55 0.57
018:3:3 (g/day) 120 1.20 0.09 127 1.21 0.07 127 1.08 0.06
020:4:6 (g/day) 59 0.13 0.02 64 0.14 0.01 85 0.11 0.01
C20;5:3 (g/day) 110 0.13 0.02 107 0.13 0.02 115 0.14 0.02
022:6:3 (g/day) 110 0.20 0.03 107 0.22 0.03 115 0.21 0.03
Trans fatty acids (g/day) 66 2.90 a 0.24 55 2.44 ab 0.31 64 2.05 b 0.20
CHO (g/day) 135 247.18 7.22 136 233.64 6.86 133 230.71 7.31
CHO (“/oEnergy) 135 44.01 0.59 136 43,76 0.67 133 43.73 0.67
Starch (g/day) 70 159.74 a 6.90 68 137,48 ab 6.16 85 136.96 b 6.30
Total Sugars (g/day) 79 103.01 5,69 77 106,60 6.05 80 101.57 5.34
Protein (g/day) 135 93.50 2.70 136 90,64 2.58 133 88.74 2.49
Protein (%Energy) 135 17.36 0,34 136 17,63 0.33 133 17.86 0.36
Alcohol (g/day) 135 7.92 1.15 136 8,62 1.24 133 10.64 1.41
Alcohol (%Energy) 135 2.37 0.35 136 2,36 0.30 133 3.34 0.42
Fibre (g) 132 20.41 0,67 134 19.10 0.66 129 18.52 0.74
Vitamin E (mg/dav) 135 10.87 a 0.53 136 10,28 ab 0.41 133 9.32 b 0.42

denotes significance across tertiles (when two superscripts contain the same letter there is no significant difference
between two of the three tertiles) p<0.05, One Way ANOVA. p<0.017 where bonferroni correction applied 

SEM: standard error of the mean
not all IVGTT data modelled sucessfully, therefore different n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S|, insulin sensitivity; Sq. glucose effectiveness; AIRg. acute insulin response to glucose; Dl, disposition index; GO, distributed glucose at time Omin 

SFA, saturated fatty acids; MUFA. monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; CHO, Carbohydrate
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5.4.3 Ranking according to total fat, saturated fat and monounsaturated fat 

(% Energy).

This analysis was carried out to investigate differences between the subjects who have 

a low, medium or high dietary fat intake.

Quartiles of Total Fat (%Energy) (Low: 11.12% to 31.20%; Low/Medium: 31.2% 

to 36%; Medium/High: 36.02% to 41.7%; High: 41.8% to 57.3%; Table 5.7). 

Anthropometry

BMI increased with increasing intakes of total dietary fat (%Energy). With 

‘medium/high’ and ‘high’ intakes of dietary fat, BMI was significantly greater than 

BMI of volunteers with the lowest intakes of total dietary fat (%Energy), /?<0.05. 

Those in the highest quartile of total fat (% Energy) had higher systolic blood pressure 

compared to the other three quartiles and significantly higher than the iow /m edium ’ 

and ‘medium/high’ quartiles,/:><0.05.

IVGTT Parameters, HOMA-IR and QUICKI

There were no significant differences in Si between the quartiles of total dietary fat 

(%Energy) intakes. Fasting insulin concentrations and HOMA-IR values w'ere highest 

in the ‘medium/high’ quartile of dietary fat and lowest in the ‘low' and ‘low/medium' 

quartiles, respectively, /?<0.05. QUICKI values were significandy higher in the ‘low’ 

and the ‘low/medium’ quartiles compared to the ‘medium/high’ and ‘high’ intakes of 

total dietary fat (%Energy).

Lipids and apolipoproteins

Interestingly, although cholesterol concentrations were not significantly different 

between the quartiles, TAG concentrations were significantly lower in the quartile of 

highest total fat intake, as was also seen for TRL TAG and TRL cholesterol 

concentrations, p<0.05. ApoAl and apoCIII concentrations were also highest in this 

quartile, p<0.05.

Plasma Fatt}' Acids (w/w%)

There were differences in the plasma fatty acids between the lowest and the highest 

intakes of total fat (%Energy). Plasma myristic acid (C14:0) concentrations were 

lowest in the highest quartile of total fat intakes compared to the other three quartiles, 

/7<0.05. Plasma palmitic acid (C16:0), palmitoleic acid (C16:l), EPA (C20:5:3) and 

SEA were also significantly lower in this quartile i.e. ‘high’, p<0.05. However, 

concentrations of plasma linoleic acid (C l8:2:6), arachidonic acid (C20:4:6), total
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PUFA and n-6PUFA were highest in the quartile representing the highest intake of 

total fat (%Energy), p<0.05.

Dietary Variables

From the dietary information analysed from the pre-intervention food diaries, SFA 

(g/day and %Energy) and MUFA (g/day and %Energy) were greatest in the ‘high’ 

quartile of total fat compared to the other three quartiles. Dietary caprylic acid (C8:0 

g/day), dietary capric acid (C l0:0 g/day), lauric acid (C l2:0 g/day), palmitic acid 

(C16:0 g/day), stearic acid (C18:0 g/day), oleic acid (C18:lg/day) and trans fats were 

shown to be in greater amounts in the highest quartile of total dietary fat intakes 

(%Energy). CHO (g/day and %Energy), Starch (g/day), total sugars (g/day). Protein 

(%Energy) and Alcohol (g/day and %Energy) were greatest in the lowest quartile of 

total dietary fat (%Energy).

Tertiles of Saturated Fat (% Energy) (Low: 4.05% to 10.86%; Medium: 10.88% to 

13.40%; High: 13.5% to 22.04%, Table 5.8)

There were no significant differences in the anthropometric measurements between 

the low, medium and high tertiles of saturated fat (%Energy) intakes. Insulin 

sensitivity was also not significantly affected by the amount of SFA (%Energy) in the 

diet. However, fasting insulin concentrations significantly increased with increasing 

intakes of SFA (%Energy), as was also seen for HOMA-IR. Revised QUICKI values 

significantly decreased between the low and high tertiles of dietary SFA (%Energy), 

p<0.05. Interestingly, there were no significant increases in plasma SFA (%) 

concentrations between the tertiles. There was however, a significant decrease in 

plasma MUFA concentrations and an increase in plasma PUFA and n-6 PUFA 

concentrations between the low and high tertiles of SFA (%Energy), p<0.05. A 

number of significant differences were seen with the dietary information, with total 

energy, total fat (%Energy and g/day), MUFA (%Energy and g/day), dietary PUFA, 

n-3 PUFA, n-6 PUFA and most dietary fatty acids increasing significantly between 

the low and high tertiles, p<0.05. Dietary EPA (C20:5:3) and DHA (C22:6:3) were 

significantly decreased, /?<0.05. This is in contrast to the increase observed wdth 

plasma concentrations of EPA between medium and high tertiles of dietary SFA 

(%Energy). With increasing intakes of dietary SFA (%Energy), dietary CHO 

(%Energy), total sugars. Protein (%Energy) and Alcohol (%Energy) significantly 

decreased, p<0.05.
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Tertiles of Monounsaturated Fat ( %  Energy) (Low: 3.14% to 10.97%; Medium: 

10.98% to 14.44%; High: 14.46% to 29.99%, Tab/e 5.9)

Most significant differences were seen between the low and the high tertiles of dietary 

MUFA intakes (%Energy). BMI and hip circumference increased and lean body mass 

(%) decreased significantly between the low and the high tertiles of dietary MUFA 

(%Energy), p<0.05. There were no significant differences in insulin sensitivity (SO 

across the tertiles. However, DI and QUICKI decreased significantly between the low 

and the high tertiles of dietary MUFA (%Energy). Fasting glucose increased 

significantly from the low and the medium and high tertiles, p<0.05. No significant 

differences were observed for TAG and Cholesterol concentrations, however, TRL 

TAG, TRL Cholesterol, apoCIII and TRL apoB decreased significantly from low to 

high intakes of dietary MUFA (%Energy), /7<0.05. ApoAI and apoE increased 

significantly between the low and the high tertiles of dietary MUFA (%Energy), 

/;><0.05. With the plasma fatty acids, concentrations of plasma myristic acid (C14:0 

%), palmitic acid (C l6:0 %) and total SFA (%) decreased from low to the high 

tertiles, whilst C16:l(% ) decreased across all tertiles, p<0.05. Plasma oleic acid 

(C l8:1 %) significantly increased from low to high intakes of dietary MUFA 

(%Energy) and plasma concentrations of MUFA increased significantly from medium 

to high intakes of dietary MUFA (%Energy), /;x0.05. Dietary total fat (g and 

%Energy) significantly increased with increasing intakes of dietary MUFA 

(%Energy) as did dietary palmitoleic acid (C l6:1) and oleic acid (C l8:1). Dietary 

CHO (%Energy), total sugars. Protein (%Energy) and Alcohol (%Energy) decreased 

significantly from low to high intakes of MUFA (%Energy), p<0.05.
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Table 5.7: Quartiles of Total Fat (% Energy)
Low Low/Medium Medium/High High

Anthropometry n Mean SEM n Mean SEM n Mean SEM n Mean SEM
Age (y) 113 55.16 0,93 114 54.87 0.82 113 53.79 0.84 113 55.02 0,82
Height(m) 113 1.70 a 0,01 114 1.68 ab 0.01 113 1,69 ab 0.01 113 1.66 b 0,01
BodyWeight(kg) 113 90.74 1,20 114 91.31 1.34 113 93,41 1.29 113 91.53 1.51
BMI (kg/m^) 113 31.30 a 0.37 114 32,19 ab 0.40 113 32,88 b 0.41 113 33.22 b 0,40
Waist circumference{cm) 113 105.56 1.09 114 105,88 1.01 113 107,49 1.01 113 107.21 0,96
Hip circumference (cm) 113 111.09 0.92 114 112,28 0.92 113 113,61 0.95 113 113.91 0,99
Diastolic BP(mmHg) 113 85,25 0.81 114 85,46 0.88 112 85,09 0.72 113 88.10 1,14
Systolic BP(mmHg) 113 139,84 ab 1.32 114 135.80 a 1,45 112 136,03 a 1.39 113 141.79 b 1,60
Body Fat (%) 110 35,94 ab 0.85 110 38.25 a 0,86 108 36,95 ab 0.74 108 35.06 b 0,87
Body Fat(kg) 110 32,06 0.78 110 34,56 0,91 108 34,34 0.83 108 32.25 1.01
Lean Body Mass(%) 110 63,74 a 0.83 110 61,54 ab 0,86 108 61.81 ab 0.83 108 59.68 b 1.13
Lean Mass Body(kg) 110 57.48 1,20 110 56,03 1,19 108 57.74 1.21 108 55.18 1.64
Body Water{%) 88 46.23 a 0.66 98 45,11 ab 0,63 97 44.47 ab 0.60 94 42.51 b 0.90
Body Water (L) 81 41.20 0,98 90 40,91 0,97 95 41.17 0.93 94 39,68 1.34
Impedance(KHz) 86 518.09 9.76 75 518,58 9,37 81 528.01 12,04 88 515,41 10,05

Low Low/Medium Medium/High High
IVGTT Parameters n Mean SEM n Mean SEM n Mean SEM Mean SEM
S| (mU/L)''min-1 104 2.81 0.15 102 3.02 0.18 101 2.69 0.17 97 2,80 0.18

Sg min-1 105 0,0156 0.0007 102 0.0157 0.0006 102 0.0156 0.0006 97 0.0160 0,0007

AIRg mUL'’ min"' 105 357,29 29.07 102 377.35 32.81 102 373.04 45.46 97 340.18 25.51
Dl 105 970,73 77.99 102 923.65 75.70 102 828.02 69.89 97 818,07 60.73
GO mg/dl'' 105 298,68 3.31 102 299.74 4.46 102 296,15 4,06 97 300,62 4.27
P2 min ’ 105 0,0438 0.0027 102 0.0411 0.0019 102 0,0444 0.0041 97 0,0435 0,0029
P3 (mU/L) min'^ 105 0.000013 0.000001 102 0.000013 0.000001 102 0,000012 0,000001 97 0,000013 0,000001
Fasting Glucose (mmol/L) 113 5.88 0.08 110 5.94 0.07 111 6,01 0.08 113 6,03 0,09
Fasting lnsulin{ulU/ml) 113 9.02 a 0.41 110 9.86 ab 0.60 111 11,30 b 0.55 113 10,35 ab 0,48
HOMA-IR 113 2.38 a 0.12 110 2.61 a 0.16 111 3,06 b 0.17 113 2.80 ab 0,15
QUICKI 113 0.61 a 0.01 110 0.66 a 0,06 111 0,53 b 0.04 113 0.59 b 0.01
Revised QUICKI 113 0.23 0.001 110 0.23 0,002 111 0.22 0.002 113 0,22 0.002
C-Peptide ng/ml 112 2.45 a 0.07 110 2.74 ab 0,09 109 2.82 b 0,09 113 2,58 ab 0,08
Insulin to C-peptide ratio 112 3.63 0.12 110 3.45 0,12 109 3.98 0.16 113 4,15 0.18

Low Low/Medium Medium/High High
Lipids and Lipoproteins n Mean SEM n Mean SEM n Mean SEM n Mean SEM
TAG (mmoi/L) 113 1.82 ab 0.10 114 1.82 ab 0,08 112 1.92 a 0,09 113 1.62 b 0,07
Cholesterol (mmol/L) 113 5.22 0.09 114 5,31 0,09 112 5.39 0.08 113 5.37 0.09
NEFA (mmol/L) 113 632.46 25.09 114 616,37 19.87 112 626.63 21.24 113 604.81 21.17
TRL TAG (mmol/L) 112 0.92 a 0,06 114 0,91 a 0.05 111 0.95 a 0.06 111 0.69 b 0.05
TRL Cholesterol (mmol/L) 112 0.42 a 0,03 114 0,43 a 0,03 111 0.42 a 0.03 111 0.30 b 0.02
LDL Cholesterol (mmoi/L) 113 3.17 0,09 112 3.24 0.10 111 3.35 0.10 112 3.20 0.10
HDL (mmol/L) 113 1.07 0,03 114 1,09 0.03 112 1.08 0.02 113 1.11 0.03
Apo A1 (g/L) 112 1.34 a 0,02 114 1,37 ab 0.02 110 1.41 ab 0.02 111 1.44 b 0.02
Apo B (g/L) 112 1.01 0,02 114 1,03 0.02 110 1.03 0.02 111 1.02 0.02
Apo CM (mg/L) 112 44.70 1,80 114 46,59 1.63 110 47.61 1.75 110 42.32 1.48
Apo cm (mg/L) 112 161.19 a 5,37 114 161,31 a 4.30 110 161.96 a 4.84 110 142.46 b 4.81
Apo E (mg/L) 111 38.07 a 1,34 113 42,07 ab 1.59 110 43.62 b 1.67 111 43.14 b 1.71
Apo 848 (mg/L) 92 0.73 ab 0,09 89 0.79 ab 0.08 81 0.97 a 0.10 99 0.72 b 0.09
TRL ApoB (mq/L) 110 57.14 a 5,16 112 53,00 a 4 14 107 55.91 a 4.29 109 32.70 b 3.16

Low Low/Medium Medium/High High
Plasma Fatty Acids (w/wV«) n Mean SEM n Mean SEM n Mean SEM n Mean SEM
C14;0 113 2.09 a 0.09 113 1,96 a 0.10 110 1.99 a 0.08 109 1.56 b 0.09
C16:0 113 28.19 a 0,48 113 26,98 ab 0.47 110 25.78 be 0.37 109 25.22 e 0.49
C16:1 113 1.68 a 0.11 113 1,48 ab 0.09 110 1,40 b 0.10 109 0.87 e 0.05
C18:0 113 4.12 0,22 113 4,45 0.22 110 3,88 0.17 109 4.12 0,18
C18.1 113 26,11 0,35 113 26,41 0.44 110 26,33 0.42 109 26.69 0.45
C18:2:6 113 26.22 a 0.48 113 27,06 a 0.51 110 27.78 ab 0.47 109 29.19 b 0,55
C20:4:6 113 6.35 a 0.25 113 6,32 a 0.21 110 7.34 b 0.21 109 7.43 b 0,22
C20:5:3 113 1.09 a 0.08 113 1.03 a 0.09 110 0.92 a 0.08 109 0.71 b 0,07
C22:6:3 113 1.98 0 11 113 2.14 0,12 110 2.33 0.12 109 2.25 0.10
SFA 113 34.40 a 0.65 113 33.38 ab 0,63 110 31.65 be 0.45 109 30.89 e 0.61
MUFA 113 28.04 0.40 113 28.12 0,48 110 27.92 0.46 109 27.77 0.45
PUFA 113 37.56 a 0.67 113 38.49 ab 0.65 110 40,43 be 0.57 109 41.34 c 0.67
n-6 PUFA 113 33.60 a 0.59 113 34.48 ab 0.58 110 36,28 be 0.52 109 37.69 c 0.64
n-3 PUFA 113 3.96 0.18 113 4.01 0,21 110 4,16 0.20 109 3.65 0.16

Low Low/Medium Medium/High High
Dietary Measures n Mean SEM n Mean SEM n Mean SEM n Mean SEM
Basal Metabolic Rate (MJ/day) 112 7.21 0.11 113 7.11 0.11 113 7,30 0.10 112 7.18 0.11
Total Energy (MJ) 113 8.61 ab 0.25 114 8.40 a 0.23 113 9,30 b 0.25 113 8.94 ab 0.24
Total fat (g/day) 113 61.79 a 1.97 114 75.47 b 2.06 113 96,65 c 2.61 113 108,39 d 2.86
Total fat (%Energy) 113 26.76 a 0.33 114 33,49 b 0.13 113 38.74 c 0.16 113 45,49 d 0.31
SAFA (g/day) 113 22.77 a 0.83 114 27,29 b 0.84 113 33.95 cd 1.31 113 34.31 d 1.25
SAFA (%Energy) 113 9.84 a 0.20 114 12.15 b 0,20 113 13.43 ed 0.29 113 14.31 d 0,31
MUFA (g/day) 113 20,66 a 0.74 114 26.45 b 0,72 113 35.13 e 1.09 113 45.19 d 1.34
MUFA (%Energy) 113 8.93 a 0.17 114 11.86 b 0,19 113 14.22 c 0.32 113 19.16 d 0.43
PUFA (g/day) 113 10,81 a 0.51 114 12.17 a 0,51 113 15.74 b 0.72 113 15.34 b 0.80
PUFA (%Energy) 113 4,64 a 0.15 114 5.38 b 0.17 113 6,34 cd 0.25 113 6.26 d 0.22
n-3 (g/day) 70 1,10 a 0,09 74 1.49 ab 0.13 80 1.84 b 0.15 90 1,50 b 0.14
n-6 (g/day) 70 7.28 a 0.64 74 8.92 ab 0.58 80 10,79 b 0.71 90 10,17 b 0.66
C8 (g/day) 55 0.16 a 0,02 51 0.19 ab 0.01 41 0,28 b 0.04 29 0,29 b 0.03
CIO (g/day) 68 0.39 a 0,03 68 0.46 ab 0.03 63 0,64 be 0.06 38 0.71 e 0.06
C l2 (g/day) 86 0.93 a 0,09 87 1.02 ab 0.08 71 1.30 b 0.12 39 1,36 b 0.17
C14 (g/day) 88 2.08 a 0,12 93 2.37 ab 0.12 88 2.98 b 0,21 91 2,72 ab 0.20
C16 (g/day) 88 10,61 a 0.53 93 12.70 b 0.49 88 16.29 cd 0.72 91 16,64 d 0.59
C16:1 (g/day) 88 0.90 a 0,05 93 1.17 b 0.05 88 1,44 c 0.06 91 1,82 d 0.08
C18 (g/day) 88 4,93 a 0.28 93 6.02 b 0.34 88 7.26 cd 0,37 91 7,86 d 0.50
C18:1 (g/day) 88 16.28 a 0,92 93 21.00 b 0.88 88 28.75 c 1,31 91 38.76 d 1,60
C18;2:6 (g/day) 110 8,13 a 0.53 106 9.09 ac 0.48 101 11.49 bd 0,64 102 11,15 cd 0,70
C18:3:3(gyday) 110 0,90 a 0.06 106 1.15 b 0.06 101 1.43 b 0.09 102 1,21 b 0.10
C20;4:6 (g/day) 68 0,12 0.01 68 0.12 0.01 63 0.13 0.01 38 0,12 0,02
C20;5:3 (g/day) 92 0,09 a 0,02 87 0.13 ab 0.03 93 0.19 b 0.03 101 0.14 b 0,02
C22:6:3 (g/day) 92 0.15 0.02 87 0.22 0,04 93 0.28 0.04 101 0,22 0,03
T rans fatty acids (g/day) 73 1.56 a 0,11 53 2.53 b 0.25 46 3.16 b 0.35 32 3.51 b 0,48
CHO (g/day) 113 267,44 a 8,92 114 237.59 b 7.20 113 235.81 b 7.07 113 196,39 c 5.87
CHO (%Energy) 113 50,57 a 0,67 114 46.13 b 0.45 113 41.43 C 0.43 113 36,09 d 0,44
Starch (g/day) 79 149,73 a 6,77 67 148.54 a 6.32 56 139.02 ab 7,34 43 121,51 b 8.25
Total Sugars (g/day) 93 115.02 a 6.08 75 103.04 a 4.96 56 100.23 a 6.12 36 74.18 b 6.11
Protein (g/day) 113 93,14 2.93 114 88.31 2.82 113 92.84 2.59 113 89,62 2.68
Protein (%Energy) 113 18,64 a 0.43 114 18,04 ab 0.37 113 17.14 b 0.33 113 17.02 b 0.31
Alcohol (g/day) 113 12,08 a 1.73 114 7,76 ab 1.23 113 9,53 ab 1.31 113 5.61 b 0,93
Alcohol (%Energy) 113 3,93 a 0.54 114 2,29 ab 0.30 113 2,62 ab 0.34 113 1,65 b 0,26
Fibre (g) 111 20,47 ab 0,88 111 19,39 ab 0.70 111 20,68 a 0.85 110 17,36 b 0,60
Vitamin E (mg/day) 113 8.95 a 0,48 114 9.46 ab 0.55 113 11,07 be 0.50 113 11.38 e 0,44

denotes significance across quartiles (when two superscripts contain the same letter there is no significant difference
between two of the four quartiles) p<0.05, One W ay ANOVA, p<0.01 where bonferonni correction applied 

SEM; standard error o f the nnean
not ail IVGTT data modelled sucessfully, therefore different n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S,. insulin sensitivity; Sq, glucose effectiveness; AIRg, acute insulin response to glucose; Dl. disposition index; GO, distributed glucose at time Omin 

SPA. saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, p o ly u r ^ ^ ^ te d  fatty acids; CHO, Carbohydrate



Table 5.8: Tertiles of SFA (% Energy)
Low Medium High

Anthropometry n Mean SEM n Mean SEM n Mean SEM
Age (y) 151 54.13 0.80 151 55.47 0,69 151 54,59 0.72
Height(m) 151 1.68 0.01 151 1.68 0,01 151 1,69 0.01
BodyWeighl(kg) 151 91.12 1.09 151 91.26 1,07 151 92.78 1.31
BMI (kg/m^) 151 32.36 0.34 151 32.35 0,34 151 32.48 0.36
Waist circumference(cm) 151 106.62 0.90 151 105,92 0,82 151 106.98 0.93
Hip circumference (cm) 151 113.32 0.73 151 112,19 0.89 151 112.64 0.84
Diastolic BP(mmHg) 151 84,76 0.71 150 86,44 0.86 151 86.71 0,77
Systolic BP(mmHg) 151 139.32 1,12 150 138,82 1.33 151 137.01 1,33
Body Fat (%) 144 36,14 0,71 143 36,75 0.72 149 36.84 0,75
Body Fat(kg) 144 32.65 0,73 143 33,28 0.76 149 33.99 0,81
Lean Body Mass(%) 144 61.55 0,82 143 61,24 0.84 149 62.21 0,76
Lean Mass Body(kg) 144 55.96 1.12 143 55,81 1.15 149 57,90 1.16
Body Water(%) 129 44,55 0.63 122 43.81 0.67 126 45,21 0.57
Body Water (L) 119 39,96 0.88 117 39.92 0.95 124 42,11 0.95
Impedance(KHz) 118 515.63 6.94 112 518.77 7,90 100 526.28 12.13

Low Medium High
IVGTT Parameters n Mean SEM n Mean SEM n Mean SEM
S| (m U/L)’ min-1 139 2.95 0,14 133 2.84 0.14 132 2.73 0.16
Sq mln-1 140 0.015 0.001 134 0,015 0,001 132 0.016 0.001
AIRg m U l ’ min'’ 140 346.44 25,36 134 354,07 24,03 132 384.77 37.99
Dl 140 925.17 65.70 134 885,98 60.36 132 843.26 60.26
GO mg/dl ’ 140 294.97 3,08 134 300,75 3.91 132 300.41 3.46
P2 min ’ 140 0.046 0.003 134 0.041 0,002 132 0.044 0.003
P3(mU/L)min'’ 140 0.000013 0,000001 134 0.000012 0.000001 132 0,000012 0.000001
Fasting Glucose (mmol/L) 150 5,91 0.07 147 6.04 0.06 150 5,93 0.07
Fasting lnsulin(ulU/ml) 150 8.87 a 0.39 147 10.22 b 0.39 150 11,28 b 0.54
HOMA-IR 150 2.33 a 0.10 147 2.79 ab 0,12 150 3,01 b 0.15
QUICKI 150 0,58 a 0.03 147 0.59 b 0,01 150 0,63 b 0.04
Revised QUICKI 150 0.23 a 0,002 147 0.22 ab 0.001 150 0.22 b 0,002
C-Peptide ng/ml 149 2.44 a 0,07 147 2,65 ab 0.07 148 2.84 b 0.08
Insulin to C-peptide ratio 149 3.54 0,10 147 3,92 0.13 148 3.94 0.14

Low Medium High
Lipids and Lipoproteins n Mean SEM n Mean SEM n Mean SEM
TAG (mmol/L) 151 1,76 0.08 151 1,86 0,07 150 1.75 0.07
Cholesterol (mmol/L) 151 5.25 0.08 151 5.36 0,07 150 5.36 0.08
NEFA (mmol/L) 151 626.47 18.83 151 631.00 19,54 150 607,10 18.70
TRL TAG (mmol/L) 149 0.82 0.05 151 0.89 0.05 148 0.88 0.05
TRL Cholesterol (mmol/L) 149 0.39 0.03 151 0.40 0.02 148 0.38 0,02
LDL Cholesterol (mmol/L) 149 3.16 0,09 151 3.27 0.08 148 3.30 0,08
HDL (mmol/L) 151 1.10 0,02 151 1,06 0.02 150 1.11 0,02
Apo A1 (g/L) 149 1.41 0,02 150 1,38 0.02 148 1.39 0.02
Apo B (g/L) 149 1.00 0.02 150 1.05 0,02 148 1.02 0.02
Apo Cll (mg/L) 149 44.21 1.49 150 47,21 1,49 147 44.55 1.37
ApoCIII(mg/L) 149 154.74 4.18 150 159.37 4,25 147 156.11 4.28
Apo E (mg/L) 148 41.14 1,56 149 42.40 1,48 148 41.63 1,04
Apo B48 (mg/L) 124 0.75 0,08 116 0.89 0.09 120 0,75 0,07
TRL ApoB (mq/L) 146 46,17 4,14 145 53.31 3.97 147 49,12 3.06

Low Medium High
Plasma Fatty Acids (w/w%) n Mean SEM n Mean SEM n Mean SEM
C14;0 150 1.85 0.08 147 1.86 0,08 148 1.98 0.08
C16;0 150 26.91 0.45 147 26.67 0,39 148 26.05 0.36
C16:1 150 1.49 0,10 147 1.31 0.07 148 1.29 0.07
C18:0 150 4.01 0,18 147 4.22 0.18 148 4.20 0.16
C18:1 150 26.94 0.34 147 26,31 0.37 148 25,85 0.36
C18:2;6 150 26.72 0,49 147 27,79 0.41 148 28,20 0.41
C20:4:6 150 6.83 0.20 147 6,71 0,20 148 7.03 0.18
C20:5;3 150 0.96 ab 0,07 147 0.83 a 0.07 148 1.02 b 0.07
C22;6;3 150 2.13 0,09 147 2.22 0.10 148 2.18 0.10
SFA 150 32.77 0,58 147 32.75 0.51 148 32.22 0.47
MUFA 150 28.71 a 0,37 147 27,82 ab 0.40 148 27,33 b 0.39
PUFA 150 38,51 a 0,61 147 39,44 ab 0,53 148 40,45 b 0.54
n-6 PUFA 150 34,61 a 0,57 147 35,58 ab 0,48 148 36,37 b 0.49
n-3 PUFA 150 3,91 0.15 147 3,86 0,17 148 4,08 0.17

Low Medium High
Dietary Measures n Mean SEM n Mean SEM n Mean SEM
Basal Metat)Olic Rate (MJ/day) 149 7.17 0.09 151 7.17 0,09 150 7.25 0.10
Total Energy (MJ) 151 8.47 a 0.20 151 8.73 ab 0,19 151 9.23 b 0,23
Total fat (g/day) 151 71.12 a 2.02 151 85.09 b 2,17 151 100.45 c 2,79
Total fat (%Energy) 151 31.50 a 0,60 151 36.39 b 0.51 151 40,46 c 0,44
SAFA (g/day) 151 20.89 a 0,56 151 28.34 b 0.65 151 39,50 c 1.08
SAFA (%Energy) 151 9.20 a 0,12 151 12,10 b 0.06 151 15,99 c 0.17
MUFA (g/day) 151 27.54 a 1,07 151 32,38 b 1.12 151 35,63 b 1.17
MUFA (%Energy) 151 12,37 a 0.45 151 13,90 b 0.40 151 14,36 b 0.32
PUFA (g/day) 151 12,14 a 0.54 151 13,80 b 0.51 151 14,60 b 0.67
PUFA (%Energy) 151 5,34 a 0,19 151 5,86 b 0.16 151 5,76 ab 0.19
n-3 (g/day) 117 1,29 a 0.09 101 1,50 ab 0.10 96 1,74 b 0,15
n-6 (g/day) 117 8.32 a 0.55 101 9,98 b 0.50 96 10,07 b 0,68
C8 (g/day) 73 0.15 a 0.01 46 0.19 a 0,02 57 0.33 b 0,03
C10 (g/day) 83 0.31 a 0.02 69 0.47 b 0,03 85 0.79 c 0,05
C12 (g/day) 95 0.63 a 0.05 85 1.10 b 0,09 103 1.56 c 0,10
C14 (g/day) 129 1,61 a 0,08 117 2.47 b 0,14 114 3.65 c 0.17
C16 (g/day) 129 10,55 a 0,36 117 14.23 b 0.42 114 17.87 c 0.66
C16;1 (g/day) 129 1,08 a 0,05 117 1,46 b 0.07 114 1.49 b 0.07
C18 (g/day) 129 4,57 a 0.22 117 6,85 b 0.36 114 8,38 c 0.37
C18:1 (g/day) 129 22,85 a 1.23 117 28,17 b 1.31 114 28.07 b 1.34
C18:2;6 (g/day) 144 8.64 a 0.50 142 10,46 b 0,46 133 10.71 b 0.60
C18:3:3 (g/day) 144 0.90 a 0.05 142 1.22 b 0,06 133 1.38 b 0,09
C20:4:6 (g/day) 83 0.13 0,01 69 0.13 0,01 85 0.10 0.01
C20;5:3 (g/day) 132 0.16 a 0,02 126 0.12 ab 0,02 115 0.13 b 0.02
C22;6:3 (g/day) 132 0.23 a 0,03 126 0.22 ab 0,03 115 0.20 b 0.03
Trans fatty adds (g/day) 80 1.71 a 0,16 62 2,29 a 0.19 62 3,65 b 0.32
CHO (g/day) 151 242.60 7,04 151 232,23 6.52 151 228.12 6,41
CHO (%Energy) 151 46.44 a 0.66 151 43,70 b 0.57 151 40.55 c 0,52
Starch (g/day) 90 148.38 6.42 74 138,74 5.97 81 137.91 6.16
Total Sugars (g/day) 94 111.25 a 5.93 81 104,52 ab 4,90 85 91.58 b 5,00
Protein (g/day) 151 92.01 2,59 151 88.50 2,01 151 92.41 2.53
Protein (%Energy) 151 18.56 a 0,37 151 17.44 ab 0,29 151 17.14 b 0.28
Alcohol (g/day) 151 10.94 1,38 151 8.94 1,15 151 6,35 0.88
Alcohol (%Energy) 151 3.47 a 0,42 151 2.60 ab 0,29 151 1,80 b 0.23
Fibre (g) 149 19.81 0,73 148 19.69 0,63 146 18,92 0.65
Vitamin E (mq/day) 151 9.98 0,40 151 10.70 0,49 151 9,96 0.42

denotes significance across tertiles (when two superscripts contain the same letter there is no significant d ifference
between two of the three tertiles) p<0.05, One W ay ANOVA. p<0.017 where bonferroni correction applied 

SEM: standard error o f the mean
not all IVGTT data modelled sucessfully. therefore d iffe rent n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S|, insulin sensitivity; Sq, g lucose effectiveness; AIRg, acute insulin response to g lucose; Dl, d isposition index; GO. distributed g lucose a t time Omin 

SFA. saturated fatty acids; MUFA, monounsaturated fatty acids; PUPA, polyunsaturated fatty acids; CHO, Carbohydrate

165



Table 5.9: Tertiles o f MUFA (% Energy)
Low Medium High

Anthropom etry n Mean SEM n Mean SEM n Mean SEM
Age (y) 151 54.84 0.78 151 54,67 0.74 151 54,63 0.69
Height(m) 151 1.70 a 0,01 151 1,69 a 0.01 151 1.65 b 0.01
BodyWeight(kg) 151 90.71 1,16 151 92.30 1.10 151 92.24 1.22
BMI (kg/m') 151 31.28 a 0,33 151 32.18 a 0.35 151 33.73 b 0.33
Waist circumference(cm) 151 105.64 0.93 151 106.05 0.88 151 107.91 0,84
Hip circumference (cm) 151 111.17 a 0.70 151 111.78 a 0.88 151 115.22 b 0.83
Diastolic BP(mmHg) 151 84.99 0.71 150 85.86 0.70 151 87.07 0,91
Systolic BP(mmHg) 151 138.13 1.23 150 136.77 1.23 151 140,19 1.32
Body Fat (%) 146 35.92 0.70 147 37.36 0.75 143 36,36 0.72
Body Fat(kg) 146 32.15 0.70 147 34,04 0.76 143 33,72 0,83
Lean Body Mass(%) 146 63.96 a 0.70 147 62,46 a 0.75 143 58.61 b 0,89
Lean Mass Body(kg) 146 57.68 1,05 147 57,39 1.01 143 54,71 1,34
Body Water(%) 118 46.60 a 0.53 125 45.18 a 0.55 134 42,18 b 0,69
Body Water (L) 113 41.65 0,84 115 41.06 0.83 132 39,64 1,05
Impedance! KHz) 127 523.80 7.90 102 525.00 10.29 101 509,92 8,89

Low Medium High
IVGTT Parameters n Mean SEM n Mean SEM n Mean SEM
S,(mU/L)''min-1 137 2.85 0,14 137 2.76 0.13 130 2.88 0.18
SofTiin-l 138 0.0157 0,0006 138 0.0159 0.0006 130 0.0154 0.0005

AIRg mUL’ ’ min'* 138 387.45 27.75 138 373.29 35,64 130 323.62 23.01
Dl 138 981.92 a 66.39 138 912,87 ab 64,43 130 757.45 b 52.65
GO m g/d l'' 138 296.24 3.57 138 300.47 3.43 130 299.66 3,46
P2 min ’ 138 0.042 0.002 138 0,040 0.002 130 0.047 0,004
P3 (mU/L) min'^ 138 0.000013 0.000001 138 0,000012 0,000001 130 0,000014 0.000001
Fasting Glucose (mmol/L) 146 5.79 a 0.07 150 6.05 b 0.06 151 6,04 b 0,07
Fasting lnsulin(ulU/ml) 146 9.56 0,45 150 10.32 0,48 151 10.48 0,42
HOMA-IR 146 2.49 0.12 150 2.82 0.14 151 2,83 0,12
QUICK! 146 0.61 a 0,01 150 0.60 ab 0.05 151 0,58 b 0,01
Revised QUICKI 146 0.226 0,001 150 0.226 0,002 151 0.223 0.001
C-Peplide ng/ml 144 2.57 a 0.06 150 2.83 b 0.08 150 2,54 a 0,07
Insulin to C-peptide ratio 144 3,61 a 0.10 150 3.57 a 0.12 150 4,22 b 0.15

Low Medium High
Lip ids and Lipoprote ins n Mean SEM n Mean SEM n Mean SEM
TAG (mmol/L) 151 1.87 0,08 150 1.83 0,08 151 1,68 0,06
Cholesterol (mmol/L) 151 5.37 0,08 150 5.28 0,07 151 5,31 0,08
NEFA (mmol/L) 151 630.33 20,29 150 619.89 19,16 151 609,91 17.36
TRL TAG (mmol/L) 150 0.94 a 0,05 151 0.94 a 0,05 147 0,72 b 0,04
TRL Cholesterol (mmol/L) 150 0.45 a 0,03 151 0.42 a 0.03 147 0,30 b 0,02
LDL Cholesterol (mmol/L) 149 3.35 0,08 148 3.18 0,08 151 3,20 0,09
HDL (mmol/L) 151 1.08 0.02 150 1,08 0,02 151 1.10 0,02
Apo A1 (g/L) 149 1.35 a 0,02 149 1,36 a 0,02 149 1,46 b 0,02
Apo B (g/L) 149 1.03 0,02 149 1.02 0,02 149 1.01 0,02
ApoCII (mg/L) 149 46.11 1,48 149 45,96 1,54 148 43.86 1.33
Apo CHI (mg/L) 149 161.61 a 4.32 149 161.66 a 4,24 148 147,04 b 4,04
Apo E (mg/L) 148 39.43 a 1.17 149 41 66 ab 1,41 148 44,08 b 1,51
Apo B48 (mg/L) 119 0.74 0.07 116 0,76 0.07 126 0.87 0,09
TRL ApoB (mg/L) 147 63,52 a 4.51 147 52.98 a 3,44 144 32.25 b 2,59

Low Medium High
Plasma Fatty A cids (w/w%) n Mean SEM n Mean SEM n Mean SEM
C14;0 150 2.19 a 0,09 148 2,02 a 0.07 147 1,49 b 0.07
C16:0 150 28,00 a 0,41 148 26.83 a 0,39 147 24,81 b 0.36
C16;1 150 1,75 a 0.10 148 1,37 b 0,06 147 0.95 c 0.05
C18;0 150 4.14 0,20 148 4,32 0,18 147 3,97 0.13
C18:1 150 25.82 a 0,33 148 25,57 a 0,36 147 27.77 b 0.37
C18:2:6 150 26,81 0,44 148 27,65 0.44 147 28,19 0.44
C 2 0 4 6 150 6,36 a 0,21 148 6,60 a 0 19 147 7,61 b 0.17
C20.5;3 150 0,93 a 0,06 148 1,13 a 0.08 147 0.75 b 0,06
C22;6:3 150 1,78 a 0,09 148 2,30 b 0,11 147 2,45 b 0,08
SFA 150 34.33 a 0,57 148 33.16 a 0,52 147 30,27 b 0.41
MUFA 150 27.84 ab 0,40 148 27,15 a 0,39 147 28,91 b 0.37
PUFA 150 37.83 a 0,60 148 39,68 ab 0,58 147 40,81 b 0.49
n-6 PUFA 150 34.23 a 0.53 148 35.35 ab 0.52 147 36,91 b 0.48
n-3 PUFA 150 3,60 a 0.14 148 4.33 b 0.20 147 3.90 ab 0.14

Low Medium High
Dietary Measures n Mean SEM n Mean SEM n Mean SEM
Basal Metabolic Rate (MJ/day) 150 7,20 0,09 151 7.21 0.09 149 7.19 0.10
Total Energy (MJ) 151 8.73 0,22 151 9,06 0,22 151 8,64 0.19
Total fat (g/day) 151 68.57 a 2.01 151 89.12 b 2.51 151 98,97 c 2.43
Total fat (%Energy) 151 29.30 a 0,44 151 36,24 b 0,35 151 42,81 c 0.40
SAFA (g/day) 151 25.17 a 0,79 151 33,73 b 1,14 151 29,83 C 0.95
SAFA(%Energy) 151 10.80 a 0,21 151 13,67 b 0,25 151 12,82 c 0.25
MUFA (g/day) 151 20.90 a 0,60 151 30,44 b 0,78 151 44,20 c 1.09
MUFA(%Energy) 151 8.92 a 0,12 151 12,46 b 0,08 151 19.24 c 0.30
PUFA (g/day) 151 11.70 a 0.53 151 15,24 b 0,59 151 13.60 b 0.59
PUFA (%Energy) 151 4,96 a 0.17 151 6,19 b 0,18 151 5.82 b 0.17
n-3 (g/day) 105 1.30 a 0.10 93 1,86 b 0,13 116 1.38 ab 0.11
n-6 (g/day) 105 8,36 a 0.62 93 10,98 b 0.60 116 9,05 a 0.51
C8 (g/day) 86 0,20 0.01 57 0,26 0.03 33 0,19 0.02
C10 (g/day) 104 0,45 a 0.03 92 0.63 b 0.05 41 0,49 ab 0.05
C12 (g/day) 118 0.94 a 0.07 116 1.35 b 0.09 49 0.96 ab 0.11
C14 (g/day) 119 2.33 a 0.12 117 3.02 b 0.16 124 2.27 a 0.15
C l6 (g/day) 119 11,20 a 0,49 117 15.58 b 0.60 124 15.38 b 0.49
C16;1 (g/day) 119 0,92 a 0,05 117 1.33 b 0.05 124 1.74 c 0.06
C l8 (g/day) 119 5.27 a 0.28 117 7.40 b 0.33 124 6.90 b 0.40
C18;1 (g/day) 119 16.09 a 0,74 117 23,67 b 0.79 124 38.38 c 1.30
C18:2:6 (g/day) 149 8.90 a 0,52 139 11,11 b 0,51 131 9.80 ab 0.53
C18:3:3 (g/day) 149 0.95 a 0.05 139 1,43 b 0,07 131 1.12 a 0.08
C20:4:6 (g/day) 104 0.12 0.01 92 0.12 0.01 41 0.14 0.02
C20:5:3 (g/day) 135 0.13 a 0.02 115 0,14 ab 0,02 123 0.14 b 0.02
C22:6:3 (g/day) 135 0.20 0.03 115 0.23 0,03 123 0.22 0.02
Trans fatty acids (g/day) 111 1.90 a 0.13 69 3,24 b 0,29 24 2.96 ab 0.53
CHO (g/day) 151 258.45 a 7.37 151 241,52 a 6,48 151 202.97 b 5.18
CHO (%Energy) 151 48.25 a 0.61 151 44,03 b 0,50 151 38,41 c 0.46
Starch (g/day) 118 143.71 a 5.57 82 149.81 a 5,53 45 123,33 b 7.84
Total Sugars (g/day) 127 109.04 a 4.80 96 106.29 a 4,83 37 71,81 b 5.17
Protein (g/day) 151 94.83 2.79 151 90.83 2.24 151 87.25 2.06
Protein (%Energy) 151 18.57 a 0.36 151 17.33 b 0.31 151 17.23 b 0,27
Alcohol (g/day) 151 11.99 a 1.42 151 8.55 ab 1,15 151 5.69 b 0.79
Alcohol (%Energy) 151 3.79 a 0.43 151 2.34 b 0.27 151 1,74 b 0.23
Fibre (g) 149 19,25 0.73 148 20.20 0.69 146 18.99 0.59
Vitamin E (mg/day) 151 9.48 a 0.52 151 10.06 a 0,42 151 11.09 b 0,34

denotes significance across tertiles (when two superscripts contain the same letter there is no significant difference 
between two of the three tertiles) p<0.05. One Way ANOVA. p<0.017 where bonferroni correction applied 

SEM; standard error of the mean
not all IVGTT data modelled sucessfully, therefore different n numbers 
BMI (kg/m2), Body Mass Index; BP, blood pressure
S|, insulin sensitivity; Sq. glucose effectiveness; AIRg, acute insulin response to glucose; Dl, disposition index; GO, distributed glucose at time Omin 
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUPA, polyunsaturated fatty acids; CHO, Carbohydrate
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5.4.4 Correlation Analysis

One of the objectives of the study was to assess the relationship between plasma and 

dietary fatty acids with insulin sensitivity. Correlations were deemed suitable as an 

investigative statistical technique to demonstrate this. Further in-depth correlational 

analysis was also carried out on this rich dataset.

The parameters exported from the IVGTT as well as other measures of insulin 

sensitivity and insulin resistance were correlated with each other and also correlated 

with anthropometric measures, lipid and apolipoproteins, plasma fatty acids and 

dietary variables measured at baseline. Correlation analysis set out to determine the 

extent to which values of two variables are "proportional" or linearly related to each 

other. While correlation analysis assumes no causal relationship between variables, 

regression analysis assumes that one variable is dependent upon; A) another single 

independent variable (Simple Regression), or B) multiple independent variables 

(Multiple Regression). However, correlational analysis gives a better understanding of 

the relationship between the two variables as a prelude to the regression analysis. 

Table 5.10 presents the correlation coefficients of the IVGTT parameters when 

correlated with each other. Insulin sensitivity (Si) correlated significantly with all 

other IVGTT parameters with the exception of So and GO. Si also correlated 

significantly with HOMA-IR, QUICKI, Revised QUICK!, C-peptide and insulin to C- 

peptide ratio. It was most strongly and positively correlated with P3, which represents 

the movement of circulating insulin to the interstitial space (0.723, p<0.0005). Si was 

also strongly and negatively correlated with fasting insulin (-0.522, /:x0.0005), 

HOMA-IR (-0.332, /?<0.0005), C-peptide concentrations (-0.407, /?<0.0005) and 

insulin to C-peptide ratio (-0.373, p<0.0005) and positively correlated with DI (0.364, 

/7<0.0005), QUICKI (0.516, p<0.0005) and Revised QUICKI (0.461, p<0.0005). 

Glucose effectiveness ( S g) was strongly correlated with GO (distributed glucose at 

time 0 minutes) only (0.589, p<0.0005). GO and fasting glucose were strongly and 

positively correlated as expected (0.425, /?<0.0005). Strong positive correlations were 

observed for fasting insulin and HOMA-IR, C-peptide concentrations and insulin to 

C-peptide ratio (0.967, /:><0.0005; 0.713, p<0.0005 and 0.753, /:x0.0005, 

respectively). QUICKI and Revised QUICKI were inversely and strongly correlated 

with fasting insulin (-0.954, /;<0.0005 and -0.786, /7<0.0005, respectively).
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IVG TT with anthropometry

Baseline IVGTT parameters and measures o f insulin sensitivity and resistance were 

correlated with the anthropometric m easures taken on pre-intervention clinical 

investigation day and the results presented in Table 5.11. There were significant, 

albeit m oderate correlations between Si and baseline weight (-0.306, p<0.0005), BMI 

(-0.218, p< 0.0005) and waist circum ference (-0.340, /?<0.0005) with increasing 

insulin sensitivity values associated with lower body weight, BM I index and a lower 

waist circumference. AIRg (acute insulin response to glucose) correlated negatively 

with age (-0.223, /?<0.0005), but was positively correlated with body weight (0.225, 

/?<0.0005) and waist circumference (0.191, p<0.0005). P2 and P3 were both inversely 

correlated with waist circumference (-0.172, /;x0.0005 ad -0.348, p<0.0005, 

respectively) with P3 also negatively correlated with body weight and BM I (-0.256, 

p<0.0005 and -0.235, /?<0.0005, respectively). There were weak and non-significant 

correlations between fasting glucose and anthropom etric measures. A weak and 

positive correlation was observed for fasting glucose concentration at baseline and age 

(0.186, p<0.0005). Fasting insulin concentrations were strongly and significantly 

correlated with weight (0.342, p<0.0005), BMI (0.417, p<0.0005), waist and hip 

circumference (0.402 and 0.289, /;x0 .0005, respectively), body fat and lean body fat 

(kg) (0.271 and 0.201, /?<0.0005, respectively). The same correlational trends were 

observed for HOM A-IR and C-peptide concentrations and inversely for QUICKI and 

Revised QUICKI.

IVG TT with lipids and apolipoproteins

IVGTT param eters and measures of insulin sensitivity and insulin resistance were 

correlated with fasting lipid and apolipoprotein concentrations and the results are 

presented in Table 5.12. Insulin sensitivity (SO was negatively and weakly, however, 

significantly correlated with fasting plasm a TAG (-0.124, p< 0.05) and TRL TAG (- 

0.114, p< 0.05) and positively correlated with cholesterol concentrations (0.164, 

p< 0.001), LDL cholesterol (0.118, p<0.05) and more strongly correlated with HDL 

cholesterol concentrations (0 .245 ,/x O .0005). Fasting HDL cholesterol concentrations 

were also strongly and positively correlated with P3 and QUICKI (0.272 and 0.262, 

p<0.0005, respectively) and negatively correlated with fasting insulin, HOM A-IR and 

C-peptide concentrations (-0.276, -0.256, -0.269, p<0.0005, respectively). Fasting 

TAG and TRL TAG concentrations were also positively correlated with fasting
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insulin, HOM A-IR and C-peptide concentrations (0.259, 0.236 and 0.289, p<0.0005, 

respectively) and negatively correlated with QUICKI and Revised QUICKI values (- 

0.250 and -0.246, /?<0.0005, respectively). NEFA concentrations were strongly and 

negatively correlated with Revised QUICKI (-0.536, p<0.0005), which was as 

expected as it is an inherent feature o f the calculation.

IV G TT with Plasma fa tty  acids (w/w% )

Table 5.13  presents the correlation coefficients between total plasm a fatty acid 

composition (w/w %) and IVGTT param eters and measures o f insulin resistance and 

insulin sensitivity. Si correlated weakly and negatively with plasm a myristic (C14:0), 

palmitic (C l6:0) and saturated fatty acids (-0.122, -0.119 and -0.121, p<Q.05, 

respectively) and positively with plasm a linoleic acid (C18:2:6) (0.118, p<0.05). 

Plasm a myristic (C l4:0) acid was more strongly and positively correlated with fasting 

insulin, HOM A-IR and C-peptide concentrations (0.178, 0.168, 0.204, p<0.0005, 

respectively) and negatively correlated with QUICKI and Revised QUICKI (-0.160, - 

0.160 /7<0.0005). Plasm a palm itic acid had similar correlational trends but not as 

significant. Plasm a linoleic acid concentrations ( C l8:2:6) were moderately correlated 

w ith glucose effectiveness (Sc) and P2 (0.129, 0.157, respectively, p<0.05). It was 

more significantly and positively correlated with P3, QUICKI and Revised QUICKI 

(0.171, 0.177 and 0.184, respectively, /;<0.0005) and negatively correlated with 

fasting insulin concentrations, HOM A-IR, C-peptide concentrations and insulin to C- 

peptide ratio (-0.174, -0.171, -0.127 and -0.121, respectively, /?<0.05). Plasma total 

SFA concentrations were weakly and negatively correlated with P2, P3 and Revised 

QUICKI (-0.133, -0.119, -0.138, respectively, /?<0.05) and more strongly correlated 

with QUICKI (-0.193, p<0.0005). It was positively correlated with fasting insulin, 

HOM A-IR and C-peptide concentrations (0.184, 0.193, 0.242, respectively, 

/?<0.0005). Plasma M UFA concentrations were negatively and weakly correlated to 

P2 and Revised QUICKI (-0.099 and -0.104, respectively, ;;><0.05). Plasm a PUFA 

concentrations were negatively and also weakly correlated with AIRg, fasting insulin, 

HOM A-IR and C-peptide concentrations (-0.101, -0.152, -0.143, -0.129, respectively, 

p<0.05). Positive correlations were observed for plasm a PUFA concentrations and 

P2, P3, QUICKI and Revised QU ICKI (0.166, 0.151, 0.150, 0.154, respectively, 

/;<0.05). Sim ilar correlational relationships were observed for plasm a n-6 PUFA
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concentrations. Plasm a n-3 PUFA, however, were negatively and weakly correlated 

with AIRg and insulin to c-peptide ratio only (-0.167, -0 .136,/?<0.05).

IV G TT with d ieta iy data

Table 5.14  illustrates the correlation coefficients of the IVGTT param eters and 

m easures of insulin resistance and sensitivity measured at baseline with the dietary 

data collected at week 0 o f the intervention study from the pre-intervention 3-day 

weighed food diary. Few significant and strong correlations were observed from this 

analysis. Insulin sensitivity (Si) was negatively correlated with Basal M etabolic Rate 

(BM R) (-0 .272 ,/7<0.0005), dietary trans fats (-0 .218 ,/?<0.05), dietary starch (-0.189, 

p< 0.05) and fibre intakes (-0.125, p<0.05). G lucose effectiveness (Sc), GO and P2 did 

not correlate significantly with any of the dietary variables. AIRg was positively 

correlated with BMR (0.200, p<0.0005), total energy (0.129, p<0.05), total dietary fat 

intake (0.105, p< 0.05), dietary SFA intake (0.118, /?<0.05), trans fat intake (0.160, 

/7<0.05) and total dietary CHO intakes (0.113, /?<0.05). DI negatively correlated with 

M UFA (% Energy) and dietary fibre intake (-0.118, -0.130, respectively, p < 0 .05) and 

positively correlated with dietary alcohol intake (g/day and %Energy) (0.110. 0.112, 

respectively, /?<0.05). P3 was also negatively correlated with BM R as were QUICKI 

values (-0.212, -0.222, respectively,/?<0.0005). Fasting glucose concentrations were 

positively correlated with dietary M UFA (%Energy) (0.163, /?<0.0005). Fasting 

insulin concentrations were positively correlated with BMR (0.214, p< 0 .0005), total 

and saturated fat (0.144, 0.143, respectively, /?<0.05), M UFA (g/day and %Energy) 

(0.153, 0.116, /?<0.05), dietary n-6 PUFA (0.122, p<0.05) and negatively with 

alcohol (g/day and % Energy) (-0.155, -0.158, p<0.001). HOM A-IR index showed 

com parable correlation results.
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Table 5.10: Correlation coefficients between IVGTT parameters at baseline for n=486 volunteers who took pari in the LIPGENE dietary intervention study
Sg AIRg 01 GO P2 P3 Fasting Glucose Fasting Insulin HOMA-IR QUICKI Revised QUICKI C-Peptide Insu lin  to  C-peptide Ratio

r  r r r r r r f r r r r r
s, 0.061 ns -0.238 *** 0.364 •0.071 ns 0.243 ••• 0.723 ••• 0.113 -0.522 -0,332 0.516 0,461 -0.407 -0.373

Sg 0.043 ns 0.072 ns 0.589 — -0.113 • -0.034 ns -0.068 ns -0,093 -0.105 0,092 0,119 -0.029 ns -0.102
AIRg 0.759 -0.156 •* 0.085 ns -0.066 ns -0.421 0.256 0.145 -0.147 -0.105 0.140 0.235
Dl -0.169 *** 0.225 ••• 0.379 ••• -0.480 -0.085 ns -0.185 0,182 0,201 -0.123 -0.016 ns
GO -0.123 * -0.130 * 0.424 0.083 ns 0.168 -0.181 -0.106 0.125 0.015 ns
P2 0.793 ••• -0.179 -0.271 -0.275 0,282 0.276 -0.252 -0.163
P3 -0.235 -0.509 -0.518 0,521 0,479 -0.441 -0.332
Fasting Glucose 0,197 -0.312 -0.410 -0,350 0,229 0.080 ns
Fasting Insulin 0.967 -0,954 -0.786 0.712 0.753 ...
HOMA-IR -0,987 -0,814 0.709 0.715
QUICKI 0.801 -0.698 -0.702
Revised QUICKI -0.585 -0.595 ...
C-Peptide 0.124

Table 5.11: Correlation coefficients between IVGTT parameters and anthropometries at baseline for n=466 volunteers who took part in the LIPGENE dietary intervention study
Age Height Body Weight BMI Waist Hip D iastolic BP S vstolic BP Body Fat % Body Fat Kg Lean Body Mass % Lean Body Mass Kg Body Water */• Body Water Litres Impedance
r r r r r r r r

S| 0.042 ns -0.159 -0.306 . . . -0.218 *’ • -0.340 •*• -0.048 ns -0.139 -0.060 ns 0.070 ns -0.097 -0.087 ns -0.239 -0,139 -0,238 . . . 0.215

Sg 0.017 ns 0.021 ns -0.015 ns -0.027 ns -0.049 ns 0.049 ns 0,058 ns 0.087 ns 0.023 ns 0.018 ns -0,021 ns -0.018 ns 0,027 ns 0,024 ns 0.162
AIRg -0.223 0.116 0.225 0.147 * 0.191 0.088 ns 0,086 ns 0.011 ns -0.050 ns 0,060 ns 0,093 ns 0.191 . . . 0.040 ns 0,155 -0.176
Dl -0.186 0.023 ns 0.016 ns -0.017 ns -0.022 ns 0.047 ns 0,012 ns -0,031 ns -0.015 ns -0.016 ns 0.057 ns 0.045 ns -0.019 ns 0.014 ns -0.005 ns
GO 0,031 ns 0.020 ns 0.174 0.200 ••• 0.175 0.240 ... 0,064 ns 0.082 ns 0.182 ... 0,249 . . . -0,162 0.012 ns -0.086 ns 0.045 ns 0.114
P2 -0.145 -0.002 ns -0,070 ns -0.097 • -0.172 — 0.008 ns 0,038 ns 0,024 ns -0.031 ns -0,072 ns 0.031 ns -0.021 ns 0.030 ns -0.037 ns 0.057 ns
P3 -0,062 ns -0.087 ns -0,256 -0.235 •** -0.348 ••• -0.056 ns -0.082 ns -0,036 ns 0.003 ns -0,137 -0.018 ns -0.169 . . . -0.062 ns -0.195 . . . 0.178
Fasting Glucose 0,186 . . . -0.025 ns 0,049 ns 0.091 * 0.099 * 0,007 ns 0.030 ns 0.099 0.007 ns 0,032 ns -0,067 ns -0.001 ns -0.044 ns -0.017 ns -0.013 ns
Fasting Insulin -0.174 -0.006 ns 0,342 . . . 0.417 ••* 0.402 0.289 0.113 * 0.049 ns 0.086 ns 0.271 -0,051 ns 0,201 . . . -0.016 ns 0.239 -0.137 •
HOMA-IR -0.110 • -0.001 ns 0.332 . . . 0.401 ••• 0.399 0,245 0.109 0.066 ns 0.072 ns 0.251 -0,058 ns 0.190 . . . -0.030 ns 0.213 . . . -0.127 *
QUICKI 0.120 • 0.002 ns -0.341 -0.415 ••• -0.410 ••• -0.266 -0.116 • -0.070 ns -0.079 ns -0.264 0.060 ns -0.195 . . . 0,024 ns -0.216 . . . 0.139
Revised QUICKI 0.062 ns 0.144 -0.191 . . . -0.368 *•* -0.269 -0.245 -0.085 ns -0.068 ns -0.201 -0.290 0.220 0.002 ns 0.161 ** -0.029 ns 0,027 ns
C-Peptide -0.016 ns 0.088 0.306 ... 0.293 — 0.360 *•* 0.149 0.121 0.024 ns 0.068 ns 0.224 0.006 ns 0,202 0,049 ns 0.228 . . . 0.003 ns
Insulin to C-peptide Ratic -0.236 -0.105 0.208 0.342 *•* 0.236 *•* 0.291 0.034 ns 0.041 ns 0.095 0.208 -0.111 0.067 ns -0,095 ns 0.087 ns -0,164
r  correlation coefficient 
***p< 0.0005
•*p< 0.001
•p<0,05
ns non significant



Table 5.12: Correlation coefficients between IVGTT parameters, lipids and apolipoproteins at baseline for n=486 volunteers wtio took part in the LIPGENE dietary intervention study
Lip ids and A polipopro te ins

TAG Cholestero l NEFA TRL TAG TRL C holesterol LDL Total HDL Apo A1 Apo B Apo CM Apo Clll Apo E Apo B48 TRL Apo B
r r r r r r r r r r r r r r

s, -0.124 • 0.164 ** -0.058 ns -0.114 * -0.042 ns 0.118 * 0.245 . . . 0.143 * 0.009 ns 0.004 ns 0.003 ns -0.054 ns 0.016 ns -0.001 ns

Sg -0.044 ns 0.062 ns -0.080 ns -0.040 ns -0.057 ns 0.008 ns 0.121 * 0.047 ns -0.012 ns -0.047 ns 0.035 ns -0.011 ns 0.138 * 0.030 ns
AIRg 0.053 ns -0.086 ns -0.056 ns 0.063 ns 0.037 ns -0.063 ns -0.123 * -0.116 * -0.045 ns -0.062 ns 0.002 ns -0.027 ns -0.058 ns 0.063 ns
Dl -0.037 ns 0.011 ns -0.114 • -0.015 ns 0.008 ns 0.010 ns 0.035 ns -0.029 ns -0.053 ns -0.060 ns -0.008 ns -0.076 ns -0.027 ns 0.050 ns
GO -0.059 ns -0.018 ns -0.042 ns -0.054 ns -0.062 ns -0.105 * 0.049 ns 0.026 ns -0.042 ns -0.056 ns 0.017 ns -0.012 ns 0.098 ns -0.058 ns
P2 -0.127 * 0.061 ns -0.086 ns -0.099 • -0.036 ns 0.023 ns 0.174 ** 0.144 * -0.024 ns -0.010 ns -0.011 ns -0.005 ns -0.068 ns -0.057 ns
P3 -0.148 * 0.155 *• -0.093 * -0.121 • -0.045 ns 0.086 ns 0.272 . . . 0.207 . . . -0.002 ns 0.012 ns -0.016 ns -0.043 ns -0.023 ns -0.040 ns
Fasting Glucose 0.052 ns 0.059 ns 0.038 ns 0.004 ns -0.026 ns -0,016 ns -0.037 ns 0.078 ns 0.108 • 0.033 ns 0.065 ns 0.115 • 0.090 ns -0.091 *
Fasting Insulin 0.259 . . . -0.049 ns -0.016 ns 0.230 . . . 0.146 -0.018 ns -0.276 . . . -0.031 ns 0.105 • 0.059 ns 0.079 ns 0.151 ** 0.130 * 0.095 *
HOMA-IR 0.236 . . . -0.038 ns -0.004 ns 0.189 . . . 0.106 -0.029 ns -0.256 . . . -0.002 ns 0.117 • 0.055 ns 0.080 ns 0.165 . . . 0.133 * 0.043 ns
QUICKI -0.250 . . . 0.030 ns 0.015 ns -0.211 . . . -0.122 0.026 ns 0.262 . . . 0.000 ns -0.122 • -0.063 ns -0.089 • -0.169 . . . -0.140 * -0.067 ns
Revised QUICKI -0.246 . . . -0.033 ns -0.536 . . . -0.174 ** -0.091 -0.063 ns 0.090 * -0.103 • -0.082 ns -0.083 ns -0.103 * -0.166 . . . -0.085 ns 0.002 ns
C-Peptide 0.289 . . . -0.017 ns 0.016 ns 0.290 . . . 0.225 . . . 0.033 ns -0.268 . . . -0.082 ns 0.120 * 0.110 * 0.154 ** 0.068 ns 0.161 • 0.227 . . .

Insulin to C-peptide Ratio 0.115 * -0.058 ns -0.005 ns 0.070 ns 0.001 ns -0.057 ns -0.139 * 0.033 ns 0.006 ns -0.016 ns -0.002 ns 0.162 . . . 0.063 ns -0.078 ns

Table 5.13: Correlation coefficients between IVGTT parameters and plasma fatty acids (%) at baseline for n=486 volunteers who took part in the LIPGENE dietary intervention study 
______________________________________________________________________________________________________Plasma Fatty Acids (%)_____________________________________

C14:0 C16:0 C16:1 C18:0 C18:1 C18:2:6 C20:4;6 C20:5:3 C22:6:3 SFA MUFA PUFA n-6 n-3
r r r r r r r r r r r r r r

s, -0.122 • -0.119 * 0.020 ns 0.049 ns -0.061 ns 0.118 • -0.027 ns 0.079 ns -0.019 ns -0.121 * -0.043 ns 0.089 ns 0.086 ns 0.023 ns

Sg -0.014 ns -0.014 ns 0.048 ns 0.024 ns -0.091 ns 0.129 * -0.081 ns 0.099 * 0.007 ns -0.012 ns -0.080 ns 0.080 ns 0.081 ns 0.021 ns
AIRg 0.047 ns 0.098 * -0.017 ns 0.007 ns 0.016 ns -0.033 ns -0-037 ns -0.157 *• -0.181 . . . 0.094 * 0.012 ns -0.101 * -0.053 ns -0.167 **
Dl -0.024 ns 0.012 ns 0.003 ns 0.031 ns -0.036 ns 0.053 ns -0.044 ns -0.077 ns -0.170 . . . 0.005 ns -0.028 ns -0.023 ns 0.014 ns -0.131 ns
GO -0.055 ns 0.041 ns 0.004 ns 0.175 . . . -0.040 ns 0.002 ns -0.131 * 0.075 ns 0.030 ns 0.057 ns -0.052 ns -0.029 ns -0.050 ns 0.009 ns
P2 -0.090 ns -0.131 * -0.028 ns 0.002 ns -0.103 * 0.157 .. 0.035 ns 0.079 ns 0.062 ns -0.133 * -0.099 * 0.166 .* 0.145 * 0.051 ns
P3 -0.134 * -0.157 •* 0.013 ns 0.011 ns -0.088 ns 0.171 *** 0 000 ns 0.127 * 0.000 ns -0.119 * -0.071 ns 0.151 • 0.138 * 0.049 ns
Fasting Glucose -0.025 ns 0.069 ns -0.084 ns 0.108 -0.011 ns -0.083 ns -0.015 ns 0.033 ns 0.154 ** 0.086 ns -0.041 ns -0.043 ns -0.080 ns 0.085 ns
Fasting Insulin 0.178 . . . 0.137 * -0.016 ns 0.111 0.043 ns -0.174 •** -0.032 ns -0.131 * -0.036 ns 0.184 . . . 0.020 ns -0.152 .. -0.144 * -0.082 ns
HOMA-IR 0.168 . . . 0.150 ** -0.036 ns 0.117 0.019 ns -0.171 -0.025 ns -0.118 * -0.007 ns 0.193 . . . -0.008 ns -0.143 • -0.142 * -0.060 ns
QUICKI -0.160 ** -0.145 * 0.027 ns -0.125 -0.035 ns 0.177 *•* 0.036 ns 0.112 * -0.006 ns -0.193 . . . -0.008 ns 0.150 ** 0.150 ** 0.050 ns
Revised QUICKI -0.160 . . . -0.147 •* -0.151 •• 0.090 -0.094 * 0.184 **• -0.012 ns 0.077 ns -0.016 ns -0.138 * -0.104 0.154 ** 0.150 ** 0.026 ns
C-Peptide 0.204 . . . 0.187 . . . -0.003 ns 0.032 ns -0.041 ns -0.127 * -0.085 ns -0.024 ns 0.015 ns 0.242 . . . -0.053 ns -0.129 * -0.142 * 0.014 ns
Insulin to C-peptide Ratio 0.072 ns 0.016 ns -0.008 ns 0.129 * 0.105 * -0.121 * 0.004 ns -0.160 -0.072 ns 0.059 ns 0.083 ns -0.116 * -0.086 * -0.136 *

r  correlation coefficient 
" * p <  0.0005
“ p< 0.001
•p<0.05
ns non significant



Table 5.14: Correlation coefficients between IVGTT parameters and dietary variables at baseline fo r n=486 volunteers who took part in the LIPGENE dietary intervention study

Dietary Variables Post D ie ta r/ Variables
BMR Tota l E ne rgy MJ T o ta l fa t(g ) T o ta l fa t*/.E nergv SAFA{g) SAFA% Energy MUFA(g) M UFAV.Energv PUFA% Energv n-3(g) n-6(g) T rans fa t (g) CHO(g) S ta rch (g ) A lco h o l(g ) A lcoho l% E nergv  F ib re (g ) V itam in  E
r r  r r  r  r  r r r r r  r  r  r  r  r  r  r

s, -0.272 -0.073 ns -0.086 ns -0,067 ns -0,055 ns -0,027 ns -0,091 ns -0.060 ns -0.011 ns -0.067 ns -0,061 ns -0.218 -0,068 ns -0,189 0.068 ns 0,080 ns -0,125 -0,090 ns

Sg -0.077 ns -0.011 ns -0.011 ns 0.025 ns 0.022 ns 0.073 ns -0.021 ns -0.003 ns 0.017 ns 0,118 0.108 ns 0,017 ns -0,020 ns -0,033 ns 0.016 ns 0.013 ns 0,006 ns 0.017 ns
AIRg 0.200 0.129 0.105 -0.004 ns 0.118 0,039 ns 0,046 ns -0,069 ns -0,013 ns -0,005 ns 0.046 ns 0,160 0,113 0.107 ns 0.059 ns 0.057 ns -0.078 ns 0,044 ns
Dl 0.016 ns 0.078 ns 0.029 ns -0.071 ns 0,062 ns -0,001 ns -0,026 ns -0,118 -0,017 ns -0,058 ns -0,010 ns 0.024 ns 0,085 ns 0.011 ns 0.110 0.112 -0.130 -0.023 ns
GO 0.034 ns -0.057 ns -0,024 ns 0.029 ns -0.014 ns 0.062 ns 0,014 ns 0,068 ns 0,012 ns 0,062 ns 0.050 ns -0,023 ns -0,072 ns 0.022 ns -0.002 ns 0.004 ns -0.021 ns ■0,007 ns
P2 -0.050 ns 0.084 ns 0,050 ns -0.008 ns 0,053 ns -0,015 ns 0,058 ns 0,010 ns 0,006 ns 0 037 ns 0.011 ns 0.004 ns 0.089 ns 0.007 ns 0.075 ns 0.071 ns -0,007 ns 0,034 ns
P3 -0.212 0.005 ns -0.040 ns -0.065 ns -0.035 ns -0.043 ns -0.032 ns -0,040 ns -0.020 ns -0.060 ns -0.028 ns -0,162 0.017 ns -0.116 ns 0,103 0.110 -0,074 ns -0.059 ns
Fasting Glucose 0,046 ns -0.013 ns 0,046 ns 0,078 ns -0.018 ns -0.004 ns 0.125 0.163 0.059 ns 0.033 ns 0,058 ns 0.073 ns -0.073 ns 0.096 ns 0,021 ns 0.016 ns 0.084 ns 0.115
Fasting Insulin 0.214 0.078 ns 0,157 0,144 0,136 0,143 0,153 0.116 0.018 ns 0 084 ns 0.122 0.130 ns 0.058 ns 0.098 ns -0.155 -0.158 -0,021 ns 0.036 ns
HOMA-IR 0.210 0.063 ns 0,148 0,144 0.117 0.128 0.162 0.139 0.028 ns 0.086 ns 0.116 0.131 ns 0.033 ns 0.114 ns -0.138 -0.142 -0.010 ns 0.050 ns
QUICKI -0.222 -0.073 ns -0.158 -0.147 -0,123 -0.123 -0.171 -0,143 -0.032 ns -0.085 ns -0.111 -0,114 ns -0.034 ns -0.116 ns 0.124 0.129 0.022 ns -0,043 ns
Revised OUlCKI -0.030 ns 0.040 ns -0,051 ns -0.111 -0,017 ns -0,081 ns -0.080 ns -0,106 0.010 ns -0.056 ns -0.012 ns -0.103 ns 0,044 ns 0.009 ns 0.134 0.128 0,004 ns -0.045 ns
C-Peptide 0.221 0.042 ns 0.076 ns 0.055 ns 0.083 ns 0,137 0.019 ns -0.019 ns 0.111 0 220 ... 0,163 0,134 ns -0.005 ns 0,049 ns -0,050 ns -0.051 ns 0.005 ns 0.005 ns
Insulin to C-peptide Ratio 0.087 ns 0.095 0.168 0.142 0.106 0,056 ns 0.193 0 147 -0.091 -0.103 ns -0,004 ns 0,085 ns 0,088 ns 0,087 ns -0.180 ... -0.181 ... -0.036 ns 0,046 ns
r  correlation coefficient 
■**p< 0.0005
•*p< 0.001
•p<0.05
ns non significant



5.4.5 Linear Regression Analysis

Table 5.15 presents the independent relationship of each variable to Si measured pre

intervention, using univariate and multivariate regression analysis. Although many 

variables were significant predictors when entered individually into the model, some 

failed to be significant in subsequent multiple linear regression after controlling for 

age, sex and body weight for e.g. waist and hip circumference, systolic blood 

pressure, body fat mass, lean body mass, body water, impedance, plasma 

concentrations of myristic acid (C14:0), linoleic acid (C18:2:6), BMR, total energy, 

total dietary fat (g/day), dietary MUFA (g/day), dietary starch (g/day), dietary protein 

(%Energy), dietary fibre and Vitamin E. In contrast, some variables became 

significant after controlling for age, gender and body weight that were not previously 

identified when entered univariatley e.g. centre, NEFA concentrations, plasma MUFA 

concentrations, dietary CHO (%energy), dietary protein (g/day), dietary alcohol 

intakes (g/day), work status and smoking status.

Table 5.16 shows six separate models for which multiple linear regression 

analysis was performed on each, using the dependent variable Si pre-intervention. In 

the centre and IVGTT parameters model, DI, AIRg and P3 and were shown to be the 

strongest significant predictors of Si; increasing DI and P3 w'ere positively associated 

with Si and increasing AIRg inversely associated w'ith Si (/?<0.05). In the 

anthropometry model, increasing BMI was inversely associated with Si and hip 

circumference positively associated with Si (/?<0.05). In the lipid and lipoproteins 

model, age, body weight and NEFA concentrations were significant predictors, 

negatively associated with Si, (/?<0.05). Total HDL cholesterol concentrations were 

positively associated with Si. In the plasma fatty acid model, females compared to 

males and increasing body weight was positively and negatively associated with Si, 

respectively, (p<0.05). From the dietary variables model, females compared to males 

were positively associated and increasing body weight and trans fatty acid intakes 

were negatively associated with Si, (p<0.05). Finally, from the health and lifestyle 

model, females compared to males were positively associated whilst increasing body 

weight, being married or divorced compared to being single and taking no alcohol 

were significant predictors of increasing Si, (/?<0.05).

Table 5.17 illustrates the main predictors of Si at baseline. The model had a 

moderate-to- high adjusted r  ̂ (68.8%), signifying a good fit for the population. AIRg, 

DI and P3 were the strongest predictors for Si. Increasing DI and P3 were positive
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predictors whilst increasing AIRg showed an inverse association with Si. Increasing 

body weight was also negatively associated with Si.

Table 5.18 demonstrates the independent relationship of each variable to 

HOMA-IR also measured pre-intervention, using univariate and multivariate analysis. 

Considerably more variables were significant predictors of HOMA-IR at the first step 

of the model development as compared to Si e.g. age, So, GO, P2, TRL Cholesterol 

concentrations, plasma concentrations of palmitic (C l6:0), palmitoleic (C l6:1), 

stearic acid (C l8:0), EPA (C20:5:3), saturated fat etc..

Table 5.19 shows the six separate models for which multiple linear regression 

analysis was performed on each, using the dependent variable HOMA-IR. In the 

IVGTT parameters model age, volunteers in JUMC, insulin sensitivity (Si), glucose 

effectiveness (Sq), AIRg, DI, GO, P2, P3, fasting glucose and fasting insulin 

concentrations were significant predictors of HOMA-IR; increasing insulin sensitivity 

(SI), AIRg, GO, P2 and volunteers in JUMC were inversely associated with HOMA- 

IR and increasing age, Sg, DI, P3, fasting glucose and fasting insulin were positively 

associated with HOMA-IR. In the anthropometry model, increasing BMI, waist 

circumference and impedance were positively associated with HOMA-IR and hip 

circumference inversely associated with HOMA-IR. In the lipid and lipoprotein 

model, females compared to males, increasing body weight and increasing 

concentrations of apoE were positive predictors of HOMA-IR and increasing 

concentrations of TRL cholesterol and HDL cholesterol were associated with 

decreasing HOMA-IR levels. In the plasma fatty acid model, females compared to 

males, increasing body weight and increasing concentration of plasma myristic acid 

(C14:0) were positively associated with HOMA-IR whilst plasma palmitoleic acid 

(C16:l) was the only significant negative predictor of HOMA-IR. From the dietary 

variables, increasing body weight and dietary starch were positive predictors of 

increasing HOMA-IR and in the health and lifestyle model, females compared to 

males, increasing body weight and working in the home compared to working outside 

the home were positive predictors of an increasing HOMA-IR index, (/7<0.05).

Table 5.20 illustrates the main predictors of HOMA-IR at baseline. Again 

there were a lot more significant predictors of HOMA-IR than Si and the model had a 

better adjusted r" (99%) which signified an excellent fit for the population. Fasting 

insulin was the strongest predictor of HOMA-IR, increasing concentrations associated
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with an increase in the HOM A-IR index. O ther positive and significant predictors 

from the model were fasting glucose, age, Sq, DI, P3, U oR volunteers, BMI, and apoE 

concentrations. Si, AIRg, GO, P2, JUM C volunteers, hip circumference and TRL 

cholesterol concentrations were significantly inversely associated with HOM A-IR 

index.
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T a b le  5 .1 5 : T h e  re la tionsh ip  o f e ac h  o f the  individual v a riab les  to S| m e as u red  a t p re -in te rve n tio n  using u n ivaria te  an d  m ultivariate  

(controlling for a g e , s ex  and  post body  w e ig h t) lin ea r regression  analysis .
U n iva ria te  M u ltiva ria te (co n tro llin g  fo r U n iva ria te  M u !tiva ria te (co n tro llin g  fo r

_______________ a g e ,se x  and bo d y  w e igh t) _______________ a g e ,se x  and bo d y  w e ig h t)

p Siq. P Sig. P Siq, P Siq.
A g e  (y) + 0 .48 na na P lasm a C 18 ;0  + 0 .253 + 0.362
S e x  (m a le /fe m a le ) 
C e n tre *

* 1 0 . 0 0 ]  na na P lasm a C18;1
P lasm a  C 1 8 :2 :6  +

0 .1 1 8
0 .0 5 5 +

B  0-0 8 0  ■
0 .152

T C D  V R ead ing 0 .40 0.38 P lam sa  C 20 :4 :6 0 .620 . 0.747
T C D  V O slo 0 .20 - 0 .25 P lasm a C 2 0 ;5 :3  + 0 .1 8 9 + 0,207
T C D v lN S E R M 0.28 - 0 .09 P lasm a C 2 2 :6 :3  + 0.901 + 0,868
T C D  V M a a strich t 0.01 - 0 .05 P lasm a S FA 0.443 - 0 .855
T C D  V C ord o b a 0.04 0.02 P lasm a M U FA 0.214 . ■  o . i 2 3 S
T C D v  JU M C 0.35 - 0 ,36 P lasm a P U F A  + lo . ’i i 4 |  + 0 .210
T C D v U U 0.84 0.27 P lasm a n-6  P U F A  + 0.147 + 0,291

S g mm ' + 0.20 + 0.21 P lasm a n -3  P U F A  + 0.351 + 0.290

A IR g  m U L '’ m in ’ ’ 0 .00 0 .00 Basal M e tabo lic  R a te  (M J/day) 0 .000 + 0.225
Dl + 0 .00 + 0 .00 Tota l E ne rgy  (M J) 0 .134 + 0.216

GO m g/d l ’ 0 .33 + 0 .99 Tota l fa t (g /day) 0 .092 + 0.638

P 2 m in  ’ + 0 .20 0.64 Tota l fa t (% E nergy) 0 .379 0.415

P 3 (m U /L ) m in '^ + 0 .00 + 0.00 S A F A  (g /day) 0 .374 + 0 .2 6 5
F as ting  G lu co se  (m m o l/L ) 0 .05 - 0.11 S A F A  (% E nergy) + 0 .764 + 0 .754

F a s tin g  ln s u lin (u lU /m l) - 0 .00 0.00 M U F A  (g /day) [0 .0 5 2 J 0 .8 0 6
H O M A -IR - 0 .00 . 0.00 M U F A  (% E nergy) 0 .2 5 9 - 0 .2 6 9
Q U IC K ) + 0 .0 7 + 0.16 P U F A  (g /day) 0.401 + 0.265
R e v ise d  Q U IC K I + 0.00 + 0.00 P U F A (% E n e rg y ) 0 .968 + 0.460
C -P e p tid e  ng/m l 0 .00 0.00 n -3  (g /day) 0 .424 + 0.601
Insu lin  to  C -p e p tid e  R atio 0.00 0 .00 n -6  (g /day) 0 ,505 + 0.638
H e ig h t(m ) . 0.001 + 0.027 Tra n s  fa tty  ac id s  (g /day) 0 .0 1 5 1 ■  0 .0 4 5  B
B o d yW e ig h t(kg ) 0 .000 na na C H O  (g /day) 0 .147 + 0.753

BM I ( k g /m 'j - 0 .0 0 0 f  0.014  1 C H O f% E n e ro v ) 0 .420 - B  0 .0 9 6  B
W a is t c ircu m fe re n ce (cm ) - 0.000 0,181 S tarch  (g /day) r 0 .0 2 3 l 0 .602
H ip  c ircu m fe re n ce  (cm ) - , 0.123 + 0.318 T o ta l S u ga rs  (g /day) 0 .809 + 0.781
D ia s to lic  B P (m m H g ) 0 .003 ■ ELsJ 0 .0 9 9  £ & l Pro te in  (g /day) 0 .585 + B  0 .0 6 4  ̂ 3

S ysto lic  B P (m m H g ) 0 .055 - 0.162 Pro te in  (% E n e rg y) + [ 0 . i3 3 i ♦ 0 .187
B o d y  Fat ( % ) + 0.122 + 0.877 A lcoho l (g /d a y) + 0 .269 + g -  0 .002
B ody  F a t(kg ) 0 .064 + 0.522 A lco h o l (% E n e rg y) + 0 .134 + ^  0.001  o
Lean B ody  M ass{% ) 0.034 + 0.726 F ib re  (g) 0 .059 0 .386
Lean M ass  B ody(kg ) 
B ody  W a te r{% )

0.000
0 .0 0 7

- ■ i o . i i S i
0 ,589

V itam in  E  (m g /day) 
M ahta l S ta tus*

0 .054 • 0 .340

B ody  W a te r  (L) 0.000 + 0.307 S ing le  V M a rried  • |0 . 0 1 5 | B  0 .0 3 3  B
im p e d a n ce (K H z) 0.001 + 0.913 S ing le  V W id o w /e r + 0 .570 0.554

TA G  (m m o l/L ) 0 .008 '^ ■ ■ 0 .0 0 7 '^ ’^' S ing le  v D ivo rced 0.048 t a  0 .052

C h o le s te ro l (m m o l/L ) + 0.001 + 0.080 S ing le  v S epa ra te d 0 .0 4 6 -  0.111
N E F A { ijm o l/L )
TR L T A G  (m m o l/L )

- 0 .316
- r o . o o s i

0.030  
e l l  0 . 0 1 5 ^

S ing le  v  L iv ing  w ith  p a rtn e r 
Educa tion *

0.161 - 0 .249

TR L C h o le s te ro l (m m o l/L ) 0 .172 - 0.189 N o fo rm a l ed u ca tio n  v  P rim a ry  + 0 .924 + 0.881
LD L (m m o l/L ) + 0 .030 + 0.137 N o fo rm a l ed u ca tio n  v  S e co n d a ry  + 0.761 + 0 .375
Tota l H D L (m m o l/L ) •f ; 0 .000 + 0.000 N o fo rm a l e d u ca tio n  v  V o c a tio n a l + 0 .890 + 0 .300
A po A 1 (g /L ) + 0.001 + 0.088 N o fo rm al e d u ca tio n  v  H ig h e r V o ca tio n a l + 0 .929 + 0 .533
A po 8  (g /L ) 
A po CM (m g /L )

0 .932
0.390

0.787
0.145

N o fo rm al ed u ca tio n  v  D ip o lm a /D e g re e  
W o rk  S tatus*

0 ,984 + 0 .347

A po c m  (m g /L ) 0 .636 0.157 W o rk in g  v W o rk in g  In the hom e 0 .673 . ■  0 .0 7 9  B
A po E (m g /L ) - 1 0 .1 2 4 1 B  0 .0 2 8  ■ W o rk in g  v U nem p loyed 0 ,459 0 ,562
A po B 48  (m g /L ) 0 .929 + 0.987 W o rk in g  v R etired 0 ,704 0 .723
TR L A poB  (m g /L ) 0 ,816 + 0.797 W o rk in g  v O the r 0 ,493 0 ,286
P lasm a C 1 4 :0 • 1 0 .0 3 8 ] 0 ,147 S m oke(Y es  v  no) 0 .148 - 0 .106
P lasm a C 1 6 :0 . 0.275 0.718 D rin k  a lcoho l (Y es v no) L0.013I 0 .0 0 1  MB

P asm a C 16;1 + 0,351 + 0,842 P lay  sp o rt (Y es V No) 0 .705 - 0 ,507

na, non a p p lica b le , S ig .= S ig n ifica n ce  va lue , p=  Beta co -e ffic ien t. ‘ C a te g o rica l va ria b le s  w ith  23  ca te g o rie s  fo r  w h ich  

du m m y va ria b le s  w e re  c rea ted
p=0-00 = p<0.001
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T ab le  5.16: Multiple linear regression predictors of S| m easured at pre-intervention in L IP G E N E  volunteers, analysis of six different regression models

00

95% Cl 95% Cl
P Siq. Lower Upper P Siq. Lower Upper

Model 1 IVGTT Parameters and Centre (Adjusted r^=0.656, r^=0.670)^ Model 4 Plasma Fatty Acids (Adjusted r2=0.116. r2=0.121)^
Age (y) -0.01 0.78 -0.015 0.011 Age (y) -0.08 0.12 -0.033 0.004
Sex (male/female) 0.04 0.28 -0.108 0.372 Sex (male/female) 0.10 0.05 -0.003 0.717
Body Weight(kg) -0.09 o.oil -0.020 -0.002 Body Weight(kg) -0.28 0.00 -0.047 -0.021
Centre* C14:0 -0.06 0.23 -0.296 0.071
TCD V Reading -0.01 0.83 -0.442 0.355 Plasma C l 8:2:6 0.02 0.84 -0.052 0.064
TCD V Oslo -0.05 0.18 -0.687 0.131 Plasma PUFA -0.02 0.86 -0.048 0.040
TCDv INSERM -0.02 0.54 -0.578 0.304 Plasma C18:1 -0.07 0.17 -0.072 0.012
TCD V Maastricht -0.02 0.61 -0.517 0.306 ^variables: Plasma MUFA were removed from model due to their confounding effects
TCD V Cordoba -0.04 0.30 -0.600 0.183
TCDvJUMC -0.03 0.49 -0.517 0.250 Model 5 Dietary Variables {Adjusted r2=0.117, r2=0.170)’'
TCD V UU -0.02 0.55 -0.561 0.298 Age (y) -0.07 0.39 -0.042 0.016
AIRg mUL’’ min ’ -0.60 0.00 -0.004 -0.003 Sex (male/female) 0.16 0.07 -0.050 1.194
01 0.65 0.00 0.001 0.002 Body Weight(kg) -0.29 0.00 -0.055 -0.014
P(3) 0.36 0.00 44431.321 66435-904 MUFA (g/day) 0.06 0.74 -0.035 0.050
Fasting Glucose (mmol/L) 0.03 0.40 -0.077 0.191 Trans fatty acids (g/day) -0.16 [0.04l -0.266 -0.004
Fasting lnsulin(ulU/ml) 0.15 0.18 -0.022 0.117 CHO (%Energy) -0.01 0.95 -0.081 0.076
C-Peptide ng/ml -0.12 0.16 -0.560 0.090 Starch (g/day) -0.09 0.54 -0.012 0.006
Insulin to C-peptide Ratio -0.10 0.23 -0.289 0.070 Protein (g/day) 0.15 0.25 -0.006 0.024

Variables; HOMA-IR, QUICKI, Revised QUICKI were removed from model due to their confounding effects Protein (%Energy) -0.04 0.76 -0.138 0.101
Alcohol (g/day) 0.08 0.72 -0.043 0.062

Model 2 Anthropometry (Adjusted r2=0.120, r2=0.153)'* Alcohol (%Energy) 0.08 0.71 -0.149 0.218
Age (y) -0.07 0.28 -0.038 0.011 Fibre (g) 0.00 0.98 -0.035 0.037
Sex (male/female) 0.04 0.73 -0.678 0.966 Vitamin E (mg/day) -0.06 0.48 -0.075 0.035
Height(m) - 0.11 0.29 -5.289 1.571 ^variables: BMR, Total Energy(MJ/day), Total Fat (g/day) were removed from model due to their confounding efi
BMI (kg/m^) -0.46 [o7oo3 -0.298 -0.082
Waist circumference(cm) -0.07 0.45 -0.040 0.018 Model 6 Health and Lifestyle Markers (Adjusted r2=0.134, r2=0.177)
Hip circumference (cm) 0.23 [0.021 0.005 0.073 Age (y) -0.06 0.27 -0.034 0.010
Diastolic BP(mmHg) -0.05 0.50 -0.033 0.016 Sex (male/female) 0.14 0.01 0.100 0.867
Systolic BP(mmHg) -0.04 0.61 -0.020 0.012 Body Weight(kg) -0.27 ,0.00 -0.046 -0.020
Body Fat (%) 0.01 0.94 -0.040 0.043 Marital Status*
Body Water(%) -0.13 0.15 -0.080 0.013 Single v Married -0.15 f0.03] -0.989 -0.061
Impedance(KHz) -0.06 0.49 -0.004 0.002 Single v Widow/er 0.02 0.67 -0.766 1.195

*^variables; Body fat (kg). Lean Body Mass (% and Kg), Body Weight(kg) and Body Water (L) Single v Divorced -0.09 -1.743 0.047
were removed from model due to their confounding effects Single v Separated 

Single v Living with partner
-0.08
-0.08

0.11
0.18

-2.668
-0.929

0.280
0.175

Model 3 Lipid and lipoprotein Markers (Adjusted r2=0.155, r2=0.177) Work Status*
Age (y) -0.08 |0.09] -0.034 0.003 Working v Working in the home -0.03 0.63 -0.659 0.397
Sex (male/female) 0.06 0.26 -0.161 0.593 Working v Unemployed -0.02 0.74 -1.193 0.844
Body Weight(kg) -0.25 lo.ooj -0.043 -0.017 Working v Retired 0.00 0.94 -0.469 0.509
TAG (mmol/L) 0.00 1.00 -0.464 0.467 Working v Other -0.05 0.24 -1.152 0.291
Cholesterol (mmol/L) 0.07 0.38 -0.169 0.440 Smoke(Yes v no) -0.07 0.15 -0.707 0.105
NEFA (pmol/L) -0.12 |0.01] -0.002 0.000 Drink alcohol (Yes v no) -0.16 lO.OOj -1.003 -0.248
TRL TAG (mmol/L) -0.05 0.67 -0.748 0.484
LDL (mmol/L) 0.04 0.60 -0.179 0.312
Total HDL (mmol/L) 0.26 [0.00] 0.568 2.555
Apo A1(g/L) -0.11 0.16 -1.750 0.280
Apo E (mg/L) -0.06 0.32 -0.018 0.006

Sig. significance value, p= Beta co-efficient, Cl = confidence intervals. Each model controlled for sex, age and body weight 
•Categorical variables with ^3 categories for which dummy variables were created. p=0.00 = p<0.001



Table 5.17: Multiple linear regression model of variables predicting 
increasing S| pre-intervention in LIPGENE volunteers

95% Cl
P Sig. Lower Upper

Age (y) -0.01 0.77 -0.022 0.016
Sex (male/female) -0.03 0.66 -0.622 0.393
Body Weight(kg) -0.16 0.08 -0.042 0.003
AIRg mUL'^ min'^ -0.58 0.00 -0.004 -0.002
Dl 0.63 0.00 0.001 0.002
P(3) 0.36 0.00 38043.566 71225.622
BMI (kg/m^) -0.01 0.93 -0.076 0.069
Hip circumference (cm) 0.09 0.24 -0.011 0.043
NEFA (|jmol/L) 0.02 0.75 -0.001 0.001
Total HDL (mmol/L) 0.03 0.56 -0.436 0.798
Trans fatty acids (g/day) -0.05 0.30 -0.121 0.037
Marital Status*
Single v Married -0.10 0.10 -0.803 0.077
Single v Widow/er -0.02 0.65 -1.148 0.717
Single v Divorced -0.02 0.70 -1.041 0.703
Single v Separated -0.04 0.42 -2.008 0.849
Single v Living with partner -0.06 0.29 -0.826 0.248
Drink alcohol (Yes v no) -0.04 0.37 -0.545 0.204

Adjusted r^=0.645, i^=0.688; p=0.00 = p<0.001 
Model controlled for sex, age and body weight
* Categorical variables of 3 categories or more, for which dummy variables were created 
Sig. significance value, p= Beta co-efficient. Cl = confidence intervals.
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Table 5.18: The relationship o f each of the individual variables to HOMA-IR measured at pre-intervention using un ivariate and

m ultivariate (controlling fo r age, sex and post body weight) linear regression analysis.
Univariate M ultivaria te{controlling for Univariate M ultivaria te{controlling for

_____________age,sex and body weight) _________________  age,sex and body weight)

P Slg. P Siq. p Siq. (3 Siq,
Age (y)
Sex (male/fem ale)

- 0.047
0.448

na
na

na
na

Plasma C18;0 
Plasma C18:1

+ L_ 0.029 J  +
0,964

^ ,-A .tt0 2 0
0.917

Centre* Plasma C18:2:6 - 0.004 ■‘ ■■J ? j* a 0 :0 i5
TCD V Reading + 0.121 ] + 0.059 1 Plamsa C20:4:6 - 0.225 - 0.147
TCD V Oslo + 0.129 + 0.155 Plasma C20:5;3 - 0.084 - 0.075 .s ,
TCD V INSERM - 0.338 - 0.848 Plasma C22:6:3 + 0.888 - 0.985
TCD V Maastricht + 0.431 + 0.336 Plasma SFA + 0.001 - 0.001 : »
TCD V Cordoba + 0.037 1 + 0.024 Plasma MUFA - 0.666 0.608
T C D vJU M C + 0.308 + 0.605 Plasma PUFA 0.005 . - ■" ■' 0.009
TCD V UU - 0.026 . 0.130 Plasma n-6 PUFA 0.005 vJ - 0.011
S| (mU/L)‘ ’ min-1 - 0.000 - 0.000 Plasma n-3 PUFA - 0.414 - 0.308

S g  mm - 0.026 - 0.007 Basal Metabolic Rate (MJ/day) + 0.000 - 0.281

AIRg mUL’ ’ m in’ ’ + 0.000 + 0.000 Total Energy (MJ) + 0.071 ' + 0.436
Dl 0.006 - 0.003 Total fat (g/day) + 0.001 , + 0.015 I f r i  

-  0.002 
0.023 m  
0.015

GO mg/dl + 0.008 + 0.261 Total fat (%Energy) + 0.001 +

P2 min ’ - 0.000 - 0.000 SAFA (g/day) + ' ;  .■ 0.004 ■ +

P3 (mU/L) min'^ - 0.000 - 0.000 SAFA (%Energy) + 0.015 ’ ) +

Fasting Glucose (mm ol/L) + 0.000 + 0.000 MUFA (g/day) + 0.000 ^ + 0.009
Fasting lnsulin(u lU /m l) + 0.000 + 0.000 M UFA(% Energy) + .. 0.004 + ■ 0.010 ..
QUICKI - 0.000 . 0.000 PUFA (g/day) + 0.327 + 0.996
Revised QUICKI - 0.000 - 0.000 PUFA (%Energy) + 0.953 0.629
C-Peptide ng/ml + 0.000 + 0.000 n-3 (g/day) + 0.126 + 0.501
Insulin to C-peptide Ratio + 0.000 + 0.000 n-6 (g/day) + . 0.081 + 0.285
Height(m) 0.639 . 0.000 Trans fatty acids (g/day) + 0.152 + 0.222
BodyW eight(kg) + o'.ooo' na na CHO (g/day) + 0.535 - 0.810
BMI (kg/m^) + 0.000 + 0.000 CHO (%Energy) 0.032 - 0.083
W aist circum ference(cm ) + 0.000 + 0.000 Starch (g/day) + \  0.040 . » + 0.138
Hip circumference (cm) + 0.000 + 0.908 Total Sugars (g/day) + 0.839 + 0.991
Diastolic BP(mmHg) + 0.222 + 0.845 Protein (g/day) 0.045 -f 0.220
Systolic BP(mmHg) + 0.623 + 0.862 Protein (%Energy) + 0.893 + 0.782
Body Fat (%) 
Body Fat(kg)

+ 0.067
0.000

+
+

0.988
0.551

Alcohol (g/day) 
Alcohol (%Energy)

 ̂ 0.031 r -  
■ :  0.025 .

0 .0 1 0 ^ ^  
0.008 ‘‘’r '- 't -

Lean Body Mass(%) 0.166 - 0.173 Fibre (g) + 0.634 + 0.999
Lean Mass Body(kg) 
Body W ater(% )

13.0021
0.619

0.077
0.558

Vitam in E (mg/day) 
Marital Status*

+ 0.818 ■ 0.765

Body W ater (L) + 0.002 0.239 Single v Married - 0.893 - 0.895
Impedance(KHz) 0.066 + 0.712 Single v W idow/er - 0.530 - 0.399
TAG (mm ol/L) + 0.000 0.000 Single v Divorced + 0.511 + 0.596
Cholesterol (mm ol/L) 
NEFA(pm ol/L) +

0.197
0.752 +

0.566
0.657

Single v Separated 
Single v Living with partner

+ H E  0.023 3
0.662

- a e ^  0.108
0.401

TRL TAG (m m ol/L) + 0.001 + 0.002 Education*
TRL Cholesterol (mm ol/L) + 0.061 + 0.034 No formal education v Primary . 0.744 - 0.860
LDL (mm ol/L) 0.294 - 0.402 No formal education v Secondary - 0.732 - 0.356
Total HDL (mm ol/L) - 1 0.000 - 0.000 No formal education v Vocational . 0.795 - 0,463
Apo A1(g/L) 0.442 - 0,889 No formal education v Higher Vocational - 0.787 - 0.426
Apo B (g/L) + 0.165 + 0 . i l 9 No formal education v Dipolma/Degree - 0.875 - 0.344
Apo CM (mg/L) + 0.370 + 0.132 W ork Status*
A p o C III(m g /L ) + 0.265 + 0.093 W orking v W orking in the home 0.036 SM ^ ^ 0 S > ^ 3 t  1

Apo E (mg/L) 
Apo B48 (mg/L)

+ 1 0.003 
+ L0 .007

+

+
0.001
0.021

W orking v Unemployed 
W orking v Retired

- 0.516
0.240 +

0.382
0.963

TRL ApoB (mg/L) + 0.558 + 0.516 W orking v Other + 0.840 + 0.487
Plasma C14:0 + 0.022 + 0.072 Sm oke(Yes v no) + 0.698 + 0.724
Plasma C16:0 + 0.002 + 0.004 Drink alcohol (Yes v no) + ' i i  ; 0.088 ^ + 0.206
Pasma C16:1 0.131 - 0.106 Play sport (Yes v  No) + ^  0.124 “ + 0.065

non applicable, S ig.=Signlficance value. p= Beta co-efficient, ‘ Categorical variables w ith categories for which 
dum m y variables were created

180



Table 5.19: Multiple linear regression predictors of HOMA-IR measured at pre-intervention in LIPGENE volunteers, analysis of six different regression models

00

95% Cl 95% Cl
P Siq. Lower Upper B Siq. Lower Upper

IVGTT Parameters and Centre (Adjusted r^=0.998, r^=0.999) Model 4 Plasma Fatty Acids (Adjusted r2=0.124, r2=0.143)*
Age (y) 0.02 fo.oo; 0.001 0.006 Age (y) 0.04 0.37 -0.009 0.024
Sex (male/female) 0.00 0.70 -0.053 0.035 Sex (male/female) 0.18 ;; 0.00 0.252 0.903
Body Weight(kg) 0.00 0.77 -0.001 0.002 Body Weighl(Kg) 0.36  ̂ 0.00 ' 0.029 0.052
Centre* Plasma C14:0 0.12 0.03 0.019 0.381
TCD V Reading 0.00 0.81 -0.062 0.079 Plasma C16.0 0.05 0.46 -0.028 0.062
TCD V Oslo 0.01 0.20 -0.027 0.124 Pasma C16:1 -0.14 0.02 -0.403 -0.037
TCDvlNSERM -0.01 0.37 -0.114 0.043 Plasma C18:0 0.05 0.37 -0 048 0.130
TCD V Maastricht 0.00 0,74 -0.060 0.085 Plasma C18 2:6 -0.16 0.13 -0.107 0.013
TCD V Cordoba 0.00 0.79 -0.079 0,060 Plasma C20;5:3 -0.09 0.12 -0.358 0.039
TCDv JUMC -0,05 lO.OO' -0.302 -0.167 Plasma PUFA 0.11 0.44 -0.039 0.090
TCD V UU 0.01 0,11 -0.013 0.139 ^variables: Plasma n-6 PUFA and Plasma SFA were removed from model due to their confounding effects
S, (mU/L)'’min-1 -0.06 0.00 -0.072 -0.030
SG,«n'’ 0.03 0.00 3.036 12,168 Model 5 Dietary Variables (Adjusted r2=0.090, r2=0.157)'

AIRg mUL'’ min ’ -0.08 0.00 0.000 0.000 Age (y) -0.01 0.88 -0.030 0.026
Dl 0.06 0.00 0.000 0.000 Sex (male/female) 0.14 0.13 -0.142 1.052
GO mg/dl ’ -0.03 0.00 -0.002 0.000 Body Weiqht(Kg) 0.32 E ^ O d f l  0.016 0.056
P2 min ’ -0.04 0.00 -3.359 -1,296 SAFA (q/day) -0.22 0.32 -0.086 0.028
P3 (mU/L) min‘^ 0.06 0.00 4434.767 11827.118 SAFA (%Energy) 0.22 0.25 -0.083 0.311
Fasting Glucose (mmol/L) 0.24 0.00 0.431 0.487 MUFA (%Energy) 0.04 0.75 -0.073 0.101
Fasting lnsulin(ulU/ml) 0.97 0.00 0.270 0.294 n-3 (g/day) -0.03 0.76 -0.325 0.239
QUICKl 0.00 0,73 -0.039 0.055 n-6 (g/day) 0.07 0.51 -0.038 0.077
Revised QUICKl 0.01 0,14 -0.327 2.367 CHO (%Energy) -0.12 0.51 -0.097 0.048
C-Peptide ng/ml 0.00 0.95 -0.063 0.059 Starch (g/day) 0,25 ■ 0 . 0 5 9  0,000 0.015
Insulin to C-peptide Ratio 0.02 0.21 -0.012 0,055 Protein (g/day) 0,04 0.78 -0.014 0.018

Alcohol (g/day) -0,14 0.54 -0.065 0.034
Anthropometry (Adjusted r2=0.173, r2=0.196)* Alcohol (%Energy) 0,03 0.90 -0.171 0.194
Age (y) -0.01 0.81 -0.023 0,018 Ijvariables: BMR. Total Energy(MJ/day). Total Fat (g/day). MUFA (g/day) were removed from model due to their confounding
Sex (male/female) 0.11 0.32 -0.335 1,028
Heighl(m) 0.02 0.89 -3.933 4.549 Model 6 Health and Lifestyle Markers (Adjusted r2=0.112, r2=0.140)
BMI (kg/m^) 0.51 0.00 0.098 0.296 Age (y) 0.01 0.83 -0.017 0.022
Waist circumference(cm) 0.22 0.01 0.008 0.056 Sex (male/female) 0.12 1 0.03 *■ 0.040 0.730
Hip circumference (cm) -0.23 0.01 -0.064 -0.008 Body Weight(Kg) 0.37 \  0.00 . 0.030 0.053
Body Fat (%) -0.13 0.18 -0,060 0.011 Marital Status*
Lean Mass Body(kg) 0.02 0,88 -0,034 0.039 Single v Mamed -0.04 0.58 -0.536 0.299
Impedance(KHz) 0.16 r0.04] 0.000 0.005 Single v WIdow/er -0.06 0.24 -1.406 0.358
Body fat (kg). Body Weight(kg) and Body Water (L) were removed from model due to their confounding effects Single v Divorced 0.02 0.64 -0.611 1.000

Single v Separated 0.07 0.14 -0.332 2.324
Lipid and lipoprotein Markers (Adjusted r2=0.152. r2=0.180) Single v Livinq with partner -0.05 0.37 -0.722 0.272
Age (y) 0,04 0.49 -0.012 0.025 Work Status*
Sex (male/female) 0,17 0.00 0.184 0.935 Working v Working in the home 0.12 K 0 . 0 3 H  0.059 1.011
Body Weight(Kg) 0 32 0.00 0.023 0.049 Working v Unemployed -0.04 0.39 -1.318 0.519
TAG (mmol/L) 0.13 0.35 -0,250 0.700 Working v Retired 0.00 1.00 -0.441 0.441
TRL TAG (mmol/L) 0.19 0,20 -0,270 1.283 Working v Other 0.03 0.50 -0.425 0.876
TRL Cholesterol (mmol/L) -0.32 0.01 -2.772 -0.482 Drink alcohol (Yes v no) 0.02 0.71 -0.276 0.407
Total HDL (mmol/L) -0.20 0.00 -1 818 -0.396 Play sport (Yes v No) 0.07 0.11 -0.052 0.512
Apo B (g/L) 0.02 0.71 -0.607 0.896
ApoCII(mg/L) -0.09 0.26 -0.022 0.006
Apo Clll (mg/L) 0.01 0.87 -0.005 0.006
Apo E (mg/L) 0.17 T o .®  0.004 0.030
Apo B48 (mq/L) 0.04 0.42 -0,125 0.298

Sig significance value. p= Beta co-efficient. Cl = confidence intervals. Each model controlled for sex, age and body weight 
'Categorical variables with S3 categories for which dummy variables were created. p=0.00 = p<0.001



Table 5.20: Multiple linear regression model of variables predicting
increasing HOMA-IR pre-intervention in LIPGENE volunteers

95% Cl

Age (y)
Sex (male/female) 
Body Weight(kg)
S, (mU/L)' 

-1

min-1

m in

AIRg mUL‘  ̂ min'^
Dl
GO mg/dl 
P2 min'^
P3 (mU/L) min'^
Fasting Glucose (mmol/L)
Fasting lnsulin(ulU/ml)
Centre*
TCD V Reading 
TCD V Oslo 
TCD V INSERM 
TCD V Maastricht 
TCD V Cordoba 
TCDVJUMC 
TCD V UU 
BMI (kg/m^)
Waist clrcumference(cm)
Hip circumference (cm)
TRL Cholesterol (mmol/L)
Total HDL (mmol/L)
Apo E (mg/L)
Plasma C14:0 
Pasma C16:1 
Work Status*
Working v Working in the home 
Working v Unemployed 
Working v Retired

__________Working v Other________________
Adjusted r^=0.990, r^=0.990; p=0.00 = p<0.001 
Model controlled for sex, age and body weight 
* Categorical variables of 3 categories or more, 
Sig. significance value, (3= Beta co-efficient, Cl

p Sig. Lower Upper
0.02 0.01 0.001 0.006
0.01 0.16 -0.017 0.109
0.02 0.13 -0.001 0,005
-0.05 0.00 -0.069 -0.029
0.03 0.00 2.399 11.023
-0.07 0,00 0.000 0.000
0.06 0.00 0.000 0.000
-0.02 0.03 -0.002 0.000
-0.05 0.00 -3,521 -1.533
0.06 0.00 5563.110 12678.732
0.24 0.00 0.423 0.476
0.97 0.00 0.279 0.287

0.02 0.03 0.008 0.149
0.00 0.96 -0.074 0.070
-0.01 0.11 -0.142 0.014
0.00 0.95 -0.070 0.075
0.00 0.67 -0.089 0.057
-0.04 0.00 -0.268 -0.133
0.01 0.20 -0.027 0.127
0.03 0.00 0.004 0.021
0.01 0.46 -0.002 0.004
-0.07 0.00 -0.014 -0.008
-0.02 0.01 -0.199 -0.029
0.01 0.10 -0.013 0.140
0.02 0.01 0.001 0.003
-0.01 0.28 -0.036 0.010
0.00 0.86 -0.023 0.020

0.00 0.64 -0.074 0.045
0.01 0.11 -0.019 0.196
-0.01 0.21 -0.083 0.019
0.01 0.19 -0.025 0.128

for which dummy variables were created 
= confidence intervals.
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5.4.6 Number of Criteria of the MetS

The levels of insulin sensitivity, other IVGTT parameters, fasting insulin and glucose 

and other measures of insulin sensitivity and resistance were examined in relation to 

the number of MetS criteria {Table 5.21). Insulin sensitivity non-significantly 

decreased with the increasing number of criteria, however, QUICKI and Revised 

QUICKI significantly decreased with increasing numbers, (/?<0.05). Similarly, fasting 

insulin levels, HOMA-IR and C-peptide concentrations significantly increased by the

increasing number of MetS criteria, (p<0.05).
Tiible 5.21: Insulin sensitivity index and other IVGTT parameters, fasting insulin and g lucose and rreasures of insulin sensitivity and resistance in relation to the number 
 of metabolic syndrome critena in LIPGENE subjects at baseline,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Number of MetS Criteria
3 4 5

n Mean SD SEM n Mean SD SEM n Mean SD SEM
S| (mU/L)-'rrin-1 125 3.10 1.78 0.16 159 2.58 1.55 0.12 85 2.45 1.25 0.14

S g min-1 125 0.0158 0.0053 0.0005 160 0.0154 0.0069 0.0005 86 0.0156 0.0061 0.0007

AIRg m U l' min' 125 3 S .2 6 260.32 23.28 160 407.66 421.63 33.33 86 307.51 266.12 28.70
Dl 125 897.54 731.17 65.40 160 904.43 731.58 57.84 86 699.82 646.87 69.75
GO m g/dl'' 125 296.17 a 36.52 3.27 160 299.39 ab 44.28 3.50 86 309.20 b 35.75 3.86
P2 min' 125 0 .M 604 a 0.03449 0.00309 160 0.04441 a 0.02887 0.00228 86 0.03570 b 0.02675 0.00288
P3 (mU/L) min'^ 125 0,0000146 a 0.0000130 0.0000012 160 0 .0000120 a 0.0000106 0.0000008 86 0 0000086 b 0.0000074 0.0000008
Fasting Glucose (mmol/l) 139 5.87 a 0.90 0.08 173 6.01 a 0.75 0.06 93 6.34 b 0.75 0.08
Fasting lnsulin(ulU/ml) 139 8.93 3 4.71 0.40 173 10.93 b 5.88 0 4 5 93 12.48 c 5.68 0.59
HOMA-IR 141 2.30 a 1.35 0,11 175 2.90 b 1.65 0 1 3 93 3.54 c 1 7 4 0.18
QUICKI 139 0.66 a 0.54 0,05 173 0.55 b 0.37 0.03 93 0.55 c 0 0 6 0.01
Revised QUICKI 139 0.23 a 0.02 0.00 173 0.22 b 0.02 0.00 93 0.22 c 0.01 0.00
C-Peptide ng/ml 138 2.49 a 0.83 0.07 173 2.75 b 0.91 0.07 92 3.04 c 0 8 8 O.C0
Insulin to C-peptide Ratio 138 3.59 a 1.58 0.13 173 4.C0 b 1.68 0.13 92 4.10 b 1.24 0.13

' denotes significance across age categories (when two superscripts contain the same 
letter there is no significant difference between two of the three age categories) p<0.05, 
One Way ANOVA

5.4.7 Binary logistic regression analysis

The influence of each of the individual variables on predicting “3 versus 4”, “4 versus 

5” and “3 versus 5” criteria of the MetS are presented in Table 5.22, 5.23 and 5.24 

respectively. Many variables were significant predictors independently. Table 5.25, 

5.26 and 5.27 show six separate models for which multiple binary logistic regression 

analysis was performed on each for the dependent dichotomous variable “3 versus 4” ,

‘4 versus 5” and “3 versus 5”, respectively. In the IVGTT parameters and centre 

model, increasing fasting insulin and decreasing HOMA-IR index were significant 

predictors of having 3 versus 4 criteria of the MetS; there were no significant IVGTT 

parameters predictive of having 4 versus 5 criteria and males compared to females.
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increasing body weight and increasing glucose concentrations were significant 

predictors of having 5 versus 3 criteria of the MetS criteria. In the anthropometry 

model, increasing body weight, BMI, diastolic blood pressure, body fat (%), and all 

BMI categories were significant predictors of having 4 versus 3 criteria of the MetS; 

increasing age only was a significant predictor of having 5 versus 4 criteria and there 

were no significant anthropometric predictors of having 5 versus 3 criteria. In model 3 

(lipids and lipoproteins) females compared to males, body weight and apoB 

concentrations were significant negative predictors of having 3 versus 4 criteria of the 

MetS whilst apoAl concentration was a positive predictor. For 4 versus 5 criteria, 

younger age, males compared to females, a decrease in body weight, decrease in TAG 

and TRL TAG, apoB and apoB48 concentrations and an increase in TRL apoB 

concentrations were significant predictors of having 4 versus 5 criteria. Similarly, 

younger ages, males compared to females, decrease in body weight, TAG, TRL TAG, 

apoB and an increase in apoCIII concentrations were significant predictors of having 

3 versus 5 criteria of the MetS. For the plasma fatty acid model, males compared to 

females, decreasing concentrations of plasma myristic (C14:0), palmitic (C16:0) and 

n-6 PUFA and increasing concentrations of linoleic (C l8:2:6), arachidonic (C20:4:6) 

and SFA are associated with 3 versus 4 criteria; decreas in age, males compared to 

females, decreasing body weights and an increase in plasma EPA (C20:5:3) are 

predictors of having 4 versus 5 criteria and males compared to females, decreasing 

body weights, increasing plasma concentrations of palmitic (C l6:0), stearic (C l8:0), 

EPA (C20:5:3) and MUFA and decreasing plasma concentrations of palmitoleic 

(C l6:1) and oleic acids (C l8:1) were predictive of having 3 versus 5 criteria of the 

MetS. No dietary variables had predictive properties in the models for each binary 

dichotomous variable. In the final health and lifestyle model, aside from gender and 

body weight which was controlled for in each model, living with your partner as 

compared to being single was a predictive of having 5 versus 4 criteria and working in 

the home and being retired were predictive of having 5 versus 3 criteria of the MetS.

The variables that were found to be significant (/7<0.05) in the initial logistic 

regression models were entered simultaneously into a final multiple logistic 

regression model controlling for age, sex and body weight of the subject. Table 5.28, 

5.29 and 5.30 present the results of the final models along with the ORs and 95% Cl 

values for each dependent variable respectively. Overall, seven, nine and nine 

variables significantly predicted “3 versus 4”, “4 versus 5” and “3 versus 5” criteria of
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the MetS respectively, (p<0.05). M ales as compared to females, decreasing fasting 

insulin concentrations, increasing HOM A-IR index, increasing diastolic blood 

pressure, increasing TRL TAG and apoB concentrations and decreasing apoA l 

concentrations were significantly associated with an increased likelihood of having “4 

versus 3” criteria of the MetS. W hereas, increasing age, males compared to females, 

increasing body weight, TAG, TRL TAG, apoB and apoB48 concentrations, 

decreasing TRL apoB concentrations and living with your partner as compared to 

being single were significantly associated with an increased likelihood of having “5 

versus 4” criteria of the MetS. Finally, males compared to females, increasing body 

weight, fasting glucose, TAG, TRL TAG, apoB, plasma palmitic acid (C16:0)and 

oleic acid (C 18:l) concentrations, a decrease in apoCIH, plasm a palm itoleic acid 

(C l6:1) were associated with having “5 versus 3” criteria of the MetS.
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Table 5.22: The influence of each of the individual variables on predicting 3 vs 4 criteria of the MetS as assessed by binary logistic regression.

Controlling for sex, 
age and body weight)

Controlling for sex. 
age and body weight)

Controlling for sex, 
age and body weight)

P Siq, 3 Sig. P Sig. P Sig. p Sig. P Sig.
Age (y) + 0.19 na na TAG (mmol/L) 0.00 0.00 Total Sugars (g/day) 0.29 0.23
Sex (male'', female) 0.15 na na Cholesterol (mmol/L) JHL1_ - L_Q.Q1_J Protein (g/day) + 0.41 + 0.55
S, (mU/L)*1min-1 + 0.01 0.00 NEFA (pmol/L) + 0.65 + 0.87 Protein (%Energy) + 0.51 + 0.51

S o ™ ' + 0.58 + 0.42 TRL TAG (mmol/L) 0.00 - 0.00 Alcohol (g/day) + 0.16 + 0.30
AIRg mUL * min ’ - fo o e ] C T o7i 2 ^ TRL Cholesterol (mmol/L) 0.00 0.00 Alcohol (%Energy) + 0.20 + 0.34
Dl + 0.94 + 0.71 LDL (mmol/L) 0.01 0.01 Fibre (g) 0.79 0.64
GO mg/dl ’ 0.51 - 0.71 Total HDL (mmol/L) + 0.00 + 0.00 Vitamin E (mg/day) + 0.52 + 0.62
P2 min ’ + 0.66 + 0.53 Apo A1(g/L) + 0.08 + 0.03 Low Quartile Total Dietary Fat (%Energy)'' 0.71 0.55
P3 (mU/L) min'^ + . 0.06 + 0.02 Apo B (g/L) 0.00 0.00 Low/Medium Quartile Total Dietary Fat (%Energy) + 0.34 + hi;'.: 0 .1 8 ' J
Fasting Glucose (mmol/L) 0.12 0.03 Apo Cll (mg/L) 0.00 0.00 Medium/High Quartile Total Dietary Fat (%Energy) + 0.78 + 0.57
Fasting lnsulin(ulU/ml) 0.00 0.01 Apo cm  (mg/L) 0.00 0.00 High Quartile Total Dietary Fat (%Energy) + 0.34 + 0.26
HOMA-IR 0.00 -- 0.00 Apo E (mg/L) 0.01 0.01 Low Tertile SFA (%Energy)'' 0.97 0.94
QUICKI + 0.00 + 0.00 Apo B48 (mg/L) - 0.04 0.06 Medium Tertile SfA (%Energy) + 0.85 + 0.74
Revised QUICKI + . 0.01 + ■ 0.03 - TRL ApoB (mg/L) 0.06 0.03 High Tertile SFA (%Energy) 0.97 + 0.90
C-Peptide ng/ml 0.01 - 0.02 Plasma C14;0 0.07 0.06 Low Tertile MUFA (%Energy)'' 0.60 0.69
Insulin to C-peptide Ratio : 0.03 - 0.10 Plasma C16:0 0.06 - 0.03 Medium Tertile MUFA (%Energy)^ - 0.41 0.47
t c d " 0.18 i  1. 0.20 . Pasma C16;1 + 0.16 + 0.07 High Tertile MUFA (%Energy)^ - 0.36 0.45
Reading + 0.38 + 0.54 Plasma C18:0 - 0.76 - 0.82 Single^ 0.48 ■  o.2 4 H
Oslo + 0.95 + 0.96 Plasma C18:1 0.01 - 0.01 Married - 0.79 - 0.56
INSERM - f o . o i l  + C ° O .O ia  Plasma C18;2:6 + 0.00 + 0.00 Widow/er + 0.77 + 0.74

iAIaastricht + 0.84 0.84 Plamsa C20:4;6 + 0.01 + 0.01 Divorced + 0.39 + 0.39
Xordoba + 0,90 0.92 Plasma C20;5:3 + 0.45 + 0.50 Separated 0.46 - 0.70
'UUMC - 0.74 0.92 Plasma C22:6:3 + 0.90 + 0.99 Living with Partner + 0.29 + ■  0 . 2 l |
Uppsala - 0.92 - 0.76 Plasma SFA 0.06 0.04 No formal education'' |0 .22 | 0.28
Low Tertile S|^ 0.02 0.01 Plasma MUFA 0.03 0.04 Primary + 0.67 + 0.79
Medium Tertile Si + 0.05 + 0.04 Plasma PUFA + 0.00 + 0.00 Secondary - 0.72 0.76
High Tertile S| + 0.00 + 0.00 Plasma n-6 PUFA + 0.00 + 0.00 Vocational + 1.00 + 1.00
Height(m) + 0.48 + 0.76 Plasma n-3 PUFA + 0.87 + 0.97 Higher Vocational + 0.16 + E o . 1 7 3
BodyWeight(kg) 0.52 Basal Metabolic Rate (MJ/day) 0.76 • 0.79 Dipolma/Degree + 0.78 + 0.67
BMI (kg/m^) - l0 . 1 2 l 0.70 Total Energy (MJ) + 0.59 + 0.79 Working'' 0.63 0.80
Waist circumference(cm) 0.73 0.91 Total fat (g/day) + 0.44 + 0.47 Working in the home 0.34 0.35
Hip circumference (cm) - 0.35 + 0.44 Total fat (%Energy) + 0.72 + 0.55 Unemployed 0.92 0.79
Diastolic BP(mmHg) - r o 2 i i K 0 - 1 7 f l  SAFA (g/day) + 0.67 + 0.73 Retired + 0.43 0.80
Systolic BP(mmHg) 0.79 0.50 SAFA (%Energy) + 0.88 + 0.76 Other work + 0.53 + 0.63
Body Fat (%) 0.11 0.67 MUFA (g/day) - 0.89 0.80 Smoke(Yes^ v no) + 0.47 + 0.60
Body Fat(kg) 0.14 0.89 MUFA (%Energy) 0.41 0.48 Drink alcohol (Yes^ v no) - 0.95 + 0.58
Lean Body Mass(%) + 0.21 + 0.70 PUFA (g/day) + 0.34 + 0.38 Play sport (Yes'' v no) + 0.83 + 0.92
Lean Mass Body(kg) + 0.78 - 0.93 PUFA (%Energy) + 0.46 + 0.43
Body Water(%) + 0.38 + 0.78 n-3 (g/day) + 0.31 + 0.40
Body Water (L) + 0.67 + 0.85 n-6 (g/day) + 0.28 + 0.30
Impedance(KHz) + 0.91 + 0.66 Trans fatty acids (g/day) - 0.32 0.34
Normal Weight^ 0.26 0.13 CHO (g/day) + 0.79 0.61
Overweight + t 0.11 + 0.06 CHO (%Energy) - [ o . i a l ■ o . i e f l
Obese + ' 0.15 + 0.04 Starch (g/day) 0.74 * 0.81
reference category, na non applicable, Sig =Significance value. 3 = Beta co-efficient 

p=0.00 = p< 0.001



T ab le  5.23: The influence of each of the individual variables on predicting 4 vs 5 criteria of the M etS as assessed by binary logistic regression.

4vs5 criteria
Univariate Controlling for sex, Univariate Controlling for sex, Univahate Controlling for sex.

aqe and l>odv weight) aqe and tx)dy weight) aqe and body welqht)
|3 Sig. |3 Sig. p Sig. P Sig. P Sig, P S,g.

Age (y) 0.036 TAG (mmol/L) .0 .001  . 0.000 Total Sugars (g/day) + 0.320 + 0.442
Sex (male'', female) 0.782 Cholesterol (mmol/L) 0.304 _.0.159„_ Protein (g/day) + 0.769 + 0.975
S, (mU/L)-1min-1 + 0.506 + 0.671 NEFA (pmol/L) + 0.504 + 0.775 Protein (%Energy) + 0.966 + 0.998

Sg mm 0.786 - 0.775 TRL TAG (mmol/L) - 0.002 0.000 Alcohol (g/day) + 0.342 + 0.275
AIRg mUL"’ min ’ + 0.044 + 0.037 TRL Cholesterol (mmol/L) . 0.012 0.002 Alcohol (%Energy) + 0.435 + 0.317
Dl + 0.033 + 0.082 LDL (mmol/L) 0.966 - 0.859 Fibre (g) + 0.894 + 0.689
GO mg/dl ’ - 0.085 - 0.278 Total HDL (mmol/L) + 0.000 + 0.000 Vitamin E (mg/day) - 0.583 - 0.877
P2 min ’ + 0.023 + 0.034 Apo A1(g/L) + 0.048 + 0.022 Low Quartile Total Dietary Fat (%Energy)^ 0.246 l i  0.243 9
P3 (mU/L) min'^ + 0.013 + 0.028 Apo B (g/L) - 0.067 - 0.059 Low/Medium Quartile Total Dietary Fat (%Energy) - 0.337 - 0.575
Fasting Glucose (mmol/L) - 0.001 - PJ 0.014 Apo CM (mg/L) - 0.012 - 0.002 Medium/High Quartile Total Dietary Fat (%Energy) - K0 0 4 3 l - ^ 0 .0 5 2 3 !
Fasting lnsulin(ulU/ml) - 0.044 - ^ 0.183 ApoCIII (mg/L) - 0.033 0.006 High Quartile Total Dietary Fat (%Energy) - 0.277 - 0.480
HOMA-IR . 0.005 . 0.049 Apo E (mg/L) - 0.016 - 0.009 Low Tertile SFA (%Energy)'' 0.671 0.535
QUICKI + 0.920 - 0.767 Apo B48 (mg/L) - 0.000 - 0.000 Medium Tertile SfA (%Energy) - 0.374 - 0.339
Revised QUICKI + 0.005 + ^ 0.038 TRL ApoB (mg/L) 0.066 0.025 High Tertile SFA (%Energy) - 0.701 + 0.989
C-Peptide ng/ml 0.015 . '0 .1 3 1  - Plasma C14;0 0.459 0.424 Low Tertile MUFA (%Energy)'^ 0.614 0.796
Insulin to C-peptide Ratio 0.627 . 0.678 Plasma C16:0 - 0.141 - 0.140 Medium Tertile MUFA (%Energy)^' . 0.386 . 0.522
TCD^ 0.791 0.800 Pasma C16:1 + 0.583 + 0.782 High Tertile MUFA (%Energy)^ - 0.377 - 0.587
Reading 0.801 - 0.971 Plasma C18;0 0.147 0.073 Single^ 0.304 0.291

•“ ^ s lo 0.939 + 0.862 Plasma C18;1 0.135 0.061 Married - 0.642 0.652
J ^ n s e r m
^^aastncht

+ 0.654 + 0.717 Plasma C18:2;6 + 0.012 + 0.006 Widow/er - |0 .2 0 2 ] - 0.387
0.869 + 0.598 Plamsa C20:4:6 + 0.091 + 0.062 Divorced - 0.436 0.500

Cordoba 0.526 . 0.908 Plasma C20:5:3 0.146 + 0.046 Separated + 0.913 + 0.857
JUMC 0.709 - 0.935 Plasma C22:6:3 0.226 - 0.433 Living with Partner - l0 . 0 7 8 l - ■  0 .0 5 8 1
Uppsala 0.239 - C 0 .1 4 3 B  Plasma SFA 0.087 - 0.070 No fonmal education'' 0.602 0.558
Low Tertile S\'̂ 0.837 0.775 Plasma MUFA 0.211 - 0.096 Primary - 0.580 0.306
Medium Tertile S| 0.745 - 0.555 Plasma PUFA + 0.012 + 0.004 Secondary + 0.649 + 0.970
High Tertile S| + 0.752 + 0.917 Plasma n-6 PUFA + : 0.004 + 0.002 ' Vocational - 0.725 - 0.460
Height(m) + 0.606 - | ' 0 . 1 4 5 |  Plasma n-3 PUFA 0,782 + 0.764 Higher Vocational + 0.753 - 0.808
BodyWeight(kg) 0.038 Basal Metabolic Rate (MJ/day) + 0.928 - m O.172 j  Dipolma/Deqree + 0.826 - 0.902
BMI (kg/m^)
Waist circumference(cm)

0.003
0.059

- f 0 . ' l 2 0 j
0.955

Total Energy (MJ) 
Total fat (g/day)

+ 0.937
0.515

0.767
0.473

Working''
Working in the home

0.375
[0 .0 6 7 J

0.550
E O .1 4 6 ^

Hip circumference (cm) 0.004 ■  0 .0 9 7 *  Total fat (%Enerqy) 0.472 0.737 Unemployed - 0.436 . 0.257
Diastolic BP(mmHg) + 0.731 + 0.471 SAFA (g/day) 0.833 0.645 Retired - 10-0761 - B r0 .1 7 9 l|
Systolic BP(mmHg) ! 0.039 B 0 .1 7 5 'B  SAFA (%Energy) + 0.918 + 0.937 Other work - 0.359 - 0.293
Body Fat (%) 0.045 • 0.339 MUFA (g/day) 0.621 - 0.734 Smoke(Yes^ v no) - 0.544 - 0.764
Body Fat(kg) .0.002 - ^ : 0.206 MUFA (%Energy) 0.827 * 0.827 Drink alcohol (Yes^ v no) - t o . 2 i o l 0.435
Lean Body Mass(%) + 0.067 + '^0 .1 2 8 - PUFA (g/day) 0.380 - 0.260 Play sport (Yes^ v no) - 0.334 - 0.282
Lean Mass Body(kg) 0.837 + ... 0.100 PUFA (%Energy) C 0.129l : 0 .137 ':
Body Water(%) + [0.0691 + 0.170 n-3 (g/day) 0.268 0.173 :
Body Water (L) 0.704 + 0.167 n-6 (g/day) 0.766 0.556
Impedance(KHz) + 0.776 - 0.577 Trans fatty acids (g/day) + 0.958 0.719
Normal Weight^ 0.553 0.999 CHO (g/day) + 0.789 + 0.785
Overweight
Obese

• 0.999
0.999 .

0.999
0.999

CHO (%Energy) 
Starch (g/day)

+
+

0.755
0.620 +

0.938
0.868

reference category, na non applicable. Sig.=Significance value, p = Beta co-efficient
p=0.00 -  p<0.001



T ab le  5.24: The influence of each of the individual variables on predicting 3 vs 5 criteria of the M etS as assessed by binary logistic regression.

3vs5 criteria
Univariate Controlling for sex. Univariate Controlling for sex. Univariate Controlling for sex.
_______________age and body weigt^t)  age and body weight)  age and body weight)
p Siq. p Sig 3 Sig, Siq. P Siq. 3 Siq,

Age (y) 0.356 na na TAG (mmol/L) 0.000 0.000 Total Sugars (g/day) + 0,845 + 0.729
Sex (male'', female) 0.139 na na Cholesterol (mmol/L) 0.001 0.000 Protein (q/day) + 0,274 + 0.424
S| (mU/L)-1min-1 + 0.006 * 0.015 NEFA (pmol/L) 0.318 + 0.677 Protein (%Energy) + 0,529 + 0.430

min + 0.830 + 0.767 TRL TAG (mmol/L) - 0.000 0.000 Alcohol (g/day) + 0.056 + 0.240
AIRq mUL’’ min ’ + 0.609 + 0,678 TRL Cholesterol (mmol/L) . 0.000 0.000 Alcohol (%Enerqy) + 0.093 . + ^0 .2 0 7
Dl + 0.048 + 0.134 LDL (mmol/L) - 0.026 0.028 Fibre (g) 0.914 + 0,798
GO mg/dl ’ - 0.013 0.112 Total HDL (mmol/L) + 0.000 + 0.000 Vitamin E (mg/day) + 0,956 0,858
P2 min’’ + 0.024 + 0.087 Apo A1(g/L) + 0.001 + 0.000 Low Quartile Total Dietary Fat (%Energy)'' 0,267 0,284
P3 (mU/L) min"' + 0.000 + 0.002 Apo B (q/L) - 0.000 0.000 Low/Medium Quartile Total Dietary Fat (%Energy) 0.871 0,937
Fasting Glucose (mmol/l) - 0.000 0.000 Apo CM (mg/L) 0.000 0.000 Medium/High Quartile Total Dietary Fat (%Energy) 1 0.094 ] ■  0 .1052
Fasting lnsulin(ulU/ml) 0.000 0.000 Apo cm  (mg/L) 0.000 - 0.000 High Quartile Total Dietary Fat (%Energy) 0,780 0,753
HOMA-IR 0.000 0.000 Apo E (mg/L) 0.000 - 0.000 Low Tertile SFA (%Energy)'' 0,784 0,711
QUICKI + 0.000 + 0.000 Apo B48 (mg/L) 0.000 - 0.000 Medium Tertile SfA (%Energy) 0,487 0,436
Revised QUICKI + 0.000 + 0.000 TRL ApoB (mg/L) 0.005 - 0.003 High Tertile SFA (%Energy) 0,684 0.874
C-Peptide ng/ml 0.000 - 0.000 Plasma C14:0 0.035 - 0.055 Low Tertile MUFA (%Energy)^ 0.200 0.190
Insulin to C-peptide Ratio 0.012 - 0.039 ^ Plasma C16:0 0.003 . 0.001 Medium Tertile MUFA (%Energy)'' 0.126 0.126
TCD'^ 0.180 s 0.196 M Pasma C16:1 + 0.127 + 0.031 High Tertile MUFA (%Enerqy)'' : 0.106 l ; - 0.097
Reading + 0.623 + 0.551 Plasma C18:0 0.119 . 0.048 Single^ 0,917 0,868
Oslo 0.984 + 0.867 Plasma C18:1 - 0.001 0.002 Married 0.510 0,497
INSERM * [ 0 .0 2 9 ]  + C 0 .0 3 6 a  Plasma C18:2;6 + 0.000 + 0.000 Widow/er 0.324 0,622

•—Maastricht + 0.983 . 0,862 Plamsa C20:4;6 + 0.000 + 0.000 Divorced . 0.942 + 0.516
O^ordoba 0.632 . 0.612 Plasma C20:5:3 + 0.062 + 0.019 Separated 0,610 0.952
°^U M C 0.527 0.927 Plasma C22:6:3 0.299 0,328 Living with Partner - 0.383 0,533

Uppsala + 0.298 + 0.203 T Plasma SFA 0.002 0.001 No formal education^ 0.749 0.729
Low Tertile S,^ 0.028 0.059 a Plasma MUFA 0.008 0.026 Primary - 0.887 + 0,892
Medium Tertile S| + 0.166 + 0.292 Plasma PUFA + 0.000 + 0.000 Secondary + 0.918 + 0,593
High Tertile S| + . 0.008 ; + i  0.018 Plasma n-6 PUFA + 0.000 + 0.000 Vocational + 1.000 + 1,000
Height(m) + 0.255 + ^  0.058 , i Plasma n-3 PUFA 0.909 + 0.831 Higher Vocational + 0.372 + 0,307
BodyWeight(kg)  ̂ 0.009 na na Basal Metabolic Rate (MJ/day) 0,851 + 0.393 Dipolma/Degree + 0.592 + 0,274
BMI (kg/m') 0.000 - 1 0 .0 3 4  a  Total Energy (MJ) + 0.585 + 0.911 Working'' 0.243 0.252
Waist circumference(cm) 0.022 . 0,893 Total fat (g/day) + 0.989 0.739 Working in the home . 0.012 . 0.017
Hip circumference (cm) 0.002 . 0,611 Total fat (%Energy) 0.688 . 0,646 Unemployed . 0.409 . 0,612
Diastolic BP(mmHg) 0.442 0,403 SAFA (g/day) + 0,891 0.852 Retired 0.286 E  0.079 3
Systolic BP(mmHg) 0.040 - C  0.064 3  SAFA (%Energy) + 0.811 + 0,830 Other work 0.711 - 0,690
Body Fat {%) 0.002 0.374 MUFA (g/day) 0.559 - 0.400 Smoke(Yes'' v no) + 0,981 + 0,380
Body Fat(kg) . 0.000 0.347 MUFA (%Energy) 0.333 0,326 Drink alcohol (Yes^ v no) ♦ fb .2 0 7 ^ - 0.771
Lean Body Mass(%) + 0.005 + 0.080 . PUFA (g/day) + 0.980 + 0,989 Play sport (Yes^‘ v no) 0.449 . 0.307
Lean Mass Body(kg) + 0.968 + 0.126 PUFA (%Energy) 0.424 0.569
Body Water(%) + 10 .0111  + 0.075 n-3 (g/day) 0.880 + 0.951
Body V̂ ^ater (L) + 0.985 + 0.110 n-6 (g/day) + 0.500 + 0.529
Impedance(KHz) + 0.850 + 0,781 Trans fatty acids (g/day) 0.468 - B o . i i o g
Normal Weight'' 0.275 0,716 CHO (g/day) + 0.976 + 0,929
Overweight
Obese

1.000
1.000 .

1,000
1.000

CHO (%Energy) 
Starch (g/day) +

0.335
0.869

0,493
0.877

reference category, na non applicable, Sig.=Significance value. P = Beta co-efficient 
p=0.00 = p<0.001



Tab le 5.25: Multiple binary logistic regression predictors o f 3vs4Criteria o f the MetS, analysis o f six 
different regression models

3 vs 4
P Sig. OR 95% Cl

Lower Upper
IVGTT Parameters (-2 Log likelihood = 345.769)^
Age (y) 0.026 0.14 1.03 0.99 1.06
Sex (male^, female) -0,700 ro.o4 0,50 0.25 0.98
BodyWeight(kg) 0.003 0.80 1,00 0.98 1,03
S,{mU/L)-1min-1 0.137 0.32 1,15 0.88 1,50
AIRg mUL'’ min'’ -0.001 0.14 1,00 1.00 1,00
Fasting Glucose (mmol/L) 0.218 0.59 1.24 0.56 2,74
Fasting lnsulin(ulU/ml) 0.513 0,05 1,67 1.01 2.77
HOMA-IR -1.594 0,08 0,20 0.03 1.18
QUICKI 1.493 0,54 4,45 0.04 532.60
C-Peptide ng/ml -0.453 0.37 0.64 0.24 1.71
Insulin to C-peptide Ratio -0.237 0,43 0.79 0.44 1.42
TCD '̂ 0,60
Reading 0.276 0,61 1.32 0.45 3.83
Oslo 0.215 0,71 1,24 0.41 3.78
INSERM 1.008 0,15 2.74 0.69 10.94
Maastricht 0.038 0,95 1.04 0.33 3.23
Cordoba 0,204 0,71 1.23 0,43 3.52
JUMC -0.287 0.60 0.75 0.26 2.18
Uppsala -0.372 0.52 0.69 0,22 2.17
Low Tertile Sf" 0.35
Medium Tertile S| 0.530 0.16 1.70 0.81 3,55
High Tertile S| 0.400 0,48 1,49 0.49 4,51

^variables: P3. Revised QUICKI w^ere removed from model due to their confounding effects 

Model 2 Anthropom etry (-2 Log likelihood = 402,070)
Age (y) 0,018 0,22 1.02 0.99 1.05
Sex (male^, female) -0,288 0.53 0.75 0.30 1,85
BodyWeight(Kg) -0.080 0.06 0.92 0,85 1,00
BMI (kg/m 'j -0.117 0.07 0.89 0.79 1.01
Diastolic BP(mmHg) -0.020 0.10 0,98 0.96 1.00
Body Fat {%) -0.184 0.06 0,83 0.68 1,01
Body Fat(kg) 0.210 0.06 1,23 0.99 1,54
Lean Body Mass(%) 0.015 0.50 1,02 0.97 1.06
Normal Weight'^ ' o . o i l
Overweight 2.993 0.01 19,94 1,79 221,70
Obese 3.849 46,95 3.46 637,21

Model 3 Lipid Markers (-2 Log likelihood = 252.973)*
Age (y) -0.019 0.32 0.98 0,95 1.02
Sex (male'', female) -1,780 f o o ^ 0.17 0,08 0.37
BodyWeight(kg) -0.033 1 0.021 0,97 0,94 0.99
TAG (mmol/L) -0.804 0.16 0,45 0.15 1.37
Cholesterol (mmol/L) 0,438 0,29 1,55 0.69 3.49
TRL TAG (mmol/L) -1.784 fo.oad 0,17 0.02 1.27
TRL Cholesterol (mmol/L) 0.213 0,92 1,24 0,02 63.77
LDL (mmol/L) -0.131 0,61 0,88 0,53 1.45
Apo A1(g/L) 2.400 ? 0.01, 11.02 1,80 67.27
Apo B (g/L) -2.617 l< u » 0,07 0.00 1.17
Apo Cll (mg/L) -0.025 0.12 0,97 0.94 1.01
Apo cm  (mg/L) 0.005 0.38 1,00 0.99 1.02
Apo E (mg/L) -0.010 0.54 0,99 0.96 1.02
Apo B48 (mg/L) 0.217 0.38 1,24 0.77 2.01
TRL ApoB (mg/L) 0.007 0,33 1,01 0.99 1.02

'‘variables: Total HDL was removed from model due to its confounding effects 

Model 4 Plasma Fatty Acids (-2 Log likelihood = 372.097)
Age (y) 0.025 0.12 1,03 0.99 1.06
Sex (male^, female) -1.079 io .oo 0.34 0,18 0.65
BodyWeight(kg) -0.010 0,41 0.99 0,97 1.01
Plasma C14:0 -0,860 0.00 0.42 0.28 0.63
Plasma C16:0 -0,436 0.00 0.65 0,49 0,85
Pasma C16;1 0,064 0.91 1.07 0,34 3,39
Plasma C18:1 -0,887 0.12 0.41 0.13 1,26
Plasma C18:2:6 0.952 0.02 2,59 1.20 5.61
Plamsa C20:4:6 1,117 0.01 3,06 1.34 6,97
Plasma SFA 0,354 lObOCB 1,42 1.12 1,81
Plasma MUFA 0.803 0.16 2.23 0.73 6.79
Plasma n-6 PUFA -0.916 'o .o i 0,40 0,18 0.90

Model 5 Dietary Variables (-2 Log likelihood = 399.597)
Age (y) 0.015 0.30 1.02 0.99 1.04
Sex (male^. female) -0.450 0.13 0.64 0,35 1.15
BodyWeight(kg) -0.017 0.13 0.98 0,96 1,00
CHO (%Energy) -0.016 0.54 0.98 0,94 1,04
Alcohol (g/day) 0.008 0.73 1.01 0,97 1,05
Alcohol (%Energy) 0.000 1.00 1.00 0,85 1,17
Low Quartile Total Dietary Fat (%Energy)^ 0.69
Low/Medium Quartile Total Dietary Fat (%Energy) 0.372 0.32 1.45 0.70 3.02
Medium/High Quartile Total Dietary Fat (%Energy) 0.030 0.95 1.03 0.44 2.43
High Quartile Total Dietary Fat (%Energy) 0.156 0.78 1.17 0.40 3.46

Model 6 Health and Lifestyle (-2 Log likelihood = 394.243)
Age (y) 0.020 0,19 1.02 0.99 1.05
Sex (male^. female) -0.711 0.01 0,49 0,28 0.87
BodyWeight(kg) -0.019 0 .(^ 0.98 0,96 1.00
Single^ 0,25
Marned -0.206 0,59 0.81 0,38 1.72
Widow/er 0.375 0,61 1.45 0,34 6.20
Divorced 0.617 0.42 1.85 0.41 8.31
Separated •0.390 0.75 0.68 0.06 7.60
Living with Partner 0.589 0.20 1.80 0.73 4.42
No formal education^ 0,31
Primary 0.085 0.89 1,09 0.32 3.70
Secondary -0.214 0,73 0,81 0.24 2.67
Higher Vocational 0.802 0,21 2,23 0.64 7.76
Dipolma/Degree 0.115 0,85 1.12 0.33 3.80

Each model controlled for sex. age and body weight
^reference category, Sig.=Significance value, 3 = Beta co-efficient, OR = Odds ratio, Cl = confidence ratio
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Tab le  5.26: M ultip le binary logistic regression predictors o f 4vs5 Criteria of the M etS, analysis o f six 
d iffe rent regression m odels

p Sig. OR 95% Cl 
_____________________ Lower Upper

Model 1 IVGTT Parameters (-2 Log likelihood = 286.073)^
Age (y) -0.046 lo.oaj 0.96 0.92 1,00
Sex (male^, female) -0.467 0.23 0.63 0.29 1,35
BodyWeight(kg) 
AIRg mUL'’ min’ ’

-0.036 |0 .02 | 0.96 0.94 0.99
0.001 0.24 1.00 1.00 1.00

01 0.000 0.71 1.00 1.00 1.00
GO mg/dl ’ -0.003 0.52 1.00 0.99 1.01
Fasting Glucose (mmol/I) -0.197 0.66 0.82 0.34 1,98
Fasting lnsulin(ulU/ml) 0.025 0.92 1.02 0.62 1,70
HOMA-IR -0.188 0.83 0.83 0.15 4,68
C-Peptide ng/ml -0.138 0,58 0,87 0,54 1,42
TCD'' 0.89
Reading -0.177 0,77 0,84 0.26 2.74
Oslo 0.308 0,63 1,36 0,38 4,82
INSERM -0.167 0,87 0,85 0,12 5,90
Maastricht -0,219 0.73 0.80 0,23 2,78
Cordoba •0.361 0.52 0.70 0,23 2,09
JUMC -0.278 0.62 0.76 0,25 2,27
Uppsala 0.492 0.50 1.64 0.39 6.83
P2. P3, Revised OUlCKI were removed from model due to their confounding effects

Model 2 A nth ropom etry  {-2 Log likelihood = 248.642)
Age (y) -0.068 lo.ool 0.93 0.89 0.98
Sex (male^, female) -0.126 0.85 0,88 0.24 3.18
BodyWeight(kg) -0.022 0.84 0,98 0.79 1.21
BMI (kg/m^) 0.026 0.73 1.03 0,88 1.19
Waist circumference(cm) 0.011 0.67 1.01 0,96 1.06
Hip circumference (cm) -0.038 0.25 0.96 0,90 1.03
Systolic BP(mmHg) -0.001 0.96 1.00 0,98 1.02
Body Fat (%) 0.067 0.59 1.07 0,84 1.36
Body Fat(kg) -0.076 0.59 0.93 0,70 1.22
Lean Body Mass(%) 0.029 0.81 1.03 0,82 1.30
Lean Mass Body(kg) -0.176 0.40 0.84 0.56 1.27
Body Water(%) -0.021 0.91 0.98 0.66 1.44
Body Water (L) 0.241 0,40 1.27 0.73 2.22

L ip id  Markers (-2 Log likelihood = 167.418)*
Age (y) -0,093 0,00 0.91 0,86 0.96
Sex (male^, female) -1.191 0.03 0.30 0.10 0,88
BodyWeight(kg) -0,055 0.00 0.95 0.91 0,98
TAG (mmol/L) -1,146 0.0? 0.32 0.11 0,92
Cholesterol (mmol/L) 0,322 0,42 1.38 0.64 3,00
TRL TAG (mmol/L) -1.725 [0.05] 0,18 0.03 1.00
Apo A1(g/L) 1,439 0,22 4,21 0.42 42.40
Apo B (g/L) -3.075 io.os! 0,05 0.00 1.03
ApoCII (mg/L) 0.013 0,49 1,01 0,98 1.05
ApoC III(m g/L ) 0.004 0,56 1,00 0,99 1.02
Apo E (mg/L) -0.019 0,28 0.98 0.95 1,02
Apo B48 (mg/L) -0.466 0.03 0,63 0.42 0,95
TRL ApoB (mg/L) 0.019 0.01 1,02 1.01 1.03

“variables: Total HDL. TRL Cholesterol were removed from model due to its confounding effects 

Model 4 Plasma Fatty Acids (-2 Log likelihood = 294.513) ______
Age (y) -0.072 0.00 0.93 0.90 0.97
Sex (male^, female) -0,684 0.06 0.50 0.25 1.03
BodyWeight(kg) -0,053 0.00 0,95 0,92 0,97
Plasma C16:0 0.077 0.71 1,08 0,72 1,62
Plasma C18:0 -0.013 0.95 0,99 0,63 1,54
Plasma C18:1 -0.092 0,70 0,91 0.57 1,45
Plasma C18:2:6 0.067 0,90 1,07 0,38 2,98
Plamsa C20:4:6 0,165 0.77 1.18 0.39 3.53
Plasma C20;5:3 0.824 lo.iol 2.28 0.86 6.02
Plasma C22:6:3 -0,229 0.60 0.80 0.34 1.88
Plasma SFA 0.138 0.77 1,15 0.45 2,90
Plasma MUFA 0.253 0.58 1.29 0.52 3,17
Plasma n-6 PUFA 0.191 0,79 1,21 0.29 5,00

Model 5 Dietary Variables (-2 Log likelihood = 194.687)
Age (y) -0.054 |0 .0 5 l 0.95 0.90 1.00
Sex (male^, female) 0,451 0.71 1.57 0.14 17.58
BodyWeighl(kg) -0,110 lo .o H 0.90 0.82 0.98
Basal Metabolic Rate (MJ/day) 1,292 0.16 3.64 0.60 22.11
PUFA (%Energy) 0,006 0.96 1.01 0.82 1,24
n-3 (g/day) -0.173 0.43 0.84 0,55 1.30
Low Quartile Total Dietary Fat (%Energy)'' 0.17
Low/Medium Quartile Total Dietary Fat (%Energy) 0.047 0.93 1.05 0,36 3,02
Medium/High Quartile Total Dietary Fat (%Energy) -0.710 0.17 0,49 0.18 1.35
High Quartile Total Dietary Fal (%Energy) 0,314 0.56 1.37 0.48 3,89

Model 6 Health and L ifesty le  (-2 Log likelihood = 302.906)
Age (y) -0,040 0.06 0.96 0.92 1.00
Sex (male'', female) -0,638 0.08 0.53 0.26 1.09
BodyWeight(kg) -0.049 0.00 0.95 0.93 0.98
Single^ 0.35
Married -0.143 0.77 0,87 0,33 2.25
Widow/er -0.534 0.51 0.59 0.12 2.88
Divorced -0.247 0.79 0.78 0.12 4.95
Separated -0.070 0.96 0,93 0.07 12.71
Living with Partner -0.990 l0 ,0 7 | 0,37 0.13 1.08
Working^' 0.58
Working in the home -0.602 0.16 0.55 0.23 1,28
Unemployed -0.871 0,30 0,42 0.08 2,20
Retired -0.574 0,19 0,56 0,24 1,33
Other work -0.711 0,29 0,49 0,13 1,84
Drink alcohol (Yes'' v no) -0.153 0,65 0,86 0,44 1,66

Each model controlled for sex. age and body weight
''reference category, Sig.=Significance value, p = Beta co-efficient, OR = Odds ratio. Cl = confidence ratio
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Tab le 5.27: Multiple binary logistic regression predictors of 3vs5 Criteria o f the MetS, analysis o f six 
different regression models

__________________ 3 vs 5_________________
3 Slg. OR 95% Cl

____________________________Lower Upper
Model 1 IVGTT Parameters (-2 Log likelihood = 216.509)^

Age (y) ■0.015 0.50 0.99 0.94 1.03
Sex (male^. female) -1.591 0.00 0.20 0.08 0.50
BodyWeight(kg) -0.036 0.03 0.96 0.93 1.00
S|(mU/L)-1min-1 0.219 0.30 1.24 0.82 1.88
Dl -0.001 0.10 1.00 1.00 1.00
GO mg/dl 0.004 0.50 1.00 0.99 1.01
Fasting Glucose (mmol/l) -1.182 lo.oo! 0.31 0.14 0.66
HOMA-IR -0.100 0.85 0.91 0,33 2.47
C-Peptide ng/ml -0.351 0.56 0.70 0.21 2.31
Insulin to C-peptide Ratio -0.105 0.77 0.90 0,45 1.82
TCD" 0.48
Reading 0.443 0.51 1.56 0,41 5.90
Oslo 0.442 0.55 1.56 0.37 6.57
INSERM 1,285 0.19 3,61 0.52 25.00
Maastricht -0.194 0.79 0.82 0.20 3.39
Cordoba ■0.033 0.96 0.97 0.26 3.64
JUMC -0.353 0.59 0,70 0.19 2.57
Uppsala 0.907 0.28 2,48 0.48 12.73
LowTertile S|'' 0.82
Medium Tertile S| 0.276 0.58 1.32 0.50 3.47
High Tertile S| 0.465 0.55 1.59 0.35 7.32

Variables: P2. P3. QUICKi, Revised QUICKI were removed from model due to ttieir confounding effects 

Model 2 Anthropom etry {-2 Log likelihood = 229.665)*
Age (y) -0,024 0.32 0.98 0.93 1.02
Sex (male'', female) -0.106 0.88 0.90 0,23 3.55
BodyWeight(kg) -0.037 0.73 0.96 0.78 1.19
BMI (k g W ) -0.083 0.31 0.92 0.78 1.08
Waist circumference(cm) 0.032 0.31 1.03 0.97 1.10
Hip circumference (cm) -0.002 0.93 1.00 0.94 1.06
Systolic BP(mmHg) •0.008 0.46 0.99 0.97 1.01
Body Fat (%) -0.090 0.55 0.91 0.68 1.22
Body Fat(kg) 0.085 0.61 1,09 0.78 1.51
Lean Body Mass(%) 0.241 0.36 1.27 0.76 2.12
Lean Mass Body(kg) -0.456 0.19 0.63 0.32 1.25
Body Water(%) -0.219 0.53 0.80 0.41 1.59
Body Water (L) 0.538 0.23 1.71 0.71 4.14

variables: Height was removed from the model due lo its confounding effects 

Model 3 L ipid Markers (-2 Log likelihood = 108.465)* ___
Age (y) -0.079 0.02 0.92 0.86 0.99
Sex (male'', female) -2.048 0.00 0 13 0,04 0.46
BodyWeight(kg) -0.055 0.02 0.95 0.90 0.99
TAG (mmol/L) •2.500 0.02 0.08 0,01 0.66
Cholesterol (mmol/L) 0.643 0.32 1.90 0.53 6.81
TRL TAG (mmol/L) -3.105 [0.05' 0.04 0.00 0,96
LDL (mmol/L) 0.328 0.38 1.39 0.66 2.90
Apo B (g/L) -6.075 10.023 0.00 0.00 0.39
Apo Oil (mgA.) -0.003 0.91 1.00 0.94 1.05
Apo cm  (mg/L) 0.024 lO.OS!' 1.02 1.00 1.05
Apo E (mg/L) -0,016 0.48 0.98 0,94 1.03
Apo B48 (mg/L) -0.320 0.33 0.73 0.38 1.38
TRL ApoB (mg/L) 0.009 0.34 1.01 0.99 1.03

variables: Total HDL. TRL Cholesterol and Apo A1 were removed from model due to its confounding effects 

Model 4 Plasma Fatty Acids (-2 Log likelihood = 205.292)
Age (y) -0.036 0.13 0.96 0.92 1.01
Sex (male'', female) -1.614 0.00 0.20 0.09 0.46
BodyWeight(kg) -0.068 0.00 0.93 0.90 0,97
Plasma C14:0 0.848 0.17 2.33 0.69 7.95
Plasma C16:0 1.306 0.02 3.69 1.26 10.84
Pasma C16:1 -2.756 0.05 0.06 0.00 1.02
Plasma C18:0 1,473 0.01 4.36 1.50 12.69
PlasmaC18:1 -3.855 0.01 0.02 0.00 0.33
Plasma C18:2:6 0,118 0.84 1.13 0.35 3.57
Plamsa C20:4:6 0.423 0.49 1.53 0,46 5.10
Plasma C20:5:3 2.268 to.oo 9.66 2.49 37.51
Plasma C22:6:3 0.960 0.12 2.61 0.78 8.71
Plasma MUFA 5,063 fO.OOl 158.11 7.34 3405.77
Plasma n-6 PUFA 1.295 0.15 3.65 0.62 21.44

Model 5 Dietary Variables (-2 Log likelihood = 106.629)
Age (y) -0.091 0.01 0.91 0.85 0.98
Sex (male'', female) -1.575 0.01 0.21 0.06 0,73
BodyWeight(kg) -0.075 0.00 0.93 0.89 0.97
Trans fatty acids (g/day) -0.156 0,30 0.86 0.64 1.15
Alcohol (g/day) -0.035 0,56 0.97 0.86 1.09
Alcohol (%Energy) 0.092 0.65 1.10 0.73 1.64
Low Quartile Total Dietary Fat (%Energy)'' 0.69
Low/Medium Quartile Total Dietary Fat (%Energy) 0.023 0.97 1.02 0.26 4,10
Medium/High Quartile Total Dietary Fat (%Energy) 0,724 0.37 2.06 0.42 10.08
High Quartile Total Dietary Fat (%Energy) -0.113 0.93 0.89 0.07 10.94
Low Tertile MUFA (%Energy)^ 0.71
Medium Tertile MUFA (%Energy)'' -0.569 0.41 0.57 0.15 2.16
High Tertile MUFA (%Energy)'' -0.453 0.72 0.64 0.05 7.71

Model 6 Health and Lifestyle (-2 Log likelihood = 271.040)
Age (y) -0.001 0.96 1.00 0,96 1,04
Sex (male^, female) -1.097 0.00 0.33 0.16 0.69
BodyWeight(kg) •0.061 0.00 0.94 0.92 0.97
Working'' 0.25
Working in the home -1.078 0̂.02' 0.34 0.14 0.82
Unemployed -0,487 0.60 0,61 0.10 3,82
Retired -0.806 fO.08' 0.45 0.18 1.09
Other work -0.234 0.72 0.79 0,22 2.85
Drink alcohol (Yes'' v no) 0.089 0.79 1.09 0.57 2.11

Each model controlled for sex, age and body weight
'^reference category, Sig.=Significance value, 3 = Beta co-efficient, OR = Odds ratio. Cl = confidence ratio
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Table 5.28: Multiple binary logistic regression model of variables predicting 
3 vs 4 Criteria of the MetS

3 vs 4
p Slg. OR 95% Cl
____________________________ Lower Upper

Age (y) 0.019 0.29 1.02 0.98 1.06
Sex (male^, female) -1.080 0.05 0.34 0.11 1.01
BodyWeight(kg) -0.009 0.85 0.99 0.91 1.08
Fasting lnsulin(ulU/ml) 0.317 0.01 1.37 1.09 1.72
HOMA-IR -1.358 0.00 0.26 0.11 0.59
BMI (kg/m^) -0.092 0.13 0.91 0.81 1.03
Diastolic BP(mmHg) -0.038 0.01 0.96 0.93 0.99
Body Fat (%) -0.049 0.66 0.95 0.77 1.18
Body Fat(kg) 0.046 0.71 1.05 0.82 1.33
TRL TAG (mmol/L) -1.545 0.00 0.21 0.09 0.51
Apo A1(g/L) 2.270 0.00 9.68 2.46 38.14
Apo B (g/L) -2.563 0.00 0.08 0.02 0.34
Plasma 014:0 0.164 0.41 1.18 0.80 1.74
Plasma 016:0 -0.174 0.25 0.84 0.62 1.13
Plasma 018:2:6 0.419 0.35 1.52 0.63 3.67
Plamsa 020:4:6 0.566 0.24 1.76 0.68 4.53
Plasma SFA 0.189 0.11 1.21 0.96 1.53
Plasma n-6 PUFA -0.368 0.43 0.69 0.28 1.71

Each model controlled for sex, age and body weight (-2LL=304.789) 
Slg.=Significance value, p = Beta co-efficient, OR = Odds ratio, 01 = confidence ratio
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Table 5.29: Multiple binary logistic regression model of variables predicting 
4 vs 5 Criteria of the MetS

__________________ 4 vs 5________________
p Sig. OR 95% Cl

Lower Upper
Age (y) -0.097 0.001 0.91 0.86 0.96
Sex (male^, female) -1.262 0.016 0.28 0.10 0.79
BodyWeight(kg) -0.071 0.001 0.93 0.89 0.97
TAG (mmol/L) -0.893 0.047 0.41 0.17 0.99
TRL TAG (mmol/L) -1.626 0.064 0.20 0.04 1.10
Apo B (g/L) -1.667 0.087 0.19 0.03 1.28
Apo B48 (mg/L) -0.383 0.063 0.68 0.46 1.02
TRL ApoB (mg/L) 0.016 0.018 1.02 1.00 1.03
Plasma C20:5;3 0.421 ' 0.152 1.52 0.86 2.71
Single^ 0.633
Married -0.920 0.196 0.40 0.10 1.61
Widow/er -1.200 0.263 0.30 0.04 2.46
Divorced -0.685 0.576 0.50 0.05 5.56
Separated 0.039 0.978 1.04 0.07 16.55
Living with Partner -1.473 0.096 0.23 0.04 1.30

Each model controlled for sex, age and body weight (-2LL=107.874) 
Sig.=Significance value, p = Beta co-efficient, OR = Odds ratio. Cl = confidence ratio
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Table 5.30: Multiple binary logistic regression model of variables predicting 
3 vs 5 Criteria of the MetS

____________________ 3 vs 5__________________
(3 Sig. OR  95% Cl

Lower Upper
Age (y) -0.029 0.44 0.97 0.90 1.05
Sex (male^, female) -3.962 0.00 0.02 0.00 0.10
BodyWeight(kg) -0.115 0.00 0.89 0.85 0.94
Fasting Glucose (mmol/L) -1.634 0.00 0.20 0.10 0.39
TAG (mmol/L) -2.757 0.00 0.06 0.01 0.38
TRL TAG (mmol/L) -1.767 0.09 0.17 0.02 1.34
Apo B (g/L) -3.146 0.03 0.04 0.00 0.79
Ape CHI (mg/L) 0.010 0.28 1.01 0.99 1.03
Plasma C16:0 -0.275 0.00 0.76 0.65 0.89
Pasma C16:1 2.391 0.00 10.92 4.33 27.54
Plasma C18:0 0.121 0.46 1.13 0.82 1.56
Plasma C18:1 -0.182 0.01 0.83 0.73 0.95
Plasma C20:5:3 -0.286 0.49 0.75 0.33 1.71
Working^ 0.60
Working in the home 1.028 0.23 2.80 0.51 15.20
Unemployed 1.183 0.33 3.27 0.30 35.67
Retired 0.008 0.99 1.01 0.19 5.36
Other work 2.273 0.15 9.71 0.45 210.24

Each model controlled for sex, age and body weight (-2LL=107.874) 
Sig.=Significance value, (3 = Beta co-efficient, OR = Odds ratio. Cl = confidence ratio 
Plasma MUFA removed from the model due to its confounding effects
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5.5 DISCUSSION

The MetS is now a recognised precursor of T2D M  and CVD risk (Haffner et al., 

1992; Ford, 2005a). M uch tim e and effort is now given to screen for and subsequently 

treat the MetS as a prim ary preventitative m easure for these complex diseases. 

Obesity is considered the m ost important environm ental factor in the increase of the 

incidence o f T2DM  (W annam ethee & Shaper, 1999). W e identified body weight as a 

re-occurring risk factor to emerge from  the regression models. Body weight 

significantly decreased from low to high insulin sensitivity tertiles as did BMI, 

confirm ing its underlying causality in the MetS. It has been put forward that obesity is 

a pro-inflam m atory state with increased cytokine levels (TNFa, IL6, leptin, resistin, 

CRP, PAI-1) and NEFA concentrations that interfere with insulin signalling and 

insulin secretion (Tierney & Roche, 2007). In BM I stratified analysis HDL- 

cholesterol decreased, although not significantly, whilst systolic blood pressure and 

diastolic blood pressure increased significantly with increasing BMI index. Other 

variables influenced by obesity included AIRg, GO, fasting insulin, HOM A-IR, 

QUICKI, C-peptide and total cholesterol concentrations. From the dietary perspective, 

BM R, total fat (%energy), M UFA (%energy), dietary palm itoleic acid and stearic acid 

increased with increasing BMI.

From the present analysis, body weight, BMI, waist circumference, hip 

circum ference, AIRg, fasting insulin, HOM A-IR, BM R, total fat (g/day), SFA (g/day) 

and M UFA (g/day) decreased with increasing age, whilst QUICKI, plasm a EPA and 

n-3 PUFA concentrations increased. Fasting glucose, total and HDL-cholesterol, 

apoA l and apoB concentrations were highest in the middle-aged group. Given the 

differences in metabolic variables with increasing age and BMI, the prevalence of 

obesity and impact of age could be main determ inants o f the MetS. The finding that 

the M etS increases with age was not apparent in this study (examining the five 

components) but this could be as a result of recruitm ent strategies or medication 

usage.

In young and m iddle-aged women, blood pressure, serum TAG and waist 

circum ference are lower than their male counterparts (Carr, 2003). W e examined 

gender differences in the characteristics of m etabolic components and found 

differences in waist and hip circumference, diastolic blood pressure, insulin 

sensitivity, AIRg, fasting glucose, total cholesterol and NEFA concentrations, among 

others. Using the NCEP ATPIII criteria, the prevalence of the MetS is higher in men
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(Hwang et a l ,  2007), with dyslipidaem ia occurring earlier in both genders and blood 

pressure seen in older people. It has previously been demonstrated that men are more 

insulin resistant than women (Nuutila et al., 1995). Abnormal insulin sensitivity is a 

central feature of the MetS. M etabolic control varies among the genders (Hwang et 

al., 2007) with molecular and cellular hormonal, sexual and body fat com position 

differences. The protective effect of female sex hormones and the unfavourable 

effects of testosterone on substrate m etabolism  has been suggested (Hwang et al., 

2007).

Dietary fat quality affects insulin sensitivity (Vessby et al., 2001) and a diet 

rich in SFAs induces a sim ilar fatty acid pattern seen in subjects at risk o f the M etS 

(Vessby et al., 2002). In our cohort o f MetS subjects, fatty acid composition was 

characterised by high levels of linoleic acid and palmitic acid. Total PUFA was the 

predom inant plasm a fatty acid com pared to SFA and MUFA. It is difficult to compare 

these results to results o f plasma fat com position measured in serum lipid esters. Fatty 

acid com position o f serum lipid esters (Ma et al., 1995a) or adipose tissue 

triglycerides (van Staveren et al., 1986; W olk et al., 1998) reflects fatty acid intakes 

over several weeks and months. Due to cost and labour lim itations plasma fatty acids 

were analysed for whole serum without standardisation for lipids and may only 

weakly represent dietary fat composition. However, we showed that plasm a fatty acid 

composition was significantly different at baseline in men and women. M yristic, 

palmitic and total SFA was significantly higher in males and palmitoleic and EPA 

significantly higher in females. This corresponded to sim ilar significant differences in 

dietary m yristic, palmitic and total SFA but not for palm itoleic or EPA. W hether 

plasm a fatty acid differences are an effect of dietary intakes or genetic differences in 

the regulation o f fatty acid composition cannot be determined from this study. Perhaps 

males are at greater risk of this plasm a fatty acid phenomenon and are, therefore, at 

greater risk o f T2DM  and CVD. Polyunsaturated fatty acids downregulate the 

expression of stearyl CoA desaturase (SCD) and delta 6 desaturase (D6D) (Jones et 

al., 1996) which are involved in endogenous fatty acid synthesis and introduce a 

double bond in specific positions o f long chain fatty acids (W arensjo et al., 2005). In 

contrast SFAs coupled with a high fat diet have been shown to upregulate expression 

of SCD and D6D (W arensjo et a l ,  2005). In another study, W arensjo et al., (2006) 

found that SCD-1 activity was higher for women.
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An association between saturated fat content in the diet and increased fasting 

insulin levels has been previously reported (Parker et a i,  1993). In this study, when 

stratifying the group according to low, medium and high intakes of dietary SFA, an 

increase in fasting insulin, HOMA-IR and C-peptide concentrations was observed. In 

animal studies, diets high in saturated fat caused distinct insulin resistance (Storlien et 

ai, 1991). Long term basal hyperinsulinaemia may eventually cause (3-cell toxicity 

and damage (Stein et ai, 1997). Dietary intervention studies, where modification of 

fat intakes are undertaken, have produced conflicting results in terms of ideal amounts 

and types of fat to ameliorate insulin sensitivity. This may be due to study design 

differences or type of patient group studied. Some epidemiological studies have 

shown beneficial outcomes for risk of T2DM with dietary fat quality, however results 

are not conclusive (Salmeron et al., 1997). Single plasma phospholipids fatty acid 

measurement to reflect habitual status is a potential flaw.

Although subjects in the UO cohort had the highest plasma and dietary 

amounts of EPA and DHA this did not manifest to a superior insulin sensitivity status 

or more desirable lipid profiles at baseline. A positive relationship between insulin 

resistance and plasma cholesterol ester levels of EPA and DHA in subjects with the 

metabolic syndrome has not been found (Klein-Platat et ai, 2005). A potential 

oversight could be that plasma does not represent the true levels or effects of these 

essential fatty acids as compared to insulin sensitive tissues like muscle.

No clinical procedures are in place to definitively predict insulin resistance in 

an individual. Through multiple linear regression analysis, we assessed how 

effectively anthropometric measurements, biochemical markers and health and 

lifestyle variables can predict insulin sensitivity. Waist circumference has already 

been established as an independent risk factor for CVD. Entered univariately, waist 

circumference was negatively associated with Si and positively associated with 

HOMA-IR, highlighting the strong independent risk of abdominal obesity. However, 

unlike other studies (Wahrenberg et ai, 2005) it was not the most powerful regressor 

in our model. Larger hip circumference (a measure of peripheral obesity) was 

associated with lower levels of insulin resistance. Body weight was a strong 

significant and negative indicator of insulin sensitivity both univariatley and when 

entered into each model respectively. BMI was positively associated with an 

increasing HOMA-IR index in the final model of predictors. The large number of 

overweight and obese persons in Westernised populations is increasing the incidence
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of T2DM and CVD. Using BMI as a quick diagnostic tool to indicate whether a 

person is insulin resistant may be advocated in clinical settings. The presence of 

dyslipidaemia characteristic of insulin resistance might also be a useful predictive 

tool. Plasma TAG and HDL-cholesterol concentrations are independently associated 

with insulin resistance. As the underlying component, increasing insulin resistance as 

measured by HOMA-IR is associated with increasing age, fasting glucose and insulin 

concentrations, BMI and apoE concentrations and a decrease in insulin sensitivity, 

AIRg, GO, P2, hip circumference and TRL-cholesterol concentrations. Being a 

volunteer in UoR and JUMC was positively and negatively associated with having an 

increased HOMA-IR index, respectively. One could hypothesise that habitual dietary 

patterns or genetic disposition could account for this centre difference. Interestingly, 

of the examined lifestyle factors, not playing sport was a significant univariate 

predictor of increasing HOMA-IR but did not feature in the logistic regression 

analysis. This is in contrast to other studies which demonstrated that the most strongly 

associated lifestyle factor with a lower risk of having the MetS was physical activity 

(Carroll et a l ,  2000; Irwin et a i ,  2002; Zhu et ciL, 2004). In our health and lifestyle 

questionnaire subjects were asked do they play sport or not and if so, what sport and 

how many times a week? This is a crude estimate of physical activity levels and as 

compared to dietary intakes, possible overestimation of activity units could have 

occurred. Perhaps this is the reasoning to the surprising lack of significant effect or 

predictive power of this lifestyle variable. In addition to a lower level of physical 

activity, a low socioeconomic status (Rosengren & Wilhelmsen, 1997) and a low 

education level may increase CVD risk (Jacobsen & Thelle, 1988). Interestingly, 

being married, divorced or separated and working in the home were negatively 

associated with insulin sensitivity when entered univariately into the model. In 

common, being separated and working in the home were positively associated with an 

increase in HOMA-IR. Perhaps underlying stresses associated with living and 

working experiences should be examined in further detail. DI which represents P-cell 

function, decreased significandy from high to low insulin sensitivity as waist 

circumference increased. In the Insulin Resistance Atherosclerosis Study, it was 

reported that elevated waist circumference was associated with a reduced DI (Mayer- 

Davis et a i ,  2001). The significant reduction in DI was not however seen with 

increasing BMI.
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The purpose of developing the logistic models was to investigate if certain 

factors were causative in the increase o f the num ber o f MetS criteria a subject 

possesses from 3 to 4 to 5 whilst controlling for various potential confounding factors 

such as age, gender and body weight. An ideal way to explore this would be in a 

cohort who was followed longitudinally. Several aetiological factors are involved in 

the development and progression of the M etS. Body weight was a significant negative 

predictor in the final model of “4 versus 5” and “3 versus 5” criteria o f the M etS. Diet 

composition and physical inactivity did not feature in any of the final models. 

However, a volunteer “living with a partner” versus being “single” was m ore likely to 

have “5 versus 4” criteria, in the univariate and in the final prediction model. 

■‘W orking in the hom e” and being “retired” were associated with “5 versus 3” criteria 

in the univariate model. W hen predicting increasing components of the MetS, 

interesting to note that HOM A-IR or Si did not feature in the final model, which raises 

the question: is insulin resistance an underlying component of the M etS or at least in 

this cohort? However, subjects were recruited on various criteria e.g. BP clinics, lipid 

clinics and with the m odified version o f the NCEP ATPIII criteria being used which 

does not stipulate insulin resistance as one of the defining criteria, this may in part 

explain this.

A high proportion of palmitic acid at baseline is associated with unfavourable 

changes in fasting serum insulin concentrations (Laaksonen et ciL, 2002). In the 

correlation analysis Si and QUICKI were negatively whilst fasting insulin, HOM A-IR 

and C-peptide concentrations were positively associated with myristic, palmitic and 

SFAs. As the main SPA, palmitic acid has the greatest concentration in plasm a and is 

suggested in the developm ent of insulin resistance (Storlien et a l ,  1996). In this study 

palmitic acid was a negative and a positive univariate predictor o f Si and HOM A-IR, 

respectively, and a strong final predictor of having “5 versus 3” criteria of the MetS, 

further instigating it in the developm ent and progression of the MetS.

Much debate surrounds the role of n-6 and n-3 PUFAs in insulin resistance 

(Berry, 1997). From this analysis, plasm a n-3 PUFA was significantly inversely 

associated with increasing AIRg and insulin to C-peptide ratio, with plasm a n-6 

PUFA significandy and positively associated with QUICKI, RQUICKI and negatively 

with fasting insulin, HOM A-IR and C-peptide concentrations. Plasm a n-6 PUFA was 

significantly associated with having a lower number o f criteria when entered 

univariatley in the regression models. This significance was lost however when
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entered multivariately. Laaksonen et ai, (2002) demonstrated that the beneficial role 

of PUFA in preventing IFG and T2DM were mediated mainly by the n-6 fatty acid 

linoleate. Plasma C l8:2:6 was positively associated with increasing insulin sensitivity 

index and QUICKI and negatively with insulin resistance measured by HOMA-IR and 

fasting insuhn values. It should be noted that while plasma fatty acids may reflect 

proportions of dietary SFAs and PUFAs it does not represent total fat consumption. 

Saturated fatty acids are also somewhat metabolised to MUFAs, therefore it is 

difficult to draw conclusions or relate dietary MUFA to corresponding plasma intakes.

Recently, it was proposed that the dyslipidemia central to the diagnosis of the 

metabolic syndrome should be redefined to include apolipoproteins B and Al 

(Sniderman & Faraj, 2007). In our cohort, it was found that, apoAl increased 

significandy with increasing insulin sensitivity, increasing MUFA intakes and was a 

significant independent predictor of insulin sensitivity. ApoB was a positive 

univariate predictor of increasing insulin resistance. ApoAl and apoB were positively 

and negatively associated with having a lower number of MetS criteria, respectively, 

and multivariatley with having “3 versus 4” criteria. ApoB was a strong significant 

predictor of having “5 versus 4” and “5 versus 3” criteria.

Poor dietary quality, characterised by high percentage of energy from total and 

saturated fat, low intakes of total CHO and fibre illustrated in this cohort of MetS 

subjects, is associated with the development of abdominal obesity (Millen et ai, 

2006). In this study, however, poor dietary attributes did not predict progression of the 

MetS or indeed predict worsening insulin sensitivity or contribute to an increase in 

HOMA-IR. It would seem paramount that weight management be the focus of 

preventative target measures in alleviating insulin resistance and MetS risk as obesity 

is a recognised risk factor for the development of IHD, stroke and CVD (Keys, 1980). 

Hyperinsulinaemia which accompanies obesity is also associated with CVD (Parker et 

a i,  1993). Animal studies have indicated that diets high in fat lead to the inducement 

of insulin resistance and hyperinsulinaemia (Storlien et a i,  1986). From our analysis 

increased intakes of total and SFA but not MUFA and overall adiposity (BMI) was 

associated with increasing insulin levels. In the Normative Aging study, BMI was 

found to be positively associated with both fasting and postprandial serum insulin 

concentrations (Parker et al., 1993). With respect to diet, increasing SFA (% Energy) 

was also positively related to serum insulin in the fasted and the fed state. These 

findings are consistent with our results of fasting insulin. This has also been
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demonstrated in adults (Olefsky et aL, 1982) and children (Folsom et a i ,  1989). The 

underlying m echanism s behind this phenomenon are not com pletely understood and 

elucidate to the increase of free fatty acid release into the portal circulation. A 

reduction in dietary SPA intake from <13% of total energy to <10% of total energy in 

our study population was associated with a reduction in fasting insulin of 21%. This 

finding is similar to the Normative Aging study where they experienced a reduction in 

fasting insulin of 26% and 32% in postprandial insulin with a reduction of SFA 

(Parker et a l ,  1993). Sim ilar to their study, fam ily history was not accounted for in 

this analysis which places volunteers at further risk. However, the results suggest that 

a reduction in body weight and SFA intake may ameliorate fasting insulin 

concentrations and thus CVD risk.

In the present study, we described the determ inants o f insulin sensitivity in 

M etS subjects. For a more detailed approach, we created a model in which the 

influence of health and lifestyle factors and biochem ical factors were incorporated 

concom itantly with gender, age and body weight. Insulin sensitivity correlated 

negatively with increasing body weight and AIRg and positively with DI and P3. The 

rem aining insulin sensitivity variance that remains unaccounted for (35.5%) after 

m odelling the study variables, suggests that other factors are involved. These may 

include inflammatory cytokines such as TN Fa which is known to im pair insulin 

signalling (Trischitta et al., 1997). Univariatley, low insulin sensitivity was associated 

with increased waist circumference, glucose, TAG, blood pressure and reduced HDL 

cholesterol concentrations. This was independent o f body weight, age and gender. 

Fasting glucose and fasting insulin levels increased with increasing num ber of 

m etabolic disorders which has been dem onstrated previously (Haffner et al., 1992; 

M ykkanen et al., 1993; M ykkanen et al., 1997). Subjects with 5 disorders had 28.4% 

higher fasting insulin concentrations than subjects with 3. Fasting insulin and HOMA- 

IR was significantly associated with a clustering o f metabolic disorders compared to 

insulin sensitivity. Reasons for this could be the close association of 

hyperinsulinaem ia to the components that cluster in the MetS.

From our analysis it would seem that males are more at risk (higher fasting 

glucose and insulin concentrations, blood pressure, waist circum ference, TAG, lower 

insulin sensitivity and HDL-cholesterol concentrations). This might be explained by 

the more favourable gluteal fat distribution in women. Abdominal obesity is more 

attributable to men which confers a greater risk o f developing insulin resistance.
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Majority of subjects (n=337) fell into the obese category. We know that 

underestimation of energy intake is more pronounced in obese people (Blundell & 

Cooling, 2000). The high intake of fat may be a major contributor to the development 

of obesity (Astrup et ai,  2000) and impaired insulin sensitivity (Lovejoy & 

DiGirolamo, 1992; Mayer et ai,  1993; Marshall et ai,  1997). However, our 

understanding of the associations between dietary total fat, SFA and MUFA and MetS 

components is limited by the accuracy of the measurement of habitual fat intake. The 

worsening of the MetS was associated with modifiable risk factors including 

increasing body weight and lipid factors. One simple public health message to convey 

is that increasing body weight predicts a decline in Si, increasing risk of T2DM and 

CVD. The significant age and gender differences in the MetS and its components are 

required for health promotion programs and in the screening of high risk individuals 

to aid recognition and treatment of the MetS. As well as focusing on dietary fat intake 

to truly understand mechanisms and results, there is a need to also focus on energy 

expenditure which was not considered in detail in this study.

A clear strength of the study is that it was carried out in 8 European countries 

which enabled a comparison of baseline anthropometry and biochemical measures. 

However subjects for the study were in a way preselected from certain clinics based 

on blood pressure, lipids, weight management etc. which increa.ses the possibility of 

bias.

A few limitations to this study must be addressed. Although there still exists 

debate about the most accurate way to assess insulin sensitivity, our study 

demonstrated a strong correlation with fasting insulin and QUICKI and the Si index 

exported from the minimal model analysis in individuals with varying insulin 

concentrations. However, Si is an imperfectly model based measured variable as 

insulin sensitivity was measured by the minimal model and not the gold standard 

euglycaemic clamp method. Another limitation of the study is the failure of follow up 

assessment of the subjects and their risk factors over time. It should also be 

considered that with all the statistical tests performed on the data, statistically 

significant findings may have occurred by chance. A p value of 0.05 means that the 

result obtained would have occurred by chance 5% of the time. The more independent 

tests that are carried out, the more likely that false positives will be obtained.

This study examined the relationship of anthropometric, biochemical and 

health and lifestyle patterns and the MetS between males and females, age groups.
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BM I categories and centres. W e developed logistic regression models examining the 

independent influence o f these factors on the odds of having 3, 4 or 5 criteria o f the 

M etS. In summary, body weight emerged several times as a risk factor for decreasing 

S i and increasing insulin resistance and decreased significantly from low to high 

insulin sensitivity tertiles as did BMI. This suggests its role as an underlying cause in 

the MetS. W ith the significant differences in metabolic variables also observed with 

increasing age and BMI, the impact of age and obesity are factors to consider in this 

pre-diabetic syndrome. Dietary fat quality affects insulin sensitivity and in this 

analysis a significant increase in fasting insulin, HOM A-IR and c-peptide 

concentrations were observed with increasing intakes of dietary SFA. A reduction in 

dietary SFA with as little as 3% reduced fasting insulin concentrations by 20%. 

Subjects with 5 criteria had 28% higher fasting insulin concentrations than subjects 

with 3 criteria which corroborates the close association of hyperinsuHnaemia to the 

components that cluster in the MetS. W ith plasma fat, palmitic acid is suggested in the 

developm ent of insulin resistance and positively associated with HOM A-IR and was a 

strong predictor of having 5 criteria of the MetS.
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Chapter Six

The effects of different amounts and types of dietary fat on metabolic 

markers of the metaboHc syndrome - Findings from the LIPGENE

Dietary Intervention Study

6.1 ABSTRACT

Background: Evidence suggests that dietary fatty acid composition affects insulin 

sensitivity.

Objective: The LIPGENE Human Dietary Intervention Study is a multi-centre,

Trans-European, randomised, controlled trial with the aim of determining the relative 

efficacy of reducing dietary SFA consumption, by altering quality and reducing the 

quantity of dietary fat, on metabolic risk factors of the MetS.

Design: 417 free-living subjects with the MetS received one of four dietary

treatments for 12 weeks: (1) High-fat (38% energy) SFA-rich diet (HFSFA); (2) 

High-fat (38% energy), monounsaturated fatty acid (MUFA)-rich diet (HFMUFA); 

(3) Low-fat (28% energy), high-complex carbohydrate diet (LF) and (4) Low-fat 

(28% energy), high-complex carbohydrate diet, with 1.24 g/d LC n-3 PUFA (LFn- 

3PUFA). An IVGTT, lipoprotein analysis, cytokines, adhesion molecules and 

coagulation factors were determined pre- and post-intervention.

Results: Dietary fat modification had no significant effect on insulin sensitivity

(Si). The effect of the four dietary treatments were determined in volunteers with a 

habitual high- or low-fat intake pre-intervention, defined as being above or below the 

median (36% of Total Energy). Si was significantly lower following the high-fat, 

SFA-rich diet (P=0.021) in subjects with a habitual low-fat intake pre

intervention. The sensitivity to SFA was more applicable to females wherein Si was 

reduced following the high-fat, SFA rich diet. HOMA-IR was also reduced in females 

following the high-fat MUFA diet (P<0.05).

Conclusion: The effectiveness of dietary fat modification was dependent upon pre

intervention dietary fat intake. Altering dietary fat seems to be more effective in 

females. Further investigation is necessary to elucidate these diet*gender effects.
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6.2 INTRODUCTION

The metabolic syndrome (MetS) is a very common, multi-component, condition 

characterised by insulin resistance or impaired insulin sensitivity, dyslipidaemia, 

abdominal obesity and hypertension that is associated with an increased risk of type 2 

diabetes mellitus (T2DM), cardiovascular disease (CVD) and atherosclerosis (Moller 

& Kaufman, 2005). It has been hypothesised that insulin resistance, glucose 

intolerance and hyperinsulinaemia are the underlying components of the MetS or 

‘Syndrome X ’, and increase the likelihood of other abnormalities occurring 

(dyslipidaemia, endothelial dysfunction, coagulation and inflammatory disorders and 

abnormal uric acid metabolism)(Reaven, 1988a). The relationship between 

inflammatory status and metabolic disease is now well recognised. Inflammatory 

markers such as TNFa, IL6, Leptin and PAI-1 are increased in obese (Festa er ah,

2001) and insulin resistant (Yudkin et ciL, 1999) states. Low plasma levels of 

adiponectin, a cytokine originating from adipose tissue with potent anti-inflammatory 

effects, is also an independent risk factor for the development of T2DM (Lindsay et 

ai,  2002). Several definitions for what constitutes the MetS have been proposed. 

Whilst the clustering of the components that define the different versions of the MetS 

are similar each place slightly different emphasis on the metabolic phenotype. In a 

recent perspective review, Gerald Reaven (2006) summarised the similarities and 

differences of three widely used definitions of the MetS (World Health Organisation 

(WHO), International Diabetes Federation (IDF) and National Cholesterol Education 

Programme Adult Treatment Panel III (NCEP ATPIII)) but categorically stated that 

the components clustered in the syndrome occur only in insulin resistant people 

(Reaven, 2006). This is supported by results from animal studies (Shafrir, 1996; 

Zimmet et ai ,  1999), and from human metabolic studies including the insulin 

resistance atherosclerosis study (IRAS) (Karter et al ,  1996; Howard et ai ,  1998; 

Hanley et ai ,  2003). As there is no universal definition of the MetS, this hinders the 

determination of the true global prevalence both locally and internationally. In a 

recent publication (Hossain et a i ,  2007), it was estimated that 197 million people 

worldwide have impaired glucose tolerance, most commonly because of obesity and 

the MetS. This is expected to increase to 420 million by the year 2025 (Hossain et ai,  

2007). Using the NCEP ATPIII definition, the prevalence of the MetS is estimated to 

be 25% of the general population, varying with genetic background (Ford et ai,

2002). The IDF definition tends towards higher prevalence rates (Athyros et ai ,  2005;
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Lawlor et ai,  2006), as it includes lower cut-off points for waist circumference, as a 

prerequisite for the diagnosis of the MetS. However, it remains to be seen if one 

definition over another can predict the development of T2DM. More in-depth 

prospective data analysis is required.

There are many facets to the MetS, of which diet plays an important role and 

one that can be possibly targeted by public health initiatives. The typical Western 

dietary pattern is associated with higher risks of the MetS (Esmaillzadeh et ai,  2007). 

The increased intakes of saturated fat in the “Westernised diet” which is thought to 

have a detrimental effect on lipoprotein metabolism and insulin sensitivity, could in 

part explain the association. Saturated fat is a significant predictor of fasting and 

postprandial insulin concentration, even when controlling for total body adiposity and 

body fat distribution (Parker et ai,  1993). In contrast, dietary patterns attributable to 

the Mediterranean diet, high in monounsaturated fat, have been negatively associated 

with features of the MetS (Williams et ai,  2000; Esposito et ai,  2004; Panagiotakos 

& Polychronopoulos, 2005; Vincent-Baudry et ai,  2005). There is consistent 

information in the literature of the beneficial effects of n-3 PUFA on insulin action in 

rats (Storlien et ai,  1991). Its effects on insulin sensitivity in humans, however, are 

not as clearly defined, with some studies showing favourable benefits (Popp-Snijders 

et ai,  1987; Fasching et ai,  1991;Delarue et ai,  1996) and others showing little or no 

influence (Vessby et ai,  2001). Epidemiological evidence suggests that long chain 

(LC) n-3 PUFAs have protective properties against the development of T2DM 

(Friedberg et ai,  1998), modifying plasma lipid and lipoprotein concentrations, 

lowering triglyceride (TAG) levels effectively (Popp-Snijders et ai,  1987; Friedberg 

et ai,  1998) and increasing high density lipoprotein (HDL) cholesterol concentrations 

(Mori et ai,  1999). In individuals with an inflammatory phenotype at risk of 

developing insulin resistance, supplementation with LC n-3 PUFAs may attenuate the 

inflammation process and the impact on the MetS risk factors. Browning et ai,  (2007) 

demonstrated an improvement in insulin sensitivity (insulin area under the curve) in 

overweight individuals with a susceptible inflammatory status, which was not 

observed in a similar group with low levels of background inflammation after a 12 

week supplementation with LC n-3 PUFA (Browning et ai,  2007).

Whilst diet and/or poor nutritional status is not a risk factor for the MetS, 

reducing body weight, through manipulation of diet, is a well accepted therapy to 

reduce the incidence of T2DM (NIH, 1998; Klein et ai,  2004) and ameliorate risk
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factors such as insulin resistance, hyperlipidaem ia and hypertension. However poor 

compliance means that this therapeutic approach is largely ineffective and the 

prevalence of obesity continues to rise. Therefore other strategies to attenuate the 

impact of insulin resistance in the presence o f obesity are required. The best diet for 

the treatment of the MetS is still under debate and scrutiny, with attention focussed on 

the composition of the diet, particularly quality and quantity of dietary fat. Human 

intervention studies determ ining the relationship between dietary fat com position and 

insulin sensitivity, evaluated by sound methodologies, whilst m aintaining isoenergetic 

conditions (to outrule the effects of weight loss) are relatively few. The well-cited 

KANW U study, a controlled m ulti-centre study with 162 healthy volunteers, 

random ised to a high saturated or monounsaturated fat, isoenergetic diet showed that 

decreasing SF.A. and increasing M UFA improved insulin sensitivity but had no effect 

on insulin secretion. The positive effects, however, were observed when total fat 

intake was below 37% energy (Vessby et al., 2001). In a cohort of 59 young healthy 

subjects, with a crossover study design, an im provem ent in insulin sensitivity was 

demonstrated with an isoenergetic substitution of carbohydrates or m onounsaturated 

fat for saturated fat (Perez-Jim enez et al., 2001). This group have recently shown an 

improvement in HOM A-IR and fasting pro-insulin levels in insulin-resistant .subjects 

assigned a M UFA-rich isoenergetic diet for 28 days, compared to a diet high in 

saturated fat and a carbohydrate-rich diet (Paniagua et al., 2007). Taken together, 

these studies suggest that manipulating the quality of dietary fat can improve insulin 

sensitivity when SFA is replaced with unsaturated fat by mechanisms still to be 

elucidated e.g. insulin secretion, insulin signalling, gene-nutrient interactions and 

membrane lipid composition. Decreasing the am ount o f total dietary fat in individuals 

who are at an increased risk o f developing T2DM , due to their obese status, may also 

improve their insulin sensitivity (M ayer-Davis et al., 1997). However, the need for 

controlled randomised clinical trials with sufficient study power and duration are 

required to further investigate the effects of dietary fats on insulin sensitivity and the 

factors of the MetS, and to examine whether insulin sensitivity can affect individual 

responses to the type and amount of dietary fat in an isoenergetic diet. Therefore, 

LIPGENE (contract no. FO OD-CT-2003-505944) is an integrated project o f the EU 

Sixth Framework Program me for Research and Technology Developm ent that is 

being conducted by a consortium  of twenty-five research centres across Europe. The 

project is entitled; Diet, Genomics and the MetS: an integrated nutrition, agri-food.
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social and economic analysis. It began in February 2004 and com prises six 

workpackages: Human Nutrition, Consum er Science, Animal Nutrition, Plant 

Biotechnology, Dissem ination and Econom ic science. The objective o f the human 

nutrition component and this present study was to determine the relative efficacy of 

reducing dietary SFA consum ption, by altering the quality o f dietary fat and reducing 

the quantity o f dietary fat on m ultiple metabolic and m olecular risk factors o f the 

MetS; to determine insulin sensitivity and P-cell dysfunction using the frequently 

sampled intravenous glucose tolerance test (IVGTT) with minimal m odelling and 

m ultivariate statistical approaches to identify determinants o f increasing insulin 

sensitivity (SO after a 12-week intervention in four dietary treatm ent groups. A 

secondary aim of this present chapter was to ascertain whether background total fat 

intake as a percentage o f energy determ ined the effects of the four intervention diets 

on insulin sensitivity and other IVGTT parameters and measures of insulin resistance.
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6.3 SUBJECTS AND METHODS

The LIPGENE human dietary intervention study was a randomised, controlled trial 

approved by the local ethics committees at each of the 8 clinical intervention centres, 

all of which conformed to the Helsinki Declaration of 1975 as revised in 1983. The 

study was registered with The US National Library of Medicine Clinical Trials 

registry (NCT00429195). The nature of the LIPGENE study was explained to each 

subject and written informed consent was attained before assessment of 

anthropometric indices, blood pressure, and collection of a fasting blood sample at the 

screening visit. The statistical power of the LIPGENE dietary intervention study was 

based on insulin sensitivity as the primary biomarker of the MetS and was calculated 

with the accuracy to detect at least 1 unit difference at a SD of 2, between diets. The 

power calculation w'as based on the assumption that 15% difference in insulin 

sensitivity was physiologically important and that this difference can be detected at a 

significance level of 0.05 and a power of 0.8. Thus, a minimum of 98 subjects per 

dietary group would be required to detect significance differences. The group size 

was increased to 120 per group, to account for an anticipated 20% drop-out rate.

417 free-living subjects with the MetS, defined by a modified version of the 

NCEP criteria (2001), characterised by three or more of the following criteria, 

completed the LIPGENE dietary intervention programme:

• Fasting glucose concentration 5.5 - 7.0 mmol/L

• Serum TAG concentrations ^ 1.5 mmol/L

• Serum HDL cholesterol concentration < 1.0 mmol/L (men)

< 1.3 mmol/L (women)

• Blood pressure systolic BP> 130

diastolic BP>85mmHg 

or treatment of previously 

diagnosed hypertension

• Waist girth >102 cm (men)

> 88 cm (women).

Each volunteer conformed to the LIPGENE inclusion and exclusion criteria. None of 

the subjects were receiving pharmacological treatment for glycaemic control, 

hyperlipidaemic medication, anti-inflammatory treatment or weight loss drugs. 

Subjects who were taking hypertensive medication had to have been prescribed them
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for 3months prior to commencing the study. (Chapter 3 provides a more detailed 

description of the inclusion and exclusion criteria, aswell as information on the 

recruitment procedures and screening process). There was no change in allowed 

prescribed m edication throughout the study.

The intervention study was completed in 8 European centres (Trinity College Dublin, 

Ireland (TCD), University of Reading, URREADNSI, UK (UoR), University of Oslo, 

Norway (UO), INSERM  U476 M arseille, France (INSERM ), M aastricht University, 

The Netherlands (UM), Hospital Universitario Reina Sofi'a-University of Cordoba, 

Spain (HURS-UCO), University o f Krakow, Poland (JUM C) and Uppsala University, 

Sweden (UU).

6.3.1 Study Design

This random ised, controlled trial was conducted on a free-living population of MetS 

individuals. Subjects were recruited and random ly assigned to one o f four dietary 

interventions per centre. Random isation was completed by the coordinating centre, 

according to age, gender and fasting plasm a glucose concentration. An equal number 

of subjects were allocated to each dietary group at each centre using the M INIM  

(M inimisation Program me for Allocating patients to Clinical Trials, Dept o f Clinical 

Epidemiology, The London Hospital Medical College, UK) random isation 

programme. The objective of the LIPGENE dietary intervention study was to 

determine the relative efficacy o f replacing or reducing dietary SFA on insulin 

sensitivity, by com paring the effect o f four different dietary treatments:

• Diet A: H igh-fat (38% energy), SFA-rich diet (16% SFA, 12 % M UFA 6% 

PUFA) (HFSFA).

• Diet B: H igh-fat (38% energy), M UFA-rich diet (8% SFA, 20% M UFA, 6% 

PUFA) (HFM UFA).

• Diet C: Isoenergetic low-fat (28% energy), high-com plex carbohydrate diet (8% 

SFA, 11%; M UFA; 6% PUFA) (LF).

• Diet D; Isoenergetic low-fat (28% energy), high-com plex carbohydrate diet (8% 

SFA, 11% M UFA; 6% PUFA), with 1.24 g/d LC n-3 PUFA supplement 

(LFn3PUFA).
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A range o f fat-modified food products (margarines, cooking fats, baking fats, 

mayonnaise, dressings, biscuits, etc) were produced by Unilever Best Foods 

(Vlaardingen, The Netherlands). The LC n-3 PUFA supplem ent (M arinol ™  C-38) 

and the com parator high-oleic acid sunflower seed oil (HOSO) supplem ent were 

provided by Lipid Nutrition, Loders Croklaan (W orm erveer, The Netherlands), the 

composition of which is presented in Table 6.1. Each volunteer received his or her 

capsules on day 0 (pre-intervention clinical investigation day) o f the study. A capsule 

count was taken at the end o f the study period (week 12) and volunteers were asked to 

note down any capsules missed or lost during the 12 weeks.

Table 6.1: Fatty Acid Composition and tocopherol content of the LC n-3 PUFA 

and the comparator HOSO supplement

LC n-3 PUFA HOSO Supplement

Description: M arinol"^ C-38 is a 

concentrated natural fish oil 

with a high content o f EPA 

and DHA

High Oleic Acid 

Sunflower Seed Oil 

supplement

Fatty Acid Composition w/w % w/w %

C14:0 3 0

C16:0 10.5 3.5

C16:l 4.5 0

C17:0 0.2 0

C18:0 2.5 3.4

C18:l 8.0 79.2

C18:2 1.0 11.8

C18:3 0.5 0.2

C20:0 0.2 0.3

C20:l 1.1 0.3

C22:0 0.2 0.9

C24:0 0.2 0.3

C20:5 24 -

C22:6 17.5 -

Total EPA and DHA 38 -

Mixed Natural Tocopherol 3.0mg 3.0mg

211



6.3.2 Dietary Assessment

Subjects completed a 3-day weighed food dietary record (two weekdays and one 

weekend day, not necessarily consecutive) to assess pre-intervention habitual dietary 

intake. This assessm ent form ed the basis for dietary advice to achieve the dietary fat 

modification intervention targets using the intervention foods, without a significant 

alteration in body weight (<2% body weight change). Each volunteer had 

individualised dietetic counselling to attain their dietary targets.

Two weighed 3-day food dietary records were completed at week 6 and 12 to 

assess dietary intake m id- and post-intervention. The nutrient composition of the 

subject’s diets was assessed using centre specific dietary analysis programmes to 

ensure a com prehensive assessm ent o f culturally specific foods (Ireland: W ISP 

version 3.0; UK: Food Base version 3.1; Norway: Kostberegningssystem (nutrient 

calculation softw'are developed at the Departm ent of Nutrition, University o f Oslo); 

INSERM , France: Nutrilog; M aastricht, The Netherlands: Komeet to enter the dietary 

data and Orion to analyse the data; Poland: “Dietitian software” ; Cordoba, Spain: 

Dietsource version 2.0; Uppsala, Sweden: M ATs connected to the Swedish Board of 

Food Adm inistration database for foods). These packages were modified to include 

the nutrient com position of the LIPGENE dietary intervention foods. Compliance was 

promoted and assessed by regular contact with each volunteer by 24-hour recalls and 

food use questionnaires, every two weeks o f the trial. The food use questionnaire 

ensured that the subjects used the study foods as intended. Body weight was m easured 

at week 0, 6 and 12 and subjects’ energy intake was adjusted if greater than 2kg 

weight change occurred to ensure an isoenergetic state. Study foods were delivered by 

the investigators or subjects collected them from the study centres throughout the 12- 

week study period. The level o f physical activity and alcohol consumption did not 

deviate throughout the intervention period. A more in-depth assessment on the 

m ethodological approach used in the dietary advice/strategy to achieve the 

intervention targets and the com position of the study foods are given in Chapter 4.

6.3.3 Clinical Investigations

Pre- and post-intervention, subjects reported to one o f the eight intervention centres 

following a 12-hour overnight fast. Subjects abstained from strenuous exercise and
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alcohol intake for 24 hours before the examination. Subjects were asked to provide 

details of their last meal eaten i.e. time and amounts in household quantities.

6.3.4 Collection of urine and blood samples

At each clinical investigation day subjects brought their fasting urine sample (first 

void) and 2ml was transferred into 2 ependorf tubes without any addition of 

preservative. Samples were kept frozen at -70°C until they were transported under dry 

ice to Uppsala, Sweden for analysis of urinary isoprostanes and prostaglandin 

metabolites (results of which are not presented in this thesis). Fasting blood samples 

were taken at the first sampling (-5 minutes) of the intravenous glucose tolerance test 

(IVGTT). Blood for the future measurement of leptin, resistin, adiponectin, C-reactive 

protein (CRP), interleukin (IL)-6, Tumour necrosis factor alpha (TNFa), sICAM and 

sVCAM was collected in serum separator tubes (Becton Dickinson, Oxford, UK). 

Blood for insulin, C-peptide and low density lipoprotein (LDL) isolation was 

collected in serum tubes (Becton Dickinson, Oxford, UK). Samples for plasma 

cholesterol, triacylgycerol (TAG), non-esterified fatty acids (NEFA), total high 

density lipoprotein (HDL), triacylglyceride rich lipoproteins (TRL), plasma 

apolipoproteins (apo) A l, B, B48, CII, CllI, E, TRL apoB and for plasma fatty acid 

analysis were collected in K3-EDTA tubes (Becton Dickinson, Oxford, UK). Samples 

for glucose analysis were collected in tubes containing sodium fluoride, and blood for 

fibrinogen, plasminogen activator inhibitor (PAI)-l and tissue plasminogen activator 

(tPA) were collected in tubes containing citrate (Becton Dickinson, Oxford, UK). All 

tubes were inverted 8-10 times to ensure adequate mixing of anti

coagulant/preservative. The sodium citrate tube was pre-chilled on ice before blood 

collection. All samples, except for the serum samples were put on ice after collection 

and processed within 1 hour. The serum separator tubes were allowed to clot for 30 

minutes before centrifugation. Blood samples were centrifuged and the plasma was 

harvested following centrifugation and was stored at the appropriate temperature. 

TRL, LDL and HDL fractions were isolated within 24 hours, with the buffy coat 

isolated within 2 hours. In Chapter 2, Table 2.4 details the organisation of blood 

samples for analysis (vaccutainer type, plasma or serum harvested, volume, 

preparation, analysing centre and temperature storage). Table 2.5 demonstrates the 

centrifugation details.

213



6.3.5 Intravenous Glucose Tolerance Test (IVGTT)

On the m orning o f the IVGTT two cannulae were inserted into the antecubital veins 

o f both forearms. Following donation o f the fasting blood samples from cannula 1, a 

bolus o f 50% glucose solution (Phoenix Pharma Ltd, Gloucester, UK) (0.3g/kg body 

weight) was infused into cannula 2 over a 1 minute period followed by 20ml o f saline. 

Tw enty m inutes later a dose of insulin (Novo Nordisk Pharmaceuticals Ltd, W est 

Sussex, UK) (0.03U/kg body weight) was infused into the same cannula (cannula 2). 

M eanwhile, blood was sampled through cannula 1 at frequent intervals over a 3 hour 

period (-5, 0, 2, 4, 8, 19, 22, 30, 40, 50, 70, 90 and 180 m inutes) after the start o f the 

glucose injection. A total of 8ml of blood was collected at each time point (2ml into 

paediatric fluoride oxalate tubes for subsequent glucose analysis and 6ml into serum 

tube for subsequent analysis of insulin). At each time point real-tim e blood glucose 

m onitoring was performed using a gluco-trend machine to confirm  that the 

volunteer’s blood glucose was not excessively low (<2.0m m ol/l). If blood glucose 

dropped below this level, the IVGTT was discontinued and an isotonic high glucose 

drink was administered immediately. Blood samples were spun at 3000rpm for 10 

minutes after which the plasm a/serum  was aliquoted and stored at -20°C for future 

analysis. After analysis, glucose and insulin values at each lim epoint were entered 

into the M INM OD com puter program m e (version 6.02, Richard N. Bergman) to 

determ ine insulin sensitivity (Si), glucose effectiveness (S g), acute insulin response to 

glucose (AIRg), disposition index (DI), removal rate o f insulin from the interstitial 

space (P2), m ovem ent o f circulating insulin to the interstitial space (P3) and

distributed glucose concentration at time 0 (GO) (Bergman et ciL, 1985; Beard et a i ,  

1986; Pacini & Bergman, 1986), described in detail in sections 2.5.3 and 2.7 

H om eostasis model assessment-insulin resistance (HOM A-IR) (fasting glucose x 

fasting insulin/22.5)(M atthews et a l ,  1985) and quantitative insulin sensitivity check

index (QUICKI) ( l/(lo g  fasting insulin concentration + log fasting glucose

concentration) (Katz et al., 2000) were also calculated from fasting data. First phase 

insulin response was calculated from  insulin values at the 2, 4 and 8 minute IVGTT 

tim epoints.

6.3.6 Biochemical Analysis

Serum insulin and C-peptide concentrations were m easured by solid-phase, two-site 

fluoroim m unom etric assays (AutoDELFIA Insulin kit and AutoDELFIA C-peptide
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kit, respectively; Wallac Oy, Turky, Finland) on a 1235 AutoDELFIA automatic 

immunoassay system (Wallac Oy, Turku, Finland) at the Central Pathology 

laboratory, St. James’s Hospital, Dublin 8, Ireland (Section 2 . 6 . 7) .  The IL Test™ 

Glucose Hexokinase Clinical Chemistry kit (Instrumentation Laboratories, 

Warrington, UK) was used to determine plasma glucose concentration (Sections 2 . 2.6 

and 2 . 6. 5 ) .

The TRL fraction was isolated from each patient’s fasting blood sample. The 

preparation of the TRL fraction, and the preservative used for the lipoprotein isolation 

are described in Section 2 . 6 . 1. Total HDL concentrations were determined after 

precipitation with Quantolip total HDL precipitation Reagent (Immuno Ag, Vienna, 

Austria) as described in sections 2.2.7 and 2 . 6 .3 . LDL-cholesterol concentrations were 

measured after precipitation of LDL using Randox Precipitation Reagent (Randox 

C H I350, Antrim, Ireland) as outlined in section 2 , 6 .2 . The IL Test™ HDL-C Kit 

(Instrumentation Laboratories, Warrington, UK) was used for direct quantification of 

HDL-C. Quantification of total cholesterol, LDL cholesterol and TRL cholesterol 

from defrosted plasma and supernatant samples was performed using the IL Test™ 

Cholesterol Kit (Instrumentation Laboratories, Warrington, UK) on the ILAB 600 

clinical chemistry analyzer (Instrumentation Laboratory, Warrington, UK). 

Quantification of plasma and TRL TAG was performed using the IL Test™ 

Triglycerides Kit (Instrumentation Laboratories, Warrington, UK). The WAKO 

NEFA C enzymatic colour kit (Alpha Laboratories, Hampshire, UK) was used to 

quantitate plasma NEFA concentration. The intensity of coloured product 

(quinoneimine) is proportional to the concentration of free fatty acids and measured 

by absorbance using the ILAB. Plasma apoA l, B and E concentrations were measured 

using an immunonephelometric methods on a BN Prospec® System with commercial 

kits (Dade, Behring, Deerfield, USA) at the Analytic Biochemistry Laboratory, Ste 

Marguerite Hospital, Marseille, France. Plasma apoCII and CIII concentrations were 

measured by immuno-turbidimetry on a Hitachi 911 system with commercial kits 

(Diasys, Bouffemont, France) at the Analytic Biochemistry Laboratory, Ste 

Marguerite Hospital, Marseille, France. Assessment of apoB-48 was by a competitive 

ELISA with a specific apoB-48 antibody obtained in rabbits. Human CRP, IL-6, 

TNFa, total Adiponectin, Resistin, sICAM, sVCAM and Leptin concentrations were 

measured on the basis of a solid phase sandwich enzyme linked immunosorbent assay
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(ELISA ). C R P  w as determ ined  by high sensitiv ity  (hs) C R P kits (B ioC heck Inc, CA, 

U SA ). H um an IL-6 u ltrasensitive k its w ere purchased from  B iosource In ternational 

Inc, C A , USA . T N F a  was determ ined  using hs T N F a  kits (R & D  System s, 

A bingdon, UK ). A diponectin , R esistin  and Leptin  w ere analysed using a D uoSet®  

E L ISA  D evelopm ent System  (R & D  System s, M N , U SA ) and H um an sIC A M  and 

sV C A M  w ith kits from  R & D  System s, A bington , UK. F ibrinogen clo tting  activ ity  

was m easured  by  using an au tom ated  c lo tting  assay as described in Section 2 . 6 . 14 . 

Plasm a tPA  and PAI-1 concen trations w ere determ ined using the com m ercially  

available kits (A S S E R A C H R O M ®  tPA , A S S E R A C H R O M ®  PA I-1, respectively) by 

enzym e im m unoassay  (EIA ) procedure  by E L ISA  (D iagnostica Stago, F rance) as 

described  in section 2 . 6. 13 .

6.3.7 Fatty acid compositional analysis

D ietary  com pliance was verified  by  conducting  a capsule count. M easurem ent o f 

p lasm a fatty  acid com position  w as detem iined  w ith the use o f  gas liquid 

chrom atography. L ipid ex traction  (B ligh and D yer M ethod) and transesterfication  

(O H TA  M ethod) o f  sam ples w ere perfo rm ed  (Section 2 . 6. 8 )  before analysis o f the 

fatty acids m ethyl esters (FA M E ) o f p lasm a fatty  acids by gas chrom atography (G C) 

on a Shim adzu  GC 2010 (Shim adzu , Japan) using a fused silica capillary  colum n 

O m egaw ax 250, (30 m x 0.25 m m  inner d iam eter, 0.25|am  film ) (Supelco). G C was 

equipped  w ith a flam e ion isation  detec to r and G C solutions softw are (Shim adzu, 

Japan). F atty  acids w ere identified  by com paring  the relative reten tion  tim es o f fatty  

acids w ith  a F A M E  standard  (PU FA , n-3, PU FA  n-2 and C17 (standard). T he fatty 

acid com position  w as represen ted  as a re la tive percentage o f the total o f  the quantified  

fatty  acids (Section  2 . 6 . 8 ) .

6.3.8 Anthropometric measurements

B ody w eight was m easured  in dup licate  on a centre specific, ca librated  scale, to the 

nearest 0.1kg. S ubjects w ere w eighed  in light clothing, w ithou t shoes and after 

voiding. H eight w as m easured  in duplicate to the nearest 0 .1cm , in the upright 

position  using a stad iom eter. W aist c ircum ference was m easured d irectly  on the skin, 

at the m id-po in t betw een  the supra iliac crest and low er ribs m argin at the end o f a 

norm al expira tion , in dup licate  to  the nearest 0 .1cm  using a non-stre tch  tape m easure.

216



H ip circum ference w as m easured in duplicate to the nearest 0 .1cm , using a non- 

restric tive tape m easure, at the level o f the g reater trochan ter w ithout com pressing  the 

skin. B lood pressure m easurem ents w ere recorded  in duplicate in the seated  position 

after a 5 m inute rest, using an appropriately  sized cu ff before b lood  sam ples were 

taken. B ody w eight, height, w aist and hip  c ircum ference m easurem ents and blood 

pressure readings are described  in section 2 . 2 . 1 . B ioelectric im pedance analysis was 

m easured in subjects in the supine position , using a body  fat analyser (TB F-300; 

T an ita  C orporation, A rlington H eights, IL, U SA ) (section 2 . 2 .2 ).

6.3.9 Data preparation and statistical analysis

All data is p resented as group m eans ± standard  erro r o f  the m ean unless stated 

otherw ise. D ata that w as not norm ally  d istribu ted , as assessed by skew ness and 

kurtosis, was norm alised  by log, square root, inverse or sin transform ation.

A repeated  m easure A N O V A  (RM  A N O V A ) w as used to com pare d ifferences 

in outcom e variables am ong the four diet groups. T he analysis w as ad justed  for 

betw een-subject factors: gender, centre and d iet g roup w ith age and change o f body 

w eight as covariates. All significant in teractions (tim e*diet group, tim e*centre , 

lim e*change in body w eight, tim e*age, lim e*gender, gender*centre, 

tim e*gender*centre*diet group) and all sign ifican t m ain effects w ere investigated  

using post-hoc analysis, paired and independent t-tests (non param etric  alternatives: 

W ilcoxan and M ann W hitney, respectively) and one-w ay A N O V A  (non param etric 

alternative: K ruskal W allis). T he B onferroni and T am hane post-hoc tests w ere used to 

identify  significant d ifferences betw een  the groups as appropriate (C oakes & Steed, 

1999). A B onferroni correction  w as applied  if  m ultip le  testing occurred  in  order to 

account for the increase in type 1 error. A s age and change o f  body  w eight are 

continuous variables, these w ere categorised  fo r post-hoc analysis. A ge categories 

w ere defined into three groups: 35-50y, 50-65y and 65-70y. C hange in body  w eight 

was categorised into 5 categories: L ost 4-8kg, L ost 2-4kg, Lost 0 -2kg, G ained  0-2kg 

and G ained 2-5kg.

C orrelation analysis w as used to describe the strength  and d irec tion  o f  the 

linear re la tionship  betw een tw o variables. Pearson p roduct-m om ent coeffic ien t was 

used for continuous variables. Spearm an rank o rder correlation w as used fo r variables 

not norm alised  by transform ation . In terrelationsh ips am ong the post-in terven tion  

variables w ere explored  irrespective o f d ietary  treatm ent. W hen sign ifican t or
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m oderate-to-strong (r>0.25) correlations were observed, the file was split by diet to 

see where the relationship was strongest as part of a post-hoc analysis. All 

correlations reported are significant at p<0.05.

Linear regression analysis was used to determ ine the best fitting m odel to 

describe the relationship between the dependent variable Si m easured at post

intervention and a set o f explanatory variables. W hen constructing the com plex model 

with several predictors, care was taken in selecting the type of regression analysis to 

perform, as the predictors included, and the way in which they are entered into the 

model, can have a great impact. The forced entry linear regression analysis was 

chosen as all known and suspected predictors are forced into the model 

sim ultaneously based on theory, logic and past research. The stepwise m ethod was not 

used for this analysis as predictors may be entered (and others rem oved) based on 

slight differences in their semi-partial correlations rather than on their theoretical 

importance (Field, 2005). Three separate regression analysis steps were carried out in 

the final model development. Firstly, each of the biochemical parameters and dietary 

variables were entered individually in a univariate regression analysis against the 

dependent variable Si m easured at post-intervention (Enter method). Secondly, 

m ultivariate regression analysis was perform ed for each of the individual variables, 

controlling for the volunteer’s age, sex and body weight at post-intervention. These 

m odels were then exam ined to identify the variables that would be used in further 

multiple linear regression modelling. Two approaches were taken to decide which 

variables to include; variables that were significant (/:><0.1) in both m odels were 

included and variables that were significant (p<0.1) in only one of the models for 

which there was strong literature support for their inclusion. At this early stage the 

cut-off used to denote significance was /7<0.1, as the custom ary cut-off of p< 0 .05  

may fail to identify variables that are influential in the final model (H osm er & 

Lemeshow, 2000). The explanatory variables to be included were then grouped into 

seven further models: 1. Centre, IVGTT param eters. Smoking and playing sport, 2. 

Anthropometry, 3. Coagulation factors, 4. Inflamm atory markers, 5. Lipid and 

lipoprotein markers, 6. Plasm a Fatty Acids and 7. Dietary variables. M ultiple linear 

regression analysis, controlling for the volunteer’s age, sex and post-intervention body 

weight, was performed for each of the seven different models. Finally, the variables 

that were significant (/?<0.05) in each o f the seven different models were included in 

a final model controlling for age, sex and post-intervention body weight. The strength
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of each explanatory variable was determined using the beta co-efficient value. In the 

final multiple linear regression model significance was taken at p<0.05. This analysis 

was carried out for Si at post-intervention, irrespective o f dietary treatm ent; however 

diet was entered as a predictor variable. The exact same procedure was carried out in 

each of the four diet groups, to explore how well a set o f variables is able to predict 

increasing Si at post-intervention.

M ulticollinearity and singularity were checked at the end o f each model. 

Tolerance and Variance Inflation Factor (VIF) values were noted to identify highly 

intercorrelated independent variables that would confound the model. If 

m ulticollinearity was present, one predictor was rem oved as it restricted the accuracy 

and predictive pow er o f the model.

All statistical analysis was performed using SPSS® for W indow s™  version 

14.0 (SPSS Inc, Chicago, 111).
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6.4 RESULTS

The effect of dietary fat m odification was determined in 417 subjects (/7=185 males 

and 232 females) who com pleted the 12-week intervention study. This cohort was 

generated from the 486 volunteers that went forward to the pre-intervention clinical 

investigation day. Com pletion was defined as having completed the 12-week dietary 

intervention programme with donation of a fasting blood sample, completed an 

intravenous glucose tolerance test or both at post-intervention clinical investigation 

day. O f the completers, 100 subjects had been random ised to the High-fat, SFA-rich 

diet (HFSFA, Diet A), 111 subjects to the High-fat, M UFA-rich diet (HFM UFA, Diet 

B), 106 subjects to the Low-fat diet (LF, Diet C) and 100 subjects to the Low-fat diet 

with 1.24g /day LC n-3 PUFA (LF n3 PUFA, Diet D).

6.4.1 Repeated Measures ANOVA 

Anthropometry

Table 6.2a presents the adjusted means and SEM s of the effect of dietary fat 

m odification on anthropom etric m easurem ents for the 417 volunteers that completed 

the LIPGENE dietary intervention study. There were no significant differences in the 

anthropom etric profile of the subjects between diet groups at baseline (;:)<0.05j.

The mean age in each o f the four diet groups were 54.9 ly, 54.62y, 54.70y and 

55.39y in Diets HFSFA, HFM UFA, LF and LFn3PUFA respectively. Initial weight, 

height and BMI (kg/m‘) were not significantly different between diet groups. A 

repeated m easures ANOVA (RM  ANOVA) demonstrated a significant within-subject 

tim e*diet group effect (/;=0.001) wherein body weight was significantly reduced 

post-intervention in the LF and LFn3PUFA diets (/?<0.0005). Change o f body weight 

was com puted for each of the four diet groups (post-intervention body weight minus 

pre-intervention body weight). One-way ANOVA dem onstrated that subjects in the 

LF (Diet C) lost significantly m ore weight compared to the HFSFA (Diet A) and 

HFM UFA (Diet B) diets ip<Q.Q5). Volunteers in the LFnSPUFA (Diet D) diet lost 

significantly more weight com pared to the HFSFA diet (Diet A), (p<0.05) {Figure 

6 . 1) .
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Change Body Weight Kg

Diet A Diet B Diet D

Figure 6.1: Change of body weight (kg) in each diet group over the 12 week dietary 

intervention period. p<0.05

Table 6.2b presents more detailed changes in anthropometric variables between the 

study centres, pre- and post-intervention, irrespective of dietary treatment. 

Interestingly a time*centre interaction showed a significant (/?=0.015) decrease in 

body weight after the 12-week dietary intervention in the following centres; HNfSERM 

(87.42kg to 85.36kg /?=0.00I), UM (92.68kg to 91.99kg, /j=0.002), HURS-UCO 

(90.95kg to 90.31kg, /?=0.0005) and UU (83.38kg to 83.04kg, ;?=0.044). Body Mass 

Index (kg/m^) was calculated and the effect of dietary fat modification determined 

(non-significant) using the RM ANOVA model. However, between-centre differences 

were achieved for BMI pre- and post-intervention. Volunteers in HURS-UCO and 

JUMC had significantly greater BMI’s than volunteers in UoR, UO, INSERM and 

UM (p<0.05). Waist circumference differed between the centres with volunteers in 

TCD, UoR, UO, UM, HURS-UCO and JUMC having a higher waist circumference in 

comparison with UU pre- and post-intervention (p<0.002). As presented in Table 6.2b 

a time*centre interaction showed that volunteers in TCD (p=0.0005), UoR (/?=0.029), 

UO (/7=0.0005) and UM (/?=0.001) had a lower hip circumference post-intervention. 

Significant differences between the centres existed for hip measurements and were the 

same pre- and post-intervention. Subjects in TCD, UoR, HURS-UCO and JUMC had
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greater hip circumference than their study counterparts in UO, INSERM, UM and UU 

(p<0.002). There were no between-centre differences for systoUc blood pressure post

intervention. However, there were significant differences pre-intervention with 

volunteers in INSERM having lower readings as compared to volunteers in UoR, 

HURS-UCO and JUMC (/7<0.05). Differences between centres pre- and post

intervention existed for body fat (%). Volunteers in the UM cohort had the lowest 

percentage body fat (31.26%), and significantly lower than TCD, UO, JUMC and UU 

(38.43%, 36.72%, 38.63%, 43.33%, respectively, p<0.05) with volunteers in the UU 

cohort having the greatest percentage of body fat, pre-intervention. UM, again, had 

the lowest percentage body fat (31.86%), significantly lower than TCD (38.07%), 

JUMC (38.11%) and UU (43.25%) post-intervention (p<0.05). RM ANOVA for pre- 

and post-percentage lean body mass showed a significant main effect for centre 

(p=0.0005). With the lowest percentage body fat, volunteers in the UM cohort also 

had a significantly higher percentage lean body mass pre- and post-intervention 

(68.74%, 68.14%, respectively) compared to TCD, HURS-UCO, JUMC and UU 

(p<0.05). Differences between centres for lean body mass (kg) at pre- and post

intervention were varied, with each centre different to at least one other centre. 

Similar to the percentage, UM had greater amounts of lean body mass (kg) pre- and 

post-intervention compared to HURS-UCO and UU (p<0.05).

For body water (% and Litres), a significant between-subject effect 

(p=0.0005) for centre was noted wherein HURS-UCO volunteers had the lowest % 

body water and UU had the lowest body water measured in Litres, pre- and post

intervention (p<0.05).

A main effect of centre (p=0.0005), showed many differences pre- and post

intervention for impedance values. UO had the highest impedance values pre- (592.94 

KHz) and post- (576 KHz) intervention compared to TCD, INSERM, UM and HURS- 

UCO (p<0.002). A time*gender*centre*diet group interaction showed significant 

differences for males randomised to the LF diet and females to the HFMUFA diet 

from the UoR cohort over the 12-week intervention period (LF diet: Males: 548 KHz 

pre, 527.63 KHz post; HFMUFA diet: Females: 622.83 KHz pre, 594.83 KHz, post, 

data not shown).

Table’s 6.2c and 6.2d present anthropometric data significantly affected by 

age and gender, respectively. Statistical analysis showed that subjects aged between 

35-49y had greater body weights pre- and post-intervention than subjects aged 50-64y
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and 65-70y (/?<0.05). Males had greater body weights than fem ales (/7=0.0005). For 

35-49 and 50-64 age groups, BMI was significantly higher than the 65-70 age group 

pre- (j?<0.05) and post-intervention (/?<0.05). For males and fem ales, a tim e*gender 

interaction showed small but significant decreases in BMI from pre- to post

intervention (p=0.0005), irrespective of dietary treatment. There was a significant 

difference in waist circumference according to age (p=0.009) sim ilar to body weight, 

waist circumference was greatest in the 35-49 age group as compared to the 50-64 and 

65-70 age groups (/;<0.02). A gender effect (/?=0.0005) showed that males had a 

greater waist circumference than females pre- and post-intervention (/?=0.0005). Age 

and gender were significant between-subject effects (/?=0.0005) for hip circumference 

wherein volunteers in the 35-49 and 50-64 age categories and females had 

significantly greater hip circumferences than the 65-70 age group (/?<0.017j and 

males (/?=0.0005) pre- and post-intervention. RM ANOVA dem onstrated a time effect 

wherein a significant decrease in diastolic blood pressure was observed from pre- to 

post-intervention (85.66mmHg, 83.95mmHg respectively, p=0.005). A decrease in 

the 50-64 (;;>=0.0005) and 65-70 (/;>=0.006) age groups was also observed {Table 

6.2c). Systolic blood pressure was also significantly affected by age, where this 

param eter increased with increasing age pre- (jxQ.QS) and post-intervention (;?<0.05). 

Systolic blood pressure decreased in all age groups over the intervention period, but 

this did not reach significance. A tim e*gender interaction showed systolic blood 

pressure decreased from pre- to post-intervention for both males (/:>=0.007) and 

females (/;=0.0005).

For percentage body fat, a significant main effect for gender (/?=0.0005) was 

observed where females had greater percentage body fat pre- and post-intervention 

compared to males (/;=0.0005). Com parably males had significantly lower body fat 

mass pre- and post-intervention compared to fem ales (;;=0.0005) also.

RM ANOVA of percentage lean body mass showed significant main effects 

for age (/9=0.004) and gender (/?=0.0005). Volunteers in the 35-49 age group had a 

higher percentage o f lean body mass pre-intervention (65.28%) and post-intervention 

(64.78%) compared to those in the 50-64 (/;<0.05) and 65-70 (/;<0.05) age groups. 

M ales had a higher percentage and weight (kg) of lean body mass than females pre- 

and post-intervention (/;=0.0005). As with the percentage, volunteers in the 35-49 age 

group had greater lean body mass pre- (64.05kg) and post- (63.85kg) intervention 

compared to those in the 50-64 and 65-70 age groups (p<0.05). For body water (%
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and Litres), between-subject effects of age and gender were significant (p=0.0005). 

Body W ater (% and L) decreased with increasing age pre- and post-intervention 

(p<0.05). M ales had higher body water (% and L) than females pre- and post

intervention (/?=0.0005).

For im pedance values, fem ales had higher impedance than males pre- (p=0.0005) and 

post- (/;=0.0005) intervention.

Table 6.2e illustrates significant gender*centre interactions from the RM 

ANOVA model. A significant gender*centre interaction effect was observed for 

percentage body fat. Post-hoc analysis showed significant differences between males 

in UM and JUM C both pre- and post-intervention (;?<0.05). However, there were 

more centre differences for females. Females in TCD had higher percentage body fat 

pre-intervention (45.89%) and post-intervention (45.47%) compared to fem ales in 

INSERM , HURS-UCO and JUM C (p<0.5). Fem ales in UU had greater body fat (%) 

than females in INSERM , HU RS-U CO and JUM C at pre- and post-intervention 

(/;<0.05). Fem ales in UoR had greater body fat (%) than their counterparts in HURS- 

UCO post-intervention (/;<0.05).

RM ANOVA of percentage lean body mass also showed a significant 

gender*centre interaction effect (/?=0.012). M ales in UM  had greater lean body mass 

(%) pre- (73.41%) and post- (73.83%) intervention compared to HURS-UCO and 

UoR ip<0.05). There were more differences for females with HURS-UCO having 

significantly less lean body mass (%) pre- (48.59%) and post- (48.59%) intervention 

than all other centres (/?<0.05).

Table 6 .2 / illustrates significant tim e*change in body weight interactions from 

the RM measures ANOVA model. A significant tim e*change in body weight 

interaction effect was dem onstrated for waist circumference (/?=0.0005) A significant 

decrease in those who lost weight (Lost 4-8kg /?=0.048; lost 2-4kg /?=0.0005 and lost 

0-2kg, p= 0.0005) and conversely an increase in waist circumference in those who 

gained more than 2kg over the duration of the study (/?=0.046). RM ANOVA 

established a tim e*change in body weight (p=0.0005) interaction for hip 

circum ference (cm), with the same effects as for waist circumference for those who 

lost weight. Table 6 .2 f  illustrates that hip circum ference was significantly lower in 

those who lost 4-8kg (/?=0.023); lost 2-4kg (/?=0.001) and lost 0-2kg (p=0.0005). For 

body fat m easured in kg, a tim e*change in body weight effect (/?=0.0005) was further 

investigated with post-hoc analysis. Body fat (kg) decreased over the intervention
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period in subjects who lost between 4-8kg (p=0.025) and 0-2kg (p=0.0005) and 

increased in those who gained between 2-5kg (/?=0.018). For lean body mass in kg, a 

time*change in body weight interaction effect (p=0.0005) showed a decrease in lean 

body mass (kg) in those who lost between 2-4kg (/7=0.035), and an increase in those 

who gained 0-2kg (p=0.001) and 2-5kg (p=0.035).

A tim e*change in body weight interaction effect was also observed for body 

water in litres (p=0.0005). Those who lost 2-4kg had less body water (L) post

compared to pre- intervention, (44.50L versus 45,46L, respectively, /?=0.004). In 

contrast, volunteers who lost 0-2 kg and those who gained 2-5kg had greater body 

water (L) post-intervention (/?<0.010).

A tim e*change in body weight interaction effect (/?=0.0005) showed an 

increase in impedance values in volunteers who lost between 4-8kg (p<0.05)  and 2- 

4kg (j9<0.05), and a decrease in those who gained 0-2kg (p=0.001).
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Table 6.2a: The effect of dietary fat modification on the anthropometric variables of subjects vi/ho completed the LIPGENE Human Dietary Intervention Study (n=417).
High-Fat SFA-rich Diet 

Diet A n=100
High-Fat MUFA-rich Diet 

Diet B n=111
Low-Fat Diet 
Diet C n=106

Low-Fat Diet with 1.24g LC nS PUFA 
Diet D n=100

Pre Post Pre Post Pre Post Pre Post
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Age(y) 54.91 0.86 54.62 0.83 54.70 0.91 55.39 0.96
Height(m) 1.68 0.01 1.68 0.01 1.68 0.01 1.68 0.01
BodyWeight(kg) 89.91 1.44 89.70 1.43 91.17 1.35 90.94 1.35 91.96 1.38 91.03t 1.38 91.20 1.43 90.45t 1.43
BMI (kg/m^) 31.81 0.43 31.74 0.43 32.44 0.41 32.37 0.41 32.51 0.42 32.18 0.42 32.42 0.43 32.16 0.43
Waist circumference(cm) 105.21 1.11 104.52 1.09 105.92 1.05 106.13 1.03 106.95 1.07 105.24 1.05 106.42 1.11 105.51 1.09
Hip circumference (cm) 112.57 1.00 111.52 1.02 112.03 0.94 111.84 0.95 113.50 0.96 112.31 0.95 111.94 1.00 111.08 1.01
Diastolic BP(mmHg) 85.88 0.91 84.07 0.87 86.71 0.85 85.31 0.82 85.50 0.87 83.64 0.84 85.52 0.91 82.94 0.87
Systolic BP(mmHg) 137.90 1.52 135.24 1.50 139.40 1.43 136.19 1.41 139.53 1.46 135.18 1.44 137.73 1.52 133.52 1.50
Body Fat (%) 37.24 0.90 36.88 0.90 37.13 0.83 36.41 0.83 37.17 0.86 36.58 0.86 36.70 0.90 36.58 0.90
Body Fat(kg) 33.46 0.96 33.22 0.95 33.61 0.89 32.85 0.88 33.54 0.92 32.76 0.91 33.46 0.96 33.13 0.95
Lean Body Mass(%) 61.16 1.01 61.28 1.00 60.70 0.94 61.34 0.93 60.75 0.96 60.67 0.96 61.71 1.01 61.33 1.00
Lean Mass Body(kg) 55.18 1 42 55.15 1.42 55.44 1.32 55.96 1.32 54.98 1.36 55.05 1.36 56.72 1.42 56.02 1.42
BodyWater(%) 44.32 0.78 44.70 0.76 44.44 0.73 44.92 0.71 43.93 0.74 44.24 0.72 44.51 0.77 44.58 0.75
Body Water (L) 39.78 1.15 39.69 1.12 39.77 1.05 40.40 1.03 40.50 1.08 40.15 1.06 40.89 1.13 40.71 1.10
Impedance(KHz) 529.20 10.44 531.51 9.76 524.82 10.01 520.15 9.37 536.37 9.94 527.19 9.30 509.89 10.36 513.92 9.69
Values represent adjusted m eans and standard error of the m eans (SEM s) for d iet'tim e interactions 

t  significant tim e 'd ie t interaction p <  0 .0005 , post- com pared to pre-intervention 

BMI (kg/m 2), Body M ass index; BP, blood pressure, SE M  standard error of the m ean



Table 6.2b: Between- and within-centre differences for Anthropometric variables (mean ±SEM) pre- and post-intervention, irrespective of dietary treatment in subjects who completed the 
LIPGENE Dietary Intervention Study(n=417)___________________________________________________________________________________________________________________

TCD n==55 UoR n=58 UO n=54 INSERM n

00COII UM n=49 HURS-UCO n=74 JUMCn =43 UU n=46
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Pre Body Weight(kg) 
Post BodyWeight(kg)

93.21
92.76

2.12
2.12

91.99
92.02

1.84
1.87

92.89
92.31

1.98
1.99

87 42 
85.36 ^

2.62
2.59

92.68 
91.99 ^

1.96
2.00

90.95 
90.31 ^

1.42
1.40

96.03
94.97

2.07
1.88

83.38 
83.04 ^

1.85
1.83

Pre BMI (kg/m^) 
Post BMI (kg/m2)

33.18
32.93

0.60
0.60

31.51
31.53

0.52
0.54

30.94
30.74

0.43
0.44

30.95
30.45

0.79
0.78

31.09
30.86

0.63
0.64

35.04
34.79

0.41
0.40

34.55
34.39

0.50
0.50

30.00  ̂

29.88
0.55
0.54

Pre Waist circumference (cm) 
Post Waist circumference (cm)

106.91  ̂
105.57 ^

1.62
1.65

107.12  ̂
105.87 ^

1.85
1.39

105.20 “ 
104.74 ^

1.23
1.25

103.70 
103 09

1.86
2.05

108.16  ̂
107.00 ^

1.25
1.35

108.47  ̂
108.43 ^

1.04
1.06

109.23 “ 
109.26 “

1.61
1.56

98.78
96.80

1.46
1.46

Pre Hip circumference (cm) 
Post Hip circumference (cm)

114.02  ̂
112.57

1.67
1.67

114.65  ̂
113.30

0.92
0.99

108.25  ̂
107.17

0.83
0.74

107.09 ” 
106.12

1.62
1.67

107.45
106.22

1.27
1.31

117.20  ̂
117.74 “

0.95
0.95

120.63 =
119.64 ^

1.46
1.49

108.30 " 
107.33 '■

1.14
1.01

Pre Systolic BP (mmHg) 
Post Systolic BP (mmHg)

138.49
135.98

1.84
1.89

139.86
135.16

1.88
1.81

136.46
132.56

2.03
1.97

129.21 “ 
127.32

2.48
2.47

137.35
134.47

2.30
2.13

140.72
133.92

1.77
1.87

143.77 " 
138.21

2.29
1.66

137.02
133.90

2.33
2.54

^Pre Body Fat (%) 
JPost Body Fat (%)

38.43
38.07

1.27
1.32

35.73
34.80

1.05
1.12

36.72  ̂
35.92

1.04
1.02

34.56
35,41

1.47
1.24

31.26 
31.86 ”

1.34
1.51

35.68
35.27

0.86
0.88

38.63 
38.11 “

1.25
1.22

43.33 = 
43.25

1.08
1.12

Pre Lean Body Mass(%) 
Post Lean Body Mass(%)

61.66 
61.29

1.28
1.40

64.33
65.06

1.06
1.12

62.68  ̂
62.86

1.04
1.00

65.24 
64 55

1.44
1.24

68.74
68.14

1.34
1.51

54.78
54.58

1.23
1.12

61.37 
61.36

1.25
1.31

56.71  ̂
56.80

1.08
1.11

Pre Lean Mass Body (kg) 
Post Lean Mass Body (kg)

57.54
57.07

1.82
1.85

58.70  ̂
59.34

1.59
1.64

58.11  ̂
59.70

1.80
1.90

55.91
53.78

1.82
1.89

63.86  ̂
63.15 “

1.86
2.11

50.72
49.99

1.90
1.69

58.33
58.22

1.66
1.66

47.48 ” 
46.94 "

1.62
1.55

Pre Body Water (%) 
Post Body Water (%)

45.37
45.92

0.81
0.84

47.10 “ 
47.68

0.77
0.81

46.30 
46.94 ^

0.76
0.74

46.94 
47 42 "

1.25
0.98

not measured 
52.99 " 1.84

39.52 " 
39.63 “

0.93
0.87

45.05 
45.58 ^

0.97
0.90

42.52 " 
42.47

0.77
0.79

Pre Body Water (L) 
Post Body Water (L)

41.99 
42.28 ’

1.85
1.22

42.98 “ 
43.49 “

1.16
1.20

42.81  ̂
43.41 ^

1.35
1.36

41.81
40.38

1.34
1.22

not measured 
49.65  ̂ 1.82

36.62 " 
36.33 "

1.41
1.27

42.50 " 
42.95 ^

1.25
1.25

35.77  ̂
35.33 "

1.19
1.14

Pre Impedance (KHz) 
Post Impedance (KHz)

505.09 “ 
501.66

10.84
11.54

567.03 " 
558.45

9.09
9.81

592.54 " 
576.00 "

16.36
9.58

501.00 
524 04

12.01
11.87

447.03 
450.66 "

13.74
14.24

500.60 “ 
497.36 “

7.54
6.93 not measured

Values represent time’ centre adjusted means (±SEM)

^Significant tim e'centre interaction. p<0.05, post- compared to pre-intervention in that centre

denotes significance (p<0.05, p<0.0018 where bonferroni correction applied) across centres (when two superscripts contain the same letter there is no significant difference between two of the eight centres) 

SEM: standard error of the mean 

BMI (kg/m2), Body Mass Index; BP, blood pressure



T a b le  6.2c: Betw een- and w ith in-age category d ifferences for an thropom etric  variab les pre-and post-intervention, 

irrespective of dietary trea tm ent in sub jects  w fio  com ple ted the L IP G E N E  D ietary In terven lion  S tudy  (n=417)
3 5 -49y  n =107 50-64y =249 65-70y  n=61

M ean SEM M ean SEM M ean SEM

Pre Body W e igh t(kg ) 98.73  “ 1.46 89.59 0.82 84.64 1,63
Post B odyW eigh t(kg) 97.87  " 1,45 89,02 “ 0.82 84 .19 1,62

Pre BMI (kg/m ^) 33.41 " 0.40 32.33 * 0,27 30.43 0.51

Post BMI (kg /m 2) 33.24 " 0.40 32.11 ' 0 .27 30.27  " 0.51

Pre W a is t c ircum ference (cm) 108.57 " 1.06 105.81 *’ 0.71 103,57 ” 1.27

Post W a ist c ircum ference (cm) 108 30 “ 1.09 104 .85 " 0.67 102.42 1.32

Pre Hip c ircum ference (cm ) 114,40 “ 0.97 112.63 ' 0 .64 109 .14 “ 1.04

Post H ip c ircum ference (cm) 113.32 • 1.01 111.82 * 0.65 108 .44 " 0,98

Pre D iastolic BP (m m Hg) 85.08 0.90 85.83 0.58 86.02 1,05

Post D iastolic BP (m m Hg) 84.54 1.09 83,84 f 0.55 83.38  ' 1.03

Pre S ysto lic BP (m m Hg) 133.33 " 1,30 138.45 ^ 0.97 145 ,83 ' 1.96

Post Systo lic BP (m m Hg) 129.48 " 1.35 134 .13 0.91 141 ,89 ‘ 1.91

Pre Lean Body M ass(% ) 65.28  " 0.79 59.96 " 0.63 60,27 1.28

Post Lean Body M ass(% ) 64.78  “ 0.90 60,09  " 0.62 59,94 " 1.19

Pre Lean M ass Body (kg) 64 ,05  * 1.29 53.70 ” 0.81 50,92 " 1.62

Post Lean M ass Body (kg) 63 .85  “ 1,34 53.66 " 0.82 50,03 " 1.51

Pre Body W a te r (%) 47 .34  ’ 0 .59 43 .15  ^ 0.49 43,51 " 0 ,95

Post Body W a te r (%) 47.81 " 0.64 43.97  ^ 0.48 43 ,99  ^ 0.89

Pre Body W a te r (L) 47 ,14  " 1.08 38.48 “ 0,63 36,31 ^ 1.18

Post Body W a te r (L) 46 40  * 1.01 39.21 0.61 36,93  ^ 1.09

Values represenl group means and SEMs

denotes significance across age categories (when two superscripts contain the sam e letter there is no significant difference 
between two o f  the three age categories) p<0 017 where bonferroni correcUon applied 

'S ign ificant tim e 'age  interaction, p<0.05. post- com pared to pre-intervention in that age-category 

S E M : standard error o f the mean

T ab le  6.2d: Betw een- and w ilh in -gende r differences for an thropom etric  variab les p re-and post-intervention, 

in-espective o f dietary trea tm ent in sub jects  w tio  com ple ted the L IP G E N E  D ietary In tervention S tudy (n=417)

M ales  n:=185 Fem ales r1=232
M ean SEM M ean SEM

Pre Body W e igh t(kg ) 
Post BodyW eigh t(kg)

98,91 * 
97 ,98  ’

1.01
1,02

85.08 " 
84.66  "

0.75
0 .75

Pre BM I (kg/m^) 

Post BMI (kg/m 2)

31 ,98  ’  
31 .73

0.29
0.30

32.61 ‘  
32 44 "

0,29 
0 29

Pre W a ist c ircum ference (cm ) 
Post W aist c ircum ference (cm)

110.69 ’
109 .70 "

0.76
0,79

102.60 ^ 
101.93

0,67
0,63

Pre Hip c ircum ference (cm) 
Post H ip c ircum ference (cm )

110.06 ’  
108,92 “

0.69
0.70

114.58 "  

113 91  "
0 .65
0 .65

Pre Systolic BP (m m Hg) 
Post Systolic BP (m m Hg)

138,40 
135 .80 ^

1,07
1.04

138.07 
132 74

1.05
1.00

Pre Body Fat (%) 
Post Body Fat (%)

29 .92  " 
29 .43  *

0.43
0.46

42,13  " 
41,66  ”

0.42
0,40

Pre Body Fat (kg) 
Post Body Fat (kg)

29.88  " 

29.21 *
0.66
0.66

36,10 ” 
35,61

0,57

0 .55

Pre Lean Body M ass(% ) 
Post Lean Body M ass(% )

69 .38  ‘  

69 .4 5  *
0.48
0.50

55.28 

55.32 "

0 .45

0.43

Pre Lean M ass Body (kg) 
Post Lean M ass Body (kg)

68 .0 5  " 

67 .87  “

0.76

0.79

46 .76  " 
46  88 “

0.48
0.49

Pre Body W a te r (%) 

Post Body W a te r (%)

50.10  " 
50.97  "

0 42 
0.36

40 .56  " 
40.84  "

0,35
0,34

Pre Body W a te r (L) 
Post Body W a te r (L)

49 .6 6  “ 

49 .6 2  "
0,68
0,56

34.15  *’ 
34 55 "

0,38
0.38

Pre Im pedance (KHz) 
Post Im pedance (KHz)

474 .02  * 
474 .5 3  *

5.63
5.51

568 24 ” 

562 55 "
7,35
5.65

Values represent group m ears and SEM s 

* ' denotes significance across gender, p<0.05

tS ign ifican t time*gender interaction. p<0.05, post- com pared to pre-intervention in males o r females 

S E M : standard error o f the mean
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Table 6.2e; Body Fat (%) and Lean Body Mass (%) for males and females in each of the study centres, who completed the LIPGENE Dietary Intervention Study (gender*centre interactions)

Males
TCD

Females Males
UoR

Females Males
UO

Females Male*
INSERM

Females
UM

Males Females
HURS-UCO 

Males Females Males
JUMC

Females Males
UU

Females
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Pre Body Fat (%) 30.39 1.28 45.89 * 0.66 29.53 0.85 42.86 “ 0.74 29.68 0.86 41.95 “ 0.88 28.99 “ 1.51 39.29 ^ 1,84 26,59 * 0.83 4 2 ,1 8*’ 1,38 31.14*^ 1,18

CO 0.98 34 ,14 1,86 40,79 '’ 1,49 32,33 1,57 46.00 * 0,81
Post Body Fat (%) 29.67 ** 1.16 45.47 * 0.58 28.26 **’ 0.84 42.30 " 0.94 28.75 0.73 41.41 0.75 30.78 “ 1.24 39,55 “ 1,57 26,17 * 1,10 41,93*“  1.15 30.92 “ ’  1.49 37.82 ' 0.91 32,66 " 1.96 40.56 1,31 31,67 2.16 45.45 * 0.88
Pre Lean Body Mass(%) 69.78 1.25 54.11 * 0.66 70.59 “ 0.86 57.14 0.74 69.39 0.85 57.70 " 0.99 70.51 ■“ 1.49 60.77 ” 1,84 73,41 • 0.83 57.83 ®'’ 1,38 65.10^ 1,63 48.59 ® 0.81 65,86 1 86 59,21 "  1,49 67,72 1,57 54.03 *  0,81
Post Lean Body Mass(%) 68.96 1.87 54.53 * 0.58 71.75 * 0.84 57.37 0.83 69.30 1.06 57.92 0.75 69.14 * 1.24 60,45 ** 1.57 73,83 • 1.10 58,07 *  1.15 64.77 '' 1,12 48,59 ' 0,76 68,03 1,60 58,37 1.44 68.39 “ 2,18 54.60 * 0.88
Values represent group mear\s and SEMs

(denotes significance across a gender in centres (wt>en two supersaipts contain the same letter Itiere is no significanl differef>ce t>etween two of the eight categories for each gender). p<0,0S, p<0 0018 wt>erc lx>nferroni corrector) applied 

(nJ E M  standard error of the mean



Table 6.2f: Anthropometric variables across body weight change categories, pre- and post-intervention (time*change in body weight) in subjects who completed 
the LIPGENE Human Dietary Intervention Study (n=417)____________________________________________________________________________________________

Lost 4-8Kg n=14 Lost 2-4Kg n=57 Lost 0-2Kg n=191 Gained 0-2Kg n=129 Gained 2-5Kg n=23
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Pre Waist circumference (cm) 107.40 2.60 111.26 1.77 105.53 0.76 104.85 0.89 104.89 2.26
Post Waist circumference (cm) 104.33 t 3.03 107.97 t 1.46 104.96 t 0.78 104.67 0.96 106.85 t 1.94
Pre Hip circumference (cm) 112.45 2.81 112.44 1.37 112.91 0.70 112.21 0.81 111.32 2.84
Post Hip circumference (cm) 109.80 t 2.94 111.06 T 1.40 111.75 t 0.72 112.10 0.81 111.82 2.78
Pre Body Fat (kg) 35.88 2.77 33.07 1.30 33.51 0.71 32.79 0.73 33.66 1.78
Post Body Fat (kg) 33.26 t 2.45 32.12 1.28 32.63 t 0.70 33.28 0.74 35.10 t 1.85

Pre Lean Mass Body (kg) 58.64 2.56 61.70 1.91 54.93 1.00 54.12 1.19 58.40 2.40
Post Lean Mass Body (kg) 56.30 2.73 59.48 t 1.94 54.87 1.01 54.39 ^ 1.21 60.03 t 2.83
Pre Body Water (L) 42.56 2.00 45.46 1.70 39.55 0.79 38.47 0.91 42.50 2.00
Post Body Water (L) 41.16 1.78 44.50 t 1.38 39.99 t 0.75 39.55 0.89 44.01 t 2.03
Pre Impedance (KHz) 496.96 19.68 506.89 13.08 516.51 8.92 542.52 9.24 526.48 14.96
Post Impedance (KHz) 534.88 t 11.37 516.96 t 12.00 510.27 7.34 536.87 ^ 8.64 525.84 15.87

CValues represent time'change in body weight adjusted means
'significant time'change in body weight interaction p<0.0005, post- compared to pre-intervention in that weight-change category 

SEM: standard error of the mean

BMI, Body mass index



IVGTT Parameters

Preliminary analysis was performed to assess outlier status and subsequent skewness 

of the data. Four outliers for Si were determined from this. These were previously 

highlighted as outliers at the MINMOD programming stage but because there was no 

concrete reason to eliminate them at that stage they were left in the dataset, however 

they were now removed from the dataset for the purpose of this analysis due to their 

extreme outlier status.

Table 6.3a presents the effects of dietary fat modification on the parameters 

from the IVGTT modelling process. HOMA-IR, QUICKI and first phase insulin 

response were calculated as common surrogate measures of insulin action. Insulin 

sensitivity (Si) is the main outcome variable of the IVGTT. There were no significant 

diet*time interactions for any of the parameters exported from the MINMOD 

millennium programme. Thus dietary fat modification per se, had no significant effect 

on insulin sensitivity. One-way ANOVA revealed no significant differences in any of 

the IVGTT parameters between the four diet groups pre-intervention. Insulin to C- 

peptide ratio was calculated and inputted into the RM ANOVA model. In all diet 

groups a decrease was seen (HFSFA /7=0.030; HFMUFA p-0.005', LF /?=0.003; 

LFn3PUFA p=0.002), the greatest changes seen for the HFMUFA diet and the 

LFn3PUFA diet.

RM ANOVA demonstrated a significant effect of gender on several 

components of the IVGTT (Table 6.3b). Insulin sensitivity index (Si (mU/L) 'min ') 

was significantly (p=0.004) greater in females compared to males (/7=0.007) pre

intervention. The greater insulin sensitivity observed in females was also present post

intervention, albeit to a lesser extent (/7=0.056). The movement of circulating insulin 

to the interstitial space (P3 (mlJ/L) min ") showed an effect for gender (/;>=0.004) 

which was consistent at both pre- and post-intervention (/?<0.005). Insulin to C- 

peptide ratio decreased in both males (p=0.007) and females (/;=0.0005) over the 

study period.

As expected, age also affected a number of IVGTT parameters {Table 6.3c). 

The Disposition Index which is a product of the acute insulin response to glucose 

(AIRg) and Si, demonstrated significant differences according to age (/?=0.0005). This 

effect was observed pre- and post-intervention, with the 35-49 age group having a 

significantly higher disposition index as compared to the 50-64 and 65-70 age 

categories (/?<0.05). As anticipated, fasting glucose concentrations were also
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significantly affected by age (/?=0.005). Volunteers in the 35-49 age group had lower 

fasting glucose concentrations pre- and post-intervention compared to the 50-64 and 

65-70 age groups (p<0.05). A significant age effect (/?=0.0004) dem onstrated that 

volunteers in the 35-49 and 50-64 age categories had significantly higher 

concentrations o f fasting insulin pre-intervention compared to the 65-70 age group 

{p<0.05). This difference was only apparent between the 35-49 and 65-70 age groups 

post-intervention.

A num ber of the IVGTT param eters were significantly different between 

centres, the significant variables being presented in Table 6.3d. A  centre effect 

showed that INSERM  subjects had significantly lower fasting glucose concentrations 

pre- and post-intervention compared to subjects in UO at pre-intervention and HURS- 

UCO pre- and post-intervention (j?<0.05). Centre differences (/?=0.001) for fasting 

insulin concentrations were significant between UU and UoR, UO, UM, H U RS-U CO 

and JUM C. These differences were m aintained at post-intervention (p=0.0005). 

Centre differences (/?=0.005) for QUICKI values were also sim ilar to centre 

differences for fasting insulin. UU had significantly higher QUICKI levels at pre- 

CD.79) and post-intervention (0.70) compared to pre- and post-levels in UoR, UO, 

UM , H U RS-U CO and JUM C.

A significant tim e*centre interaction effect (/7=0.015) for C-peptide 

concentrations is explained by a decrease from 3.23ng/ml to 3.1 Ing/ml (/?=0.043), in 

the UO cohort, and an increase in HURS-UCO (/?=0.003), JUM C (/?=0.004) and UU 

(/7=0.048). UO had the highest C-peptide concentrations pre- and post-intervention 

compared to TCD pre-intervention, INSERM  pre- and post-intervention, H U RS-U CO 

pre- and UU pre- and post-intervention. Centre differences for insulin to C-peptide 

ratio at pre-intervention were apparent between subjects in UO and TCD, UoR, 

HURS-UCO and JUM C. Subjects in UU also had lower insulin to C-peptide ratios 

than HU RS-U CO and JUM C subjects at pre-intervention. Post-intervention, subjects 

in UU had a low er ratio than TCD, UoR, UO, INSERM , HURS-UCO and JUM C 

subjects (p<0.05).

Importantly the RM  ANOVA model demonstrated a significant tim e*change 

in body weight (/?=0.017) interaction effect for fasting insulin concentrations, 

QUICKI, C-peptide concentrations and the insulin to C-peptide ratio. Post-hoc tests 

were perform ed to further investigate these interactions. Fasting insulin 

concentrations were significantly reduced in subjects who lost between 4 and 8kg
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(/?=0.003). Fasting insulin concentrations were also significantly reduced in those 

who lost 0-2kg (p=0.006), albeit to a lesser extent {Table 6.3e).

From the RM ANOVA model, a significant time*change in body weight 

(p=0.001) interaction effect was observed for QUICKI. QUICKI values increased 

significantly in subjects who lost 4-8 kg (/;=0.005) and 2-4 Kg (/?=0.013). However, 

in subjects who lost only 0-2 kg, QUICKI values decreased from 0.62 to 0.60 

(p=0.005).

A significant time*change in body weight (/?=0.001) interaction effect for C- 

peptide concentrations demonstrated a decrease in those who lost 4-8kg (/7=0.011), 

and who lost 0-2kg (/7=0.001) and an increase in those who gained 2-5kg (p=0.022). 

Subjects who lost 4-8kg, 0-2kg and gained 0-2kg had significant decreases in insulin 

to C-peptide ratios, the greatest being in those who lost the most weight (p=0.011).

Although there were no significant diet*time interactions, importantly, there 

was a significant time*centre*diet group interaction (;j=0.004) for fasting insulin, 

QUICKI and the First phase insulin response {Table 6.3f). For fasting insulin 

concentrations, the interesting centre specific effects are as follows: Fasting insulin 

concentrations in subjects from the UU cohort (j9=0.0023) significantly reduced in the 

HFMUFA diet (Diet B) group. Fasting insulin concentrations in the HURS-UCO 

cohort (/7=0.003) significantly decreased in the LFn3PUFA diet (Diet D) group but in 

contrast a significant increase in fasting insulin concentrations in the JUMC cohort 

(y?=0.017) was observed. As with fasting insulin, QUICKI values for subjects in the 

UU cohort on the HFMUFA diet (Diet B) increased significantly post-intervention 

(/;=0.046). Subjects in this centre on the LF diet (Diet C) also had an increase in 

QUICKI values from 0.64 to 0.70 (/>=0.033). With the LF n3 PUFA diet (Diet D), 

QUICKI values in volunteers in the HURS-UCO cohort increased (p=0.008) whilst 

subjects in JUMC decreased (/?=0.036) over the 12 week intervention. RM ANOVA 

demonstrated one significant centre*diet group (/;=0.001) interaction effect for the 

first phase insulin response. The first phase insulin response was significantly greater 

in UoR (56.18) compared to UO (24.04) and HURS-UCO (24.52), post-intervention 

in Diet D (LFn3PUFA diet).

A time*gender*centre*diet group (p=0.037) interaction for the Insulin to C- 

peptide ratio highlighted that this was significantly reduced by the LFn3PUFA diet in 

males in the HURS-UCO cohort (p=0.038). Furthermore, females in the HURS-UCO
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cohort assigned to the LF diet (Diet C) had significantly lower Insulin to C-peptide 

ratios following intervention (p=0.019). Also, in the UU cohort, the Insulin to C- 

peptide ratio was significantly reduced by the HFM UFA diet in females only 

( j y = 0 . 0 0 7 ) .
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Table 6.3a; The effects o f dietary fat modification on the parameters from the IVGTT modelling process in subjects who completed the LIPGENE Human Dietary Intervention Study (n=417).
H igh-Fat SFA>rich Diet H igh-Fat M U FA-rich Diet Low -Fat Diet Low -Fat Diet w ith  1.24g LC n3 PUFA

Pre
D iet A

Post Pre
Diet B

Post Pre
D ie tC

Post Pre
Diet D

Post
n Mean SEM n Mean SEM n Mean SEM n Mean SEM n Mean SEM n Mean SEM n Mean SEM n Mean SEM

S| (mU/L) ’m in-l 77 3.09 0.19 73 2.89 0.18 94 2.89 0.17 94 2.89 0.16 83 2.75 0.18 84 2.79 0.17 77 2.58 0,19 77 2.53 0.18

Sq mln-1 77 0.016 0.001 74 0.015 0.001 94 0.016 0.001 94 0.016 0.001 84 0.016 0.001 84 0.017 0.001 78 0.015 0.001 78 0.017 0.001

AIRg mUL"' mtn'' 77 380.62 42.08 74 398.31 44.04 94 359.35 37.33 94 383.80 39.08 84 365.53 39.49 84 388.66 41.34 78 385.75 40.99 78 378.75 42.90
Dl 77 955.96 84.00 74 994.03 94.36 94 955.33 74,53 94 957.50 83.72 84 814.73 78.84 84 913.38 88,57 78 879.87 81.82 78 921.61 91.91
GO m g /d l ' ' 77 297.46 4,74 74 299.63 10.49 94 297,83 4.21 94 300.71 9,31 84 296.09 4,45 84 295.76 9.85 78 297.67 4.62 78 313.00 10.22
P2 min"’ 77 0.037 0.004 74 0.043 0.015 94 0,045 0.003 94 0.047 0.013 84 0.043 0.003 84 0.053 0.014 78 0.044 0.003 78 0.070 0.014

jP 3  (mU/L) min'^ 77 0.000011 0.000001 74 0,000013 0.000002 94 0.000013 0.000001 94 0.000012 0.000001 84 0,000012 0.000001 84 0.000011 0.000001 78 0.000012 0.000001 78 0.000012 0.000001
roasting  Glucose (mmol/l) 100 5.96 0.09 97 6.00 0.11 110 5,90 0.08 110 5.97 0.10 105 5.94 0.08 105 5.81 0.10 96 6.02 0.09 96 6.16 0.11

Fasting Insulin (ulU/ml) 100 9.83 0.54 97 10.05 0.59 110 9.86 0.51 110 9.20 0.56 105 10.31 0.52 105 10.22 0.57 96 10.22 0.55 96 9.60 0.60
HOMA-IR 100 2.65 0.16 97 2.82 0.19 110 2.59 0.15 110 2.45 0.18 105 2.75 0.15 105 2.66 0.18 96 2.77 0.16 96 2.63 0.19
QUICKI 100 0.67 0.04 97 0,61 0.02 110 0.60 0,04 110 0.60 0.01 105 0.54 0.04 105 0.61 0.02 96 0.59 0.04 96 0.61 0.02
First Phase Insulin Response (ulU/ml) 98 40.77 4.10 96 42.05 4.32 106 40.25 3,87 109 41.77 4.09 104 38.69 3.99 100 42,23 4,21 96 39,31 4.05 96 38.82 4.28
C-Peplide ng/ml 99 2.67 0.09 96 2.82 0.10 109 2.54 0.09 108 2.68 0,10 105 2.68 0.09 105 2.78 0.10 95 2.64 0.09 95 2.81 0.11
Insulin to C-peptide Ratio 99 3.67 0,16 96 3.38^ 0.15 109 3.86 0.15 108 3.33^ 0.14 105 3,81 0.15 105 3.61^ 0.14 95 3.89 0.16 95 3.32^ 0.15
Values represent dielMime adjusted means(tSEM)
'  stgnificsnt tim e'd iet interaction p< 0.0005. post compared to pre*ir^terver^tK>n in thiat diet 

not all IVGTT data modelled sucessfully, therefore different n numt>ers 
SEM standard error o f tfie mean
S|. insulin sensitivity; Sq. glucose effectiveoess, AIRg, acute insulin response to glucose; 01. disposition index; GO. distritiuted glucose at time Omin



Table 6.3b: S,, PS and Insulin to C-peptide ratio pre-and post-intervention for males and females, who completed the LIPGENE Human 

__________ Dietary Intervention Study (n=417).irrespective of diet_____________________________________________________________
Males Females

Mean n SEM Mean n SEM
Pre S| (mU/L)-1min-1 2.48 ° 147 0.13 3.19 “ 186 0.15
Post S| (mU/L)-1min-1 2.64 145 0.20 3.06 185 0.13

Pre P3 (mU/L) min'^ 1.00568E-05 “ 147 6.91249E-07 1 42424E-05 ^ 186 9.01236E-07
Post P3 (mU/L) min'^ 1.01815E-05 “ 145 8.28321 E-07 1.31889E-05 " 185 9.18495E-07
Pre Insulin to C-peptide Ratio 3.75 184 0.12 3.86 224 0.10
Post Insulinto C-peptide Ratio 3.58 f 181 0.13 3.27 ^ 223 0.08
*•'’ denoles significance across gender, p<0.05 

^Significant time'gender interaction. p<0.05 

SEM standard error of the mean 

S|, insulin sensitivity

Table 6.3c: Dl. fasting glucose and fasting insulin concentrations pre-and post-intervention, in volunteers who completed the LIPGENE Dietary Intervention Study, across three age categories, irrespective of diet
35-49 50-64 65-70

Mean n SEM Mean n SEM Mean n SEM
Pre 01 1184.04  ̂ 91 86.35 781.76 ^ 197 46.42 824.74 b 45 94.67

'-Post Dl 1257.36 ° 88 85.38 805.65 197 52.44 951.37 b 45 143.37
jP re  Fasting Glucose (mnnol/l) 5.64 = 106 0.07 6.08 “ 245 0.06 6.02 b 60 0.10

Post Fasting Glucose (mmol/l) 5.66= 103 0.07 6.07 “ 245 0.06 6.18 b 60 0.21
Pre Fasting lnsulin(ulU/ml) 11.46= 106 0.57 9.92 = 245 0.33 8.08 b 60 0.56
Post Fasting lnsulin{ulU/ml) 10 .66“ 103 0.54 9.59 ' 245 0.36 8.90 b 60 0.88
*** denotes significance across age categories (when two superscripts contain the same letter there is no significant difference between two of the three calegories)p<0.05, p<0.017 where txjnferroni correction applied 

SEM standard error of the mean 

Dl. disposition index



Table 6.3d: Significant between- and within-centre differences in the IVGTT parameters (mean ±SEM) of subjects who completed the LIPGENE Dietary Intervention Study (n=417).
TCDn==55 UoR n=58 Oslo n==54 INSERM n=38 UM n==49 HURS-UCO n=74 JUMC n=43 UU n==46

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Pre Fasting Glucose (mmol/l) 
Post Fasting Glucose (mmol/l)

5.87 
5.93 "

0.13
0.15

5.76 
5.78 “

0.09
0.10

6.13
6.03

0.13
0.14

5.53 = 
5.64 "

0.11
0.14

5.84
5.86

0.08
0.09

6.35
6.40

0.12
0.14

5,86
5.82

0.09
0.10

5.97
6.05

0.11
0,26

Pre Fasting lnsulin(ulU/ml) 
Post Fasting lnsulin(ulU/ml)

9.88
9.38

0.87
0.78

11.27 
11.40 ^

0.81
0.95

10.42 
10.28 ^

0.74
0.79

8.74
8.36

0.73
0.80

9.92  ̂
9.66

0.62
0.86

10.96  ̂
10.35 ®

0.62
0.70

11,13 ® 
11,44 ^

0.69
0.74

6.82
6.11

0,52
0,43

Pre QUICKI 
Post QUICKI

0.53
0.62

0.09
0.02

0.59  ̂
0.60 ^

0.01
0.02

0.58  ̂
0.59 ^

0.01
0.01

0.63
0.58

0.02
0.06

0.59  ̂
0.61

0.01
0.01

0.57  ̂
0.58 ®

0.01
0.01

0.57  ̂
0,57 *

0.01
0.01

0.79 
0.70 ”

0,14
0,03

Pre C-Peptide ng/ml 
Post C-Peptide ng/ml

2.42
2.62

0.12
0.11

2.80 
3.06 ^

0.10
0.19

3.23
3.11

0.13
0.15

2.19
2.28

0.14
0.16

2.77
2.77

0.11
0.14

2.53
2.80

0.11
0.09

2.75
3.01

0.12
0.14

2.16
2.28

0,10
0,10

Pre Insulin to C-peptide Ratio 
Post Insulinto C-peptide Ratio

3.91
3.40

0.26
0.17

3.89
3.63

0.18
0.19

3.12 
3.18 ^

0.12
0.13

3.92
3.51

0.22
0.21

3.51
3.55

0,15
0.35

4.58  ̂
3.61

0.25
0.18

4.05  ̂
3.74

0.19
0.14

3.17 = 
2.60

0,18
0,11

Values represent time*centre adjusted means (±SEM)

^Significant time'centre interaction, p<0.05, post- compared to pre-intervention

denotes significance across centres (when two superscripts contain the same tetter there is no significant difference between two of the eight categories) 

SEM standard error of the mean

NJ
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Table 6.3e: IVGTT paramters within body weight change categories, in volunteers who completed the LIPGENE Dietary Intervention Study 
(time*change in body weight)_____________________________________________________________________________________________

Lost 4-8Kg n=14 Lost 2-4Kg n=57 Lost 0-2Kg n=191 Gained 0-2Kg n=129 Gained 2-5Kg n=23
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Pre Fasting lnsulin(ulU/ml) 10.23 1.76 9.25 0.65 10.17 0.38 10.09 0.48 10.56 1.34
Post Fasting lnsulin(ulU/ml) 7.06 + 1.21 8.65 0.69 9.93 ^ 0.48 9.95 0.42 11.38 1.53
PreQUICKI 0.60 0.02 0.52 0.09 0.62 0.03 0.60 0.01 0.59 0.02
PostQUICKI 0.69 ^ 0.04 0.63 ^ 0.01 0.60 ^ 0.01 0.59 0.01 0.59 0.02
Pre C-Peptide ng/ml 2.70 0.22 2.62 0.11 2.56 0.06 2.69 0.08 2.84 0.20
Post C-Peptide ng/ml 2.31 ^ 0.28 2.55 0.12 2.75 ^ 0.08 2.89 ^ 0.08 3.04 t 0.20
Pre Insulin to C-peptide Ratio 3.63 0.35 3.48 0.17 3.96 0.11 3.77 0.15 3.57 0.25
Post Insulinto C-peptide Ratio 2.91 ^ 0.22 3.25 0.14 3.48 ^ 0.13 3.39 ^ 0.09 3.53 0.28
Values represent tim e'change in body weight adjusted means (±SE M )

^significant tinne'change in body weight interaction p<0.0005, post- compared to pre-intervention

I^ E M  standard error of the mean 
oo
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Tab le  6.3 f: T im e*cen tre*d ie t group in teraction effects fo r fasting insulin. Q UICKI and First phase insulin response in subjects who com ple ted the LIPG ENE Human D ietary Intervention S tudy (n=417)

TOD UoR u o
D ie t A, H igh  SF A  D ie t 

INSERM UM HURS-UCO JU M C UU
M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM

Pre Fasting lnsu lin (u lU /m l) 10.31 1,41 10.76 1.41 12.24 1.59 8.52 1.99 10.30 1.41 9,73 1.32 11.13 1.75 5.31 1.52
Post Fasting lnsulin(u lU /m l) 9.37 1.51 9.12 1.51 12.68 1.70 7.63 2.14 11.47 1.51 11.89 1.41 10.83 1.88 6.25 1.63

Pre QUICKI 0.64 0.11 0.60 0.11 0.54 0.12 0.61 0.15 0.60 0.11 0.60 0.10 0.57 0.13 1.20 0.12
Post Q UICKI 0.63 0.04 0.61 0.04 0.56 0.04 0.68 0.06 0.60 0.04 0.56 0.04 0.58 0.05 0.69 0.04

Pre First Phase Insulin Response 65.79 11.50 37.47 11.05 34.20 12.02 26.92 15.06 46.26 10.65 35.16 9.96 46.09 13.28 30.49 11.50
Post F irst Phase Insulin Response 73.48 12.07 33.63 11.60 34.15 12.61 24.57 15.81 45.50 11.18 34.27 10.46 53.11 13.94 35.23 12.07

D ie t B. H ig h M U F A  d ie t
TCD UoR UO INSERM UM HURS-UCO JU M C UU

M ean SEM Mean SEM M ean SEM M ean SEM Mean SEM M ean SEM M ean SEM Mean SEM
Pre Fasting lnsulin(u lU /m l) 9.32 1.41 11.03 1.36 8.97 1.36 8.84 1.66 10.44 1.52 11.36 1,28 10,80 1.41 7.37 1.46
Post Fasting lnsu lin (u lU /m l) 9.53 1.51 10.28 1.46 8.69 1.46 7.42 1.79 9.82 1.63 11.32 1.37 9.74 1.51 5.65 ^ 1.57

Pre QUICKI 0.62 0.11 0.58 0.10 0.60 0.10 0.65 0.13 0.58 0.12 0.57 0.10 0.58 0.11 0.62 0.11
Post QUICKI 0.62 0.04 0.60 0.04 0.60 0.04 0.51 0.05 0.59 0.04 0.57 0.04 0.58 0.04 0.75 ^ 0.04

Pre First Phase Insulin R esponse (u lU /m l) 37.18 10.65 47.36 10.29 40.42 10.65 42.20 13.28 59.85 11.50 32.84 10.29 35.69 11.05 28.84 11.05
Post First Phase Insulin Response (u lU /m l) 41.78 11.18 53.01 10.80 39.36 11.18 31.22 13.94 54.64 12.07 39.47 10.80 39.47 11.60 31.74 11.60

D ie t C, L o w  fa t d io t
TCD UR UO INSERM UM HURS-UCO JU M C UU

M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM M ean SEM
Pre Fasting lnsu lin (u lU /m l) 9.97 1.41 12.47 1.36 11.43 1.36 7.96 1.86 10.70 1.59 9.74 1.18 11.92 1.59 7.00 1.59
Post Fasting lnsulin{u lU /m l) 10.97 1.51 13.47 1.46 11.47 1.46 9.36 2.00 9.84 1.70 8.69 1.26 11.13 1.70 6.01 1.70

Pre Q UICKI 0.25 0.11 0.57 0.10 0.58 0.10 0.63 0.14 0.56 0.12 0.59 0.09 0.56 0 12 0.64 0.12
Post Q UICKI 0.59 0.04 0.58 0.04 0.60 0.04 0.60 0.05 0.60 0.04 0.62 0.03 0.57 0.04 0.70 t 0.04

Pre First Phase Insulin R esponse (u lU /m l) 56.90 10.65 41.14 11.05 33.07 10.29 34.35 15.06 46.53 12.02 34.99 9.14 32.48 13.28 26.72 12.02
Post First Phase Insulin Response (u lU /m l) 62.53 11.18 46.12 11.60 27.82 10.80 50.02 15.81 39.62 12.61 37.93 9.59 51.43 13.94 29.01 12.61

D ie t 0 , Low  fa t d ie t w ith  1.24g LC n-3  PUFA
TCD UoR UO INSERM UM HURS-UCO JU M C UU

M ean SEM Mean SEM M ean SEM Mean SEM M ean SEM Mean SEM M ean SEM M ean SEM

Pre Fasting lnsu lin {u lU /m l) 9.92 1.46 10.74 1.41 9.38 1.46 9.40 2.15 8.24 1.52 13.18 1.18 10.38 1.86 7.75 1.66
Post Fasting lnsu lin (u lU /m l) 7.54 1.57 12.67 1.51 8.72 1.57 9.44 2.31 7.23 1.63 9.95 ' 1.26 15.52 '  2.00 6.64 1.79

Pre Q UICKI 0.61 0.11 0.59 0.11 0.59 0.11 0.60 0.16 0.61 0.12 0.53 0.09 0.59 0.14 0.67 0.13
Post QUICKI 0.66 0.04 0.59 0.04 0.61 0.04 0.59 0.06 0.65 0.04 0.57 ' 0.03 0.53 '  0.05 0.66 0.05

Pre First Phase Insulin Response (utU /m l) 41.07 11.05 51.54 10.65 21.07 11.05 46.82 16.27 52.51 11.50 30.64 8.91 31.90 14.09 46.50 12.60
Post First Phase Insulin Response (u lU /m l) 47.54 ab 11.60 56.18 " 11.18 24.04 ^ 11.60 39.18 17.07 49.77 ab 12.07 24.52 ^ 9.35 33.73 14.79 41.66 ab 13.23

Values represent adjusted means (±SEM) (or time*centre*diet group
^  denotes significance across centres (when two superscripts contain the same letter there is no significant difference between two of (he eight categories in that diet group)p<0.05, p<0.0018 where bonferroni correction applied 

’ significant time*centre*diet group interaction p<0,0005, post- compared to pre-intervention 

SEM standard error of the mean



Inflammatory Cytokines

The analysis for the inflammatory cytokines was carried out by Jolene McMonagle. 

Only significant time*diet interactions are presented here for unity of the effects of 

diet on all parameters measured. There were no significant diet*time interactions for 

any of the inflammatory markers pre- and post-intervention, as shown in Table 6.4. 

However, RM ANOVA revealed a significant time*gender*centre*diet interaction 

(/7<0.05) with respect to resistin concentrations. This observation related to the 

HFMUFA diet (Diet B) for HURS-UCO and UU cohorts whereby resistin 

concentrations were significandy reduced following the 12-week dietary intervention 

(p<0.05). For the HURS-UCO cohort this reduction was identified in males only 

(9805.4 mg/L v’s 8143.80 mg/L). Within the UU cohort the significant decrease was 

noted in females only (10350.7 mg/L v’s 6838.50 mg/L) (Data not shown).

Coagulation Markers

The effect of dietary fat modification on markers of coagulation is presented in Table 

6.5a. RM ANOVA analysis demonstrated no significant diet*time interactions for 

PAI-1, tPA or fibrinogen concentrations. It was evident that change in body weight 

affected PAI-1 and tPA as shown in Table 6.5b. For PAl-1 (ng/ml) a significant 

time*change in body weight interaction (/?=0.006) demonstrated a significant increase 

in subjects who gained more than 2kg, (/7=0.017). tPA concentrations significantly 

decreased in those who lost between 0 and 2kg body weight (/;=0.051).

Between-centre differences also highlighted varying concentrations of 

coagulation markers between the partners {Table 6.5c). A  main effect for centre 

(p=0.0005) from a RM ANOVA was observed for PAI-1 concentrations. ENSERM 

had significantly lower concentrations of PAI-1 pre- and post-intervention compared 

to TCD, UoR, UO, UM, HURS-UCO and JUMC (p<0.05). UoR had higher tPA 

concentrations than TCD, INSERM, UM and UU pre-intervention, (p<0.05). UoR 

also had higher tPA concentrations post-intervention as compared to INSERM and 

UM, (p<0.05). JUMC had higher tPA concentrations post-intervention compared to 

INSERM and UM also, (p<0.05). UO had significandy lower fibrinogen 

concentrations compared to TCD, UoR, INSERM and JUMC and UM also had lower 

concentrations than JUMC pre-intervention, (p<0.05). At post-intervention UO had 

lower fibrinogen concentrations than UoR and JUMC, (/?<0.05).
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Significant age and gender differences for the markers of coagulation are 

presented in Table 6.5d and 6.5e, respectively. tPA concentrations increased with 

increasing age and was significantly higher in the 65-70 age group compared to the 

35-49 age group pre- and post-intervention (p<0.05). Males had higher tPA 

concentrations pre- (/7=0.0005) and post-intervention (p=0.004) compared to females. 

Males had lower fibrinogen concentrations than females pre- (/7=0.0005) and post

intervention (/?=0.0005).
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Table 6.4: The effects of dietary fat modification on inflammatory markers in subjects who completed the LIPGENE Dietary Intervention Study (n=417)

High-Fat, SFA-rich Diet High-Fat, MUFA-rich Diet Low-Fat Diet Low-Fat Diet with 1.24g LC n3 PUFA
Diet A, n=100 Diet B, n=111 Diet C, n=106 Diet D, n=100

Pre Post Pre Post Pre Post Pre Post
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mesn SEM Mean SEM Mean SEM

,^CRP (mg/L) 5.00 0.42 4.85 0.39 4.82 0.40 4.60 0.37 5.54 0.41 5.27 0.38 5.10 0.42 4.80 0.39
^ IL -6  (pg/mL) 4.57 0.42 4.56 0.41 5.69 0.40 4.81 0.39 4.76 0.40 4.99 0.41 4.99 0.42 4.53 0.41

TNFa (pg/mL) 5.68 0.49 5.13 0.41 5.44 0.47 4.86 0.39 4.77 0.47 4.23 0.40 4.90 0.49 4.71 0.41
si CAM (ng/mL) 286.27 7.45 284.90 7.53 287.32 7.07 289.20 7.14 287 35 7.20 286.63 7.28 279.34 7.41 280.75 7.49
sVCAM (ng/mL) 601.12 17.06 609.69 18.15 591.18 16.18 608.86 17.22 632 70 16.48 625.60 17.54 583.29 16.97 597.70 18.06
Resistin (mg/L) 10452.40 503.13 10114.70 551.70 10082.77 477.31 9709.70 523.40 10088.80 486.24 10582.88 533.20 9985.42 503.13 9965.88 551.73
Adlponectin (mg/L) 3.76 0.25 3.89 0.25 3.70 0.23 3.66 0.24 3.82 0.24 4.20 0.24 3.45 0.24 3.79 0.25
Leptin (ng/mL) 22.43 2.11 21.87 2.14 21.95 1.98 22.45 2.01 20.04 2.02 18.99 2.05 23.80 2.07 21.96 2.10
Values represent diet*time adjusted means (±SEM) 

SEM standard error of the mean
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Table 6.5a: The effect of dietary fat modification on markers of coagulation in subjects who completed the LIPGENE Human Dietary Intervention Study (n=417).
____________________ High-Fat SFA-rich Diet__________High-Fat MUFA-rich Diet Low-Fat Diet_____________Low-Fat Diet with 1.24g LC n3 PUFA

DietAn=100 DietBn=110 DietCn=106 Diet D n=100
_____________________ Pre__________ Post____________ Pre____________ Post____________ Pre___________ Post______________ Pre______________Post______
_________________ Mean SEM Mean SEM Mean SEM____ Mean SEM Mean SEM Mean SEM_____ Mean SEM Mean_____SEM
PAI-1 ng/ml 53.47 3.68 54.17 3.58 51.75 3.49 51.38 3.40 58.68 3.55 55.34 3.46 51.07 3.68 58.17 3.58
tPAng/ml 8.86 0.41 8.63 0.42 8.30 0.39 8.44 0.40 8.64 0.40 8.02 0.41 8.77 0.41 8.51 0.42
Fibrinogen mg/dl 335.13 8.54 322.60 7.43 327.25 8.14 312.95 7.08 327.81 8.26 328.02 7.18 325.85 8.54 317.94 7.43
Values represent adjusted means (±SEM) for d ie t'tim e interactions 

SEM standard error o f the mean
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Table 6.5b: PAI-1 and tPA concentrations across body weight change categories, in sujects who completed the LIPGENE Dietary Intervention Study, 
__________ irrespective of dietary treatment__________________________________________________________________________

Lost 4-8Kg n=14 Lost 2-4Kg n=57 Lost 0-2Kg n=191 Gained 0-2Kg n=127 Gained 2-5Kg n=23
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Pre PAI-1 ng/ml 35.57 7.70 60.28 5.46 55.35 2.71 50.26 2.85 55.55 8.30
Post PAI-1 ng/ml 34.16 8.80 54.09 5.18 54.33 2.52 56.97 3.05 57.76 ^ 7.82
Pre tPA ng/ml 7.42 0.48 8.81 0.47 8.46 0.32 8.93 0.36 8.64 0.88
Post tPA ng/ml 6,34 0.82 8.23 0.45 8.11  ̂ 0,32 9.06 0.36 8.76 0.96
Values represent adjusted means (±SEM) for time*change in body weight interactions

^significant time*change in body weight interaction p<0.0005, post- compared to pre-intervention in that weight change category 

SEM; standard error of the mean



245

Tab le  6.5c: Between-centre d ifferences for markers o f coagulation (mean ±SEM), in subjects who com pleted the LIPGENE Dietary Intervention Study, irrespective of d ietary treatm ent

TCD n=•55 UoR n= 58 U O n = 54 INSERM n=38 UM n=:49 HURS-UCO n=74 JUM C n =43 UU n= 46
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM M ean SEM

Pre PAI-1ng/m l 60.89 5.06 53.76 4.96 53.00 ^ 5.52 25.00 ^ 2.82 73.80 " 5.17 49.19 ' 3.77 67.06 4.48 44.66 5.46
Post P A I-lng /m l 60.23 4.44 51.03 4.71 53.23 ^ 6.74 27.95 “ 3.80 68.93 ^ 4.46 51.14 3.41 77.84 ' 4.02 45.81 “ 4.28

Pre tPA  ng/ml 7.95 ^ 0.79 10.65 ^ 0.50 8.89 0.50 7.08 " 0.48 8.06 " 0.52 8.92 0.45 9.38 0.48 7.46 ^ 0.54
Post tPA ng/ml 8.49 0.75 9.35 ® 0.48 8.59 0.53 6.73 ^ 0.56 7.30 0.55 8.64 0.46 9.85 ^ 0.61 7.74 0.58

Pre Fibrinogen mg/dl 346.37 “ 13.59 355.01 “ 12.16 288.74 “ 7.80 337.14 “ 10.42 314.26 11.12 310.30 10.97 360.62 ‘ 10.73 332.83 11.94
Post F ibrinogen mg/dl 318.74 11.53 344.44 = 9.46 290.49 7.40 323.07 11.17 313.23 10.36 311.94 9.13 354.74 “ 11.13 317.18 9.24

denotes significance across centres (when two superscripts contain the same letter there is no signlftcant difference between two of the eight categories) p<0 .05  or p<0.0017 where bonferroni correction applied



Table 6.5d: Between-age category differences for tPA concentrations 
__________ pre-and post-intervention across age categories, irrespective of dietary treatment

35-49 n=107 50-64 n=249 65-70 n=61
Mean SEM Mean SEM Mean SEM

Pre tPA ng/ml 7.87 " 0.34 8.66 ® 0.28 9.85 0.46
Post tPA ng/ml 7.55  ̂ 0.32 8.61 0.29 9.08 0.48

denotes significance across the age categories (when two superscripts contain the same letter there is 

no significant difference between two of the three categories) p<0.05, p<0.017 where bonferroni correction applied

Table 6.5e: Between-gender differences for tPA and fibrinogen concentrations 
__________ pre-and post-intervention, irrespective of dietary treatment

Males n=185 Females n=232
Mean SEM Mean SEM

Pre tPA ng/ml 
Post tPA ng/ml

9.70  ̂ 0.35 
9 .1 5 " 0.34

7.79
7.81

0.21
0.24

Pre Fibrinogen mg/dl 
Post Fibrinogen mg/dl

310.72 " 5.89 
303.51 ® 5.02

343.59
334.47

5.68
4.94

® denotes significance across genders, p<0.05
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Lipids and Apolipoproteins

The effects of dietary fat m odification on lipid and apolipoprotein metabolism pre- to 

post-intervention are presented in Table 6.6a. RM ANOVA dem onstrated several 

significant diet*tim e interactions. Plasma TAG concentrations showed a significant 

diet*tim e interaction (/?=0.006), whereby plasm a TAG concentrations were 

significantly reduced following the HFSFA diet and the LFnSPUFA diet (/?=0.018 

and p=0.005, respectively). Interestingly a significant tim e*gender*diet interaction 

was observed (;;=0.017), wherein plasm a TAG concentrations are significantly 

reduced in men only (p=0.001) with TAG concentrations significantly reduced 

following the HFSFA diet (Diet A) and the LFn3PUFA diet (Diet D) (/?=0.039 and 

/;>=0.002, respectively). The tim e*gender*diet interactions are dem onstrated in Table 

6.6b. It is also notew orthy that plasma TAG concentrations showed a significant 

tim e*change in body weight interaction (p=0.011) whereby plasm a TAG was 

significantly reduced over time in subjects who lost 0-2kg (1.76m m ol/L pre- to 

1.70mmol/L post-intervention, p=0.031). Also, plasm a NEFA concentrations showed 

a diet*tim e interaction which approached significance (/?=0.061) and post-hoc 

analysis showed that there was a significant reduction in plasma NEFA concentrations 

following the LC n3 PUFA diet (Diet D) post intervention (/?=0.006). Plasm a total 

HDL-cholesterol concentrations showed a significant diet*time interaction (;?=0.005), 

whereby HDL-cholesterol levels were significantly increased by both high-fat diets, 

HFSFA and HFM UFA post-intervention (p<0.0005 and p=0.006, respectively). TRL 

TAG concentrations also showed a significant diet*tim e interaction (/:)=0.049), this 

was explained by a significant reduction in TRL TAG levels following the LF n3 

PUFA diet (Diet D) only (/?=0.032). Interestingly TRL TAG concentrations also 

showed a significant tim e*gender*diet interaction (p=0.033), whereby TRL TAG 

levels showed a significant tim e*diet interaction (7?=0.002) in men only, wherein TRL 

TAG concentrations were significantly reduced by the HFSFA diet (Diet A) and the 

LFnSPUFA diet (Diet D) in men only (/;)=0.013 and p=0.008). TRL cholesterol 

concentrations showed a significant tim e*gender*diet interaction (p=0.026). Again it 

was evident that TR L cholesterol concentrations showed a significant tim e*diet 

interaction (/:>=0.002) for men only, wherein TRL cholesterol concentrations were 

significantly reduced by HFSFA diet (Diet A) and the LFn3PUFA diet (Diet D) in 

men only (p=0.024 and j7=0.036). Plasma cholesterol concentrations were not altered 

specifically by one diet but showed a significant time*change in body weight
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interaction, with reduced levels in subjects who lost 4-8kg (5.72m m ol/L pre- to 

5.58m m ol/L post-intervention, p= 0.024) and in those who lost 0-2kg, (5.34m m ol/L 

pre- to 5.23mmoI/L post-intervention, /?=0.005, respectively).

Neither plasm a apoAI nor apoB were significantly altered by dietary fat 

m odification, as demonstrated by a non significant tim e*diet interaction. 

Nevertheless plasm a apoAI levels showed a significant tim e*change in body weight 

interaction (p=0.039), wherein levels were significantly reduced in subjects who lost 

0-2kg (1.39g/L pre- to 1.38g/L post-intervention, p=0.009). Plasm a apoCIII 

demonstrated a significant tim e*diet interaction (p=0.034), whereby levels were 

significantly reduced in the HFSFA diet group (Diet A) and the LFn3PUFA diet 

group (Diet D) (/?=0.014 and /?==0.008, respectively). Interestingly apoCIII 

concentrations also showed a significant tim e*change in body weight interaction 

(p=0.001), with a significant reduction in apoCIII post-intervention in subjects who 

lost 4-8kg (48.21mg/L pre- to 46.35m g/L post-intervention, p= 0 .029), whereas 

apoCIII was significantly increased post-intervention in subjects who lost 0-2kg 

(45.44mg/L pre- to 46.45m g/L post-intervention, p=0.010).
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Table 6.6a: The effect of dietary fat modification on plasma lipid and apolipoprotein concentrations in subjects wtio completed the LIPGENE Human Dietary Intervention Study (n=417).
High-Fat SFA-rich Diet High-Fat MUFA-rich Diet Low-Fat Diet Low-Fat Diet w ith 1.24g LC n3 PUFA

Diet A n=100 Diet B n=111 Diet C n=106 Diet D n=100
Pre Post Pre Post Pre Post Pre Post

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Cholesterol (mmol/L) 5.32 0.10 5.26 0.10 5.15 0.09 5.04 0.10 5.22 0.10 5.12 0.10 5.38 0.11 5.16 0.11
NEFA(pmol/L) 595.21 24.99 616.83 25.18 604.67 23.95 627.16 24.14 622.32 25.27 617.74 25.46 661.51 27.88 597.46t 28.09
LDL (mmol/L) 3.17 0.12 3.09 0.12 3.04 0.10 2.97 0.11 3.17 0.11 3.09 0.11 3.31 0.12 3.09 0.12
Apo A1 (g/L) 1.38 0.02 1.38 0.02 1.36 0.02 1.38 0.02 1.38 0.02 1.36 0.02 1.39 0.02 1.35 0.02
Apo B (g/L) 1.04 0.02 1.03 0.02 0.99 0.02 0.99 0.02 0.99 0.02 0.99 0.02 1.04 0.03 1.01 0.03
Apo cm  (mg/L) 162.53 5.59 151.17t 5.29 156.39 5.37 150.93 5.08 148.51 5.69 151.83 5.39 156.12 6.19 151.17t 5.86
TAG (mmol/L) 1.99 0.10 1.70t 0.09 1.78 0.10 1.68 0.08 1.67 0.10 1.78 0.09 1.68 0.11 1.57t 0.10
TRL TAG (mmol/L) 0.96 0.06 0.84 0.06 0.85 0.06 0.85 0.05 0.80 0.06 0.92 0.06 0.86 0.07 0.78t 0.06
TRL Cholesterol (mmol/L) 0.43 0.03 0.40 0.03 0.38 0.03 0.38 0.03 0.37 0.03 0.44 0.04 0.38 0.04 0.36 0.04
Apo B48 (mg/L) 1.00 0.09 0.76 0.09 0.62 0.09 0.73 0.09 0.81 0.09 0.66 0.09 0.66 0.11 0.65 0.11
TRL Apo B (mg/L) 52.22 4.35 56.85 4.73 52.57 4.12 53.66 4.47 49.43 4.38 52.63 4.75 50.53 4.70 54.72 5.10
Apo Cll (mg/L) 46.64 1.95 46.16 2.00 44.40 1.87 43.47 1.92 43.51 1.99 47.18 2.05 43.73 2.16 43.71 2.22
HDL (mmol/L) 1.05 0.03 1.11t 0.03 1.05 0.03 i . i o t 0.03 1.09 0.03 1.08 0.03 1.11 0.03 1.12 0.03
Apo E (mg/L) 43.83 1.84 40.56 1.87 39.61 1.76 39.39 1.79 41.40 1.86 42.13 1.89 39.57 2.03 38.56 2.06
V alues represent adjusted m eans and standard error of the m eans (S E M s ) for diet*tim e interactions 

significant tim e 'd ie t interaction p <  0 .0 0 0 5 , post- com pared to pre-intervention  

v O N E F A . non esterified fatty acids; LDL, low density lipoproteins; Apo, Apolipoprotein; TA G , triglyceride; HDL, high density lipoprotein

Table 6.6b: The effect of dietary fat modification on plasma TAG, TRL TAG and TRL cholesterol concentrations in males and females who completed the LIPGENE Human Dietary 
Intervention Study (diet*gender*time interactions)_______________________________________________________________________________________________________________

High-Fat SFA-rich Diet 
Diet A n=45

High-Fat MUFA-rich Diet 
Diet B n=46

Low-Fat Diet 
Diet C n=47

Low-Fat Diet w ith 1.24g LC n3 PUFA 
Diet D n=45

Pre Post Pre Post Pre Post Pre Post
MALE
TAG (mmol/L)
TRL TAG (mmol/L)
TRL Cholesterol (mmol/L)

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
2.094
1.132
0.491

0.164
0.103
0.05

1.743t
0.893t
0.42t

0.13
0.083
0.053

1.752
0.854
0.376

0.171
0.107
0.052

1.596
0.828
0.362

0.135
0.086
0.055

1.723
0.858
0.383

0.175
0.108
0.053

1.986
1.067
0.526

0.138
0.088
0.056

1.678
0.897
0.375

0.199
0.12

0.058

1.486t 
0.78t 

0.342t

0.157
0.097
0.062

Diet A n=53 Diet B n=65 Diet C n=59 Diet D n=54
Pre Post Pre Post Pre Post Pre Post

FEMALE Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
TAG (mmol/L) 1.89 0.13 1.68 0.12 1.82 0.11 1.76 0.10 1.63 0.12 1.57 0.11 1.68 0.12 1.65 0.12
TRL TAG (mmol/L) 0.81 0.08 0.81 0.08 0.86 0.07 0.87 0.07 0.74 0.08 0.78 0.07 0.81 0.08 0.78 0.08
TRL Cholesterol (mmol/L) 0.38 0.05 0.40 0.05 0.39 0.04 0.41 0.04 0.36 0.04 0.36 0.04 0.39 0.05 0.37 0.05
V alues represent adjusted m eans and standard error of the m eans (S E M s ) for d iet*tim e*gender Interactions  

t  significant tim e*diet interaction p <  0 .0 0 0 5 , post- com pared  to pre-intervention

N E FA , non esterified fatty acids; LDL, low density lipoproteins; Apo, Apolipoprotein; TA G , triglyceride; HDL, high density lipoprotein



Plasma Fatty Acids

Mean (±SEM) plasma fatty acid composition (w/w %) in the four diet groups, pre- 

and post-intervention are presented in Table 6.7a. There were no significant 

differences in the composition of the plasma fatty acids between subjects assigned to 

the four dietary treatments pre-intervention.

Importantly, a significant diet*time interaction demonstrated that plasma oleic acid 

levels (Cl 8:1) were significantly reduced (/?=0.0005) by the HFSFA diet (Diet A) and 

the LF n-3 PUFA diet (Diet D) (p=0.004). In contrast, plasma oleic acid levels 

(C l8:1) increased significantly (p=0.033) in subjects adhering to the HFMUFA diet 

(Diet B). The effect of the four dietary treatments on the change in plasma oleic acid 

levels demonstrated that the HFMUFA diet (Diet B) significantly increased in plasma 

oleic acid ( 0 8 :1 )  levels compared to the HFSFA (Diet A) and the LFnBPUFA (Diet 

D) diets {Figure 6.2).

Change Plasma C l8:1 %

Di«( A Dwt B Diet C  D iet D

Figure 6.2: Change of Plasma C l 8:1 from pre- to post-intervention in each of the four 

diet groups. “̂ ^<0.05
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Total plasma MUFA levels (C16:l+C18:l+C20:l) were significantly reduced 

following the HFSFA diet (Diet A) and the LF n3 PUFA diet (Diet D), (p=0.0005). It 

is important to note that total MUFA levels were not significantly different pre

intervention. However, post-intervention the HFMUFA diet (Diet B) was associated 

with significantly higher MUFA levels as compared to the HFSFA and LFn3PUFA 

diets. Also when total plasma MUFA concentrations were expressed as the change 

between pre- and post-intervention, HFMUFA diet had significantly greater MUFA 

levels compared to the HFSFA and LFnSPUFA diets (Diets A and D) {Figure 6.3).

☆ C hange Plasm a MUFA % ☆

0.50 •

a* -0.50

•^.50

Diet A

Figure 6.3: Change of Plasma MUFA from pre- to post-intervention in each of the 

four diet g ro u p s .p < 0 .0 5
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Total plasma arachidonic acid (C20:4:6) levels were significantly increased following 

the HFSFA and LF diets compared to the LF n3 PUFA diet (Diet D). Total plasma 

EPA and DHA levels were used as a biomarker of compliance to the n-3 PUFA 

supplement. Importantly the LF n3 PUFA diet showed a quantitatively important and 

significant increase in EPA (C20:5:3) (/?=0.0005). Furthermore, EPA levels were 

significantly higher following the LFn3PUFA compared to the three other diet groups, 

ip<0.05) post-intervention. Plasma EPA (C20:5:3) levels increased in the HFSFA diet 

(Diet A) and whilst this change was subtle, it did reach statistical significance 

{p=0.00\). The change in EPA concentrations also confirmed that the LFn3PUFA 

diet was associated with a significant increase in total plasma EPA levels compared to 

the other three diets. {Figure 6.4)

Change Plasma C20:5(n-3) (%)

Diet A Diet B Diet C  Diet D

Figure 6.4: Change of Plasma C20:5:3 from pre- to post-intervention in each of the 

four diet groups.-^ p<0.05

252



A significant time effect (/?<0.05) demonstrated an increase in plasma DHA (C22:6:3) 

levels from 2.17% to 2.70% over the 12 week intervention period. Similarly to EPA, 

plasma DHA levels significantly increased in both Low-Fat diet groups with the 

greatest increase in the LFn3 PUFA diet (Diet D) (/?=0.0005). This diet group had 

significantly greater percentages of plasma DHA (C22:6:3) than the HFSFA (Diet A) 

and the HFMUFA diets (Diet B) post-intervention (p<0.05). Figure 6.5 highlights the 

change of plasma DHA (C22;6:3) in the four dietary groups.

Change Plasma 022:6 (n-3) %

Diet A Diet 6 Diet C Diet D

Figure 6.5: Change of Plasma C22;6:3 from pre- to post-intervention in each of the 

four diet g ro u p s ./? < 0 .0 5
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A time*diet effect showed increases in plasma n-3 PUFA 

(C18:3:3+C18:4+C20;4:3-i-C20:5+C22:5+C22:6) concentrations in all four diets 

group. However plasma concentrations of n-3 PUFA were greatly increased in the 

LFn3PUFA diet, (/?=0.0005). Pre-intervention n-3 PUFA levels were not significantly 

different across the four diet groups, however, the LFn3PUFA diet had significantly 

greater amounts of total plasma n-3 PUFA levels as compared to the other three diet 

groups, post-intervention {Figure 6.6). A significant time effect (/?=0.0005) 

demonstrated an increase in plasma n-3 PUFA from 3.94% to 4.99% over the 

intervention period (p=0.0005).

Change Plasma PUFA n-3 %

Oi«( A D iet B Di«t C  D iet 0

Figure 6.6; Change of Total plasma n-3 PUFA from pre- to post-intervention in each 

of the four diet groups. ”̂ p<0.05

A significant time*change in body weight interaction effect was demonstrated for 

plasma myristic acid (C14:0) which was the only plasma fatty acid significantly 

affected by a change in body weight (/7=0.0006) {Table 6.7b). The percentage of 

plasma myristic acid decreased in those that lost the most weight over the intervention 

period i.e. between 4 and 8kg, decreasing from 1.66% to 1.27% (p=0.031). In subjects 

who lost or gained between 0 and 2 kg, plasma myristic acid (C l4:0) increased from 

1.87% to 2.74% and 1.98% to 2.76% respectively (/7=0.0005).
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Table 6.7c presents between and within-centre differences in plasma fatty acids (%), 

pre- and post-intervention. A time*centre effect highlighted an increase in plasma 

myristic acid (C14:0) post-intervention in TCD (p=0.0005), UoR (/?=0.001), UM 

(/7=0.0005), HURS-UCO (p=0.0005) and UU cohorts (p=0.0005). There were many 

between centre differences pre- and post-intervention. UoR volunteers had greater 

amounts of plasma myristic acid (C l4:0) pre- and post-intervention as compared to 

UO, INSERM, HURS-UCO and JUMC and with the UU cohort pre-intervention only 

0^<0.05).

The percentage of plasma palmitic acid (C l6:0) decreased over time from 

26.48% to 24.81% (/?=0.0005). The concentrations also decreased significantly in 

UoR (p=0.0005), UO (p=0.03) and UM (p=0.0005) cohorts. A one-way ANOVA 

highlighted differences between the centres pre-intervention. UM had greater 

concentrations of plasma palmitic acid (C l6:0) pre-intervention compared to UO, 

HURS-UCO, JUMC and UU (26.40%, 24.38%, 23.39%, 24.63%, respectively, 

p<0.05). TCD had greater concentrations of plasma palmitic acid (C l6:0) post

intervention (26.75%) compared to UoR and INSERM (23.71%, 23.96%, 

respectively, /?<0.05).

The percentage of plasma palmitoleic acid (C l6:1) decreased significantly in 

volunteers in the HURS-UCO (0.73pre, 0.66%post, /?=0.022) and UU cohorts 

(1.86%pre, 1.38%post,/?=0.0005). Again centre differences were seen for this plasma 

fatty acid pre- and post-intervention. UoR had greater concentrations pre- (2.11 %) and 

post- (2.30%) intervention and were significantly higher compared to UO, UM and 

HURS-UCO (p<0.05). The lowest concentrations were seen in HURS-UCO and this 

was significantly lower than all other centres with the exception of UM (/?<0.05).

A time effect was also noted for stearic acid (C l8:0). When investigated, it was found 

that stearic acid (C l8:0) decreased over time from 4.1% to 3.7%, /?=0.0005. A 

time*centre effect (/?=0.0005) showed that a decrease in plasma stearic acid (C l8:0) 

concentrations occurred in the cohorts of UoR (/?=0.016), UO (/?=0.0005), INSERM 

(;;=0.0005), UM (p=0.0005) and JUMC (p=0.027).

A time*centre interaction effect highlighted a significant decrease post

intervention in plasma oleic acid (C l8:1) in the cohorts of TCD (/;>=0.003), UoR 

(/?=0.039), HURS-UCO (/?=0.0005) and UU (/:>=0.0005). In contrast, a significant 

increase in oleic acid (C l8:1) concentrations was observed in the UM cohort 

(/;=0.0005). Pre-intervention, plasma oleic acid (C l8:1) concentrations were
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significantly greater in the UU cohort (29.61%) compared to TCD, UoR, UO and UM 

cohorts (24.47%, 26.47%, 23.87% and 23.04%, respectively, p<0.05). Post

intervention, INSERM had significantly greater concentrations of plasma oleic acid 

(C18:l) (28.26%) compared to TCD, UoR, UO and UM (23.04%, 25.35%, 24.64% 

and 25.33%, respectively, p<0.05).

Plasma concentrations of linoleic acid (C l8:2:6) significantly increased over 

the intervention study period in the UM cohort (p=0.009) and decreased in the 

HURS-UCO centre (p=0.005). UO had the highest plasma linoleic acid (C l8:2:6) 

concentrations pre-intervention (29.56%) and this was significantly higher than in 

UoR (25.44%) and JUMC cohorts (26.11%), (p<0.05). Post-intervention, UM had the 

highest concentrations (30.16%) compared to UoR (26.37%) and JUMC (26.04%), 

(p<0.05).

Plasma concentrations of arachidonic acid (C20:4:6) increased significantly 

post-intervention in UoR (p=0.0005), UO (/?=0.041) and UU (p=0.0005) cohorts. 

JUMC had significantly higher levels of plasma arachidonic acid (C20:4:6) (%) pre- 

and post-intervention (8.28%, 8.08%, respectively) compared to UO (6.47%, 6.87% 

respectively) and UU (5.70%, 6.14%, respectively) and UoR pre-intervention only 

(5.38%).

A significant time effect demonstrated a significant increase in plasma 

concentrations of EPA (C20:5:3) over the intervention period (0.94% to 1.24%. 

/;=0.0005). Concentrations of EPA (C20:5:3) also increased in 5 of the 8 participating 

centres, TCD (p=0.021), UoR (p=0.0005), INSERM (p=0.002), UM (p=0.009) and 

HURS-UCO (p=0.0005) and decreased in JUMC (/?=0.021). Pre-intervention, 

volunteers in the UO cohort had significantly greater amounts of plasma EPA 

(C20:5:3) (1.62%) compared to TCD, UoR, INSERM, UM and HURS-UCO (0.67%, 

0.70%, 0.62%, 0.74% and 0.47%, respectively, /?<0.05). HURS-UCO had 

significantly lower concentrations as compared to all other centres. Post-intervention, 

INSERM had lower plasma concentrations of EPA (C20:5:3) (0.85%) compared to 

UO and UU (1.68% and 1.85%, respectively, p<0.05). UU had the highest 

concentrations of plasma EPA (C20:5:3) post-intervention (1.85%) compared to TCD, 

INSERM, UM and HURS-UCO (1.02%, 0.85%, 1.05% and 0.98%, respectively, 

/?<0.05).

Plasma concentrations of DHA (C22:6:3) significantly increased in all centres 

post-intervention with the exception of TCD. From the RM ANOVA model, a
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significant centre effect established differences between the centres pre- and post

intervention for plasma concentrations of DHA (C22:6:3). UO had the highest 

concentrations of plasma DHA (C22;6:3) pre- (3.09%) and post- (4.13%) intervention 

and significantly greater compared to TCD, UoR, ENSERM, UM and JUMC and UU, 

post-intervention only (/?<0.05).

Total plasma saturated fat (SFA: C14:0, C16:0, C18:0) concentrations 

decreased over the 12-week intervention period from 32.48% at baseline to 31.10% 

post-intervention (/;>=0.0005). In the UoR, UO and UM centres, plasma SFA 

decreased also post-intervention (p=0.0005). In HURS-UCO and UU cohorts an 

increase was seen (/?<0.03). Many centres differed to each other with respect to 

plasma concentrations of SFA at baseline, however only one centre difference was 

observed at post-intervention wherein TCD had significantly greater amounts of 

plasma SFA compared to INSERM (/?<0.05).

A time*centre interaction effect demonstrated significantly lower 

concentrations of total plasma MUFA (C l6:1, C 18:l, C20:l) post-intervention in the 

following cohorts: TCD, HURS-UCO and UU (jj=0.0005). In contrast UM had 

significantly greater plasma levels (/?=0.003). A significant centre effect (/;>=0.0005) 

showed volunteers in the UU cohorts with significantly greater concentrations of 

plasma MUFA pre-intervention as compared to TCD, UoR, UO, UM and JUMC 

(/;)<0.05). INSERM had significandy greater concentrations of plasma MUFA post

intervention compared to TCD, UO and UM (p<0.05).

Total plasma PUFA (n-3, n-6) concentrations increased over the 12-week 

intervention from 39.42% at baseline to 41.37% at the end of the study period 

(/;=0.0005). An increase was also seen in TCD (/?=0.038), UoR (/?=0.0005), UM 

(;;=0.003) and UU (/:>=0.003). The UO cohort had significantly greater amounts of 

plasma PUFA concentrations pre- and post- intervention compared to TCD, and UoR 

cohorts at pre-intervention and JUMC and UU cohorts post-intervention (/?<0.05).

A time*centre within-subject effect (p=0.0005) highlighted an increase in 

plasma n-6 PUFA (C l8:2, C l8:3:6, C20:3, C20:4:6, C22:4) concentrations in UoR 

(/;>=0.0005), UM (/?=0.008) and UU (p=0.035) and a decrease in HURS-UCO 

(/;>=0.003) cohorts. A between-subject effect for centre demonstrated differences 

between UoR and UO, INSERM and HURS-UCO, pre-intervention. UM had greater 

plasma n-6 PUFA concentrations post-intervention compared to UU (34.71%, 

p<0.05).
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A time*centre within-subject effect Qj=Q.0005), illustrated that TCD, UoR, 

UO, INSERM, UM and HURS-UCO had significantly greater concentrations of 

plasma n-3 PUFA (C18:3:3, C18:4, C20:4:4, C20:5, C22:5. C22:6) post-intervention 

compared to baseline levels. In contrast, however, JUMC had significantly lesser 

amounts. The plasma concentrations of n-3 PUFA in UU also increased but this did 

not reach the level of significance. UO, JUMC and UU cohorts had the greatest 

amounts of plasma n-3 PUFA concentrations pre-intervention compared to all other 

centres. UO had the greatest plasma n-3 PUFA concentrations post-intervention 

compared to TCD, INSERM, UM and JUMC (p<0.05).

Table 6.7d highlights the difference in plasma palmitoleic acid (C l6:1) pre- 

and post-intervention between males and females. Females had higher amounts of 

palmitoleic acid (C l6:1) in their plasma pre- (1.54%) and post- (1.45%) intervention 

as compared to their male counterparts (/?=0.0005).

There was a significant difference between the 35-49 age group as compared 

to the 50-64 and the 65-70 age groups pre- and post-intervention wherein plasma EPA 

concentrations increased with increasing age {Table 6.7e).

Plasma concentrations of DHA increased in the 35-50 (p=0.007) and the 50- 

64 (p=0.0005) age groups over the study period. The 50-64 age group had 

significantly greater concentrations compared to the 35-49 age groups post

intervention i]y<0.05). A time*age effect (/j=0.009), showed an increase at post

intervention in all age categories (p<0.03) for n-3 PUFA. At both time-points the 

concentration of plasma n-3 PUFA in the 35-49 age group were significantly lower 

than the 65-70 age group.

i
I

1

258



259

Table 6.7a: The effects of dietary fat modification on plasma fatty acids (%) in subjects who completed the LIPGENE Human Dietary Intervention Study (n=417)
HighFat SFA-rich Diet High-Fat MUFA-rich Diet Low-Fat Diet Low-Fat Diet with 1.24g LC n3 PUFA

Diet A 
Pre Post Pre

DietB
Post

DietC 
Pre Post Pre

DietD
Post

Total Composition (w/w%) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
C14;0 1.90 0.10 2.66 0.14 1.85 0.10 2.56 0.14 1.90 0.10 2.53 0.14 1.97 0.10 2.62 0.14
C16:0 26.66 0.50 25.31 0.42 26.14 0.48 24.57 0.40 27.03 0.48 25.00 0.40 26.19 0.50 24.51 0.42
C16:1 1.29 0.10 1.26 0.11 1.50 0.10 1.37 0.10 1.29 0.10 1.25 0.10 1.45 0.10 1.34 0.11
C18:0 4.21 0.21 3.92 0.19 4.17 0.20 3.81 0.18 4.08 0 20 3.51 0.18 4.00 0.21 3.67 0.19
C18:1 26.81 1.45 25.16 ' 0.42 26.25 0.43 27.19 t 0.40 26.06 0.43 26.01 0.41 26.92 0.45 25.64 t 0.43
C18:2:6 27.51 0.55 28.47 0.54 27.64 0.53 27.31 0.52 27.58 0.53 27.95 0.52 27.33 0.56 27.59 0.55
C20:4:6 6.66 0.24 7.52 0.20 7.07 0.23 7.37 0.20 6.63 0.23 7.36 0.20 6.95 0.24 6.91 0.21
C20:5:3 0.82 0.09 0.97 0.09 0.98 0.09 1.01 a 0.09 1.01 0.09 1.13 0.09 0.98 0.09 1.95 bt 0.09
C22:6:3 2.04 0.12 2.31 “ 0.16 2.20 0.12 2.45 a 0.16 2.34 0.12 2.86 0.16 2.12 0.12 3.25 bt 0.17
SFA 32.77 0.65 31.89 0.50 32.16 0.62 30.94 0.48 33.01 0.62 31.04 0.48 32.16 0.65 30.80 0.51
MUFA 28.32 0.48 26.56 0.45 27.94 0.46 28.74 b 0.43 27.57 0.47 27.44 0.44 28.59 0.49 27.20 at 0.46
PUFA 38.92 0.70 41.55 0.56 39.90 0.67 40.32 0.53 39.42 0.67 41.52 0.53 39.26 0.71 41.99 0.56
n-6 PUFA 35.27 0.64 37.29 0.55 35.88 0.61 35.95 0.53 35.23 0.62 36.46 0.53 35.37 0.65 35.63 0.56
n-3 PUFA 3.65 0.20 4.27 0.22 4.03 0.19 4.38 abt 0.21 4.19 0.19 5.06 0.21 3.89 0.20 6.37 ct 0.22
Values represent adjusted means and SEMs for d iet'tim e
ts ign ifican t tim e 'd iet interaction p<0.0005, post- compared to pre-intervention

denotes significance across diet groups (when two superscripts contain the same letter there is no significant difference between two of the four diets) 

SEM: standard error o f the mean

SFA. saturated fatty acids (C14:0+C16;0+C18;0); MUFA, monounsaturated fatty acids (C16;1+C18;1+C20;1);

PUFA, polyunsaturated fatty acids (C18;2+C18:3:6+C18;3;3+C18:4+C20:3+C20;4:6+C20;4:3+C20;5+C22:4+C22:5+C22;6) 

n-3 PUFA (C18;3:3+C18;4+C20;4:3+C20;5+C22:5+C22;6) 

n-6 PUFA (C18:2+C18:3;6+C20:3+C20:4;6+C22;4)



Table 6.7b: Plasma C14(%) across body weight change categories, pre- and post-intervention, irrespective of dietary treatment

Lost4-8Kg n=14 Lost2-4Kg n=57 Lost 0-2Kg n=191 Gained 0-2Kg n=129 Gained 2-5Kg n=23
Total Composition (w/w%) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Pre C14:0 1.66 0.21 1.92 0.12 1.87 0.07 1.98 0.10 1.99 0.19
Post C14:0 1.27  ̂ 0.08 2.22 0.18 —

f

0.11 2.76  ̂ 0.12 2.26 0.24

Values represent adjusted means and SEMs for time'change in body weight interactions 

^significant tim e'ctiange In body weight interaction p<0.0005, post- compared to pre-intervention 

SEM: standard error of the mean

N)
O '
o



Table 6.7c: Plasma Fatty Acids (%) {mean ±SEM) across eacti centre, in subjects who completed the LIPGENE Dietary Intervention Study, irrespective of dietary treatment
TCD n=55 UoR n=57 UO n=54 INSERM n=38 UM n=49 HURS-UCO n=74 JUMC n==43 UU n=46

Total Composition (w/w%) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Pre C14:0 2.22 ac 0.13 2.68 a 0.17 1.95 cd 0.09 1.63 cd 0.09 2.14 acd 0.13 1.18 b 0.08 2.05 cd 0.18 1.59 d 0.07
Post C14;0 3.25 a t 0.20 3.42 a t 0.17 1.87 be 0.08 1.59 b 0.10 3.21 a t 0.26 2.40 c t 0.15 2.04 be 0.13 2.72 a c t 0.23
PreC16:0 28.80 ac 0.72 28.86 ac 0.86 26.40 ab 0.42 24 44 bde 0.39 30.52 ce 0.71 24.38 bd 0.51 23.39 d 0.26 24.63 kd 0.42
Post C 16:0 26.75 a 0.81 23.71 b t 0.48 25.44 ab t 0.52 23.96 b 0.39 25.37 abt 0.66 24.51 ab 0.48 24.18 ab 0.48 24.36 ab 0.39
PreC16:1 1.70 ace 0.14 2.11 ae 0.21 1.28 cd 0.12 1.53 ace 0.15 0.95 bd 0.11 0.73 b 0.05 1.26 ac 0.09 1.86 e 0.10
PostC16:1 1.75 a 0.15 2.30 a 0.24 1.13 bd 0.11 1.55 ab 0.14 0.74 cd 0.07 0.66 c t 0.05 1.36 ab 0.12 1.38 ab t 0.09
Pre C18:0 4.30 0.45 4.54 0.40 3.79 0.18 4.01 0.10 4.36 0.42 3.54 0.15 4.60 0.10 3.77 0.09
Post C18:0 4.45 0.48 3.99 t 0.33 3.02 t 0.13 3.69 t 0.10 2.82 t 0.15 348 0.17 4.28 t 0.09 3.95 0.15
PreC18:1 24.47 ac 0.45 26.47 ad 0.47 23.87 c 0.50 27.75 bd 0.70 23.04 c 0.58 28.98 b 0.50 27.43 bd 0.57 29.61 b 0.50
Post 18:1 23.04 a t 0.58 25.35 ac t 0.51 24.64 0.48 28.26 b 0.47 25.33 adt 0.57 26.96 bed 0.51 28.03 b 0.61 27.36 bcdt 0.59
Pre C18:2:6 27.17 ab 0.70 25.44 a 0.64 29.56 b 0.70 28.24 ab 0.86 27.83 ab 0.94 28.76 ab 0.71 26.11 b 0.67 26.70 ab 0.61
PostC18:2:6 28.35 ab 0.87 26.37 b 0.65 29.38 ab 0.64 28.40 ab 0.69 30.16 a t 0.79 27.17 ab t 0.75 26.04 b 0.70 27.43 ab 0.59
Pre C20:4:6 7.02 abc 0.46 5.38 a 0.30 6.47 b 0.24 7.96 c 0.34 6.57 abc 0.41 7.64 c 0.18 8.28 c 0.29 5.70 ab 0.18
Post C20:4:6 7.25 abc 0.36 7.52 act 0.25 6.87 ab t 0.25 7.74 ac 0.27 7.11 ac 0.21 7.63 ac 0.29 8.08 c 0.23 6.14 b t 0.18
Pre C20:5:3 0.67 a 0.09 0.70 a 0.08 1.62 b 0.15 0.62 a 0.06 0.74 a 0.10 0.47 c 0.06 1.42 b 0.16 1.55 b 0.14
Post C20:5:3 1.02 ac t 0.13 1.40 ab t 0.12 1.68 b 0.15 0.85 act 0.08 1.05 ac t 0.14 0.98 c t 0.13 1.15 abet 0.10 1.85 b 0.16
Pre C22:6:3 1.77 a 0.17 1.18 b 0.08 3.09 c 0.19 1.57 ab 0.10 1.64 ab 0.13 2.57 c 0.09 2.97 c 0.19 2.44 c 0.14
Post C22:6:3 1.30 a t 0.12 2.24 bdt 0.19 4.13 Ct 0.22 1.80 bdt 0.12 1.98 bd t 0.15 4.07 c t 0.21 2.49 bd t 0.18 2.72 d t 0.16
Pre SFA 35.33 ad 1.10 36.09 ad 1.17 32.14 ac 0.42 30.08 be 0.44 37.02 d 1.10 29.10 b 0.46 30.04 be 0.36 29.99 be 0.43
Post SFA 34.45 a 1.26 31.12 abt 0.75 30.33 a b t 0.51 29.24 b 0.48 31.40 ab t 0.50 30.39 abt 0.39 30.50 ab 0.52 31.04 a b t 0.36
Pre MUFA 26.43 ac 0.53 28.94 ab 0.60 25.26 c 0.57 29.46 bd 0.79 24.30 c 0.63 29.94 bd 0.50 28.81 ab 0.59 31.67 d 0.54
Post MUFA 24.95 a 0.68 28.12 be 0.71 25.91 ab 0.47 29.97 c 0.54 26.26 abd 0.60 27.74 be 0.51 29.54 c 0.62 28.83 cd 0.61
Pre PUFA 38.24 ac 1.08 34.98 a 0.91 42.60 bd 0.84 40.46 cde 1.03 38.68 ad 1.25 40.96 cde 0.69 41.16 cde 0.67 38.34 ae 0.73
Post PUFA 40.60 ab t 1.04 40.76 abt 0.69 43.76 a 0.70 40.79 ab 0.74 42.34 ab t 0.78 41.87 ab 0.67 39.96 b 0.71 40.14 b t 0.65
Pre n6 PUFA 35.09 ab 0.96 31.96 a 0.81 37.10 be 0.75 37.59 be 1.03 35.27 ab 1.12 37.43 b 0.72 35.75 ab 0.63 33.49 ae 0.66
Post n6 PUFA 36.84 ab 1.03 35.51 ab 0.67 37.16 ab 0.67 37.42 ab 0.78 38.28 a 0.78 35.98 ab 0.70 35.36 ab 0.72 34.71 b 0.62
Pre n-3 PUFA 3.15 a 0.25 3.02 a 0.18 5.50 b 0.34 2.87 a 0 16 3.41 a 0.22 3.53 a 0.14 5.41 b 0.33 4.85 b 0.28
Post n-3 PUFA 3.76 a c t 0.24 5.25 bet 0.27 6.60 t>t 0.35 3.37 a t 0.21 4.06 a d t 0.28 5.89 bd t 0.29 4.60 c d t 0.26 5.43 b 0.31
^Significant time'centre interaction, p<0.05, post- compared to pre-intervention

denotes significance across centres (when two superscripts contain the same letter there is no significant difference between two of the eight categories) 

SEM; standard error of the mean

SFA. saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

SFA, saturated fatty acids {C14:0+C16;0+C18;0); MUFA, monounsaturated fatty acids (C16;1+C18:1+C20:1);

PUFA, polyunsaturated fatty acids (C18:2+C18;3:6+C18;3;3+C18:4+C20;3+C20:4;6+C20:4:3+C20:5+C22:4+C22;5+C22:6) 

n-3 PUFA (C18:3;3+C18;4+C20:4:3+C20;5+C22:5+C22-6) 

n-6 PUFA (C18:2+C18;3:6+C20:3+C20:4:6+C22:4)
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Table 6.7d: Plasma C16:1(%) pre-and post-intervention for males and females who completed 
the LIPGENE Dietary Intervention Study

Males n=185 Females n=232
Total Composition (w/w%) Mean SEM Mean SEM
Pre C16:1 1.23  ̂ 0.07 1.54 0.07
Post C16:1 1.16  ̂ 0.08 1,45 0.07

SEM: standard error of the mean

Table 6.7e: Plasma 20;5(n-3), C22:6(n-3) and n-3 PUFA (%) across age categories pre- and post-intervention,

35-49 n:=107 50-64 n;=249 65-70 n=61
Total Composition (w/w%) Mean SEM Mean SEM Mean SEM
Pre C20:5:3 0.76 a 0.08 0.94 b 0.05 1.26 b 0.14
Post 020:5:3 0.98 a 0.07 1.29 b 0.06 1.52 b 0.15
Pre C22:6:3 1.98 0.13 2.21 0.07 2.32 0.15
Post 022:6:3 2.33 at 0.16 2.84 bt 0.11 2.80 ab 0.18
Pre n-3 PUFA 3.58 a 0.21 3.94 ab 0.12 4.56 b 0.26
Post n-3 PUFA 4.44 at 0.20 5.12 abt 0.15 5.42 bt 0.30

between two of the three categories)p<0.05, p<0.017 where bonferroni correction applied 

tSignificant time*age interaction, p<0.05, post compared to pre 

n-3 PUFA (C18:3:3+C18:4+C20:4:3+C20:5+C22:5+C22:6)



6.4.2 Correlation Analysis

A range of IVGTT parameters measured at post-intervention were correlated with 

each other; the results are presented in Table 6.8a. The objective of this was to 

describe the strength and direction of the linear relationship between two variables, 

post-intervention. When significant correlations were observed, the file was split by 

diet and the correlations were carried out again to determine whether any diet altered 

the association between variables {Table 6.8b). All IVGTT parameters correlated 

significantly with each other, with the exception of Sq which only correlated 

significantly with DI and GO. As the main outcome variable. Si correlated 

significantly with all other IVGTT parameters and measures of insulin resistance. 

Insulin sensitivity showed a moderately strong and negative correlation with AIRg (- 

0.254, /7<0.0005), HOMA-IR (-0.373, p<0.0005) and first phase insulin response (- 

0.244, /7<0.0005) and was positively correlated with DI (0.325, /?<0.0005). Si was 

strongly and positively correlated with P3 (0.738, p<0.0005) and QUICKI values 

(0.612, /7<0.0005), and negatively correlated with fasting insulin concentrations (- 

0.584, p<0.0005), C-peptide concentrations (-0.512, /;><0.0005) and insulin to C- 

peptide ratio (-0.491, p<0.0005), all post-intervendon analysis. These significant 

correlations were seen in all diet groups and in the HFSFA and LF diets (Diets A and 

C) for the negative relationship with first phase insulin response. The strength of the 

correlations varied. Strong positive correlations were seen for Si with P3, the strongest 

in the LF diet (Diet C); Si with fasting insulin (negatively correlated), particularly in 

the HFSFA diet (Diet A); Si with QUICKI values (positively correlated), C-peptide 

and insulin to C-peptide ratio (negatively correlated), also strongest in the HFSFA diet 

(Diet A). As expected. So and GO were strongly and positively correlated with each 

other irrespective of diet and in all diet groups.

AIRg was positively and strongly correlated with DI (0.781, ;:><0.0005) which 

is a product of Si and AIRg. The strong correlations were retained in each of the four 

diets. AIRg and fasting glucose were also strongly and negatively correlated to each 

other (-0.434, /;><0.0005). AIRg and first phase insulin response were almost perfectly 

positively correlated (r=0.995, /?<0.0005). This is not surprising as the two indices 

represent insulin action in the first 10 minutes of the IVGTT. Again, similar 

coefficient values were seen in all diet groups.

DI was strongly and negatively correlated with fasting glucose concentrations 

(-0.574, /7<0.0005) and strongly, but, positively with first phase insulin response
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(0.784, p<0.0005). Both parameters were significantly correlated irrespective o f diet 

but also in each diet group. As GO represents distributed glucose at tim e 0 m inutes, it 

follows that a strong positive correlation with fasting glucose is significant and is seen 

in all diet groups.

As two key indices derived from the IVGTT m odelling, P2 and P3 represent 

stages o f insulin action where P2 represents the removal of insulin from the interstitial 

space and P3 represents the movem ent o f insulin to the interstitial space. These 

param eters are highly and positively correlated with each other regardless of dietary 

treatm ent (0.727, /?<0.0005) but also found to be strongly correlated in each o f the 

four diets. P3 was also negatively correlated with fasting insuhn (-0.565, p<0.0005), 

HOM A-IR (-0.584, p<0.00Q5) and C-peptide concentrations (-0.526, p<0 .0005) and 

positively correlated with QUICKI (0.584, p< 0.0005), and seen in all diets (Diets A, 

B, C and D).

In addition to being highly correlated with DI (-0.574, /?<0.0005) and GO 

(0.500, p<0.0005), fasting glucose post-intervention was also strongly and negatively 

correlated with first phase insulin response in all diets. Because post-intervention 

HOM A-IR and QUICKI are derived from fasting insulin, strong correlations are 

expected, with a positive relationship for HO M A-IR (0 .963 ,/;<0.0005) and a negative 

with QUICKI (-0.948, p<0.0005). The strong associations were also m aintained 

within each diet. As expected, post-intervention fasting insulin and fasting C-peptide 

concentrations correlated positively with each other in all diets. HO M A-IR and 

QUICKI values also correlated strongly with C-peptide concentrations post

intervention (0.797, 0.-0.783, respectively, /;<0.0005), these strong relationships were 

observed in all diets.

Post-intervention IVGTT param eters were correlated with the anthropom etric 

variables also m easured at post-intervention and the results presented in Table 6.9a 

and Table 6.9b. There were significant, m oderate-to-strong (r>0.250) and negative 

correlations between Sj measured at the end o f the intervention period and post

intervention body weight (-0.299, /?<0.0005), BMI (-0.323, p< 0.0005) and waist 

circumference (-0.399, /?<0.0005), with increasing levels of Si associated with lower 

body weight, lower BM I index and lower waist circumference m easurem ents. These 

associations rem ained true within each dietary treatment. The strongest negative 

correlation was seen in the LF diet (Diet C) for Si and body weight and in the HFSFA 

diet (Diet A) for Si and BMI. In all diets. Si and waist circumference were negatively
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correlated, the strongest negative correlation in the HFM UFA diet and the LF diet 

(Diets B and C).

Post-intervention P3 (the movement of circulating insulin to the interstitial 

space) correlated negatively with body weight (-0.248, p<0.0005), BM I (-0.265, 

p< 0.0005) and waist circum ference also (-0.337, /?<0.0005), with increasing P3 

associated with decreasing weight, BMI and waist m easurement, as seen for Si, There 

was a negative correlation between P3 and body weight and BMI in diets HFSFA, 

HFM UFA and LF and in all four diet groups for waist circumference.

As anticipated, strong, positive correlations were observed between post

intervention fasting insulin concentrations and post-intervention body weight (0.346, 

p<0.0005), BMI (0.413, /?<0.0005), waist (0.419, p<0.0005) and hip circumference 

(0.300, /?<0.0005), diastolic blood pressure (0.222, /?<0.0005) and body fat measured 

in kg (0.249, /?<0.0005) with increasing fasting insulin concentrations associated with 

increasing anthropom etric variables. These positive associations were observed in 

Diets HFSFA. HFM UFA and LF for fasting insulin with body weight and body fat 

mass, in Diets HFSFA and LFn3PUFA with diastolic blood pressure and in all diet 

groups for waist and hip circum ference and BMI index.

There were significant positive correlations for post-intervention HOM A-IR 

with the same anthropom etric variables as for post-intervention fasting insulin, with 

the same dietary treatm ent effects. Conversely, there were strong, negative 

correlations for QUICKI (a m easure of insulin sensitivity) with these same variables. 

QUICKI values were negatively correlated with body weight and body fat mass in 

Diets HFSFA, HFM UFA and LF; with waist and hip circumference and BMI in all 

diets and with diastolic blood pressure in Diets HFSFA, HFM UFA and LFn3PUFA.

There were significant positive correlations of C-peptide concentrations with 

body weight (0.313, ;:><0.0005), BM I (0.395, /?<0.0005), waist (0.402, p< 0.0005) and 

hip circumference (0.279, /?<0.0005), diastolic blood pressure (0.244, p< 0.0005) and 

body fat mass (0.297, /?<0.0005) with increasing concentrations o f C-peptide 

concentrations measured at post-intervention associated with increasing weight, BMI, 

waist, hip, diastolic blood pressure and body fat mass as recorded at post-intervention 

clinical investigation day. There was a positive relationship between C-peptide 

concentrations and body weight, BMI and waist in ail diet groups; in Diets HFSFA, 

HFM UFA and LFn3PUFA for hip circumference; Diets HFSFA and LFn3PUFA for 

diastolic blood pressure and in Diets HFSFA, HFM UFA and LF for body fat (kg).
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Similar correlation strengths and directions were observed for insulin to C-peptide 

ratio.

Inflammatory cytokines measured post-intervention were correlated with IVGTT 

parameters derived from the MINMOD Millennium output at post-intervention also 

(this analysis was carried out by Jolene McMonagle). The strength of these 

associations are presented in Table 6.10a. CRP concentrations correlated positively, 

albeit weakly with fasting insulin post-intervention (0.103, /?<0.05). Table 6.10b 

highlights this positive and significant correlation in Diets HFSFA and HFMUFA 

only. IL6 was not significantly associated with any of the IVGTT parameters. In 

contrast, post-intervention TNFa concentrations showed positive associations with 

fasting glucose (0.130, /7<0.05), insulin (0.116, p<0.05), HOMA-IR (0.135, /:><0.05) 

and negative associations with QUICKI (-0.122, /:x0.05). Within the diet groups, 

these significant correlations were only apparent in Diet LFn3PUFA {Table 6.10c). 

Post-Intervention sICAM correlated negatively with Si (-0.178, /xO.OOl) and 

QUICKI post-intervention (-0.151, p<0.05) and positively with fasting insulin (0.164, 

/7<0.001) and HOMA-IR (0.163, p<0.001). These correlations were significant 

(/7<0.05) in the LF diet for all and in the HFSFA diet for fasting insulin and HOMA- 

IR {Table 6.10d). Post-intervention adiponectin concentrations correlated positively 

with Si (0.116, p<0.05) and QUICKI (0.109, p<0.05) and negatively with AIRg (- 

0.148, /;<0.05), fasting insulin (-0.117, p<Q.05) and HOMA-IR (-0.100, /?<0.05). 

These significant correlations were lost when the file was split by diet group, except 

for fasting insulin in the LF diet {Table 6.10e). The most significant correlations were 

seen for leptin concentrations post-intervention. These concentrations correlated 

negatively with Si (-0.177, p<0.001), DI (-0.148, p<0.05), P3 (-0.129, p<0.05) and 

QUICKI (-0.264, /7<0.0005) and positively with GO (0.197, p<0.001), fasting insulin 

(0.273, /?<0.0005) and HOMA-IR (0.271, p<0.0005), post-intervention. Table 6.1 Of 

demonstrates these correlations across the four dietary groups. The negative and 

significant correlations were maintained for leptin with post-intervention Si in the 

HFSFA diet only {p<0.05) and with post-intervention QUICKI in Diets HFSFA 

(/;<0.0005), HFMUFA and LF (p<0.05) only. The positive and significant 

correlations were maintained for leptin with post-intervention GO in the HFMUFA 

diet only (p<0.05) and with HOMA-IR in the HFSFA diet (p<0.0005), HFMUFA diet 

and LF diet only (p<0.05).
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Correlation coefficients of IVGTT parameters with markers of coagulation (post

intervention) are shown in Table 6.11a. Very weak and non-significant correlations 

were observed with the param eters and fibrinogen. However, PAI-1 and tPA 

concentrations measured at post-intervention were m oderately (r=0.202 to 0.407) and 

negatively correlated with Si (-0.248, -0.337, respectively, /?<0.0005), P3 (-0.235, - 

0.276, /7<0.0005) and QUICKI (-0.328, -0.363, respectively, ji;<0.0005) and 

positively correlated with GO (0.278, 0.202, respectively, p<0.0005), fasting glucose 

(0.271, 0.209, respectively, p<0.0005), fasting insulin (0.300, 0.350, respectively, 

/7<0.0005), HOM A-IR (0.341, 0.375, respectively, ;7<0.0005) and C-peptide 

concentrations (0.381, 0.407, respectively, p<0.0005). W ith increasing Si and P3 at 

post-intervention, tPA decreased in all diet groups {Table 6.11b). PAI-1 decreased in 

the HFM UFA, LF and LFn3PUFa diet with increasing Si and in the HFSFA, 

HFM UFA and LFn3PUFA diets with P3. As QUICKI values increased post

intervention, both PAI-1 and tPA concentrations decreased in all diet groups. GO 

(distributed glucose at time 0 m inutes) was positively correlated with PAI-1 in the 

HFSFA, HFM UFA and LF and with tPA in the LFn3PUFA diet only. Fasting glucose 

was positively correlated with PAI-1 in the HFSFA, HFM UFA and LFn3PUFa diets 

and w ith tPA in the HFSFA, LF and LFn3PUFA diet. Fasting insulin, HO M A-IR and 

C-peptide concentrations were positively correlated with PAI-1 and tPA in all diet 

groups at post-intervention.

IVGTT parameters were correlated with fasting plasm a TAG, cholesterol, NEFA, 

TRL TAG, TRL cholesterol, LDL-cholesterol, Total HDL-cholesterol and 

apolipoprotein concentrations m easured at post-intervention and the results illustrated 

in Table 6.12a. W hen significant correlations were observed, they were analysed 

across the diets to see in which diets they existed {Table 6.12b). Insulin sensitivity (Si) 

correlated negatively with TAG (-0.181, /?<0.001), TRL TAG (-0.125, p<Q.Q5), and 

apoE concentrations (-0.139, p<0.05), irrespective of diet. The negative relationship 

between Si and TAG and TRL TAG was demonstrated in the HFSFA and LF diets 

(Diets A and C) and in the LF diet (Diet C) only for S| with apoE. Si positively 

correlated with Total HDL-cholesterol (0.179, /?<0.001) and this was also seen in the 

HFSFA diet and more strongly in the LF diet. AIRg was significantly and negatively 

correlated with Total HDL-cholesterol (-0.149, /;><0.05), apoA l (-0.136, /;<0.05) 

apoE (-0.117, p<0.05) and apoB48 (-0.134, p<0.05). These correlations were
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somewhat stronger in the affected diet groups, HFSFA diet for apoB48 and in the 

LFnSPUFA diet for total HDL, apoA l and apoE. F3 was negatively correlated with 

TAG and apoE, in the HFM UFA and LF and in the LF diet, respectively. This IVGTT 

param eter was positively correlated with total HDL-cholesterol concentrations in the 

HFSFA, HFM UFA and LF diets. There was a negative relationship between post

intervention fasting glucose concentrations and NEFA (-0.134, p<0.05) and TRL 

apoB (-0.169, /7<0.001). This was apparent in the LFn3PUFA diet for both and in the 

HFM UFA diet for TRL apoB also. Fasting insulin and insulin to C-peptide ratio were 

positively correlated with TAG in the HFSFA and LF diets. HOM A-IR and QUICKI 

were correlated with TAG in the HFSFA, HFM UFA and LF diets and in all diets for 

C-peptide and TAG concentrations. There were significant relationships between 

post-intervention fasting insulin, HOM A-IR, QUICKL C-peptide concentrations and 

insulin to C-peptide ratio with TRL TA G  concentrations also measured after the 12- 

week study. These correlations m anifested in the HFSFA, HFM UFA and LF diet 

groups and in the HFSFA and LF diets for insulin to C-peptide ratio. Fasting insulin 

and C-peptide concentrations significantly and positively correlated with TRL 

Cholesterol in the HFSFA, HFM UFA and LF diets and negatively with QUICKI in 

the HFM UFA and LF diets. Fasting insulin concentrations (HFSFA, HFM UFA and 

LF diets), HOM A-IR (HFSFA, HFM UFA and LF diets), C-peptide concentrations 

(HFSFA and LF diets) and insulin to C-peptide ratio (HFM UFA and LF diets) 

negatively correlated with total HDL-cholesterol concentrations and positively 

correlated with QU ICKI values. Fasting insulin, QUICKI and C-peptide 

concentrations correlated with apoCIII in the LF diet group only, and positively 

correlated with apoE in the LFn3PUFA diet (Diet D) only.

Table 6.13a illustrates the correlation coefficients o f the IVGTT parameters m easured 

at post-intervention with the dietary data collected at week 12 of the intervention 

study from a 3-day weighed food diary. Substantial correlations are not observed 

between these two datasets. Si was negatively correlated with Basal M etabolic Rate 

(BM R) (-0.260, p<0.0005), with increasing Si at post-intervention associated with a 

decrease in BM R, post-intervention. There were no significant correlations observed 

for Si with any of the dietary fats m easured in grams or as a percentage o f total 

energy. AIRg was positively associated and P3 negatively associated with BMR 

(0.211, -0.217, respectively, p<0.0005). Fasting glucose concentrations m easured at
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post-intervention were also positively, albeit weakly, associated with BM R (0.101, 

p<0.05), dietary palmitic acid (C16:0g) (0.118, /?<0.05), dietary palm itoleic acid 

(C 16:lg) (0.210, /7<0.0005), Alcohol (g) and as a % energy (0.118, 0.115, 

respectively, /:x0 .05). Post-intervention fasting insulin concentrations and HOM A-IR 

values were positively correlated with BM R (0.269, 0.268, respectively, /?<0.0005) 

and protein (% energy) (0.167, 0.173, respectively, p<0.001) and weakly (r<0.20) and 

negatively correlated with dietary lauric acid (C12g) (-0.145, -0.135, respectively, 

p<0.05) and CHO (% energy) (-0.131, -0.133, /?<0.05). Post-intervention QUICKI 

values had sim ilar correlations to HOM A-IR values being a measure o f insulin 

sensitivity as opposed to insulin resistance, the direction of the relationships was 

reversed. C-peptide concentrations and insulin to C-peptide ratio calculated from post

intervention analysis were both positively correlated to BM R (0.199, 0.238, 

respectively, p<0.0005).

On splitting the dataset by diet, the correlation coefficients between IVGTT 

parameters and dietary variables at post-intervention were stronger {Table 6.13b) than 

the correlations irrespective of diet. Si was negatively correlated with Basal M etabolic 

Rate (BM R) in the HFM UFA and LF diets. Acute insulin response to glucose was 

positively associated and P3 negatively associated with BM R in the LF diet and also 

in the HFM UFA diet for P3. Fasting glucose (post-intervention) was positively 

associated with BMR in the HFSFA diet only; with dietary palm itoleic acid (C 16:lg) 

in the HFM UFA and LFn3PUFA diets and in the HFSFA diet for alcohol (g) and as a 

% of energy. For post-intervention BM R with fasting-insulin, a positive correlation in 

the HFM UFA, LF and LFn3PUFA diets were observed, and in the HFM UFA and LF 

diets for HOM A-IR and negatively correlated with QUICKI in both these diets also. 

W ith protein (% energy) the positive correlation effect with post-intervention fasting 

insulin and HOM A-IR and a negative correlation with QUICKI were apparent in the 

HFM UFA diet. As dietary lauric acid (C12g) increased in the diet, post-intervention, 

fasting insulin concentrations and HOM A-IR decreased in the HFSFA diet. CHO (% 

energy) was significantly and negatively related to both fasting insulin and HOM A- 

IR and positively related to QUICKI values post-intervention in the HFSFA diet only.

Table 6.14a presents the correlation coefficients between plasm a fatty acid 

com position (w/w%) and IVGTT param eters, irrespective o f diet post-intervention. 

The significant correlations, although weak, were further analysed across the four
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diets, illustrated in Table 6.14b and revealed stronger correlations in this post-hoc 

analysis. There were significant positive correlations of Si with plasma linoleic acid 

(C18:2;6) (0.140, /7<0.05), total PUFA (0.143, /^<0.05) and n-6 PUFA (0.151, 

/;<0.05) post-intervention and a significant negative correlation with SFA (-0.114, 

/?<0.05) although this significance was lost when the file was split by diet group (%). 

However, Si was significantly positively correlated with post-intervention plasma 

linoleic acid ( C l8:2:6), total PUFA and n-6 PUFA in the HFSFA diet (Diet A) onlj. 

AIRg was negatively correlated with n-3 PUFA (%) and this was significant in thi

HFMUFA diet at post-intervention, but not for any of the other diets. GO wa^

moderately (0 .332 ,/?<0.0005) correlated with plasm a stearic acid (C l8:0) irrespectiv; 

of diet. On further analysis, this was seen to be in all four diets post-interventior,

however, more strongly correlated in the HFSFA diet. The most significart

correlations were seen for post-intervention fasting glucose concentrations where this 

parameter was positively correlated with plasm a stearic acid ( C l8:0) (0.231, 

/)<0.0005), total SFA (0.173, /?<0.001) and n-3 PUFA (0.161, p< 0.00 l) ,  irrespective 

of diet. These correlations were significant in the HFSFA, LF and LFn3PUFA diets 

with respect to fasting glucose and plasm a stearic acid ( C l8:0); in the HFSFA and 

LFn3PUFA diets for SFA and in the LF diet for n-3 PUFA. Both P2 and P3 (pos - 

intervention) were negatively correlated with plasm a myristic acid (C14:0) (-0 .172,- 

0.173, respectively, p < 0 .05) and SFA (-0.108, -0.147, respectively, p < 0 .05). This was 

apparent in the HFM UFA and LF diets for plasm a myristic acid (C14:0%) and in the 

HFMUFA diet only for total plasm a SFA. Post-intervention fasting insulin 

concentrations were positively correlated with plasma myristic acid (C14:0) (0.132, 

p<0.05) irrespective o f diet. It was negatively correlated with plasm a linoleic acid 

(C18:2:6) (-0.142, p<0.05), plasma EPA (C20:5:3) (-0.102, /?<0.05), total PUFA - 

0.167, /j<0.001) and n-6 PUFA (-0.139, p< 0.05). W ithin the dietary treatm ents, the 

positive correlation with plasm a myristic acid (C14:0) was in the HFM UFA diet (Diet 

B); the negative correlations with plasm a linoleic acid ( C l8:2:6) was in the HFSFA 

diet (Diet A) as was the negative relationship between fasting insulin and plasm a n-6 

PUFA; The LF diet (Diet C) showed a significant negative relationship with total 

plasma PUFA and as fasting insulin increased post-intervention in the L F n 3 P U F \ 

diet (Diet D), plasm a EPA (C20:5:3) decreased. As surrogate measures o f insuh.n 

resistance HOM A-IR correlated negatively with plasm a linoleic acid ( C l8:2:6) 

(HFSFA and LFn3PUFA diets) and positively with plasm a PUFA (HFSFA and LF
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diets) and n-6 PUFA (HFSFA diet). QUICKI correlated with the same plasma fatty 

acids, however in the opposite direction.
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Table 6.8a: Correlation coefficients of IVGTT parameters post-intervention of the 12 week dietary Intervention study, Irrespective of dietary treatment
Post Sg Post AIRg Post Dl Post GO Post P2 Post P3 Post Fasting Glucose Post Fasting Insulin Post HOMA-IR Post QUICK! Post FPIR Post C-Peptid© Post Irisu iin  to  C-peptide Ratio

r  r  r r T r r r r  r  r  r r
P o sts , 0.087 ns -0.254 **• 0.325 •* • -0.178 * 0.198 0.738 ••• 0.190 -0 584 -0.373 ... 0.612 -0.244 -0.512 ... -0,491 ...
P o s I S g  0.034 ns 0.142 * 0.582 ** * -0.064 ns 0.005 ns 0.006 ns -0.072 ns -0,073 ns 0.073 ns 0.035 r̂ s -0.052 ns -0,012 ns
Post AIRg 0.781 " * -0.169 * 0.068 ns -0.071 ns -0.434 0232 ... 0.123 -0.123 0.995 ... 0.137 0,236 ...
Post Dl -0.237 •• • 0.200 0.377 ••• -0.574 -0.139 -0 248 024 8 0784 ... -0 186 -0.040 ns
Post GO -0.070 ns -0.195 0.500 ... 0.202 0.282 -0.282 -0.168 • 0.233 0.179
Post P2 0.727 ••• -0 124 -0.263 -0.266 0,266 0.072 ns -0.256 -0.099 ns
Post P3
Post Fasting Glucose

-0.276 -0.565 -0.584 0.584 -0.061 ns -0.526 -0.332 ...
0 171 -0.238 -0.387 *** -0.445 0.255 0.026 ns

Post Fasting Insulin 0 963 -0.948 ••• 0243 0.805 0.812 ...
Post HOMA-IR -0.985 * " 0.121 0.797 0.762
Post QUICK! -0,121 • -0,783 -0.747
Post First Phase Insulin Response 0.146 0,243
Post C-Peptide 0.353
r  correlation coefficient 

0,0005
* *p <  0.001

*p<0.05
ns rK?n significant
FPIR first phase ir^sulin respor^se
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T a b le  6 .8 b : C o rre la tio n  coeffic ien ts  of post-in tervention IV G T T  p aram eters  w ith in  e a c h  of the d ietary treatm ents
HFSFA die t {D iet A)

P ost AIRq P ost PI P ost GO P ost P2 P ostP 3 P ost Fastln fl G lucose P ost Fasting InsuHn P ost HOMA P ost QUICKI P ost FPIR P ost C-Peptide P ost Insu lin  to  C -peptide Ratio
r r r r r r f r r r r r

P os ts , -0.31S • 0 304 • -0,269 • 0 1 4 3  re 0 691 ••• 0 298 -0 719 -0.493 — 0.736 -0.310 • -0,606 -0,601

P ostS c 0.179 ns 0.450 **•
Post AIRg 0.701 — -0.072 ns -0.282 0.207 ns 0.152 ns -0.152 ns 0,996 ••• 0.163 ns 0.171 ns
Post 01 -0,259 • 0 206 ns 0.369 •• •0,529 -0.290 -0,345 ’ 0.345 0.707 ••• -0.263
Post GO -0.304 • 0,581 0.406 0.486 ••• -0.486 *•• -0.079 ns 0.345 0.353
P ostP 2 0.690 ••• •0 105 ns -0.269 -0.250 ’ 0.250 0,193 ns •0.318
P ostP 3 -0.302 -0.682 -0.667 ••• 0.667 -0,062 ns -0,646 -0 529
Post Fasting Glucose 0 462 -0.333 ” -0.604 -0.251 • 0.456
Post Fasting insulin 0.978 -0 978 0 .184 ns 0,909 0.755
Post HOMA-IR -1.000 ••• 0.121 ns 0.890 0.732
Post QUICK! -0.121 rw -0.890 -0,732
Post First Phase Insulin Response 0.180 ns 0,126 ns
Post C-Peptide 0 441

HFMUFA d ie t (D iet B)
P o s t AIRg P ost Dl P o s t GO P o st P2 P ost P3 P ost Fas tln fl G lucose Post Fasting InsuHn P ost HOMA P ost QUICKI P ost FPIR P o st C -Peptide P o s t insu lin  to  C -peptlde Ratio

r r r r r r r r r r r r
Post S, -0.203 • 0.270 • -0.1S4 ns 0.182 ns 0.751 — 0.226 -0.507 -0.311 0.554 — -0.195 ns -0.424 •0,416

PosIS g 0.199 r« 0.537 *”
Post AIRg 0.S51 • -0.185 ns -0,484 0,166 ns 0.051 ns •0.051 ns 0.996 -0.002 ns 0,193 ns
P oslD I -0.212 ■ 0.287 ’ 0.424 * " -0.608 -0.113 re -0.241 • 0.241 0.853 •” -0,230
Post GO -0,098 ns 0.558 0 1 5 7  ns 0.268 -0.268 -0 ,184 ns 0.207 0.081 ns
P ostP 2 0 715 • " -0,135 ns -0.251 -0.252 • 0,252 0.146 ns -0.256
P ostP 3 ■0.325 -0519 -0.568 • " 0.568 0,048 ns -0.467 -0 428
Post Fasting Glucose 0.070 ns -0,272 • -0.286 -0.474 ••• 0.218
Post Fasting Irsulin 0.972 -0,918 ••• 0.190 • 0.789 0,786
Post HOMA-IR -0 9 4 6  •” 0.085 ns 0.800 0,742
Post QUICKI -0.085 ns -0,747 -0,687
Post First Phase Insutin Response 0,036 rs 0,199
Post C-Peptide 0.301

LF diat (P lat C)
P o s t AIRg P o s tD I P ost GO P ost P2 P ost P3 P ost Fasting G lucose P o s t Fasting Insulin P ost HOMA P ost QUICKI P ost FPIR P ost C-4*eptide Post Insu lin  to  C-CAPtide Ratio

r r f r r f  r  r  r  r  r  r
Post S| -0,268 • 0.327 • -0,093 ns 0.227 • 0,757 ••• 0 192 ns -0,543 •0,386 0.591 -0,272 • •0,451 -0.505

P ostS c 0.169 ns 0,738 • "
Post AIRg 0,781 ••• -0,187 ns -0.555 0,313 0.186 ns -0,186 ns 0,994 •’ * 0,137 ns 0.416
Post Dl -0,172 ns 0.122 ns 0.354 ” -0,704 -0,031 ns •0.181 ns 0.181 ns 0,775 -0,146 ns
Post GO •0.116 ns 0.381 0,059 ns 0 124 -0,124 ns -0,184 ns 0,126 ns 0.062 ns
P ostP 2 0,757 •0.066 ns -0,232 -0.254 0.254 -0,088 ns -0.248
P ostP 3 ■0 271 -0,472 -0.529 0.529 -0 ,134 ns -0.447 -0.394
Post Fasting Glucose 0,043 ns -0.061 ns -0.246 -0.563 ••• 0.167 ns
Post Fasting Insulin 0.968 -0.968 0,382 *•• 0.726 0.856
Post HOMA-IR -1.000 0,241 • 0.722 0,813
Post QUICKI -0,241 • -0.722 -0,813
Post First Phase Insulin Response 0.206 0,461
Post C-Peptide 0,326

LF n-3 PUFA d ie t (D iet D)
P o s t AIRg P o s tD I P ost GO P o s tP 2 P ost P3 P ost Fasting G lucose P os l Fasting k \su lin P ost HOMA P ost QUICK! P o s t FPIR P ost C-Peptide P ost Insu lin  to  C ^ e p tid e  Ratio

f r r r r r r r r r
P osts , -0.250 • 0,392 ••• -0.135 ns 0,241 • 0,748 •” -0.001 -0.593 ■0.328 0.574 -0,202 ns -0.556 -0,431
Post Sg 0.048 ns 0.577 •••
Post AIRg 0,737 ••• •0.244 • -0,333 0.247 0.145 ns -0.145 r« 0,991 0.278 0,150 ns
P ostD I •0.292 ’ 0,195 ns 0,353 • -0,413 -0 150 ns •0.207 ns 0.207 ns 0,761 -0.092 ns
Post GO -0,240 • 0,442 0.166 ns 0.224 -0,224 -0.243 ’ 0.227 0,113 ns
Post P2 0,729 ••• -0,255 -0,242 -0.274 0,274 0.101 ns -0.230
Post P3 -0,245 -0.567 -0.553 0,553 -0 090 ns -0.552 -0,429
Post Fasting Glucose 0.125 r« -0.280 -0,400 -0,472 ” • 0.206
Post Fasting Insulin 0 9 3 2 -0,932 0,192 ns 0.755 0.835
Post HOMA-IR -1,000 0.043 ns 0.746 0.745
P osl QUICKI -0,043 ns -0.746 -0.745
Post F irst Phase Insulin Respor^e 0.177 ns 0.112 ns
P osl C-Peptide 0.323
r  correlation coefTicient 
•••p<0.0005
” p<0.001
•p<0.05
ns non significant
FPIR first phaso insutin response
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Tab le 6.9a: Correlation coefficients between IVGTT parameters and Anthropometric variables, posl-inlervention of the 12 week dietary study, irrespective of dietary treatment
Post-kflervention Anthropometirc Variables

Body Weiaht BMI Waist Hip Diastolic BP Systolic BP Body Fat V» Body Fat kg .ean Body Mass % .ean Body Mass kg Body Water % Body Water L h^pedance Change Body Weight
r r r r r r

P osts, -0,299 -0,323 ••• -0.399 ••• -0.148 -0,199 -0,113 0,011 re -0.152 0.019 re -0.170 0,022 re -0 154 * 0.238 -0.071 re
Post So -0.014 ns -0.004 re -0.045 ns 0,013 re •0.020 re 0.055 re -0,036 re -0,059 re 0.030 re 0.032 re 0,051 re 0 040 re -0.029 re -0.025 re
Post AIRg 0.176 •• 0.107 ’ 0.199 • " 0.048 re 0,123 0.023 re -0 087 re 0,015 re 0.114 0.200 . . . 0.090 re 0.165 • -0.174 0.037 re
Post Dl 0.000 ns -0.097 re -0.053 re -0,043 re 0,004 re -0.044 re -0,091 re -0 086 re 0.150 0.120 • 0.133 • 0.090 re -0.054 re 0.007 re
Post GO 0.147 0.236 ••• 0.159 • 0,192 0,115 0.081 re 0,160 0.190 -0.116 0.027 re -0.061 re 0.044 re -0.013 re 0118
Post P2 -0.107 re -0.107 * -0.125 * •0,007 re -0.013 re •0.082 re -0 066 re -0.113 0,039 re -0.021 re 0.069 re 0 004 re 0.190 0.031 re
Post P3 -0.24S . . . -0.265 •** •0.337 -0.096 re -0,137 -0.139 -0,034 re -0.177 0.029 re -0.131 • 0.048 re -0.109 re 0.251 -0 041 re
Post Fasting Glucose 0.103 0.125 * 0.121 • 0049 re 0100 0.121 -0 033 re 0.005 re -0.030 re 0.035 re -0.006 re 0.046 re -0.146 0.047 re
Post Fasting Insulin 0.346 . . . 0.413 **• 0.419 **• 0,300 0.222 . . . 0.091 re 0,075 re 0.249 . . . •0.022 re 0.191 . . . -0.057 re 0.163 -0.113 0160
Post HOMA-IR 0.341 . . . 0.407 0.417 — 0,292 0.238 0,127 0,061 re 0.230 . . . •0.021 re 0.185 . . . -0.051 re 0.161 -0.136 0.160
Post QUICKI -0.327 -0.397 ••• -0.410 -0.284 -0.251 -0,139 -0 061 re -0.230 0.021 re -0.185 . . . 0.051 re -0.161 0.136 -0,155
Post Firet Phase Insulin Response 0,164 " 0.126 • 0,176 — 0,077 re 0.120 0,005 re •0.024 re 0.062 re 0.075 re 0.160 0.052 re 0 132 -0.123 0.058 re
Post C-Peptide 0.313 ... 0.395 ••• 0402 *** 0.279 0.244 0,126 0.148 0.297 -0.081 re 0,159 •0.072 re 0.145 -0.045 re 0,219
Post Insulin to C-peptide Ratio 0,279 0.331 — 0.325 ••• 0,261 0.122 0,025 re 0005 re 0.156 0.008 re 0.154 -0.042 re 0.127 -0.155 ■ 0.078 re
r correlation coefficient 
'**p< 0.0005 
••p<  0.001
•p<0.05
ns nonsignificant
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Tab le 6.9b: Correlation coefficients between post-intervention IVGTT parameters and post-inten/ention anthropometric measurements within each of the dietary treatments 
_____________________________________________________________________________________________________________________HFSFA diet (Diet A) PosMntervention_____________________

Body Weight BMI Waist Hip Dias BP Sys BP Body Fat % Body Fat kg Lean Body Mass*/* Lean Body Mass kg Body Water*/. Body Water L hnpedance Change Body Weight
r r r r r r r r r r r

Post S( -0.356 • -0.393 •* -0,450 ••• -0.293 • -0.294 -0.150 ns -0226 ns -0.073 ns -0.128 ns 0,165 ns
PostAIRg 0.145 ns 0.079 ns 0,222 ns 0.102 ns 0.184 ns -0,020 ns 0.048 ns 0,089 ns -0,127 ns
Post D1 0.141 ns 0.048 ns 0,093 ns
Post GO 0,297 • 0.375 •• 0.315 * 0.325 0.201 ns 0.070 ns 0.157 ns -0,021 ns 0 039 ns
Post P2 •0.083 re -0.049 ns -0,098 ns 0,219 ns
Post P3 -0.269 -0.333 -0.362 * •0.162 ns -0.162 ns -0281 -0,035 ns 0,238 ns
Post Fasting Glucose 0.214 0.290 0.293 * 0.224 0126 ns -0,110 ns
Post Fasting Insulin 0.335 0.520 0.493 ••• 0.421 0,328 0 362 0.009 ns 0.027 ns 0.316
PoslHOMA-IR 0.339 •• 0.507 0,485 ••• 0.423 0,344 0,204 • 0.329 0.023 ns 0.030 ns -0,014 f̂ S 0,305
Post QUICKI -0.339 -0.507 -0,485 — -0423 -0,344 -0,204 • -0.329 -0.023 ns -0.030 ns 0,014 ns -0 305
Post First Phase Insulin Respor^e 0.165 ns 0.173 ns 0.197 ns 0,176 ns 0.069 ns -0,172 r^
Post C-Peptide 0.331 0.485 0.476 ••• 0.373 0,433 0,260 • 0,289 0.399 0,033 ns 0.045 ns 0,277
Post Insulin to C-peptide Ratio 0.284 0.405 0.356 " • 0.339 0,060 ns 0-252 0,014 ns 0.028 ns -0.084 ns

HFMUFA diet (Diet B) Post-htervention
Body Weight BMI Waist Hip Dias BP Sys BP Body Fat % Body Fat kg Lean BodyMassV* Lean Body Mass kg Body Water*/* Body Water L Impedance Change Body Weight

r r r r r r r r r r r r r
Post S, -0.256 • -0.322 • -0.354 -0.102 ns -0.189 ns -0,095 ns -0.196 ns -0,122 ns -0.092 ns 0.310 •
PostAIRg 0.109 ns 0 106 ns 0.144 ns -0.023 ns -0.024 ns 0017 ns 0,068 ns 0.021 ns 0.017 ns
Post Di 0,121 ns 0.077 ns 0,149 ns
Post GO 0.196 ns 0.227 • 0.141 ns 0.165 ns 0.303 0,113 ns 0.203 ns -0,008 r»s 0 045 ns
Post P2 -0.180 ns -0.245 • •0.115 ns 0,324
PostP3 -0.263 * -0.310 * -0.383 ••• -0.134 ns -0.151 ns -0.174 ns -0,143 n 0,405
Post Fasting Glucose 0.14S ns 0.149 ns 0.135 ns 0,225 0,189 • -0.207 ns
Post Fasting Insulin 0.386 . . . 0.437 . . . 0.384 ••• 0.296 • 0.175 ns 0.242 0,298 0.248 • 0,101 ns
PoslHOMA-IR 0.406 . . . 0.450 0.399 ••• 0.302 0 224 0.020 ns 0.260 0.302 • 0.258 * -0,258 0,119 ns
Post QUICKI -0.352 -0.412 -0.370 ••• -0.266 -0,269 -0.060 ns -0,260 -0.302 • -0.258 0,258 -0094 ns
Post First Phase Insulin Response 0.099 ns 0.093 ns 0.124 ns 0,063 ns 0.071 n 0 051 ns
Post C-Peptide 0.321 0.484 0.346 ••• 0.297 0,126 ns 0.002 ns 0,224 0.377 0,147 n 0.117 ns 0,175 ns
Post Irsiiin  to C-peptide Ratio 0,324 •* 0.283 0.314 •• 0,269 0 104 ns 0 041 ns 0.326 0.277 -0,378 *•

LF diet (Diet 0) Post-htervention
Body Weight BMI Waist Hip Dias BP Sys BP Body Fat V. Body Fat kg Lean Body Mass*/* Lean Body Mass kg BodyWaterV* Body Water L h>pedance Change Body Weight

r r r r r r r r r r r r
Post S. -0.493 . . . •0.381 . . . -0.482 ••• -0.110 ns -0.087 ns -0.005 ns -0.229 -0.450 . . . -0.441 0,358 •
Post AIRg 0.224 • 0.169 ns 0.177 ns 0128 ns 0.290 0,208 ns 0.333 0.312 •• -0.263 •
Post DI 0,125 ns 0.065 ns 0.077 ns
Post GO -0.032 ns 0.126 ns 0,020 ns 0.061 ns -0.114 ns 0,273 0.167 ns -0,279 0.292
Post P2 -0,086 ns -0,093 ns -0.092 rs 0.121 ns
PoslP3 -0.377 . . . -0.276 * -0,355 •• -0.024 ns 0.057 ns -0.190 ns -0.348 0.228 ns
Post Fasting Glucose 0.003 ns 0.055 ns 0,069 ns -0.146 ns -0.004 re -0.093 ns
Post Fasting Insulin 0.444 . . . 0.329 ** 0,408 ••• 0.226 * 0.154 ns 0.307 0.394 0.397 . . . 0.092 ns
Post HOMA-IR 0.430 . . . 0.343 . . . 0.421 ••• 0,221 0,144 ns 0.063 ns 0.288 0.375 0.384 . . . -0.168 ns 0.100 ns
Post QUICKI -0,430 . . . -0.343 . . . -0,421 — -0,221 -0,144 ns -0.063 ns -0.288 -0.375 -0.384 . . . 0.168 ns -0.100 ns
Post First Phase Insulin Resporse 0,272 0.185 ns 0,221 * 0,262 0.338 -0.230
Post C-Peptide 0,360 0.311 •• 0.397 0,202 0,152 ns 0.045 ns 0,062 ns 0.279 0.314 0.333 0.187 ns
Post Insulin to C-peptide Ratio 0,370 0.274 0.321 •• 0,198 0.112 ns 0.267 0.333 0.326 -0.142 ns

t ^  0-3PUFA diet (Diet D) Posl>bi(ervention
Body Weight BMI Waist Hip Dias BP Sys BP Body Fat % Body Fat kg Lean Body Mass*/* Lean Body Mass kg Body Water*/. Body Water L knpedance Change Body Weight

r r r r r r r r r r r r r
Post S| -0,090 ns -0.199 ns •0.322 • -0 125 ns -0.266 -0.257 • 0.028 rs -0.013 ns 0.098 rts 0.096 ns
Post AIRg 0,230 • 0.071 ns 0,305 • -0.020 ns 0.055 ns 0,276 0.367 0.226 ns -0.392
Post DI 0,230 ns 0.306 • 0.194 ns
Post GO 0,147 ns 0.225 0,203 ns 0.185 ns 0,008 ns 0.225 ns 0.237 •0,168 ns 0.102 ns
Post P2 -0.101 ns -0.091 ns -0,182 ns 0,030 re
Post P3 -0,059 ns -0.168 ns -0.244 * -0.237 -0.333 * -0.101 ns 0.052 ns 0,034 rs
Post Fasting Glucose 0,054 ns 0.022 ns -0.010 ns 0.072 ns 0,165 ns -0.198 ns
Post Fasting Insulin 0,193 ns 0.356 0.388 *” 0.250 • 0.245 0.066 ns 0.026 ns -0.061 ns 0.160 ns
PostHOI^A-IR 0.170 ns 0313 0,346 •• 0.223 • 0.261 0,247 * 0.045 ns 0.001 ns -0.071 ns -0.036 ns 0.123 ns
Post QUICKI -0.170 ns -0.313 -0,346 •• -0.223 • -0.261 -0,247 * -0 045 ns •0,001 ns 0.071 ns 0.036 ns -0,123 ns
Post First Phase Ir^ulin Response 0.139 re 0.079 ns 0,203 • •0.029 ns 0,187 ns -0.141 ns
Post C-PepHde 0.260 0.290 0,404 ••• 0.237 0.279 0,200 ns •0.018 ns 0126 ns 0,167 ns 0,097 ns 0,217
Post Insulin to C-peptide Rabo 0,139 ns 0 388 ... 0,327 •• 0.270 0.187 ns 0.103 ns -0,085 ns -0.137 ns -0.024 ns
r  correlation coefficient 
•••p< 0.0005
**p< 0.001
•p<0.05
nsnon significant
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T ab le  6.10a: Correlation coefficients between IVGTT param eters and inflam m atory cytokines, post-intervention o f the 12 week dietary study, irrespective o f dietary treatment

Post-tntervention IVGTT parameters
t , 8 . AIR. ni GO P2 P3 Fasting Glucose Fasting Insulin HOMA-IR QUICKI FPIR

r r r r r r r r r r r /

Post CRP -0.087 ns -0.026 ns 0,079 ns 0.260 ns 0.036 ns 0.019 ns -0,017 ns -0.013 ns 0.103 0.093 ns -0,089 ns 0,070 ns
Post IL-« 0,002 ns -0.056 ns 0.083 ns 0.060 ns -0.029 ns 0.007 ns 0.016 ns 0.002 ns 0,089 ns 0.077 ns -0,083 ns 0,036 ns
Post TNFo -0.078 ns -0.028 ns -0.061 ns -0.091 ns 0.097 ns 0.089 ns 0.028 ns 0.130 0.116 •• 0.135 -0,122 -0.055 ns
Post slCAM-1 -0.178 •• 0.015 ns 0.049 ns -0.085 ns 0.037 ns 0.059 ns -0.059 ns 0,042 ns 0.164 •* 0,163 -0,151 0,031 ns
Post sVCAM-1 -0.038 ns -0.103 ns 0.006 ns -0.043 ns -0.095 ns 0.018 ns -0.030 ns -0.038 ns 0,067 ns 0,058 ns -0.071 ns 0,022 ns
Post Resistin -0.047 s 0.086 ns 0.030 ns 0.014 ns 0.101 ns 0.022 ns -0.019 ns 0.038 ns 0,078 ns 0,080 ns -0,072 ns 0,039 ns
Post Adiponectin 0  116 0 059 ns -0.148 -0.046 ns 0.080 ns 0.017 ns 0.081 ns 0,050 ns -0.117 -0,100 0.109 -0,064 ns
Post Leptin -0.177 -0.046 ns -0.018 ns -0.148 0.197 -0.053 ns -0.129 0,086 ns 0,273 0.271 -0,264 0,037 ns
T correlation coefficient 

0.0005 
•*p<0.001 
•p<0.05
ns non significant

Tab le  6.10b: Correlations t>etween post-intervention CRP and IVGTT param eters across the dietary treatments 

___________________________________________   P o s t-In te rv e n tio n  C R P _________________________
H FSFA d ie t (D ie t A) H FM UFA d ie t (D ie t B) LF d ie t (D ie t C) LFn-3PU FA d ie t (D ie t D)

r r r r
Post Fasting Insulin 0,214 0.228 • -0,076 ns 0,045 ns
ns (non significant).’  (p<0.05). •• (p<0,001). ••• (p<0.(XX)5)

Tab ie  6.10c: C orrelations between post-intervention TNFa and IVGTT param eters across the dietary treatments

P o s t- In te rv e n tio n  TNFa
H FSFA d ie t (D ie t A) HFM UFA d ie t (D ie t B) LF d ie t (D ie t C) LFn-3PU FA d ie t (D ie t D)

r r r r

Post Fasting Insuiin 0.124 ns 0,105 ns 0,06 ns -0.189
Post Fasting G lucose 0.11 ns 0.146 ns 0,012 ns 0,208
Post HOMA-IR 0,137 ns 0.133 ns 0.042 ns 0,229
Post QUICKI -0,137 ns -0.087 ns -0,042 ns -0.229
ns (non stgnilicanl),* (p<0.05). "  (p<0.001), (p<0.0005)

T a b le  6 .10d ; Correlations betw een post-intervention s IC A M  and IV G T T  param eters across the dietary treatm ents
_________________________________________________________P o s t- in te rv e n tio n  sIC AM  _______________________________

H FSFA d ie t (D ie t A) HFM UFA d ie t (D ie tB ) LF d ie t (D ie t C) LFn-3PU FA d ie t (D ie t D)
r f r r

Post Si -0.184 ns 0.000 ns -0.298 -0,201 ns
Post Fasting Insulin 0,231 0.082 s 0.202 0.144 ns
Post HOMA-IR 0,26 0.082 ns 0.225 0.088 ns
Post QUICKI -0.26 ns -0.037 ns 0,225 -0,088 ns
ns (non significani).* (p<0 05), ”  (p<0.001), **’  (p<0.0005)

Ta b le  6 .10e; Correlations betw een post-intervention Adiponectin and IV G T T  param eters across the dietary treatm ents  
______________________________________________________P o s t-In te rv e n tio n  A d ip o n e c tin ________________________________

H FSFA d ie t (D ie t A) H FM UFA d ie t (D ie tB ) LF d ie t (D ie t 0 ) LFn-3PU FA d ie t (D ie t D)
r r r r

Post Fasting Insulin 0,04 ns -0,127 ns 0.194 -0,088 ns
Post HOMA-IR 0.058 ns -0,155 ns -0.155 ns -0.197 ns
Post QUICKI -0.058 ns 0.144 ns 0.155 ns 0.197 ns
ns (nonsignificant),’  (p<0.05), ** (p<0.001), *•* (p<0.0005)

Ta b le  6 .10f; Correlations betw een post-intervention Leptin and IV G T T  param eters across the dietary treatm ents
______________________________________________ P o st-In te rve n tio n  Le p tin _____________________________________________

H FSFA d ie t (D ie t A) H FM UFA d ie t (D ie tB ) LF d ie t (D ie t C) LFn-3PU FA d ie t (D ie t D)
r r r r

Post Si -0.242 0.2 ns -0.077 ns -0.127 ns
Post GO 0.175 ns 0.284 • 0.192 ns 0.131 ns
Post P3 -0.117 ns -0.064 ns -0.159 ns -0.156 ns
Post 01 -0.214 ns -0.15 ns -0.098 ns -0.116 ns
Post HOMA-IR 0.398 0.227 0.23 • 0.203 ns
Post QUICKI -0.398 ... -0.204 -0,23 -0,203 ns
ns (non significani),* (p<0.05), ** (p<0.001), *** (p<0.0005)
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Table 6.11a: Correlation coefficients between IVGTT parameters and markers of coagulation, post-intervention of the 12 week dietary study, irrespective of dietary treatment

PAI-1 tPA Fibrinogen
r r r

Post S| -0 .248 *** -0 .337 ... 0.042 ns

Post S q 0.051 ns 0.027 ns -0.061 ns

Post AIRg -0.059 ns 0.069 ns 0.049 ns
P os tD I -0.210 -0.167 • 0.080 ns
Post GO 0.278 0.202 ... -0.031 ns
P ostP 2 -0.122 ’ -0 .102 ns 0.045 ns
P ostP 3 -0.235 *** -0.276 • •• 0.077 ns
Post Fasting G lucose 0.271 *** 0.209 ... -0.124 •

Post Fasting Insulin 0.300 *** 0.350 ... 0.014 ns
P ostH O M A -IR 0.341 *** 0 .375 ... -0.009 ns
Post QUICKI -0.328 *** -0 .363 ... 0.011 ns
Post F irst Phase Insulin Response -0.030 ns 0.061 ns 0.045 ns
Post C-Peptide 0.381 *** 0.407 ... 0.037 ns
Post Insulin to  C-peptide Ratio 0 .162 ** 0.207 ••• -0.001 ns
r  correlation coeffic ient 
***p< 0 .0005
* *p < 0 .0 0 1
*p< 0 .05
ns non s ign ificant

Table 6.11b: Correlation coefficients between post-intervention IVGTT parameters and post-intervention markers of coagulation within each of the dietary treatments

HFSFAdiet (Diet A) HFMUFA diet (Diet B) LF diet (DietC) LFn-3PUFAdiet (Diet D)
Post PAI-1 Post tPA Post PAI-1 Post tPA Post PAI-1 Post tPA Post PAI-1 Post tPA

r r r r r r r r
Post S| -0.194 ns -0.570 ... -0.283 * -0.219 * -0.225 * -0.290 * -0.230 • -0.297 *

P o s tD I -0.204 ns -0.198 ns -0.280 • -0.194 ns -0.130 ns -0.151 ns -0.181 ns -0.114 ns
Post GO 0.236 * 0.214 ns 0.435 . . . 0 .133 ns 0.269 * 0.147 ns 0.203 ns 0.333 •

P o s tP 2 -0.078 ns -0.169 ns 0.023 ns -0.223 ns
P o s tP 3 -0.233 * -0.327 * -0.272 • -0.242 * -0.160 ns -0.281 -0.242 -0.256 *

Post Fasting G lucose 0.269 * 0.329 0.330 . . . 0 .112 ns 0.158 ns 0.202 0.296 0.210 *

Post Fasting Insulin 0.317 * 0.486 . . . 0.396 . . . 0.321 •• 0.284 • 0.334 . . . 0.218 0.274 *

P ostH O M A -IR 0.342 ** 0.508 . . . 0 .442 . . . 0.328 . . . 0.293 * 0.372 . . . 0.278 0.310 *

Post QUICKI -0.342 •* -0.508 . . . -0.393 . . . -0.285 * -0.293 * -0.372 . . . -0.278 -0.310 •

Post C-Peptide 0.352 . . . 0.459 . . . 0 .467 . . . 0.359 . . . 0.358 . . . 0.436 . . . 0.371 . . . 0 .377 . . .

Post Insulin to  C-peptide Ratio 0.164 ns 0.370 ••• 0.219 0.168 ns 0.160 ns 0.185 ns 0.107 ns 0.156 ns
r  correlation coefficient 
***p < 0 .0 00 5
* *p < 0 .0 0 1
*p< 0 .05
ns non s ign ificant
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Table 6.12a: Correlation coefficients between IVGTT parameters and lipid fractions and apolipoproteins, post-intervention of the 12 week dietary study, irrespective of dietary treatment
Post-Intervention Lipids and Apolipoproteins

TAG C ho le s te ro l NEFA TRL TAG TRL C ho les te ro l LDL To ta l HDL A po A1 A po B A po CM A po  CItl A po E Apo B48 TRL A po B
r  r  r  r  r  r  r  r  r  r  r  r  r  r

Post S| -0.181 ** 0.019 ns -0.039 ns -0.125 * 0.039 ns -0.043 ns 0.179 ** 0.108 ns -0.082 ns -0.031 ns -0.086 ns -0.139 * 0.011 ns 0.056 ns

Post Sg -0.013 ns 0.041 ns -0.127 * 0.072 ns 0.007 ns -0.030 ns 0.055 ns 0.106 ns 0.044 ns 0.018 ns 0.074 ns 0.010 ns 0.023 ns -0.111 ns
Post AIRg 0.029 ns -0.090 ns -0.037 ns 0.045 ns 0.057 ns -0.042 ns -0.149 * -0.136 * -0.039 ns -0.039 ns -0.008 ns -0.117 • -0.134 * 0.063 ns
Post Dl -0.095 ns -0.086 ns -0.071 ns -0.031 ns 0.025 ns -0.075 ns -0.046 ns -0.086 ns -0.083 ns -0.066 ns -0.063 ns -0.200 . . . -0.105 ns 0.082 ns
Post GO -0.052 ns 0.030 ns -0.062 ns 0.026 ns -0.075 ns -0.072 ns 0.057 ns 0.088 ns 0.058 ns -0.064 ns 0.065 ns 0.037 ns 0.010 ns -0.174 •

1 Post P2 -0.046 ns 0.021 ns -0.096 ns -0.016 ns -0.005 ns 0.017 ns 0.065 ns 0.022 ns 0.005 ns -0.003 ns -0.010 ns -0.077 ns -0.042 ns 0.023 ns
] Post P3 -0.169 • 0.035 ns -0.106 ns -0.118 • -0.058 ns -0.010 ns 0.163 * 0.075 ns -0.055 ns -0.039 ns -0.074 ns -0.142 • -0.004 ns 0.042 ns

Post Fasting G lucose 0.016 ns 0.022 ns -0.134 * -0.010 ns -0.039 ns 0.010 ns -0.040 ns 0.013 ns 0.087 ns 0.016 ns 0.082 ns 0.076 ns 0.071 ns -0.169 ..

Post Fasting Insulin 0.271 *** -0.006 ns -0.014 ns 0.269 . . . 0.181 . . . 0.034 ns -0.215 . . . -0.052 ns 0.094 ns 0.052 ns 0.101 * 0.129 * 0.063 ns 0.075 ns
Post HOMA-IR 0.243 *** -0.019 ns -0.048 ns 0.232 . . . -0.092 ns 0.021 ns -0.205 . . . -0.048 ns 0.085 ns 0.030 ns 0.094 ns 0.123 * 0.058 ns 0.028 ns
PostQ U IC KI -0.249 *** 0.018 ns 0.049 ns -0.239 . . . -0.144 * -0.021 ns 0.199 . . . 0.049 ns -0.081 ns -0.036 ns -0.102 * -0.123 * -0.073 ns -0.038 ns
Post First Phase Insulin Response 0.071 ns -0.034 ns -0.028 ns 0.091 ns 0.107 * -0.021 ns -0.127 * -0.113 * 0.013 ns 0.002 ns 0.053 ns -0.073 ns -0.069 ns 0.096 ns
Post C-Peptide 0.263 *** 0.065 ns 0.014 ns 0.266 . . . 0.207 . . . 0.066 ns -0.183 . . . -0.056 ns 0.156 * 0.101 * 0.165 0.136 • 0.053 ns 0.084 ns
Post Insulin to C -peptide Ratio 0.180 *** -0.060 ns -0.032 ns 0.170 0.081 ns -0.002 ns -0.164 . . -0.029 ns 0.009 ns 0.008 ns 0.016 ns 0.092 ns 0.055 ns 0.012 ns
r  correlation coefficient 
***p< 0.0005
"p<0.001
*p<0.05
ns non sign ificant
TAG, Trig lycerides; NEFA, Non esterified fatty acids; TRL trig lyceride rich lipid; LDL, low density lipoprotein; HDL, high density lipoprotein; Apo, apolipoprotein



279

Table 6.12b: Correlation coefficients between post-inten/ention IVGTT parameters and post-inten/ention lipid concentrations within each of the dtetar/ treatments

H FSFA d ie t (D ie t A) P o s t-In te rve n tio n

P ost TAG  P o s t N EFA P o s t T R L TAG P o s t T R L C ho les te ro l P ost LD L  P o s t T o ta l HDL P ost Apo A1 P o s t i ^ o  B P o s t Ad o  cm P o s t Apo CHI P o s t A p o  E P o s t A p o  B48 P o s t T R L Apo B
r  r  r r r  r  r r r r  r r r

P ost S| -0,276 • -0.141 ns •0.270 0.074 ns -0.051 ns 0 263 0 168 ns •0.209 ns

P ost Sq -0.12S ns -0.114 ns
P osl AIRg •0.113 ns '0 .00 6  ns 0.021 ns -0.415
Post Dl -0.077 ns •0,123 ns
P osl GO -0.293
P osl P3 -0.208 ns -0.233 0.273 •0.110 ns
P osl Fasting G lucose •0.092 ns •0.156 ns
Post Fasting Insulin 0.292 • 0.321 0.246 -0.251 0.155 ns 0.177 ns
P osl HOM A-IR 0.243 • 0.285 -0.229 0.167 ns
P osl QUICKI -0 243 • -0.285 -0.196 r)s 0.229 -0.163 ns •0.167 ns
P osl F irs t Phase Insulin Response 0.113 ns -0.122 ns •0.031 rs
P ost C -Peplide 0.246 • 0.302 0.252 -0  235 0.297 * 0.180 ns 0.154 ns 0.145 re
P osl Insulin to C -pep lide Ratio 0.217 • 0.240 •0.180 ns

H FM U FA d ie t (D ie t B) P o s t-In te rve n tio n

P o s l TAG P o s t NEFA P o s t T R L  TAG P o s t T R L C ho les te ro l P o s t LD L  P o s t To ta l HDL P o s t Apo A1 P ost A p o  B P o s t A p o  C» P o s t A p o  GIN P o s t Apo E P o s t Apo B48 P o s t T R L Apo B
r r r r r  r r r r r f r r

P ost S, •0.09S ns •0.047 ns •0.082 ns 0.029 ns 0.067 ns 0.056 ra 0.091 ns -0.126 ns

P ost Sq •0,204 -0.148 ns
P ost AIRg •0.027 r» •0.037 ns •0.171 fs -0 167 ns
P o s tD I •0.199 ns •0 .246 •
P o s l GO -0.189 ns
P o s lP 3 -0.224 -0.180 ns 0.211 •0.145 ns
P osl Fasting G lucose -0.105 ns -0.218
P osl Fasting InsuNn 0 171 ns 0.267 0.211 •0.229 0.023 ns 0.093 ns
P osl MOMA-IR 0 197 0.265 •0.211 0.133 ns
P ost QUICKI •0.222 -0.294 -0.227 0.184 ns •0 .080 ns -0.136 ns
P ost F irs t Phase Imuhn Response 0.068 ns -0 014 ns -0.018 ns
P osl C 'Peptide 0.235 0.249 0.245 •0 178 ns 0.089 ns 0.074 ns 0.125 ns 0.132 ns
P ost Insulin to C -peptide Ratio 0.071 0.137 ns •0.190

LF d U t ( p u t  C) P o s t- ln tT v e n tlo n

P o s l TAG  P o s t N EFA P o s t T R L  TAG P o st TR L C ho les te ro l P ost LD L  P o s t T o ta l H D L P o s t Apo A1 P o s l A p o  B P o s t Apo Cll P o s l A p o  cm  P o s t Apo E P o s t Apo B48 P o s t TR L Apo B
r  r  r r r  r  r r r r  r r r

P ost S, -0.283 • -0.035 -0.213 0.036 ns -0.112 ns 0.328 0.199 ns •0.223

P ost So -0.063 ns -0,115 ns

P ost AIRg •0.180 ns -0.180 ns •0.034 ns 0.019 ns
P o s tD I 0.002 ns •0.149 ns
P ost GO -0.036 ns
P ost P3 -0.226 • •0.160 ns 0.228 •0.228 •
P ost Fasting G lucose -0.027 ns -0,077 ns
P ost Fasting Insulin 0.442 ••• 0.371 0.263 -0.272 0.240 • 0.038 ns
P ost HOM A-IR 0.396 ••• 0.307 -0.265 0.036 rts
P ost QUICKI -0.396 ••• -0.307 -0.204 0.265 -0.210 -0.036 ns
P ost F ir^ t Phase Insulin Response 0.186 ns •0.163 ns -0.150 ns
P osl C-Peptide 0.350 ••• 0.337 0.241 •0.204 • 0.083 ns 0.087 ns 0.285 0,055 ns
Post Insulin to C-peptide Ratio 0.285 • 0.239 •0.194 •

n3 PU FA d ie t (D ie t D) P o s t-In te rve n tio n

P o s l TAG P o st NEFA P o s l T R L TAG P o st T R L C ho les te ro l P o s t LD L P o s l T o la i H D L P o s t Apo A1 P o s t Apo B P o s t A p o  C ll P o s t Apo cm P o s t Ap o E P o s t A p o  B48 P o s t T R L  A p o  B
r r r r r r r  r r r r r r

P ost S| •0.101 ns 0.045 ns 0.062 rs 0.034 ns •0.104 ns 0.074 ns -0.063 ns -0.026 rs

P osl Sq •0.119 ns •0.020 ns

P ost A IRg -0 275 •0.275 -0,225 • •0 ,019 ns
P o s tD I •0 .079 ns ■0.205 ns
P ost GO •0,158 rts
P ost P3 0.007 ns 0.157 ns -0.082 ns -0,065 ns
P ost Fasting G lucose •0.278 • •0.259
P ost Fasting Insulin 0.184 ns 0.097 r» 0.018 ns -0.108 rts 0.022 ns 0.200
P osl HOM A-IR 0.131 ns 0.036 ns -0.097 ns 0.166 ns
P osl QUICKI •0.131 ns •0.036 ns 0.056 ns 0.097 ns 0.028 ns -0.166 ns
P osl F irs t Phase Irtsulin Response 0.141 ns -0.192 ns •0.220
P osl C-Peptide 0.216 • 0.110 ns 0.057 rts •0 084 ra 0.146 ns 0.058 ns 0.117 ns 0,203
P osl Insulin to C-peptide Ratio 0.136 ns 0.043 ns •0,065 ns

r  co rr tla tio n  c oB ffc ia n l 
• • •p < 0  0005 
•*P<0.001 
•p < 0  05
ns non s ignificanl
TAG , Thg lycaridvs: NEFA, Non •stB iifiB d fa tty  acids; TRL tiig lyca ride  rich lipid; LOL. low density bpoprotain; HDL, high density lipoprotein; Apo, apolipoprotein



Table 6.13a: Correlation coefficients between IVGTT parameters and dietary data, post-intervention of the 12 week dietary study, irrespective of dietary treatment 
______________________________________________________________________________________________ Post-lntervenUon Dietary Variables_____________________________________ Post Dietary Variables

BMR Total Enerflv MJ Total fat(o) Total fat%Enercjv SAFA(o) SAFA%Enerflv MUFA(fl) MUFA%Enerflv PUFA(g) PUFA%Enerov n-6(g) C8:0(p) C10:(fl) C12:(g) C14:0(q)
r r r r r r r r r r r r r r r r

Post S| -0,260 ••• -0.034 ns ■0.036 ns -0.027 ns -0.006 ns 0.010 ns -0 030 ns -0013 ns -0.009 ns 0,007 ns -0.011 ns -0.034 ns -0 003 ns -0.010 ns 0.053 ns 0,081 ns
Post Sg -0.017 ns -0.061 ns -0.019 ns 0.003 ns -0.025 ns 0.019 ns 0.018 ns 0 061 ns 0.008 ns 0,015 ns -0.121 ns -0 097 ns -0.077 ns •0,036 ns -0.077 ns -0,018 ns
Post AIRg 0.211 ••• 0.014 ns 0.000 ns 0.006 ns 0.008 ns 0.000 ns -0.032 ns -0.023 ns -0,003 ns -0.014 ns -0.062 ns -0.034 ns -0 148 ns -0,157 -0.145 • -0,021 ns
Post Dl 0.053 ns 0001 ns -0.010 ns •0.006 ns 0017 ns 0.017 ns -0 040 ns -0.021 ns -0,005 ns •0.022 ns -0.075 ns -0.066 ns -0.126 ns -0,085 ns -0.138 • 0.029 ns
Post GO 0.047 ns -0.095 ns 0,021 ns 0.122 0.021 ns 0.104 ns 0.030 ns 0.112 -0.012 ns 0.035 ns -0.181 -0.063 ns -0.0S4 ns -0,034 ns -0.096 ns -0,007 ns
Post P2 -0.069 ns 0,054 ns 0,050 ns -0.003 ns 0.036 ns 0.003 ns 0.031 ns -0 007 ns 0.024 ns -0.043 ns 0.024 ns 0.125 ns 0.069 ns 0.059 ns 0.053 ns 0,100 ns
Post P3 -0.217 0.010 ns -0,001 ns -0.023 ns 0.006 ns -0.001 ns -0.008 ns -0.020 ns 0.009 ns -0.013 ns 0.012 ns 0.060 ns 0.027 ns 0,037 ns 0.076 ns 0.114 ns
Post Fasting Glucose 0.101 * 0,033 ns 0.060 ns 0.057 ns 0 041 ns 0,030 ns 0 084 ns 0.063 ns 0.023 ns -0.012 ns 0.036 ns 0 057 ns 0.025 ns 0,045 ns -0.006 ns •0.037 ns
Post Fasting Insulin 0.269 ••• •0.037 ns •0.018 ns 0.052 ns 0.016 ns 0.067 ns -0 043 ns 0.016 ns -0,075 ns -0.031 rs 0.044 ns 0.030 ns -0.077 ns 0,000 ns -0.145 • -0,014 ns
PoslHOMA-IR 0.268 • " -0,024 ns -0.008 ns 0.055 ns 0,020 ns 0.063 ns -0.025 ns 0.022 ns -0074 ns -0.045 ns 0.049 ns 0.036 ns -0.066 ns 0,017 ns -0.135 * -0,022 ns
Post QUICKI -0.255 ••• 0,027 ns 0.005 ns -0.062 ns -0,017 ns -0.060 ns 0 014 ns -0.036 ns 0079 ns 0.050 ns -0 045 ns -0.039 ns 0-083 ns 0,001 ns 0.151 * 0.033 ns
Post First Phase Insulin Response 0.153 ••• 0,023 ns 0.022 ns 0.031 ns 0,035 ns 0.040 ns -0018 ns -0.012 ns 0.007 ns -0.016 ns -0.073 ns -0.038 ns -0.107 ns -0,107 ns -0 .110 ns 0.042 ns
Post C-PepUde 0.199 -0,021 ns 0.029 ns 0.100 0.052 ns 0.114 0.014 ns 0.064 ns -0.024 r̂ s 0.005 ns 0.063 ns 0.063 ns -0.035 ns 0.065 ns -0.087 ns 0.031 ns
Post Insulin to C-peptide Ratio 0.238 -0,048 ns -0.057 ns •0.005 rts •0.038 ns •0.007 ns -0 086 ns -0 042 ns -0.095 ns -0.040 ns •0.030 ns •0.027 ns -0 .113 ns -0.086 ns -0163 • -0 084 ns

C16:0(o) C16;1(o) C18:0(g) C18;1ffl) C18:2:6(fl) C18:3;3(q^ C204:6(g) C20:5:3(g) C22:6;3(a) Trans fat(a) CHO(o) CHO%Enerav Slarch(a) Total Sugarsfa) Protein (o) Protein%Energy
r r r r r r r r r r r r r r r r

Post S| 0.024 ns -0,011 rs 0.025 ns 0,028 ns 0024 ns 0.026 ns 0 050 ns -0.032 ns -0.016 ns -0,073 ns -0.004 ns 0.080 ns -0.101 ns -0.026 ns -0 .117 * -0.120
Post Sq -0.035 ns -0.032 ns •0.075 ns -0.009 ns -0.052 ns -0 021 ns 0011 ns -0.019 ns -0.001 ns 0,091 ns -0.081 rts -0.011 ns -0.042 ns -0,109 ns -0 088 ns •0.068 ns
Post AIRg -0.067 ns -0.072 ns -0.055 ns •0.082 ns -0.042 ns -0.056 ns 0 056 ns -0.081 ns -0.066 ns -0,019 ns 0.004 ns -0.036 ns 0.023 ns •0,026 ns 0.036 ns 0.002 ns
Post Dl -0.046 ns -0.077 ns -0.041 ns -0.070 ns -0.045 ns -0.065 ns 0 093 ns -0.109 ns •0.078 ns -0.048 ns 0.004 ns 0.005 ns -0.023 ns •0,029 ns •0.032 ns -0.071 ns
Post GO 0.020 ns 0.013 ns -0.013 ns 0.006 ns -0.061 ns -0.071 ns -0.016 ns -0 043 ns -0.051 ns 0.066 ns -0.139 -0.096 rs -0.082 ns -0,095 ns -0140 • -0.100 ns
Post P2 0.093 ns 0.081 ns 0.106 ns 0.078 ns 0.043 ns -0.014 ns 0.100 ns 0 041 ns 0,034 rts 0.074 ns 0.044 ns -0.003 ns -0.069 ns 0,198 0.059 ns 0.001 ns
Post P3 0.066 ns 0.018 ns 0.068 rts 0.055 ns 0.043 ns 0.008 ns 0.111 ns 0.030 ns 0,039 ns 0.012 ns 0.028 ns 0.046 ns -0.109 ns 0,103 ns -0.037 ns -0.075 ns
Post Fasbng Glucose 0.118 * 0.210 0.091 ns 0.119 0.050 ns 0.062 ns 0 033 ns 0 055 ns 0.070 ns 0.061 ns -0.021 ns -0.073 r\s 0.041 ns -0,054 rts 0.054 ns 0.013 ns
Post Fasting Insulin 0.024 ns 0.094 ns 0.032 ns -0.056 ns -0.062 ns -0.119 0 145 0.103 ns 0 104 ns 0.021 ns -0.068 ns -0.131 * 0.024 ns -0.040 ns 0.061 ns 0.167
PoslHOMA-IR 0.040 ns 0.124 0.044 ns -0.032 ns -0.060 ns -0.110 0 136 0.114 0,116 0.022 ns -0.060 ns -0.133 0.038 ns -0,046 ns 0,080 ns 0.173 ...
Post QUICKI -0.039 ns -0.123 -0.038 ns 0.018 ns 0.063 ns 0.110 -0.135 ns •0.098 ns -0,100 ns 0.010 ns 0.064 ns 0.137 -0.029 ns 0,050 ns -0.080 ns •0.175 ...
Post First Phase Insulin Response -0.009 ns -0.022 ns -0.011 ns -0.049 ns -0,032 rts -0.075 ns 0.115 ns -0.065 ns -0 043 ns -0.049 ns 0.006 ns -0.056 ns 0.010 ns -0,020 ns 0,026 ns -0.006 ns
Post C-Peplide 0.063 ns 0.146 0.048 ns 0.017 ns -0,003 ns -0.044 ns 0 145 * 0.069 ns 0,107 ns -0.017 ns -0.074 ns -0.143 0,017 ns -0,038 ns 0,021 ns 0.055 ns

i^ ^ o s l Insulin to C-peptide Ratio -0.062 ns -0.027 ns -0.035 ns -0.124 -0,117 -0.147 * 0 049 r^ 0.023 ns -0,007 ns 0.019 ns -0 046 ns -0.076 ns 0.017 ns -0,052 ns 0,064 rs 0.191 ...

Alcohol(a) Alcohol%Enerfly Fibreffl) Vitamin E Energy Keats
r  r r r r

Post S, 0,044 rts 0.044 ns 0.082 ns 0.026 ns -0.034 ns
Post Sq 0.032 ns 0.034 ns -0.047 ns 0.059 ns -0.061 ns
Post AIRg 0.006 ns 0.006 rts -0.162 • -0,014 ns 0 014 ns
Post Dl 0.033 ns 0.032 ns -0.111 * 0,032 ns 0,001 ns
Post GO 0.055 ns 0.060 ns -0.079 ns 0.054 ns -0.095 ns
Post P2 0.002 ns 0.012 ns 0.031 ns 0.074 ns 0,054 ns
Posl P3 0,033 ns 0.041 ns 0.064 ns 0.056 ns 0.010 ns
Posl Fasting Glucose 0,118 • 0.115 0.062 ns -0.080 rts 0.033 ns
Posl Fasting Insulin -0.041 ns -0.043 ns -0.105 0.002 ns -0.037 ns
Post HOMA-IR -0.023 rts -0.026 ns -0.086 ns •0.014 ns •0.024 ns
Post QUICKI 0.030 ns 0.033 ns 0.080 ns 0,019 ns 0.027 ns
Posl First Phase Insulin Response -0.014 ns -0.016 ns -0.182 ... 0,007 ns 0,023 ns
Post C-Peptide 0.026 ns 0.028 ns -0.100 * 0,039 ns -0,021 ns
Post Insulin to C-peptide Ratio -0.090 ns -0.095 ns -0.110 -0,022 ns -0.048 ns

r correlation coefricienl 
0.0005 

••p< 0.001 
•p<0.05
ns non significanl
BMP Basal Metabolic Rate; SAFA saturated fatty acicts; MUFA monounsaturated fatty acids;PUFA polyunsaturated fatty acids



Table  6.13b: Correlation coefficients between post-inlervention IVGTT parametere and post-intervention dietary variables within each of the dietary treatments
H FSFA dl*< (O i*t A) P o s t D Ia ta ry  V a iia b la s

BMR T o ta l fa ty«E na rfly SAFAVoEnergy M U F A H E na rn v  n-3  (g> C 1 0 ;0 (g )  C 12 :0 (g ) C 16:0{g) C16:1(g) C 18:1(g) C18:2:6(p» C 18 :3 :3(fl) C20:4:6<8) C 20 :5 :3 (fl)  C 22:6:3(g)
r r r r  r r  r r r r r r r  r

P ost S, •0.1S4 ns

P ost A IRg 0.067 ns -0.265 ns -0.372 ns
P o s tD I •0.221 ns
P ost GO 0.134 ns 0.141 ns -0.202 ns
P ost P2
P o s lP 3 •0 .U 3 ns
Post Fasting G lucosa 0.212 0.045 ns 0.017 ns 0.133 ns
P ost Fasting Insulin 0.128 ns •0.308 * •0.143 ns 0.124 0.412
Post HOM A-IR 0.154 ns •0.253 * 0.115 ns -0.113 ns 0.090 0.551 0.130 ns 0.131 ns
P o s lQ U IC K I -0.154 ns 0 253 • •0.115 ns 0.113 ns •0.090 0.551
Post F ir^ t Phssa Insuiin Rasponse 0.0S6 RS
Post C -Paptida 0.153 ns -0.029 ns 0.103 RS 0.066 0.668
Post Insulin to C-paptida Ratio 0.088 ns •0.187 ns •0 .068 ns -0.015 ns -0.074 ns

HFKIUFA dimi B) P o s t P lX a ry  V a r ia b le

BM R T o ta l fa tV«Enargy SAFAVoEnarpv M U F A S E n argy  n -3  (g) C 10:0 (g l C 1 2 :0 ( b ) C16:0(g» C 16:1(g) C 18;1(g) C 18:2:6(g) C 18 :3 :3(fl) C 20 :4 :6(fl) C 20:5 :3(g) C 22;6:3(g)
r r  r  r  r r  r r  r r r r f

P ost S, -0.227

P ost A IRp 0.106 ns •0.236 ns -0.055 ns
P o s tD I •0.027 ns
P ost GO -0.009 ns 0.079 ns -0.333 *
P ost P2
P ost P3 •0.247
P ost Fasting G lucosa 0.123 ns 0.139 ns 0.287 * 0.087 ns
P ost Fasting Insulin 0.301 -0.153 ns -0.158 ns 0.123 ns
Post HOM A-IR 0.315 •0.189 ns 0.222 * -0.150 ns 0.112 ns -0.033 ns 0.026 ns
P o s lQ U IC K I -0.266 • 0 254 •0.206 ns 0.160 RS •0.083 ns
Post F ir^ t Phasa Insulin Rasponsa 0.102 ns
Post C-Paptida 0.157 ns 0.276 0.259 * 0.042 ns
P ost Insulin to  C-paptida Ratio 0.335 -0.133 ns -0.201 ns -0.198 ns -0.240

LF (D l» t C) P o s t D l r t t r y  V tr ia b l> s

BM R T o ta l fa t*/«Enargv SAFAVaEnargy M UFA VtE nargy n-3 (a) C 10 ;0(g>  0 1 2 :0  (B) C 16:0(g) C 16:1(g t C 18;1(fl) C 18 ;2 :6(g) C 18 ;3 :3 (b ) C 20 :4 :6(g) 0 2 0 :3 :3 (8 ) C 22:6:3(g)
r r  r  r  f r  r  r  r f r r r r r

P ost S, -0 475

P ost AlRg 0.300 * -0.036 na •0.084 ns
P ost Dl -0,107 ns
P ost GO 0.181 ns 0.079 ns -0.222 ns
P ost P2
P ost P3 -0.380 •••
P ost Fasting G lucosa 0.015 ns 0.095 ns 0.198 ns 0.151 ns
P ost Fasting Insulin 0.406 ••• •0.070 ns -0.154 ns 0.107 ns
P ost HOM A-IR 0.393 *•• -0.079 ns -0.002 ns -0.149 ns 0.127 ns 0.155 ns 0.073 ns
P ost QUICKI •0.393 ••• 0 079 ns 0.002 ns 0.149 ns -0.127 ns
P ost F irs t Phasa Insulin Rasponsa 0.352 •••
Post C-Paptida 0.291 * 0.152 ns 0.026 ns 0.118 ns
Post Insu^n to C-paptida Ratio 0.346 -0.211 ns -0.235 * -0 188 ns •0.182 ns

L /n 3 P U F A  d t t  ( D t t  D) P o s t D l t a r y  V ir i« b l> s

BM R To ta l fa t% E n a rg y  S A F A H E n argv  M U F A S E n argy  n -3  (g) 010:0  (g) 01 2 :0  (a) C 16:0(g) C 16:1(g) C 18:1(n) C 18 :2 :6(g) C 16 :3 :3(g) C 20 :4 :6(g) C 20 :9 :3(g) 02 2:6 :3 (0)
r f  r  r  r r  r r  r r r r r r r

P ost S, -0.096 rts

P ost A lR g 0.355 -0.172 ns -0.205 ns
P o s tD I •0.255 ns
P ost GO 0.241 0 236 ns -0.061 ns
P ost P2
P ost P3 -0.026 ns
P ost Fasting G lucosa 0.054 ns 0.193 ns 0.281 * 0.205 ns
Post Fasting Insulin 0.229 •0.188 ns -0.007 ns 0.267 ns
Post HOM A-IR 0.196 ns -0.168 ns 0.202 ns •0.009 ro 0.254 ns 0.232 0.288
P ost QUICKI •0.196 ns 0 168 ns •0.202 ns 0.009 ns -0.254 RS
P ost F irst Phasa Insulin Rasponsa 0.186 rts
P ost C-Paptida 0.226 0.178 ns 0.300 * 0.358
P ost Insulin to C-paptida Ratio 0.170 ns -0.318 •0.C15 ns -0.033 ns -0.038 rts

r  corra la tion co«fTci»nt 
•* 'p < 0 .0 0 0 5
••p<0 .001
•p <0 .05
ns non significant
BM R Basal M atabohc Rata; SA FA saturated fa tty  acids: M UFA m onounsaturatad fa tty  acids;PUFA polyunsaturatad fa tty  acids
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Table 6.13b continued
H PSFA d ie t (D ie t A) P o s t D ie ta ry  V a ria b le s

CH O(fl) C H O S E n ero v T o ta l S uaa rs (a ) P ro te in  (a) P ro te ln S E n e rg y  A lco ho l(a ) A ic oh o i V(En era y Fib re (fl)
r r r r r t r r

P ost S| •0.077 s -0.133 ns
P ost AIRg -0 .1 M  rts
P ost Di •0.192 ns
P ost GO -0.127 ns •0.096 ns
P ost P2 0.016 ns
P ost P3
P ost Fasting G lucose 0 2 3 0 0.232
P ost Fasting Insulin -0.216 0.136 ns •0 152 ns
P ost HOM A -0.242 0 113 rts
P o s l QUICKI 0.242 -0.113 ns
P ost F irst Phase Insulin Response •0.231 ’
P ost C 'Peptide -0.107 ns -0.129 ns
P ost Insulin to C>peptide Ratio 0.170 ns •0 .109 ns

HFM U FA <«•« ( P i t  P o s t D ie ta ry  V ir ia h le s
CH O(fl) C H O S E n era v T o ta l S uaars(a ) P ro te in  (g) P ro te in  VoEnerav M co h o l(a ) A lc o h o l^ ^ n e rg y F lbre(g)

r r r r r r r r

P ost S| •0 169 ns -0.108 ns

P osl AIRg -0.076 ns
P o s l DI 0.072 ns
Post GO -0.041 ns •0.201 ns
P o s tP 2 0 348
P o s lP 3
P ost Fasting G lucose •0 .034 ns •0.037 ns
Post Fasting Irtsulir -0.148 ns 0.295 •0.080 ns
Post H OM A -0.161 ns 0.292
P ost QUiCKI 0.157 ns -0.305
P ost F irs t Phase Insulin Response •0.098 ns
P ost C-Peptide -0.129 ns •0.009 ns
P ost Insulin to C -peptide Ratio 0.412 -0.19S •

I f  d M  ( P i t  C) P o s t D U ta ry  V a ria b le s
CH O (g| C H O % E nerflv T o ta l S u e e rs la l P ro te in  (g) P ro te in  S E n e rg y A k o lio l(g ) A tco h o lS E n e rg y

r r r r r r r

P o s l S| •0.217 -0.086 ns
P ost AIRg -0.244 •
P os l DI -0.218 •
Post GO •0.176 ns •0.049 ns
P o s tP 2 0.191 ns
Post P3
Post Fasting G lucose 0.101 ns 0 105 ns
Post Fasting Insulin -0.090 ns 0.062 ns •0 .047 ns
Post H OM A -0.093 ns 0,116 rrs
P ost QUICKI 0.093 ns -0.116 ns
Post F irs t Phase Insulin Response -0.190 ns
P ost C -P ep lide -0.166 ns -0.048 ns
P ost Insulin to C-peptide Ratio 0.011 ns -0.061 ns

LFnSPUFA (Net <Dlet D) P o s t D ie ta ry  V a ria b le s

C H O (b I C H O ^ t fn e ra v T o ta l S u a a rs lf l l P ro te in  (g) P ro te in  S C n e rg y AJcohol(g) A ic o h o lS E n e ia v F lb re (fl)
r r r r r r r

P o s l S, 0.046 ns -0.092 ns
P ost AIRg -0.202 ns
P o s l DI -0.160 ns
P osl GO •0.197 ns •0.200 ns
P osl P2 0.199 ns
Post P3
Post Fasting G lucose 0.173 ns 0.169 ns
P ost Fasting Insulin -0.154 ns 0.187 ns -0.087 ns
P ost HOM A -0.149 ns 0 194 ns
P ost QUICKI 0.149 ns -0.194 ns
P ost F irst Phase Insulin Response •0 .206 *
P ost C-Peptide -0.293 •0 .163 ns
P ost Insulin to C-peptide Ratio 0.202 ■0.046 ns

r  corre la tion coefTcienl 
***p< 0.0005
•*p <  0.001
•p < 0 .0 5
ns non significant
■MR Sm I  MsM oI b fU t»; SA FA  saturated fa tty  acids; M UFA m onounsaturated fa itty  aods.PU FA polyunsaturated fa tty  a c id i



Table 6.14a: Correlation coefficients between IVGTT parameters and plasma fatty acids (%), post-intervention of the 12 week dietary study, irrespective of dietary treatment
P o s t-In te rve n tion  Plasm a Fa tty  A c ids  {w /w  %)

C14:0 C16:0 C16:1 C18:0 C18:1 C18;2:6 C20:4:6 C20:5:3 C22:6:3 SFA MUFA PUFA n-6 n-3
r r r r r r r r r r r r r r

Post S| -0.057 ns -0.105 ns 0.054 ns -0.036 ns -0.074 ns 0.140 * 0.068 ns 0.049 ns -0.080 ns -0.114 * -0.053 ns 0.143 * 0.151 * -0.040 ns

Post Sg -0.023 ns -0.046 ns -0.030 ns 0.152 * -0.016 ns -0.003 ns -0.027 ns 0.042 ns 0.037 ns -0.012 ns -0.040 ns 0.020 ns -0.010 ns 0.021 ns
Post A!Rg 0.019 ns -0.002 ns -0.021 ns -0.059 ns 0.002 ns 0.094 ns -0.015 ns -0.060 ns -0.106 ns -0.001 ns 0.009 ns 0.065 ns 0.095 ns -0.118 *
Post Dl -0.024 ns -0.062 ns 0.008 ns -0.056 ns -0.045 ns 0.158 * 0.031 ns -0.028 ns -0.129 * -0.071 ns -0.036 ns 0.100 ns 0.147 * -0.120 *
Post GO 0.025 ns -0.043 ns -0.071 ns 0.332 . . . -0.057 ns -0.047 ns -0.072 ns 0.066 ns 0.058 ns 0.056 ns -0.103 ns -0.041 ns -0.060 ns 0.031 ns
Post P2 -0.172 * -0.034 ns -0.010 ns -0.010 ns -0.105 ns 0.128 • -0.011 ns 0.056 ns 0.038 ns -0.108 * -0.079 ns 0.143 • 0.131 • 0.036 ns
Post P3 -0.173 * -0.092 ns 0.035 ns -0.053 ns -0.108 ns 0.177 .. 0.052 ns 0.082 ns 0.006 ns -0.147 * -0.074 ns 0.198 . . . 0.188 ** 0.016 ns
Post Fasting G lucose -0.037 ns 0.103 * -0.199 *** 0.231 . . . -0.046 ns -0.168 •* -0.054 ns 0.072 ns -0.170 •• 0.173 ** -0.104 * -0.099 * -0.162 .. 0.161 *.

Post Fasting Insulin 0.132 • 0.085 ns -0.014 ns 0.039 ns 0.096 ns -0.142 • -0.020 ns -0.102 * 0.021 ns 0.127 * 0.088 ns -0.167 . . -0.139 ‘ -0.034 ns
Post HOMA-IR 0.014 ns 0.100 * -0.054 ns 0.081 ns 0.077 ns -0.173 •• -0.027 ns -0.071 ns 0.014 ns 0.154 * 0.057 ns -0.177 . . . -0.168 .. 0.007 ns
PostQUICKI -0.131 • -0.095 ns 0.056 ns -0.077 ns -0.070 ns 0.159 •• 0.018 ns 0.085 ns -0.047 ns -0.144 * -0.051 ns 0.165 ** 0.154 * 0.008 ns
Post First Phase Insulin Response 0.028 ns -0.015 ns 0.011 ns -0.061 ns 0.046 ns 0.085 ns -0.026 ns -0.067 ns -0.142 * -0.007 ns 0.057 ns 0.030 ns 0.081 ns -0.139 *
Post C-Peptide 0.134 * 0.059 ns -0.015 ns 0.027 ns 0.060 ns -0.118 • -0.094 ns 0.008 ns 0.074 ns 0.111 * 0.053 ns -0.113 * -0.132 * 0.055 ns
Post Insulin to C-peptide Ratio 0.123 * 0.051 ns 0.007 ns 0.050 ns 0.082 ns -0.104 ns 0.033 ns -0.137 * -0.024 ns 0.098 * 0.079 ns -0.130 • -0.081 ns -0.080 ns
r  correlation coefficient
***p<0.0005
**p<0.001
*p<0.05

non significant
P ^ F A  saturated fatty acids; MUFA monounsaturated fatty acids;PUFA polyunsaturated fatty acids
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Table  6 .14b: C orre la tion  coe ffic ien ts  between post-intervention IVGTT param eters and post-lntervention p lasm a fatty acids(% ) w ith in  each of the d ietary treatm ents
HFSFA die t (Diet A) P ust-ln ta rven tion  Plasma Fatty  Acids(w/w%)

C14;0 C16:0 C16:1 C18:0 C18:1 C16:2:6 C20:5:3 C22:6:3 SFA MUFA PUFA n$ n3
r r r r r f r r r r r r r

P osts , 0.272 -0.160 ns 0.265 • 0.325
Post Sq 0.163 ns
Post AlRg 0,125 ns
Post 01 0.186 ns -0,004 ns 0.216 ns -0.001 rts
Post GO 0.434 •••
Post P2 -0.014 ns -0.022 ns 0.114 ns 0.033 ns -0.036 ns
Post P3 -0,203 ns 0.163 ns -0.024 ns 0 1 9 7  ns 0.189 ns
Post Fasting Glucose 0.151 ns -0 .115 ns 0.300 ’ -0.258 -0.079 ns 0.264 -0.069 ns •0.193 ns -0,249 0.187 ns
Post Fasting Insulin 0.107 ns 0,175 ns -0.219 0,122 ns 0.092 ns -0,195 ns -0.245
Post HOMA-IR 0.030 ns ■0.253 0.128 ns -0.206 • -0.266
Post QUICKl -0.132 ns 0.253 -0.128 ns 0.206 ’ 0.266
Post First Phase Insulin Response 0.051 ns 0.063 ns
Post C-Peptide 0.145 ns -0.186 ns 0.027 rts -0,078 ns -0 156 ns
Post Insulin to C-peptide Ratio 0 141 ns -0,163 ns 0.059 ns 0.133 ns -0.195 ns

HFMUFA d>et <DI«t B) P o s t- ln ta rv n tlo n  Plasm a Fatty  Aclds(w/w%)
C14 016 016:1 016 018:1 018:2:6 020:5:3 022:6:3 SFA MUFA PUFA n6 n3
r r r r r r r f r r r r r

Post S| ■0.046 ns -0.018 ns 0.025 ns -0 020 ns

Post Sg 0.019 ns
Post AlRg •0.237
Post Dl 0.189 ns -0.126 ns 0.176 ns •0 162 ns
Posl GO 0,271
Posl P2 -0.218 0221 -0.371 ••• 0.257 0.241
Post P3 -0.251 0,135 ns -0.238 • 0.230 0.173 ns
Post Fasting Glucose 0.105 ns -0,279 • 0.166 ns •0,039 ns -0.246 * 0.147 ns -0.128 ns -0.046 rts -0.109 ns 0.182 ns
Post Fasting Insulin 0,205 -0 .019 ns •0,058 ns -0,153 ns 0.090 ns -0.093 ns -0.036 ns
Post HOMA-IR 0.047 ns -0.067 ns 0 1 2 0  ns -0.101 ns -0.065 ns
Post QUICKl -0.157 ns 0.018 rts -0.086 rts 0.052 ns 0.014 rts
Post First Phase Insulin Response -0.138 ns -0.180 rts
Post C-Peptide 0,221 -0.057 rts 0.147 ns -0.100 rts -0 074 rts
Post Insulin to C-peptide Ratio 0 186 -0.033 rts -0,188 ns 0.039 ns -0.021 rts

LF (Mat (Diet C) P ost-ln te rven tion  Plasm a Fatty  Acids(W w% )
014 016 016:1 018 018:1 018:2:6 020:5:3 022:6:3 SFA MUFA PUFA n6 n3
r r r r f f f r r r r r f

P os ts , 0 185 ns -0.157 ns 0.192 ns 0.172 ns

Post Sg 0.217
Post AlRg -0.200 ns
Post 01 0.104 rts -0.228 • 0.048 rts -0.235
Post GO 0.280
Post P2 -0.264 0.193 rts -0,100 ns 0.187 ns 0.152 rts
Post P3 -0.239 0 289 -0.191 ns 0.273 0.238
Post Fasting Glucose 0.045 ns -0.173 ns 0.247 -0,252 -0 096 ns 0.089 ns -0,080 ns -0 109 ns -0.175 rts 0 203
Post Fasting Insulin 0.167 ns 0.183 ns -0.148 rts -0,126 0,202 0,166 ns -0.264 -0.167 rts
Post HOMA-IR 0.182 ns -0 186 rts 0.165 ns -0,265 -0.184 ns
Posl QUICKl -0,157 ns 0,186 rts -0.165 ns 0.265 0.184 rts
Post F irst Phase Insulin Response -0,226 ’ -0.269
Posl C-Peptide 0,155 ns -0 174 ns 0.116 ns •0.242 -0.228
Post Insulin to C-peptide Ratio 0,129 ns -0 029 ns -0 153 0.122 0.085 ns •0.127 rts

U^nSPtJFA die t {Diet D) P ost-in te rven tion  Plasm a Fatty  Aclds(w/w%)
014 016 016:1 018 018:1 018:2:6 020:5:3 022:6:3 SFA MUFA PUFA n6 n3
r r I f r r r r r r r r r

Post S| 0.222 ns -0.174 ns 0.182 ns 0.199 ns

P ostS c 0.232
Posl AlRg -0.179 rts
Post 01 0.174 ns -0.128 ns 0.128 ns -0.047 rts
Posl GO 0,276
P ostP 2 -0.104 ns 0.086 ns -0.017 ns 0.062 ns 0,121 rts
Post P3 0.046 ns 0.128 rts -0.101 ns 0.090 rts 0.135 ns
Post Fasting Glucose 0.125 ns -0.237 • 0.235 -0.155 ns -0.200 ns 0.205 • -0.124 ns •0,082 ns -0.132 ns 0,103 ns
Post Fasting Insulin 0.039 ns 0.009 ns -0.194 ns -0.292 0.163 ns •0.147 ns -0.150 ns
Post HOMA-IR 0.125 rts -0.207 0.189 ns -0.148 ns -0.164 ns
Post QUICKl -0.073 ns 0 207 •0189  ns 0.148 rts 0.164 rts
Post First Phase Insulin Response -0.243 • -0.178 ns
Post C-Peptide -0.021 ns -0.070 ns 0.165 ns -0,059 ns -0.072 ns
Post Insulin to C-peptide Ratio 0.015 ns -0.227 -0.295 0.105 ns -0.196 ns
r  correlation coefficient
•••p<0.0005
” p<0,001
*p<0.05
ns non significant
SFA saturated fatty acids; MUFA monounsaturated fatty acids:PUFA potyunsaturated fatty acids



6.4.3 Linear Regression Analysis

Table 6.15a presents the independent relationship of each variable to Si measured at 

post-intervention, using univariate and multivariate regression analysis. Although 

many variables were significant predictors of post-intervention Si, some failed to be 

significant in subsequent multiple linear regression analysis, controlling for age, 

gender and body weight post-intervention, for example, GO pre-intervention, body fat 

(kg) pre- and post-intervention, systolic blood pressure post-intervention, TRL TAG 

and total HDL-cholesterol concentrations, post-intervention, plasma palmitic acid 

(C l6:0), basal metabolic rate, total fat (g/day), MUFA (g/day), dietary caprylic acid 

(C8:0 g/day), dietary oleic acid (C l8:1 g/day), Starch (g/day) analysed at pre

intervention and basal metabolic rate, starch and protein (g/day and % Energy) post

intervention. Interestingly the intervention diets had no predictive impact on Si 

measured at post-intervention.

Table 6.15b shows seven separate models for which multiple linear regression 

analysis was performed on each, using the dependent variable S| post-intervention. In 

the IVGTT parameters model, pre-intervention So, DI, GO, QUICKI, Revised 

QUICKI and AlRg and post-intervention QUICKI were shown to be the strongest 

significant predictors of Si post-intervenlion; increasing Sg and DI pre-intervention, 

were inversely associated with Si post-intervention and increasing GO, Revised 

QUICKI, AIRg pre-intervention and QUICKI pre- and post-intervention were 

positively associated with Si post-intervention. In the anthropometry model, 

increasing body weight, waist circumference and percentage body water post

intervention, were inversely associated with Si post-intervention (jxO.OS). In the 

coagulation factors model, again, post-intervention body weight and tPA 

concentrations were significant predictors, negatively associated with post

intervention Si. In the inflammatory markers model, increasing age, post-intervention 

body weight and sICAM and in the lipid markers model, increasing age, post

intervention body weight and pre-intervention NEFA concentrations were negatively 

and significantly associated with Si post-intervention (/;><0.05). In the plasma fatty 

acids model, plasma EPA concentrations (C20:5:3) pre-intervention was the only 

significant predictor, positively associated with Si post-intervention. Finally, from the 

dietary variables model, from the 3-day weighed food diaries pre- and post

intervention, body weight and trans fatty acids post-intervention and starch pre

intervention were the only significant predictors {p<0.05).
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Table 6.15c  illustrates the m ain predictors of Si post-intervention. The model 

had a high adjusted r (99.8%), signifying an excellent fit for the population. GO and 

Sg pre-intervention were the strongest predictors for Si post-intervention. Increasing 

GO was a positive predictor w hilst increasing So showed an inverse association with 

Si post-intervention. GO post-intervention was a significant albeit a weak predictor of 

Si post-intervention. Additionally, and as expected increasing QUICKI values pre- 

and post-intervention and Revised QUICKI pre-intervention were associated with an 

increase in post-intervention Sj values. Volunteers in the UoR, UM and UU cohorts 

were associated with a low er Si post-intervention, compared to volunteers in TCD 

(p<0.05). In contrast, volunteers in the UO, HURS-UCO and JUM C cohorts were 

associated with an increase in Si post-intervention. Increasing age and body weight 

post-intervention were negatively associated with Si at post-intervention. G ender was 

a significant predictor of Si at post-intervention in the LIPGENE study. O ther strong 

positive and significant predictors in the final model were DI post-intervention, 

fasting insulin, AIRg and plasm a concentrations of EPA (C20:5:3) pre-intervention. 

However, DI pre-intervention and fasting insulin post-intervention were negatively 

associated with Si post-intervention. O ther IVGTT parameters inversely associated 

with Si at post-intervention were P2 and fasting glucose, pre-and post-intervention. 

Non-smokers com pared to sm okers and those volunteers that did not play sport 

compared to those who did, were significant negative predictors o f Si at post

intervention. From the dietary variables, trans fatty acids (g/day) were negatively 

associated with Si post-intervention.

Table 6.16  presents the results o f the final models with the main predictors of 

Si post-intervention, in each o f the four dietary groups, controlling for age, sex and 

body weight post-intervention. The same process was applied as above (Tables 1 and 

2 of the model process not shown). However, some variables that were not significant 

in the prediction o f Si post-intervention, irrespective of diet, becam e significant when 

broken down into each diet category. For example, first phase insulin response and 

insulin to C-peptide ratio post-intervention, were negatively associated with Si post

intervention in the HFSFA diet (Diet A). M eanwhile tPA concentrations post

intervention were a positive predictor, although very weakly, of Si post-intervention, 

irrespective o f diet, tPA concentrations pre-intervention were inversely related to Si 

post-intervention in the HFSFA diet (Diet A). The only plasm a fatty acid positively 

predicting Si post-intervention in the HFSFA diet was found to be plasm a arachidonic
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acid (C20:4:6). In comm on with the final prediction model irrespective o f diet, fasting 

glucose pre-intervention and GO post-intervention were negatively and positively 

associated with Sj post-intervention, respectively, in the HFSFA diet (Diet A). This 

model also had a high adjusted r~ (74.3%). In the HFM UFA diet (Diet B), common 

to the final model, irrespective of diet, DI was a strong positive predictor o f SI post

intervention. Interestingly GO post-intervention showed an inverse association with Si 

post-intervention when it was positively predicting Si post-intervention, not splitting 

by diet. First phase insulin response pre-and post-intervention were negatively 

associated with Si post-intervention whereas Si pre-intervention and volunteers in the 

JUM C cohort were associated with an increase in Si post-intervention as compared to 

volunteers in the TCD cohort, in the HFM UFA diet (Diet B). The adjusted r" of this 

model was 0.61. Interestingly, increasing body weight negatively associated with Si 

post-intervention, which was only apparent in the final prediction model o f the LF 

diet (Diet C). AIRg post-intervention was the strongest predictor for Si post

intervention. not seen in the final model, irrespective o f diet. DI post-intervention and 

revised QUICKI pre-intervention were positively associated with Si post-intervention 

in the LF diet (Diet C). In the previous steps of the final process model, volunteers 

with a total fat intake >35.98%  pre-intervention showed an inverse association with Si 

post-intervention and this was also a predictor o f Si post-intervention in the final 

model. However, when entered univariately and multivariately, controlling for age, 

gender and body weight post-intervention, volunteers with a total fat intake <35.98% 

pre-intervention showed this to be a positive predictor of Si post-intervention. When 

this was entered with the other significant predictors at the next stage, the significance 

was retained, however, the direction of the influence changed to a negative 

association which was m aintained in the final prediction model. O f the dietary 

variables in the LF diet, CHO (% Energy) and fibre (g/day) were positively and 

negatively associated with Si post-intervention, respectively. The adjusted r" o f the 

model for the LF diet (Diet C) was 0.72. Finally, the main predictors for Si post

intervention in the LFn3PUFA diet (Diet D) were decreasing age, P2 and first phase 

insulin response post-intervention and insulin to c-peptide ratio pre-intervention. 

Increasing DI, QUICKI values and Adiponectin concentration post-intervention were 

positively associated with Si post-intervention. In the LFn3PUFa diet (Diet D), those 

volunteers who don’t play sport compared to those that do is a negative predictor of Si 

post-intervention.
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Table 6.15a: The relationship of each o f the individual variables to S, measured at posl-intervention using univariate and multivariate (controlling for age. sex and post body weight) linear regression analysis.

Univariale Muttivanate (controlling for 
_________ sex, age and body weight)

MuKtvariaie (conirolling (or 
sex, age and &ody weight)

Age (V)
Sex (male/female)
Centre*
TCD V UoR 
T C D vU O  
TC D v INSERM 
TCOv UM 
TC D vH U R SU C O  
TCD V JUMC 
TCD V UU
Change o i Body Weight (kg)
Die!'
Diet A V Diet B 
Diet A V Diet C 
Diet A V Diet D 
Pre S, (mU/L)-1min-1 

Pre Sg™ '
Pre AIRq mUL ' min '
Pre 01
Pre GO mo/dl '
Pre P2 min '
Pre P3 'fttU/L) min"*
Pre Fasting Glucose (nvnol/l)
Pre Fastir>g lrt$ulin(ulU/ml)
Pre HOMA-IR 
Pre OUlCKI
Pre First Pt^ase Insulin Response (ulU/mi) 
Post So™  '
Post AlRg mUL ' irun '
Post Dl
Post GO mg/dl '
Post P2 min ’
Post P3 (mU/L) frtn  *
Post Fasting Gli>cose (mmol/I)
Post Fasting lnsutin(ulU/ml)
Post HOMA-IR 
Post QUICKI
Post First Phase Insulin Response (ulU/frt)
Pre C-Peptide ng/ml
Post C-Peptide ng/rnl
Pre Insulin to C-peptide Rato
Post Insulin to C-pepiKle Ratio
Smoke<Yes v no)
Play sport (Yes v No)
Pre Revised OUlCKI
Posi Revised OUlCKI
Pre Total Fat >35.98% Total Energy
Pre Total Fat <35.98% Total Energy
Height(m)
Pre BodyWeight(kg)
Pre Waist arcunn^ei'ence(cm)
Pre Hip arcumrerence (cm)
Pre Diastolic BP(mmHg)
Pre Systolic BP(fnmHg)
Pre Body Fat (%)
Pre Body Fat(kg)
Pre Lean Body Mass(%)
Pre Lean Mass Body(kg)
Pre BodyWaier(%)
Pre Body Waler (L)
Pre Impedance(KHz)
Post Body Weighl(kg)
Post Waist circumference(cm)
Post Hip arcumferefKe (cm)
Post Diastolic BP(mmHg)
Post Systolic BP(n«nHg)
Post Body Fat (%)
Post Body Fat(kg)
Post Lean Body Mass(%)
PosI Lean Mass Body(kg)
PosI Body Waier(%)
Post Body Water (L)
Post Im p^ance(KHz)
Pre BMI (kg/m^)
Post BMI (kg/m^)
Pre PAI-1 ng/ml 
Pre tPA nQlrri 
Pre Fibrinogen mg/dl 
Post PAI-1 ng/ful 
Post tPA ng/frt 
Post Ftbnnogen mg/dl

0.76
0.40
0.44
0.89

Pre CRP (mo/L)
Pre IL6 (pg/ml)
PreTNFa (pg/ml)
Pre sICAM (ng/ml)
Pre sVCAM (ng/ml)
Pre Resistin (mg/L)
Pre Adiponeclin (mg/L)
Pre Leptin (r>g/ml)
Post CRP (mgrt.)
Post IL6 (pg/mi)
PostTNFa (pg/ml)
Post siCAM ( r^ m l)
Post sVCAM (ng/ml)
Post Resislin <mg/L)
Post Adtponedin (mg/L)
Post Leptin (r>g/ml)

Pre TAG (mmol/L)

Pre Chotesterol <rr¥nol/L)
Pre NEFA (pmol/L)
Pre TRL TAG (mmot/L)
Pre TRL Cholesterol (mmol/L)
Pre LDL (mmol/L)
Pre Total HDL (mmol/L)
Pre ApoA1(g/L)
Pre Apo B (g/L)
Pre Apo Cll (mg/L)
Pre Apo C lll (mg/L)
Pre Apo E (mg/L)

Pre Aoo B48 (mg/L)
Pre TRL ApoB (mg/L)
Post TAG (mmoJ/L)
Post Cholesterol (mmol/L)
Post NEFA (ufT>ol/L)
Post TRL TAG (mmol/L)
Post TRL Criolesterol (mmol/L) 
Post LDC (mmol/L)
Post Total HDL (mmol/L)
Posi Apo A l(g/L)
Post Apo B (g/L)
Post Apo C ll (mg/L)
Post Apo C lll (mg/L)
Post E (mg/L)
Post Apo 648 (mg/L)
Post TRL ApoB (mg/L)
Pre plasma C14;0
Pre plasma C16 0
Pre plasma C16.1
Pre plasma C18.0
Pre plasma C IS 1
Pre plasma C18 2:6
Pre plamsa C20:4:6
Pre plasma C20 5 3
Pre plasma C22 6:3
Pre plasma SFA
Pre plasma MUFA
Pre plasma PUFA
Pre plasma rv-6 PUFA
Pre plasma n-3 PUFA
Post plasma C14:0
Post plasma C16 0
Post plasma C16:1
Post plasma C IS 0
Posi plasma C IS 1
Posi plasma C IS 2 6
Post plamsa C20 4 6
Post plasma C20 5 3
Post plasma C22 6  3
Post plasma SFA
Post plasma MUFA
Post plasma PUFA
Post plasma n-6 PUFA
Post plasma n-3 PUFA
Pre Basal Metabolic Rale (MJ/day)
Pre Total Energy (MJ)
Pre Total fat (o/day)
Pre Total fat (%Er>ergy)
Pre SAFA (g/day)
Pre SAFA (%Er>ergy)
Pre MUFA (g/day)
Pre MUFA (SEnergy)
Pre PUFA (fl/day)

-mhr

m
03 6  
0 39

0.73

0.23

0 52 
037

Pre PUFA (%Energy)
Pre n-3 (g/day)
Pre n-6 (g/day)
Pre C8:0 (g/day)
Pre C10:0 (g/day)
Pre C12:0 (g/day)
PreC14:0 (g/day)
Pre C16:0 (g/day)
Pre C16:1 (g/day)
PreC IS O  (g/day)
Pre C18:1 (g/day)
P reC l8 :2  6  (g/day)
P reC l8 .3 .3  (g/day)
PreC20 4 6  (g/day)
Pre C20:5:3 (g/day)
PreC22:6:3 (g/day)

Pre Trar>s fatty acids (g/day)
Pre CHO (g/day)
Pre CHO (%Energy)
Pre Starch (g/day)
Pre Total Sugars (g/day)
Pre Protein (g/dav)
Pre Protein (%Energy)
Pre Alcohol (g/day)
Pre Alcohol (% Erwgy)
Pre Fibre (g)
Pre Vitamin E (mg/day)
Post Basal Metatx>lic Rale (MJ/day) 

Post Total Energy (MJ)
Post Total fat (g/day)
Posi Total fal (%Energy)
Posi SAFA (Q/day)
Posi SAFA (%Energy)
Posi MUFA (g/day)
Post MUFA (%Energy)
Post PUFA (g/day)
Post PUFA (SEnergy)
Post rv3 (g/day)
Post n-6 (g/day)
Post C8:0 (g/day)
Post C10 0 (g/day)
Posi C12:0 (g/day)
Post C14:0 (g/day)
Posi C16:0 (g/day)
Post C16.1 (g/day)
Post C IS C (g/day)
PostC18:1 (g/day)
PostC18:2:6 (g/day)
PostC l8.3 .3 (g/day)
Post C20 4 6  (g/day)
Post C20 5 3 (g/day)
Post C22 6 3 (g/day)
Post Trans fatty acids (g/day)
Post CHO (g/day)
Post CHO (%Energy)
Posi Starch (g/day)
Post Total Sugars (g/day)
Post Protein (g/day)
Post Protein (%Energy)
Posi Alcohol (g/day)
Post Alcohol (%Energy)
Post Fibre (g)
Post Vitamin E (mg/day)

0.94 
0.76 
0 78

084 
0.28 
0.50 
0  70 
0 3 6

0.90
0.69
090
0.71
0.91
040

0.48
037

0 45 
0.21 
0 82 
0 42 
023 
093 
020

0 22 
0.21 
0 75 
0.61 
05 8  
0.26 
0.78 
041 
09 0  
096 
0.53 
0.63 
0.88 
0.41 
0.34 
0.82 
0.52 
0.93 
0.93 
0.99 
080 
090 
060 
0 39 
0 17 
0 67 
0 26

Multivanate (controllir>g for 
sex, age ar>d body weight)

■

0.88
0.99
036
072

0.44
0.32
0.56

0 17 
04 6  
03 6  
0.60 
02 8  
0.20 
0.34 
0.62 
0.42 

0.53 
043 
0.67 
0.28 
0.83 
0.66 
0.61

0.31 
0.67 
0.54 

0.79 
0.97 
092 
0 70 
0.52 
09 9  
0.79 
06 8  
0.95 
05 2  
0.76 
094 
1.00 
0.44

0.34 
0.47 
0.30 
0.30 
0 19 
0.37 
045 
052 
0 22

0.57 
0.66 
041 
0 46 
0.57 
0.21 
0.28 
0.46

r>on applicable. SiQ.=S)gnificance value. 8= Beta co-efficient ’ Categorical vanables with 23 categooes tor wtiich dummy vanabies were created 
p= 0 .0 0 » o <  0.001
pre= pre-intervention: post=post-intervention
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T a b le  6 .1 5 b : Multiple linear regression predictors of S| m easured at post-intervention in L IP G E N E  volunteers, analysis of seven different regression models

95% Cl
S19 Lower Upper

IVGTT Parameters and Centre (Adjusted r^=0 915, r^=0.923)' 
Age(y) -0.13 -0.030 -0.016
Sex (male/female) 0 16 0.376 0 648
Post Body Weight(kg) -0.33 -0.042 •0.032
Change of Body Weight (kg) 0.02 0.30 -0.014 0 046

Pre So mm' -0.80 0.00 -208.599 -173 979
Pre Dl -0.61 0.00 -0.001 -0 001
Pre GO mg/dl ' 0.82 0.00 0.029 0034
Pre P2 min ' -0,38 0.00 -21,981 -17.742
Pre Fasting Glucose (mnrol/l) -0.10 0.00 -0.295 -0 089
Pre QUIOKI 0.68 0.00 2,473 2 829
Post AIRg mUL ' min ' ■0,15 0.00 •0,001 0 000
Post Dl 0 42 0.00 0 001 0 001
Posl GO mg/dl ' 006 0.00 0.000 0 002
Posl P2 min ' -0,08 0.00 -1 444 -0.519
Posl Fasting Glucose (mmol/l) -0,22 0.00 -0.393 -0247
Posl QUIOKI 0,64 0.00 6,172 7 232
Smoke(Yes v no) •0.20 0.00 •0.847 -0.589
Play sport (Yes v No) -0.05 0.01 -0.253 -0 038
Pre Revised QUIOKI 0.58 42.950 51.075
Centre’  
TOD V UoR 0.14 0.403 0.820
TOD V UO 0.26 ^ 0 0 0.980 1.450
TOD V INSERM 0.08 0.176 0643
TOD V UM 0.01 0.60 -0.160 0 277
TOD V HURS-UCO 0,08 0.140 0 535
TOD V JUMC 0 17 p S o 0.632 1.077
TOD V UU -0.24 0.00 -1 458 -0.993
Pre Fasting lnsulin(ulU/ml) 0,13 0.00 0.019 0 059
Pre AIRg mUL'' min ' 0,48 ^ 0 0 0 002 0 003
Post Fasting lnsuiin(ulU/ml) -0.20 -0.070 -0.037
Pre 0-Peptide ng/ml -0.06 0.06 -0.203 0.005
Post 0-Peptide ng/ml 0.04 0.21 -0.033 0.152

Slq.

'variables: Pre P3. Posl P3. Pre SI, Pre HOMA-IR. Post HOMA-IR, Posl RQUICKI. Pre insulin lo 
c-peplide ratio. Post insulin to c-peptide ratio. Pre and Post First Phase Insulm Response were removed 
from model due to their confounding effects

Model 2 Anthropom etry (Ad]usted r2=0.234, r2=0.283)*
Age (y) -0.01 0.84 -0.027 0 022
Sex (male/female) 0 12 038 -0 465 1 213
Post Body Weight(kg) -1.31 IBH -0 230 -0.060
Pre Waist drcumference(cm) 0,03 0,80 -0.029 0 038
Pre Impedance(KHz) -0.07 054 -0.005 0 003
Posl Waist circumference(cm) -0.34 BMR -0.091 ■0.008
Posl Hip circumference (cm) 0.03 0.88 -0 053 0.062
Post Diastolic BP(mmHg) -0.09 0,21 -0038 0.008
Post Systolic BP(mmHg) 0,01 0.85 -0.013 0.016
Post Body Fat(kg) 0.07 0.59 -0.033 0.057
Post Body Water(%) -0.78 HRI -0,300 -0 057
Post Impedance(KHz) 0.11 0,42 -0.003 0 007
Post BMI (kg/m^) -0.11 0.51 •0.157 0078
Pre Hip circumference (cm) 0.27 0.15 •0.015 0.100
Posl Body Water (L) 1.77 ■ ■ 0.131 0446

variables: Height, Pre body weight, Pre lean body mass (%) and (kg), Pre body water (%) and (L). 
Posl lean body mass (%) and (kg), pre body fat (kg) and Pre BMI, were removed from model due 
to their confounding effects

Model 3 Coagulation Factors (Adiusted r2=0.173. r2=0.191)
Age (y) -0.06 026 -0.030 0 008
Sex (male/female) 001 0.81 ■0.320 0410
Posl Body Weight(kg) -0.26 BMI -0.043 -0.015
Pre PAU1 ng/ml -0,08 0.24 -0.009 0.002
Pre tPA ng/ml -0.04 0.60 -0.076 0 044
Posl PAM r>9 /ml -0.05 0.45 -0.008 0004
Posl IPA ng/ml -0.19 BBI -0.131 -0012

Model 4 Innammatory Markers (Adjusted r2=0.147. r2=0.173) 
A9e(y)
Sex (male/female)
Post Body Weight(kg)
Pre CRP (mg/L)
Pre sICAM (ng/ml)
Pre Adiponectin (mg/L)
Pre Leplin (ng/ml)
Post sICAM (ng/ml)
Post Adiponectin (mg/L)
Posl Leptin (ng/ml)

Model 5 Lipid Markers (Adjusted r2=0.174, r2=0.218)
Ape(y)
Sex (male/female)
Posl Body Weight(kg)
Pre TAG (mmot/L)
Pre NEFA (pmol/L)
Pre TRL TAG (mmol/L)
Pre Total HDL (mmol/L)
Pre Apo CM (mg/L)
Pre Apo cm  (fr>g/L)
Pre Apo E (mg/L)
Pre TRL ApoB (mg/L)
Posl TAG (mmol/L)
Post NEFA (pmol/L)
Post TRL TAG (mmol/L)
Post Total HDL (mmol/L)
Post Apo cm (mg/L)
Post Apo E (mg/L)

Model 6 Plasma Fatty Acids (Adiusted r2=0.137, r2=0.172)^
Age (y)
Sex (male/female)
Post Body Weight(kg)
Pre plasma C20;5:3 
Pre plasma MUFA 
Pre plasma n-6 PUFA 
Pre plasma n-3 PUFA 
Post plasma C14:0 
Posl plasma C16:0 
Posl plamsa C20:4:6 
Posl plasma SFA 
Post plasma PUFA 
Posl plasma n-6 PUFA

^/ariables: Pre plasma 016:0. Pre plasma 018:1. Pre plasma 018:2:6. Posl plasma 018:2:6 
and Pre plasma PUFA (%). were removed from model due lo their confounding effects

Model 7 Dietary Variables (Adjusted r2=0.133. r2=0 247)'

-0.10 1 1 -0,037 0.001
0.11 0.13 -0.106 0 788
-0.28 1 1 -0.046 •0.016
•0.07 0.20 -0.066 0 014
0.00 0.99 -0.003 0.003
0.04 0.59 -0.065 0.114
-0.04 0.68 -0.016 0.010
-0.14 1 1 -0.006 0.000
0.07 0.31 -0.042 0.131
-0.10 0.27 -0.020 0.006

-0.14 1 -0.043 -0.005
0.07 0.29 -0.182 0,610
-0.34 1 , -0.051 -0.024
-0.11 0.49 -0.752 0.364
-0.14 i -0.002 0.000
-0 04 0.80 -0.824 0.637
0.14 0.17 -0.350 1,941
0.04 0.66 -0.011 0.018
-0.13 0.33 •0.012 0.004
0.07 0.47 -0,012 0026
0.28 1 i  0.005 0.014
0.00 0.97 -0.526 0.508
-0.03 0.62 -0.001 0.001
0.03 0.79 -0.565 0,743
0.02 0.86 -1.024 1.224
-0.06 0.60 -0.009 0.005
-0.10 0.30 •0.027 0,008

-0.14 1 1 -0.044 -0.004
0.02 0.77 -0.317 0.427
-0.36 1 I  -0.053 -0.026
0.20 1 1 0.011 0.698
-0.08 0.25 -0.071 0.018
0.00 0.95 -0.032 0.034
-0.07 0.52 -0.215 0.108
-0.06 0.50 -0.241 0,117
-0.03 0.82 -0.127 0.1W
0.06 0.15 -0.023 0,151
-0.08 0.60 -0.123 0.072
-0.16 0.29 -0.128 0.038
0,13 0.38 -0.045 0.120

Age(y) -0 15 0,11 •0.057 0,006
Sex (male/female) 0.01 0,95 -0.633 0.672
Posl Body Weight(kg) -0.37 1 : -0.063 •0,019
Pre Total fat (g/day) 0.32 0.16 -0.006 0.037
Pre Total fat (%Energy) -0.36 0.15 -0.179 0.029
Pre MUFA (g/day) 0.02 0.89 •0.099 0,114
Pre n-3 (g/day) 0.00 0.99 •0 286 0.269
Pre 012:0 (g/day) 0,20 0,14 -0.118 0.821
Pre 014:0 (fj/day) 0,03 065 •0,232 0.282
Pre Starch (g/day) -0.38 1 1 -0,019 -0.001
Pre Alcohol (g/day) 0,07 0.77 -0.044 0.060
Pre Alcohol (%Energy) 0,02 0.94 -0.175 0 187
Posl 014:0 (g/day) 0,11 0.26 -0.082 0 304
Posl Trans fatty acids (g/day) -0,18 1 1 -0.376 -0.008
Posl Starch (g/day) -0.06 0.69 -0.010 0.007
Posl Protein (g/day) -0.07 0.67 -0.020 0.013
Posl Protein (%Energy) 0,01 0.94 -0.094 0.101
Post Fibre (g) 004 0.66 -0.029 0.046

fvariables: Pre BMR, Posl BMR. Pre C8 (g/day), Pre 018:1 (g/'day), Pre MUFA (g/day). were removed from 
rrvxlei due to their confoui tding effects

Sig significance value, p - Bela coefficient, Cl = confidence intervals Each model controlled for sex, £ 
'Categorical variables wilh 23 categories for which dummy variables were created p=0.00 = p<0.(X)1 
pre= pre-intervention; post=posl-intervention

e and body weight at post-iniervention



Table 6.15c: Multiple linear regression model o f variables predicting 

increasing S| post-intervention in LIPGENE volunteers

95%  Cl
SIg. Lower Upper

Age (y) -0.14 0.00 -0.026 -0.023
Sex (m ale/fem ale) 0.28 0.00 0.846 0.918
Post Body W eight(kg) -0.35 0.00 -0.040 -0.037

Pre S g -0.90 0.00 -219.591 -213.623

Pre Dl -0.69 0.00 -0.002 -0.001

Pre GO mg/dl 0.92 0.00 0.035 0.036
Pre P2 min'^ -0.44 0.00 -23.232 -22.496
Pre Fasting G lucose (m m ol/L) -0.15 0.00 -0.302 -0.267
P reQ U IC K I 0.78 0.00 3.003 3.066

Post AIRg mUL"' min"’ -0.01 0.08 0.000 0.000
Post Dl 0.37 0.00 0.001 0.001

Post GO mg/dl ’ 0.09 0.00 0.001 0.002
Post P2 min ' -0.08 0.00 -1.124 -0.967
Post Fasting G lucose (m m ol/L) -0.20 0.00 -0.303 -0.278
Post QUICK! 0.73 0.00 7.620 7.808
Sm oke(Yes v no) -0.26 0.00 -0.987 -0.941
Play sport (Yes v No) -0.05 0.00 -0.178 -0.141
Pre Revised QUICKI 
Centre*

0.64 .0.00 51.333 52.995

TCD v UoR -0.02 0.00 -0.140 -0.056
TCD v UO 0.15 0.00. 0.655 0.737
TCD V INSERM 0.00 0.78 -0.048 0.036
TCD V UM -0.11 0.00 -0.587 -0.504
TCD V HURS-UCO 0.16 0.00 0.615 0.687
T C D V JUMC 0.06 0.00 0.286 0.369
TCD V UU -0.40 0.00 -2.036 -1.950
Pre Fasting lnsu lin(u lU /m l) 0.12 0.00 0.032 0.038
Pre AIRg mUL'^ min'^ 0.51 0.00 0.002 0.002
Post Fasting lnsu lin(u lU /m l) -0.19 0.00 -0.053 -0.048
Post W aist circum ference(cm ) -0.01 0.20 -0.003 0.001
Post Body W ater(% ) 0.08 0.00 0.015 0.020
Post tPA ng/ml 0.05 0.00 0.016 0.021
Post sICAM (ng/m l) -0.20 0.00: -0.004 -0.004
Pre NEFA (pm ol/L) 0.00 0.88 0.000 0.000
Pre TRL ApoB (m g/L) 0.26 0.00 1 0.009 0.009
Pre plasma C20:5:3 0.12 0.00, 0.196 0.220
Post Trans fatty acids (g/day) -0.18 0.04 -0.376 -0.008

Adjusted r^=0,998, r"=0.998; p=0.00 = p<0.001
Model contro lled fo r sex, age and body weight at post-intervention.
* Categorical variab les of 3 categories o r more, for which dum m y variab les were created 
Sig. s ignificance value, p= Beta co-effic ient, C l = confidence intervals.
Pre Starch (g/day) and Post Body W ater (Litres) excluded due to its confounding effects on the model 
pre= pre-intervention; post^post-in tervention

290



Table 6.16: Multiple linear regression model of variables predicting increasing S| at post-intervention in LIPGENE volunteers, randomised to four diets

Diet A (High SFA rich diet)
95% Cl

________Si£^______Lower Upper
Age (y) 0.03 0,72 -0.030 0.043
Sex (male/female) -0.11 0,27 -1.101 0.312
Post Body Weight(kg) -0.09 0.56 -0.052 0,028
Pre Sc^n*' 0.12 0,21 -19.902 85.595
Pre Di 0.18 0,26 0.000 0.001
Pre Fasting Glucose (mmol/l) -0.17 -0.786 0.052
Post GO mg/dl ’ 0,38 liBfll 0.005 0.027
Post Fasting Glucose (mmol/l) -0,14 0.35 -0,805 0.289
Post First Phase Insulin Response (ulU/ml) -0,36 Wo.oVM -0,021 -0.002
Pre C-Peplide ng/ml 0,14 0,30 -0,247 0.773
Post C-Peptide ng/ml -0,14 0.35 -0,714 0.259
Post Insulin to C-peptide Ratio -0,27 -0,638 -0.106
Smoke(Yes v no) -0,26 -1,859 -0.405
Pre Impedance(KHz) 0,06 0,59 -0.003 0.006
Post W aist circumference(cm) -0,10 0.52 -0.065 0.034
Pre tPA ng/ml -0.41 EPQ03 -0.276 -0.100
Post TRL TAG (mmol/L) 0,07 0.45 -0,358 0.790
Post Apo E (mg/L) 0,01 0.89 -0,014 0.016
Post plasma C20:4:6 0.24 IHHH 0,056 0.285
Pre S, (mU/L)-1min-1 0.15 0.21 -0,080 0.346

Adjusted r^=0.743, r^=0,835
Model controlled for sex. age and body weight at post-intervention. 
Sig. significance value, p= Beta co-efficient. Cl = confidence intervals. 
Pre QUICKI excluded due to its confounding effects on the model 
pre= pre-intervention; post=post-lntervention

Diet B (High MUFA rich diet)
95% Cl

 Lower Upper
Age (y) -0.14 0.16 -0.063 0.011
Sex (male/female) -0.03 0.74 -0.723 0.516
Post Body Weight(kg) -0.15 0.18 -0.045 0.009
Centre*
TCD V UoR 0.03 0.74 -0.736 1.025
TCD V UO 0,09 0.33 -0.445 1.292
TC D vlN S ER M 0,03 0.78 -0.909 1,212
TCD V UM 0,01 0.92 -1.010 1.121
TCD V HURS-UCO 0,01 0.92 -0.796 0.881
TCD V JUMC 0.24 0.01 ; 0.241 2.128
Pre First Phase Insulin Response (ulU/ml) -0.34 5 /0 .0 2 -0,032 -0.003
Post 01 0.76 t  0.00 ^ 0.001 0.002
Post GO mg/dl ’ -0,26 0.01 ' -0,018 -0.002
Post First Phase Insulin Response (ulU/ml) ■0.53 0.00 -0,039 -0.011
Pre S| (mU/L)-1min-1 0.20 _  0.04 0.013 0,452
Pre C22;6:3 (g/day) 0.13 0.13 -0.191 1.463

Adjusted r^=0,611, r^=0.692
Model controlled for sex, age and tx)dy weight at post-intervention.
Sig. significance value, Beta co-efficient, Cl = confidence intervals
Pre CIO (g/day) and Pre Starch (g/day). TCDvUU excluded due to its confounding effects on the model

• Categorical variables of 3 categories or more, for which dummy variables were created 
pre= pre-intervention; post=post-intervenlion

Diet C (Low Fat diet)

P Sig.
95% Cl 

Lower Upper
Age (y) -0,10 0,21 -0,042 0.010
Sex (male/female) 0.06 0,51 -0,357 0.703
Post Body Weight(kg) 
Centre*

-0.21 K Q .o e 'S  *0.039 0,000

TCD V UoR -0.09 0,31 -1.107 0,354
TCD V UO 0.08 0.38 -0.409 1,058
TCD V INSERM -0.09 0,24 -1.299 0,328
TCD V HURS-UCO 0.06 0.52 -0.439 0,859
T C D V JUMC 0.09 0.30 -0.415 1,310
TC D vU U 0.03 0.76 -0.705 0,959
Post AIRg mUL"’ min"' -0.57 S  0.00 -0.003 -0.001
Post DI 0.40 E  0.00 -g 0.000 0.001
Pre Revised QUICKI 0.40 K  0.00 -a 13.511 36.172
Pre Total Fat >35.98% Total Energy -0.33 i i o . o i  a -1,734 -0.247
Pre Total Fat <35.98% Total Energy -0.23 -1.380 -0.011
Pre Fibrinogen mg/dl 0.04 0.59 ■0.002 0.003
Pre Adiponectin (mg/L) -0.09 0.29 -0,133 0,040
Pre plasma C20;5:3 0.14 0.11 -0,051 0,481
Pre C16;0 (g/day) 0.01 0,91 -0,040 0,045
Pre CHO (%Energy) 0.30 jjP'O.OO 4 0.024 0,092
Pre Fibre (q) -0,23 r ' 0.02 ■0.068 -0.007

Adjusted r^=0.724, r^=0.801
Model controlled for sex, age and body weight at post-intervention,
Sig. significance value. p= Beta co-efficient, Cl = confidence inten/als.
Pre CIO (g/day) and Pre Total Sugars (g/day) and Post Trans Fatty Acids (g/day) excluded due to its 
confounding effects on the model
* Categorical variables o f 3 categories or more, for which dummy variables were created 
pre= pre-intervention; post=post-intervention

Diet D (Low Fat Diet with 1.2gLC n-3 PUFA)
95% Cl

P Sicj. Lower Upper
Age (y) -0.27 -0.056 -0,018
Gender -0.02 0.80 -0.384 0.296
Post Body Weight(kg) -0.10 0.38 -0.033 0.013
Post Sg m.n ' -0.23 0,12 -52.101 6.137
Post DI 0.69 0.001 0.001
Post GO mg/dl ’ 0.24 0,12 -0.001 0.004
Post P2 min ’ -0,20 r  0.00 T -2.275 -0.437
Post QUICKI 0,57 I  0.00 i 4.904 9.233
Pre Insulin to C-peptide Ratio -0.32 L u b J -0.334 -0.143
Post Insulin to C-peptide Ratio 0.16 0,08 -0.024 0.393
Play sport (Yes v No) -0.13 E 5 .0 ^ 0.012 0.684
Post Waist circumference(cm) 0.12 0.30 -0.014 0.046
Post Adiponectin (mg/L) 0.15 m 0.01 ^ 0,019 0.165
Post First Phase Insulin Response (ulU/ml) -0.67 mooy] -0,034 -0.021

Adjusted r^=0.780, r^=0.822
Model controlled for sex, age and body weight at post-intervention. 
Sig. significance value. 3= Beta co-efficient, Cl = confidence inten/als. 
pre= pre-intervention; post=post-intervention



6.4.4 The Effects of Four Dietary Treatments on Volunteers with a High and 

Low, Pre-Intervention Total Fat Intake

The median fat intake from the pre-intervention 3-day food diary records was 36%. 

As in the KANWU study, data analysis was performed after excluding volunteers 

with the 5% lowest and the highest fat intake. The effects of the four dietary 

treatments were analysed in volunteers with a pre-intervention total fat intake, above 

and below the median with a RM ANOVA model.

In those volunteers who had a pre-intervention fat intake above the median, a 

significant time*gender*diet group interaction effect (p=0.001) showed that female 

volunteers randomised to the HFMUFA diet (Diet B), had significantly greater AIRg 

values post- (353.92 mlJ/L 'min ') compared to pre-intervention (309.36 mU/L 'min' 

')(p=0.024).

AIRg • tim«*g*nd«r'di«t 
Fam alas Di«t B

Figure 6.7: AIRg pre- and post-intervention, in females with a pre-intervention total 

fat intake >36%,-^ p<0.05
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From the RM ANOVA, a significant time*centre*diet group (p=0.001) interaction 

effect for P2, which is the removal rate of insulin from the interstitial space, was seen 

in volunteers in the UO cohort, randomised to the HFMUFA diet (Diet B) and 

volunteers in the HURS-UCO cohort on the LF diet (Diet C) . P2 increased post

intervention in the HFMUFA diet (Diet B) (0.043 min"' pre- to 0.052 min * post

intervention) and decreased in the LF diet (Diet C) (0.048 min ’ pre- to 0.033 min ' 

post-intervention) (p< 0 .05).

P2 - time*centre*diet
Diet B Oslo

0.1

0.08

\ 0 P 2 i

0.04

0.02

Pre Post

Figure 6.8: P2 pre- and post-intervention, in volunteers in the UO cohort, randomised 

to the HFMUFA diet (Diet B), with a pre-intervention total fat intake >36%,

p<0.05
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Figure 6.9: P2 pre- and post-intervention, in volunteers in the HURS-UCO cohort, 

randomised to the LF diet (Diet C), with a pre-intervention total fat intake >36%, 

p<0.05
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Another significant interaction time*gender*centre*diet group effect (/?=0.001) 

highlighted further similar significant effects of the HFMUFA diet (Diet B) in the UO 

cohort (0.043 min ' pre- to 0.052 min ‘ post-intervention) (/7=0.011) and of the LF 

diet (Diet C) in the HURS-UCO cohort (0.052 min ' pre- to 0.035 min ' post

intervention) (/?=0.025) on P2, in female volunteers with a pre-intervention total fat 

intake >36%.

P2-time*gender*centre*diet group 
Fem ales in Oslo in Diet B
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Figure 6.10: P2 pre- and post-intervention, in female volunteers in the UO cohort, 

randomised to the HFMUFA diet (Diet B), with a pre-intervention total fat intake 

>36%, '^p<0.05
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Figure 6.11: P2 pre- and post-intervention, in female volunteers in the HURS-UCO 

cohort, randomised to the LF diet (Diet C), with a pre-intervention total fat intake 

>36%, p<0.05
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The effects of the four intervention diets were analysed in volunteers whose total fat 

intake at pre-intervention was below the median of 36%.

A time*diet group interaction effect (p=0.032) showed a significant decrease in 

insulin sensitivity (Si) in the HFSFA diet (Diet A) (2.99 (mU/Ly’min"’ pre- to 2.54 

(mU/L) *min ' post-intervention) (/?=0.021) using the RM ANOVA model.

Effects of intervention diets on S, in volunteers with Pre-intervention Total Fat <36% EnergyT
3.5

□  Si P re  in tervention  

■  Si P o s t In tervention

Diet A Diet B Diet C Diet 0

Figure 6.12: The effects of the four intervention diets on insulin sensitivity in 

volunteers with a pre-intervention total fat intake <36%,"^/?<0.05
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A time*centre*diet group interaction effect (p=0.026) showed an increase in Si with 

volunteers in the JUMC cohort, randomised to the LF diet (Diet C) (2.83 (mU/L)' 

'min ' pre- to 4.02 (mU/L)"'min"' post-intervention). These volunteers had a pre

intervention total fat intake <36%.

TiiiM*c«ntre*dMtgroup-JUMC voluntsars randomisad to Dial C, in thosa whose Pra intarvention total
lat <36%
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Figure 6.13: The effects o f the LF diet (Diet C) on insulin sensitivity in volunteers in 

the JUMC cohort with a pre-intervention total fat intake <36%, "^p<0.05
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A time*gender*diet group interaction (p=0.048) effect showed a decrease in Si post

intervention in females on the HFSFA diet (Diet A) (3.16 (mU/L) 'min ' pre- to 2.50 

(mU/L) 'min ' post-intervention.

Pre-intervention total fat<36%, Fem ales Diet A-tlme*gender*dlet group,

(A 2

Post

Figure 6.14: The effects of the HFSFA diet (Diet A) on insulin sensitivity in female 

volunteers with a pre-intervention total fat intake <36%, *^7?<0.05
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Similar effects were seen for P2 in those volunteers with a pre-intervention total fat 

intake <36% as seen in those with pre-intervention total fat >36% wherein a time*diet 

group interaction effect (p=0.048) showed a decrease in P2 from pre- to post

intervention (/j=0.033) in the LF diet (Diet C) group (0.044 min ’ pre- to 0.033 min ' 

post-intervention).

P2- Tim e*diet g ro u p  
P re-in te rven tionT ota l F a t <36%

0.05

!P r« P 2  
I  Post P2

Diet A Diet B Diet C Diet D

Figure 6.15: The effects of the LF diet (Diet C) on P2 in volunteers with a pre

intervention total fat intake <36%. "i^xO-OS
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A time*gender*diet group interaction effect (/?=0.004) demonstrated a significant 

decrease with HOMA-IR in female volunteers assigned to the HFMUFA diet (Diet B) 

(2.57 pre- to 2.12 post-intervention) (p<0.05).

Pre-intervention total fat <36%
Fem ales Diet B -time*gender*dlet group - HOMA IR

 ^ _______________

Io h o m a -i r ]

Figure 6.16: The effects of the HFMUFA diet (Diet B) on HOMA-IR in female 

volunteers with a pre-intervention total fat intake <36%,"^ /?<0.05
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A time*diet group interaction effect (p=0.002) demonstrated a significant reduction in 

the insulin to C-peptide ratio in the HFMUFA diet group (Diet B) in those whose total 

fat intake was <36% pre-intervention (3.68 pre- to 3.18 post-intervention).

Pre-Intervention total fat <36% - Insulin to  C-peptide ratio

4 .5
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D ie t A D ie t B D ie t C

I P re  intefvftntion Insulin to C -pep tide  Ratio B P o s t  Intervention Insulin to  C peptidd Ratio |

D ie t D

Figure 6.17: The effects of diets on insulin to C-peptide ratio in volunteers with a

pre-intervention total fat intake <36%, p<0.05
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6.4.5 MetS at post-intervention

All volunteers entering the LIPGENE dietary intervention study from screening had 3 

out of 5 criteria as defined by a modified version of the NCEP ATPIII criteria. At 

post-intervention, 81% had the MetS (33.8% with 3; 28.8% with 4 and 18.5% with 5 

criteria).

Figure 6.18 shows the percentage of volunteers with 3, 4 or 5 of the criteria 

post-intervention as compared to pre-intervention, where 86.6 % had the MetS. Chi 

Square analysis was used for comparing proportions of participants in the 2 groups 

with MetS before and after treatment, /?<0.05. The total number of components of the 

MetS decreased in all diet groups (/?<0.05). The number of volunteers with 3 

components decreased significantly in the HFMUFA diet (Diet B) from 35% to 33% 

and increased in the HFSFA, LF and LFn3PUFA diet (Diets A, C and D). However, 

the number of volunteers with 4 criteria decreased in all diet groups and in the 

HFSFA, HFMUFA and LF diet groups (Diets A, B and C) for 5 criteria with no 

change in the HFMUFA diet group (Diet B) (p<0.05).
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6.5 Discussion

Whilst it has been shown that saturated fat can impair insulin sensitivity in health) 

cohorts (Perez-Jimenez etal., 2001; Vessby et a l,  2001; Lovejoy et a i, 2002), studies 

demonstrating the effects of dietary fat substitution on individuals with the MetS are 

lacking in the literature. The LIPGENE dietary intervention study represents the 

largest European intervention study designed to determine the effect of dietary fat 

modification on insulin sensitivity and other metabolic markers associated with the 

MetS. To date, no study has addressed the relative efficacy of the removal of dietarj 

SFA, either by replacement with MUFA or reduction with a low-fat, high-complex 

carbohydrate diet whilst maintaining an isoenergetic state in a large cohort of MetS 

subjects under free-living conditions. Subjects with the MetS are ideal to study the 

effectiveness of diet as a primary preventative measure for T2DM, as it is recognised 

as the prelude to the ever-growing condition and one that can be easily identified and 

diagnosed. This study had significant statistical power as a result of the large number 

of participants and the 12-week study duration. The validated and approved IVGTT 

method to estimate insulin sensitivity was used and considered a major strength to the 

study. Nutrient intake, and thus compliance, was analysed with the use of 

comprehensive dietary records. Considerable efforts to ensure targets were achieved 

was accomplished through the provision of study foods, clear and structured 

prescriptive advice with sample meal plans, individualised dietary advice, positive 

motivational strategies and subject support. As reported in Chapter 4, overall 

compositional targets were largely achieved with significant differences in fat 

quantity and quality between the four study diets.

The majority of individuals with the MetS are overweight with abdominal 

obesity a prerequisite of the IDF definition. Data from meta-analyses (Bray & Popkin, 

1998; Yu-Poth et a i,  1999; Astrup et al., 2000; 2005) have shown that a reduction in 

the percentage of dietary fat intake is associated with the amount of weight lost. Total 

fat intake, expressed as a % of energy, decreased significantly in both the LF and 

LFn3PUFA diets (Diets C and D) to 28%. This reduction in dietary fat as a % of 

energy, more than likely accounted for the unintentional weight loss seen in these two 

diet groups. In a similar group of MetS patients, overweight subjects who received an 

ad-libitum low-fat high-complex-carbohydrate diet lost weight and subsequently 

demonstrated a reduction in plasma TAG (Poppitt et al., 2002). These results and 

results from other large prospective studies (Tuomilehto et al., 2001) support the use
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of low fat, high-com plex carbohydrate diets for the treatment of obesity in patients 

with the MetS. Although weight loss was m inimal (<2%), this weight loss was 

significant on the low-fat high CHO diets (Diets C and D) compared to the High Fat 

diets (Diets A and B), suggesting favourable m etabolic outcom es were possible from 

the onset. W eight loss occurred because o f a reduction in energy intake in the LF and 

LFn3PUFA diets (Diets C and D), as reported in Chapter 4. The reduced fat content 

and the lower energy density of these diets made it difficult for subjects to maintain 

isoenergetic conditions despite those volunteers being asked to ensure they consumed 

two extra portions o f CHO daily (equivalent to ~ 70 g CHO) to maintain an 

isoenergetic state. Am ong overweight individuals, total fat intakes <30% total energy 

facilitates weight loss (Astrup et a i ,  2000). The most profound improvements in 

metabolic factors associated with the MetS occur in overweight insulin-resistant or 

hyperinsulinemic individuals when they lose weight. However there is litde evidence 

that low-fat high-CHO diets will improve insulin sensitivity in an isoenergetic state as 

compared to replacing SFA with M UFA or PUFA (Reaven, 2005). There is 

considerable evidence in the literature that insulin sensitivity can be improved with 

weight loss (Olefsky et al., 1974; Su et ciL, 1995; Reaven, 2000; W eyer et a l ,  2000; 

Knowler et al., 2002). Interestingly our study dem onstrated a significant time*change 

in body weight interaction for fasting insulin, QUICKI, and C-peptide concentrations 

whereby fasting insulin and C-peptide concentrations decreased and QUICKI 

increased in subjects who lost weight. Therefore, due to the fact that body weight is 

intrinsically linked to insulin sensitivity, change in body weight was included as a 

covariate in the RM ANOVA model, which tested for significant differences in the 

various metabolic m arkers within and between the four dietary treatm ent groups.

W ith initial analysis, the use of the “gold standard” m ethod of m easuring 

insulin sensitivity such as the IVGTT with minimal modelling, failed to show effects 

of four intervention diets differing in fat quality and quantity despite establishing near 

isoenergetic differences in fat intake on estimates of insulin sensitivity and measures 

of insulin resistance. Studies using the IVGTT to measure insulin sensitivity have not 

demonstrated a deleterious effect of high-fat diets (Borkman et ciL, 1991; Howard et 

al., 1991), similar to that in LIPGENE. Fasting insulin and glucose concentrations did 

not significantly increase on the LF and LFn3PUFA diets (Diets C and D), a finding 

contradictory to other studies in T2DM  patients fed isoenergetic low-fat high-CHO 

diets (Garg et al., 1988; Garg et al., 1994; Parillo et al., 1996).
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Controversy has for a long time surrounded the effects of LC n-3 PUFAs on 

insulin sensitivity and other factors of the MetS in healthy and diabetic cohorts 

(Vessby & Boberg, 1990; Vessby et ai ,  2001). In LIPGENE, the beneficial effects of 

the 1.24g/day LC n-3 supplement were not observed despite the increase of both EPA 

(C20:5:3 %) and DHA (C22;6:3 %) concentrations in plasma in this diet group. It did 

not significantly improve insuhn sensitivity or glycaemic control in this group of 

MetS subjects even with sufficient study duration to allow a change in cell membrane 

composition.

With further analysis, considering gender, centre and background fat intake, 

subtle changes were observed. For example, females were shown to have a 

significantly greater insulin sensitivity index compared to males and fasting glucose 

increased with increasing age pre- and post-intervention, irrespective of diet. The age 

effect of worsening hyperglycaemia with time has been previously reported 

(Hamman, 1992). As expected, there were significant differences in a number of 

anthropometric measurements and insulin sensitivity biomarkers, including fasting 

glucose and fasting insulin between the centres. These differences were not 

unanticipated; at the screening stage, centres employed different strategies to recruit 

subjects onto the study e.g. lipid clinics, blood pressure clinics, weight managements 

clinics, impaired fasting glucose clinics etc which could account for the differences 

observed.

Hyperinsulinemia is associated with hypertension, hyperlipidaemia and CHD (Stout, 

1990). Diets high in total fat and SFA have been significantly associated with fasting 

hyperinsulinaemia with no associations for MUFA or PUFA (Marshall et ai,  1997). 

In LIPGENE, fasting insulin increased on the High-fat SFA-rich diet and decreased 

on the High-fat MUFA-rich and both low-fat diets, albeit, not significantly. However, 

a time*centre*diet group effect showed that the HFMUFA diet (Diet B) which was 

modelled on the Mediterranean style diet of high MUFA intakes, showed potential to 

improve fasting insulin and insulin sensitivity in some centres. Volunteers in the UU 

cohort responded to the high-fat MUFA-rich diet and the low-fat high-complex CHO 

diet. Also HURS-UCO volunteers responded to the low-fat high-complex CHO diet 

with LC n-3 PUFA supplement with respect to effects on plasma fasting insulin 

concentrations and QUICKI. These centres are experienced and have good track 

records in carrying out dietary intervention studies (UU and KANWU; HURS-UCO
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and successful interventions and crossover studies). The positive and significant 

response seen with these two centres may be attributable to protocols being strictly 

followed, good deliverance of advice and therefore better compliance, or perhaps 

environmental factors, including habitual fat intake or genetics. As dietary targets 

were achieved largely by all centres, perhaps it is the latter that is culpable for little 

dietary responses. Further analysis is ongoing in this area with the investigation into 

gene-nutrient interactions wherein habitual dietary background is considered 

(LIPGENE W P l.l, NUGENOB). In the HURS-UCO cohort body weight decreased 

pre- to post-intervention. This centre also had the highest % Energy from MUEA at 

baseline. Within the UU centre, body weight decreased pre- to post-intervention; 

lower baseline waist circumference, higher plasma oleic acid (C18;l% ) and total 

plasma MUEA concentrations pre-intervention, and higher concentrations of plasma 

EPA (C20:5:3 %) post- intervention, lowest energy intakes and highest CHO intake 

(% Energy) at baseline were significant findings that emerged with the analysis that 

may have a cause or effect role in the changes observed.

It is interesting to note that in the well cited KANWU study, very few 

differences in metabolic markers were found on first inspection. When the data was 

further primed, an important significant difference was noted in subjects who had a 

total fat intake below 37% energy wherein decreasing SEA and increasing MUEA 

improved insulin sensitivity (Vessby et al., 2001). Similarly, with LIPGENE, at first 

glance, there were no deleterious effects of the high-fat SEA-rich diet on insulin 

sensitivity. However, when stratifying according to background total fat intake, 

insulin sensitivity was reduced by 15% and 21% in all subjects and females, 

respectively who had a pre-intervention total fat intake <36% and were then 

maintained on a high-fat SEA-rich diet for 12 weeks. Again, centre differences were 

seen where insulin sensitivity significantly increased in the JUMC cohort in those 

who had a low total fat intake at baseline (<36%) and were randomised to a lower fat 

diet (28%) with a high-complex CHO intake (Diet C). HOMA-IR, decreased 

significantly in females who had <36% total fat pre-intervention and were then 

randomised to a high MUEA diet (Diet B). This suggests that changes in the total 

amount of fat in the diet from a low-fat diet (<36%) to a high-fat SEA-rich diet 

(>38%) can reduce insulin sensitivity. Similarly, a high-fat MUEA-rich diet can have 

beneficial effects on insulin resistance in subjects with a habitual low-fat diet. With 

the gender and centre differences observed, there is evidence of hypo- and hyper-
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responders which would support the hypothesis that genetic variation may play a role 

in responsiveness to dietary therapy.

Dietary fatty acids have potential to m odulate the inflamm atory status in healthy 

hum ans (Baer et al., 2004). In LIPGENE MetS subjects, IL-6, CRP, TN Fa and 

adiponectin decreased on the M UFA rich diet (Diet B), although not reaching 

significant levels. However in the cohorts of HURS-UCO (males only) and UU 

(females only) on the high-fat M UFA -rich diet, resistin concentrations significantly 

reduced. The effects of weight loss were not observed in this diet group, a factor that 

could confound the results through its effects on attenuating the inflammatory state 

(Ziccardi et al., 2002; Sharman & Volek, 2004). Adiponectin, a plasma protein, 

originating from the adipose tissue, is gaining considerable interest, with its potent 

anti-inflam m atory effects. Low plasm a adiponectin levels are an independent risk 

factor for the developm ent o f T2DM  (Lindsay et al., 2002). Post-intervention, 

adiponectin levels correlated with post-intervention Si and QUICKI and negatively 

with HOM A-IR. As a predictor of post-intervention Si, univariately and when 

controlling for age, gender and body weight, adiponectin was also as a final predictor 

in determ ining Si in the Low -fat LC n-3 PUFA diet. Other markers of intlam m ation 

(TN Fa and sICAM  and leptin) that correlated with and were final predictors of Si 

(sICAM ) support evidence o f sim ilar findings in ageing, over nourished and 

physically inactive patients with the M etS (Esposito & Giugliano, 2004). The lack of 

significant effect on inflam m atory m arkers with the low-fat LC n-3 PUFA diet may be 

due to the relatively low dose o f supplement. One study with 14g/day fish oil 

supplem ent showed more favourable effects (Ciubotaru et al., 2003).

The influence of dietary fat on lipoprotein metabolism is mediated by multiple 

mechanisms (Riccardi et al., 2004). The HFSFA rich diet (Diet A) counter intuitively 

decreased TAG and increased HDL concentrations. In male subjects, TAG, TRL TAG 

and TRL cholesterol were significantly reduced on the high-fat SFA-rich diet (Diet A) 

also. The HFM UFA rich diet (Diet B) showed reductions in fasting plasma TAG, total 

cholesterol and a significant increase in HDL-cholesterol. The significant increase 

seen with HDL is not consistent in the literature with some studies reporting increases 

and some reporting no change (Garg, 1998). W hile a low-fat diet is still advocated by
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many to be a prim ary and secondary choice of prevention for treatm ent of T2DM, the 

unintended increase in carbohydrate intake may reduce HD L-cholesterol and increase 

TAG concentrations which are core features o f the MetS (Grundy, 1999). These 

patterns, although non-significant, were observed in this study on the low-fat, high- 

carbohydrate diet (Diet C). How ever they were attenuated by the low-fat n-3 PUFA 

diet (Diet D) with the classical TAG lowering effect o f LC n-3 PUFA being 

confirmed. Diet D also saw a reduction in TAG and TRL cholesterol and TRL TAG 

in m ales only. Plasma NEFA concentrations significantly reduced on this diet also. 

W hen the change in plasm a lipids from pre- to post-intervention were analysed, 

plasm a NEFA and cholesterol were significantly reduced in Diet D as compared to 

the High-fat SFA-rich diet (Diet A). The reduction in plasm a NEFA is an important 

finding as increased concentrations have been shown to induce insulin resistance 

through interference of insulin signal transduction pathways and glucose transport 

(Grundy et al., 2004; Dandona et al., 2005). Epidem iological evidence suggests that 

LC n-3 PUFA have protective properties against the developm ent o f T2DM, 

modifying plasma lipoprotein concentrations, reducing TAG concentrations 

effectively (Popp-Snijders et al., 1987; Friedberg et al., 1998) and increasing HDL- 

cholesterol concenlralions (M ori et al., 1999). Its effects on insulin sensitivity in 

humans, however, are not as clearly defined, with some studies showing favourable 

benefits (Popp-Snijders et al., 1987; Fasching et al., 1991; Delarue et al., 1996) and 

others showing little or no influence (Vessby et al., 2001). These inconsistencies may 

result from the many different study designs, patient group studied and the dose and 

com position of the fish oil administered. Few studies have determined the effects of 

fish oil supplem entation in patients with the MetS. LIPGENE has shown no beneficial 

effects o f fish oil supplem entation on insulin sensitivity, and in fact, a non-significant 

reduction was observed. It seems from the results that CV D risk factors were more 

susceptible to m odification as com pared to IVGTT param eters and were optimised by 

the LC n-3 PUFA supplem entation. It could be hypothesised that the relationship 

between the MetS and the effects on lipoproteins (TAG and HDL-cholesterol) are 

dependent on changes in body weight as although small, the weight reduction was a 

significant outcome on both low-fat diets. A diet rich in n-3 fatty acids accompanied 

by a weight loss factor has shown to have a more favourable outcom e on CVD risk 

than either single component (Mori et al., 1999).
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In a recent article it was postulated that fish oil was more effective in 

m odulating insulin action than reversing insulin resistance and hence, the effects 

would be more evident in healthy cohorts (Giacco et al., 2007). Secondly, fish oil may 

be more advantageous as part of diet rich in saturated fat as seen in animal studies 

(Giacco et al., 2007). This same study showed that a moderate supplem entation of fish 

oil had no effect on insulin action, insulin secretion or p-cell function in healthy 

volunteers, irrespective of the fatty acid com position of the diet (saturated fat or 

m onounsaturated fat). The 1,24g/day, however, proves effective in lowering TAG 

levels in MetS subjects, possibly by decreasing hepatic production o f VLDL TAG 

(Harris et al., 1990). Thus, supplem entation with n-3 PUFAs m ay be warranted in 

patients with the M etS through im provem ent of the plasm a lipoprotein profile. It may 

be postulated that the m echanism s by which n-3 PUFAs reduce TAGs and improve 

insulin sensitivity are independent of each other. This warrants further investigation.

The significant effects seen with m ales indicate significant gender effects of the 

relationship with lipid responses and dietary fat m odification. Differences in age, sex, 

body weight, m enopausal status, habitual diet, and baseline lipid values could in part 

explain the inconsistency in the results. However, the higher baseline values for 

cholesterol and TAG in males random ised to the HFSFA diet (Diet A), and therefore 

greater responses seen could reflect the regression to the mean phenomenon. Another 

potential reason is the lack of a cholesterol-raising effect seen with stearic acid 

compared to lauric, m yristic and palmitic acids. Stearic acid was the primary saturated 

fatty acid in the study foods provided to subjects on the HFSFA diet (Diet A). As 

palmitic acid is much more abundant in the typical W estern diet, it may be considered 

more responsible for the cholesterol-raising effect of such diets (Grande et al., 1970). 

The increase in HDL-cholesterol seen in the High-fat SFA-rich diet is not a new 

phenomenon. An increase in HDL-cholesterol concentrations with high-fat SFA-rich 

diets has been previously suggested (Rivellese et al., 2003). The changes seen in the 

lipids but not seen in glucose and insulin m etabolism  may indicate that the 

pathological m echanism s involved may be different for both and may be influenced 

by different factors, both genetic and environmental.

Although the 3-day weighed food diary and 24-hour recalls used to estimate 

volunteer’s intake and thus compliance over the study period have been validated, the 

methods used in free living populations are never perfect. Therefore, plasm a fatty acid
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com position was analysed as a more reliable, objective m arker of intake. Fatty acid 

com position of serum lipid esters (Ma et al., 1995a) or adipose tissue triglycerides 

(van Staveren et al., 1986; W olk et al., 1998) reflects fatty acid intakes over several 

weeks and months. Due to cost and labour lim itations plasm a fatty acids were 

analysed for whole serum without standardisation for lipids and may only weakly 

represent dietary fat composition. This is especially true for polyunsaturated fatty 

acids and therefore, reflected capsule compliance. The relationship between saturated 

fat in the diet and in the plasm a are weak, and absent with respect to m onounsaturated 

fat (Vessby, 2003). The plasm a fatty acid com position data agree largely with the 

subjects’ reported dietary intakes. From the correlation analysis, a negative correlation 

was observed between the content o f saturated fat in plasm a and insulin sensitivity 

and a positive association between insulin sensitivity and total plasm a PUFA and n-6 

PUFA. In a Finnish prospective cohort study of m iddle-aged normoglycaem ic men, a 

high proportion of linoleic acid in plasm a fatty acids was associated with a lower risk 

of developing diabetes with lower increases in serum insulin and blood glucose over 

the 4 year follow-up period (Laaksonen et al., 2002).

QUICKI dem onstrated a statistically strong relationship with insulin sensitivity. This 

has been previously observed where QUICKI demonstrated a statistically strong 

relationship with the minimal model (Brady et al., 2004a). Significant associations 

were also observed between SI and HOM A-IR, FPIR and fasting insulin. Insulin 

sensitivity was negatively correlated with body weight, BMI and waist circumference 

post-intervention in each diet group. In contrast fasting insulin concentrations were 

positively associated with these anthropom etric m easurements. This further highlights 

the relationship between body weight and insulin sensitivity. AIRg, a measure of 

insulin secretion can predict the developm ent of T2DM  in populations with impaired 

glucose tolerance (Bunt et al., 2007). In our study AIRg correlated with adiposity 

m easures; body weight, waist circumference and BMI irrespective o f diet and with 

body weight in both low fat diet groups. Greater insulin secretory responses to 

glucose negatively predicted SI univariately and m ultivariately. Also, AIRg was a 

final predictor in determ ining SI after a low-fat CHO diet (Diet C) also. W ith the 

focus m ainly on insulin resistance and insulin sensitive states, more em phasis needs to 

be placed on insulin secretion, its determinants and the effects of varying 

concentrations of fat and carbohydrate. In a study of obese adolescents, a 2-fold
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increase in their insulin secretion was required to maintain normal glucose and lipid 

concentrations on both high-fat and high-CHO diets (Sunehag et al., 2005). This 

demand on the pancreatic p-cells would undoubtedly contribute to early p-cell failure 

and progression to T2DM .

Baseline insulin sensitivity or intervention diets per se did not predict insulin 

sensitivity in the LIPGENE dietary intervention study. After m ultivariate adjustment 

for age, gender and body weight, dietary fats (total, saturated, m onounsaturated or 

polyunsaturated fat) were not associated with insulin sensitivity. The only significant 

finding was an inverse association between trans fatty acids and insulin sensitivity 

among the LIPGENE volunteers. In the N urses’ Health Study, high intakes o f trans 

fatty acids were associated with a higher risk o f T2DM  during the 14 years of follow 

up (Salmeron et al., 2001).

Poor dietary quality (low er energy intakes and higher percentages of energy 

from dietary lipids and alcohol) is associated w'ith development of abdominal obesity 

and the MetS (M illen et al., 2006). The linear regression model used did not elucidate 

SEA or M UFA as predictors o f insulin sensitivity. Perhaps more controlled regression 

analysis with a stepwise look at the individual predictors would serve to better answer 

a more hypothesis driven approach. Grouping together variables constituting healthy 

or unhealthy risk profiles might better predict insulin sensitivity. Consistent in the 

linear regression models, however was the inverse relationship between increasing 

body weight and insulin sensitivity. Univariately and in each of the seven models, 

increasing body weight was associated with a negative impact on insulin sensitivity. 

Adiposity, m easured in a num ber of ways is associated with a reduction in insulin 

sensitivity (Eerrannini et al., 1997). A lthough waist circumference was not a 

significant predictor in the final model, it was a significant predictor in the 

anthropom etry model. As men have considerably larger proportions o f abdominal fat 

com pared to wom en who exhibit greater amounts of total and subcutaneous fat 

(Pouliot et al., 1994), this may explain the lack of association between insulin 

sensitivity and waist circum ference in the cohort as a whole. However, abdominal 

obesity has been identified as the most prevalent MetS risk factor during a long-term 

follow-up in healthy wom en (M illen et al., 2006). Our data was not split by gender 

before analysis and this could be an avenue for approach in future analysis of the 

LIPGENE cohort. A lthough lifestyle information was not assessed in detail in this 

chapter i.e. m arriage status, occupation, sedentary behaviour; two variables, smoking
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status and whether the participants played sport or not, were entered into the 

regression models. Sm oking did not seem to have an effect on insulin sensitivity, 

however, not being physically active compared to those volunteers who play sport 

predicted a decrease in SI post-intervention. Dietary patterns rather than specific 

nutrients are now being studied using different statistical techniques including 

regression and principle com ponent analysis to determine the com ponents of diets that 

can improve insulin sensitivity and in the long term prevent the developm ent of 

T2DM . Dietary patterns m odelled on the M editerranean style diet have been 

negatively associated with features of the MetS (W illiam s et al., 2000). In the 

Fram ingham  Offspring study, intake of cereal fibre was associated with a 38% lower 

incidence of the M etS (M cKeown et al., 2004). Increasing fibre intakes post

intervention was a significant determinant of SI when entered univariately whilst 

controlling for age, gender and body weight in the LIPGENE study. O ther dietary 

variables predicting SI were low total fat intakes including M UFA and trans fatty acid 

intakes and increasing dietary n-3 PUFA. How ever these effects were lost when 

m odelled with other variables which could confound effects or lose significance as 

compared to when entered singularly. The main findings from the linear regression 

model that could be related back to m odifiable lifestyle determinants for improving 

insulin sensitivity were reducing body weight, increasing physical activity and 

decreasing trans fatty acids in the diet. This is consistent with current expert nutrition 

recom m endations on the prevention of MetS and obesity risk.

It has been shown that people who followed a M editerranean Style diet 

reduced the num ber of components of the syndrome, and after adjusting for changes 

in body weight the overall prevalence reduced by approxim ately one half (Esposito et 

al., 2004). This adds further weight to promoting such a dietary pattern in this group 

o f subjects. The num ber of components of the M etS decreased from pre-to post

intervention in LIPGENE also. This decrease, however, was seen across all diets with 

the greatest decrease seen in the HFSFA diet (Diet A). The HFSFA diet also exhibited 

a greater decrease in the num ber of subjects with 4 and 5 components o f the MetS at 

post-intervention. However, o f note, subjects random ised to the HFSFA diet (Diet A), 

at baseline had the greatest percentage of MetS criteria and also had m ore people with 

4 criteria than any o f the other diet groups. This more than likely represents regression 

to the mean phenomenon.
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Assessing the outcom es of dietary interventions will always be subtle. Dietary 

studies are particularly difficult to perform, especially in free-living subjects with 

respect to dietary compliance and the usual underreporting by subjects (Black & Cole, 

2001). The inaccuracy o f diet diaries and questionnaires may contribute to the 

inconsistent results in hum ans. Overweight and obese individuals tend to 

underestim ate total fat and energy intake (Buzzard, 1998). So although it was shown 

that dietary targets were largely achieved, true compliance and underreporting are 

m ajor contributors to the lack of significant findings in such a large study with diverse 

habitual intakes between centres. It may also be that the variability in insulin 

sensitivity and genetic factors can explain the inconsistencies and lack of desirable 

outcom es. The effects of diet on the M etS can be mediated through multiple 

m etabolic pathways including insuhn signalling, insulin secretion, lipid metabolism, 

inflam m ation, endothelial dysfunction, blood pressure and thrombotic factors. 

A lthough the MetS is thought to have a strong genetic component, central to its 

treatm ent are weight loss, physical activity and diet. Diet and exercise have previously 

dem onstrated a reduction in insulin resistance (Uusitupa, 1996; Torjesen et al., 1997) 

with the combination being more effective than each isolated component (Uusitupa, 

1996).

The aim of this chapter was to consider the potential role of the changes in quantity 

and quality o f dietary fat in attenuating the m anifestations of the MetS and to 

dem onstrate that changing the m acronutrient composition whilst maintaining 

isoenergetic conditions can result in clinically relevant m etabolic changes. Variatiors 

in m acronutrient content of isoeneregtic diets had little impact, if  any, on insulin 

sensitivity when looked at first glance. It has been shown that while approximately 

75%  of individuals in the m ost insulin resistant tertile are overweight or obese, 30% in 

the m ost insulin sensitive tertile are also overw eight/obese (M cLaughlin et al., 2004). 

W eight loss strategies and intervention programmes should be aimed at this subgroup 

o f the population who will benefit from such interventions. W ith no single diet 

em erging more advantageous over the other, perhaps the Am erican Diabetes 

Association (ADA) recom m endations wherein diet composition for patients with 

diabetes mellitus is individualised based on nutritional assessment and desired 

outcom es (ADA, 2007) hold same for persons with the MetS. W ith that, goals of 

therapy should be sim ilar in that maintaining normal or near-normal blood glucoje
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control, optim ising serum lipid and lipoprotein concentrations, attaining desirable 

weights and im proving overall health should be o f priority. Perhaps the optimal diet 

should include M UFA as it has no detrimental effects on insulin sensitivity. Possibly, 

more significant changes would have been observed if the this type o f diet was for a 

longer duration as following a M editerranean style diet for greater than 2 years 

im proved endothelial function, reduced waist circumference, plasm a glucose, serum 

insulin and HOM A score in MetS patients (Esposito et al., 2004). Due to the relatively 

large num ber o f patients in our study, it will be possible to test the hypothesis that 

gene polym orphism s influence the response to dietary fatty acids and that genetic 

background is central to such responses. Further analysis will serve to look at 

stratifying individuals in the cohort according to BMI and to compare the effects of 

the intervention diets in overweight versus lean individuals. Stratifying the volunteers 

according to their plasm a fatty acid levels (SFA, MUFA, PUFA) post-intervention 

and looking at the effect of the plasm a fat on the biomarkers of insulin sensitivity 

should also be carried out to further explore the effects of fat on insulin sensitivity. As 

stated in Chapter 5, with any statistical analysis, it must be considered that with so 

many statistical tests carried out, the concept of chance findings is an issue.

In summ ary the LIGPENE intervention study showed that dietary fat 

com position can alter insulin sensitivity, wherein pre-intervention dietary 

environm ent affects responsiveness to dietary intervention. Also n-3 PUFA 

supplem entation in combination with a low-fat diet improved the lipid related CVD 

risk profiles, particularly in men. Since these interventions were achieved without 

altered BM I it demonstrates that public health nutrition strategies to attenuate the 

m etabolic risk profile of subjects with the MetS can be achieved, albeit modest, within 

the context of the overweight/obese phenotype.
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Chapter Seven

The G972R variant of the insulin receptor substrate-1 (IRS-1) gene, 

insulin-sensitivity and gene-nutrient interactions in a MetS cohort.

7.1 ABSTRACT

Background: The G972R variant is a potential contributor to the insulin resistance in 

T2DM. The IRS-1 polymorphism appears to interact with obesity, potentiating obesity- 

linked insulin resistance. To date no significant gene-diet interactions in the development 

of T2DM in humans with IRS-1 have been found.

Objective: To explore if the IRS-1 genetic polymorphism Gly972R associated with

increased risk of the MetS plays a causal role in determining an individual’s 

responsiveness to dietary fat modification.

Design: The G972R SNP in the IRS-1 gene has been investigated in relation to its

association with biomarkers of insulin resistance in a population of -450  MetS patients 

recruited for the LIPGENE dietary intervention study. Gene-diet associations have been 

probed for using dietary record and plasma fatty acid measurements.

Results: The codon-972 aminoacid variant of IRS-1 in the heterozygous form was

found in 11.7% of the WP1.2 MetS cohort. A significant difference between the GG and 

AG/A A genotypes with respect to Total Energy (MJ/day) (/?=0.010) was observed and 

maintained when controlled for age, gender, centre and BMI (/?=0.019). The GG 

homozygote group for rs 1801278 in the IRS-1 gene had significantly higher QUICKI 

values than the AG/AA genotype (p=0.019). The effect of carrying an A allele in 

rs 1801278 resulted in higher Si values with plasma MUFA levels below the median of 

28.2%.

Conclusion: QUICKI was significantly higher in wild-type subjects than in AG/AA 

carriers of codon-972 polymorphism. Independently and controlling for potentially 

confounding factors, total energy intake was significantly increased in A allele carriers 

compared to wild-type carriers. This may be linked to the finding that obese subjects 

heterozygous for the codon-972 variant show severe insulin resistance. Energy intake 

may play as yet an undefined but potentially important role in this effect.
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7.2 INTRODUCTION

In light of the Human Genome Project and the rapid advances in molecular biology, a 

wealth of genetic information is being generated, particularly with respect to the 

common, polj^genetic, diet-related diseases including obesity, insulin resistance and 

T2DM. It is becoming increasingly obvious that an individual’s phenotype represents a 

complex interaction between the genetic background and environmental factors over the 

course of an individual’s lifetime. Food intake and nutrient exposure are key 

environmental factors in the pathogenesis and progression of the common polygenic, 

diet-related diseases. Therefore it is time to identify the nutrient sensitive genotypes and 

to develop a “personalised nutrition” approach, whereby nutrient intake is 

manipulated/optimised based on an individual’s genetic profile to reduce disease risk 

and/or improve the effectiveness of dietary guidelines/recommendations in general 

(Phillips et a i,  2007).

For example the “thrifty genotype” (Neel, 1962), which conferred a protective 

effect in times of food deprivation, promoting fat deposition, has now been proposed to 

explain the escalating incidence of obesity in recent times as food is more abundant and 

energy dense and physical activity has decreased. Insulin affects the transcription of 

several genes involved in energy homeostasis, glucose and lipid metabolism. Therefore 

the interactions between genes, dietary fat composition and insulin sensitivity are the 

focus of many studies investigating the molecular mechanisms that affect insulin 

responsive genes. However, there is a need to further substantiate research in this area.

There has been a lot of focus on proximal components of the insulin signalling 

pathway since functional variation of these molecules could in part explain the 

widespread disruption of post-receptor signalling that characterises T2DM (Zeggini et a i ,  

2004). Insulin receptor substra te-1 (IRS-1) plays a key role in proximal insulin signalling 

and many sequential variants of the IRS-1 gene have been identified (Zeggini et a i ,  

2004). The main focus has been on two relatively infrequent nonsynonymous variants 

P512A (rsl801276) and G971R (G972R, rsl801278). The combined prevalence of these 

variants was suggested to be increased in T2DM (Almind et a i ,  1993). The G972R 

variant, however, is more common and has stronger evidence to support direct effects on 

gene product formation (Almind et a i ,  1996; Hribal et ciL, 2000). When polymorphisms
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o f  IRS-1 were grouped together, the overall frequency o f  the codon 972 variant was 

10.7% in T2DM  patients versus 5.8% in control subjects (p<0.02), suggesting that this 

genetic variant is a potential contributor to the insulin resistance in T2DM  (Hitman et a l ,  

1995). A recent augmented meta-analysis of  27 association studies indicated that carrying 

the G972R allele conferred a significant increase in disease risk by -1 5 %  (Zeggini et a l ,  

2004). To test the reproducibility o f  this association, Florez et al., (2004) recently 

attempted to replicate the same genetic model in a large sample o f  9,000 white 

individuals. Despite >95% power to obtain a p<0.05  for the odds ratio o f  1.25 that had 

been estimated in the meta-analysis, they did not observe an association of G972R with 

T2D M  related traits or age of onset (Florez et a l ,  2004).

Insulin stimulated glucose uptake is significantly decreased in skeletal muscle 

from the obese and in adipose tissue from rats fed a high-fat diet, with reduced protein 

levels of lRS-1 and PI3K (Goodyear et al., 1995; Stevenson el al., 1996). M ice made 

lRS-1 deficient by targeted gene knockout exhibit hyperinsulinaemia and glucose 

intolerance (Araki et al., 1994; Tamemoto et al., 1994). m R N A  and protein levels o f  IRS- 

1 and PI3K were significantly lower in rats fed a beef tallow diet than those fed a 

safflower oil diet suggesting an impairment of the initial steps in insulin signal- 

transduction pathways contributing to the defect in insulin-stimulated glucose uptake in 

skeletal muscle (Kim et al., 1996). The R972 allele o f  the lRS-1 gene inhibits IRS-1 

binding to PI3K owing to the defective interaction between IRS-1 and the p85 subunit o f  

PI3K (Almind et a l ,  1996). In the Diabetes Prevention Study, the R972 allele predicted 

poor weight reduction in the intervention group and also predicted the development of 

T2DM  (Laukkanen et al., 2004).

In intervention studies aimed at dietary changes, those subjects who are more 

susceptible or resistant to weight changes or other changes in outcome measures may be 

discovered more easily (Uusitupa, 2005). Selecting individuals according to their genetic 

background and looking at the impact of  the intervention in genetically known groups o f  

subjects may be applied in diet studies with surrogate outcome measures like changes in 

insulin sensitivity, blood pressure or serum lipids. Although the IRS-1 polymorphism 

appears to interact with obesity, potentiating obesity-linked insulin resistance (Clausen et 

al., 1995; Baroni et al., 2001) as yet, no significant gene-diet interactions in the

319



developm ent o f T2DM  or the M etS with IRS-1 have been found. The aim o f this chapter 

was to explore genotype-by-nutrient interactions for the IR S l gene in M etS subjects 

using the LIPG EN E intervention cohort.

7.3 SUBJECTS AND METHODS

Details o f subject recruitm ent, study design, dietary intervention m ethodology, collection 

o f fasting blood sam ples and determ ination o f the various m etabolic m akers including 

plasm a fatty acids and IVG TT protocol have been previously described in C hapter 2.

7.3.1 DNA extraction and genotyping

Buffy coat sam ples were obtained from blood collected from participants o f the dietary 

intervention study. The total num ber o f sam ples was 464. The DNA was extracted using 

the C entra A utopure LS system. Briefly; sam ples were thawed at 37° and lysed using 1ml 

cell lysate solution. Each sam ple was placed in a bar-coded tube, and these were inputted 

into the system  using a com puter and scanner, and a standard protocol was selected. 

Further extraction was thus carried out by the m achine. DNA was left to re-hydrate for 

~24hours prior to quantification and further use. The concentration o f the extracted DNA 

was determ ined using N anodrop. Sam ples with a concentration less than 60ng/ul were 

replaced by re-extracting another buffy coat sample. There were 55 sam ples with low 

DNA concentrations, i.e. -1 2 %  o f the total number. W here a replacem ent was not 

available, or the re-extraction also gave a low yield, w hole genom e am plification was 

com pleted using the Q iagen R epli-g midi W G A  kit. A ltogether, 24 sam ples were 

am plified. An input am ount o f DNA of lOng or m ore was used in all cases (this involved 

using 5ul in m ost cases and lOul in very low sam ples i.e. those below  5ng/ul to begin 

with). Q uantification o f DNA using N anodrop recorded high yields o f D N A (1000 -  

2000ng/ul) but this is not a reliable indicator o f actual concentration due to the presence 

o f prim ers and other nucleotides that can m ask an absence o f am plified m aterial. 

Perform ance was thus determ ined by Ilum ina genotyping, and was generally good for the 

W G A samples.
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13.2  Statistical Analysis

An independent samples t-test was carried out using SPSS version 14 to probe for 

associations between the genotypes in the IRS-1 gene, and individual biomarkers o f the 

metabolic syndrome. The tests were carried out on the cohort at baseline. Tukey’s Post 

Hoc test was used in all cases unless otherwise indicated (LSD for borderline 

significance, Tamhane for non-homogeneity of variance). ANCOVA was carried out to 

determine whether associations were present after controlling for age, gender, centre o f 

origin and BMI.

Repeated Measures ANOVA was carried out to assess the effects o f the SNP with 

the diet group assigned on each biomarker at both the pre- and post-intervention 

timepoints. These RM ANOVAs showed significant within-subject effects, where the 

SNP in question was associated with the response i.e. an interaction was present between 

the SNP and the timepoints for a measured variable; and between-subject effects where 

the SNP was associated with differences in the values of the variables between 

individuals. RM ANCOVA was also carried out, controlling for age, gender, centre, diet 

group and BMI.

Following on from the associations seen in the ANOVA analysis, the information 

regarding dietary fat intake from dietary records, and the composition of fatty acids as 

determined from plasma analysis, was added to the model. The measures used, both from 

dietary records and plasma, include total saturated fatty acids (SFA), total 

monounsaturated fatty acids (MUFA), total polyunsaturated fatty acids (PUFA) and the 

calculated PUFA:MUFA (P:M), PUFA:SFA (P:S) and MUFArSFA (M:S) ratios.

For each fatty acid total, or calculated ratio, the median was determined. New 

variables were thus created, where the cohort was dichotomised, scoring 1 for a value 

below the median, and 2 for a value above the median for each fatty acid measure. The 

cohort was then split based on this new dichotomous variable, and a one-way ANOVA 

was carried out baseline to assess whether previously significant associations showed an 

interaction with high or low intake of the particular fatty acid. This thus showed cases 

where the effect of genotype on a biomarker of insulin resistance could be altered by 

dietary fat intake.
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7.4 RESULTS

The frequency of the IRS-1 SNP (rsl801278) among the LIPGENE WP1.2 cohort is 

illustrated in Figure 7.1. Of the MetS cohort, 88% had the GG genotype, 11.7% had the 

AG genotype and 0.23% had the AA genotype.

Frequency of IRS 1 Genotype

500 

400 

300 

200 

100 

0
GG AG AA

rs 1801278

n»391

Figure 7.1; The frequency of the IRS-1 genotype in the LIPGENE WP1.2 Cohort

The only subject homozygous for AA was female, overweight (BMI 29.03kg/m^) and 

met 5 out of 5 criteria for the MetS (ATPIII criteria). Her Si at pre-intervention was 15.28 

(mU/L)-lmin-l and was deemed an outlier and removed for all previous analysis and 

hence for further analysis to maintain consistency. As such, this subject was pooled with 

the AG heterozygote group for all future analysis to increase power.
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The frequency of the GG and AG/AA genotypes were assessed across BMI categories, 

illustrated in Figure 7.2. For both the GG and AG/AA genotypes, the number of subjects 

increased with increasing BMI.

300 
250 
200 

c  150 
100 

50 
0

Frequency across BMI Categories

n .1 1  n .1 0 8  n .2 7 1
GG

n - 2  n « 1 1 n -41
AG/AA

IRs 1 rs1801278

□  Normal Weight 

■  Overweight
□  O b ese

Figure 7.2: The frequency o f the IRS-1 genotype in the LIPGENE W P1.2 Cohort across 

BMI Categories.

7.4.1 Differences at Baseline

Table 7.1 highlights the differences between anthropometric, insulin sensitivity and other 

variables exported from the IVGTT, lipid parameters, plasma fatty acids, dietary markers 

and TNFa. An independent samples t-test demonstrated significant differences between 

the GG and AG/AA genotypes with respect to total energy intake (MJ/day) (/7=0.010) 

and when controlling for age, gender, centre and BMI, this significance was maintained 

(p=0.019). The ANCOVA also illustrated a significant difference in the QUICKI values 

between genotypes, with the GG homozygote group for rs 1801278 in the IRS-1 gene 

having significantly higher QUICKI values than the AG/AA genotype (/;=0.019).
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Table 7.1: Anthropom etirc and biochem ical variables betw een the genotypes
GG AG/AA

Baseline_________________________ n Mean SEM n Mean SEM Independent t-test ANCOVA
Age 391 54.51 0.45 53 53.51 1.23
Height (m) 390 1.68 O.OC 53 1.68 0.01
Body weight (kg) 390 91.50 0.73 53 93.41 1.72
BMI (kg/m^) 390 32.41 0.21 53 33.12 0.56
Waist Circumference (cm) 390 106.13 0.57 53 107.78 1.29
Hip Circumference (cm) 390 112.99 0.50 53 115.42 1.41
Diastolic Blood pressure (mmHg) 389 86.14 0.51 53 86.33 1.32
Systolic Blood Pressure (mmHg) 389 138.46 0.81 53 140.85 2.04
Body Fat (%) 378 36.81 0.46 52 36.92 1.09
Body fat (kg) 378 33.45 0.48 52 34.42 1.27
Lean body mass (%) 378 61.67 0.50 52 61.37 1.17
Lean Body Mass (kg) 378 56.39 0.71 52 57.37 1.73
Body Water (%) 326 44.70 0.39 48 44.46 0.87
Body Water (Litres) 313 40.96 0.58 43 41.44 1.44
Impedance (kHZ) 273 522.47 5.50 39 519.14 10.17

GG AG/AA
Baseline n Mean SEM n Mean SEM
S, 349 2.85 0.09 45 2.85 0.24

Sg 350 0.02 0.00 46 0.02 0.00
AIRg 350 359.33 18.74 46 320.95 33.71
□ 1 350 880.65 38.93 46 936.71 107.76
GO 350 299.55 2.20 46 297.76 5.34
P{2) 350 0.04 0.00 46 0.04 0.00
P(3) 350 0.00 0.00 46 0.00 0.00
Fasting Glucose{mmol/L) 382 5.94 0.04 53 6.00 0.09
Fasting Insulin 382 10.14 0.30 53 10.28 0.64
HOMA-IR 385 2.68 0.09 53 2.78 0.19
QUICKI 382 0.61 0.02 53 0.49 0.09
C-peptide 379 2.62 0.05 53 2.64 0.13

GG AG/AA
Baseline n Mean SEM n Mean SEM
TAG (mnnol/L) 390 1.81 0.05 53 1.70 0.09
Total Cholesterol (mmol/L) 390 5.35 0.05 53 5.34 0.12
NEFA 390 614.71 11.63 53 606.00 32.61
TRL-TAG 385 0.88 0.03 51 0.80 0.06
TRL-Cholesterol 385 0.39 0.02 51 0.36 0.03
LDL-Choleslerol 386 3.29 0.05 52 3.12 0.15
HDL-cholesterol 390 1.10 0.01 53 1.14 0.04

GG AG/AA
Baseline n Mean SEM n Mean SEM
Plasma C20:5:3 384 1.00 0.05 52 0.85 0.10
Plasma C22:6:3 384 2.21 0.06 52 2.07 0.17
Plasma SFA 384 32.61 0.32 52 32.47 1.01
Plasma MUFA 384 28.08 0.24 52 27.96 0.63
Plasma PUFA 384 39.32 0.35 52 39.56 0.99
Plasma n-6 PUFA 384 35.28 0.32 52 35.85 0.97
Plasma n-3 PUFA 384 4.04 0.11 52 3.72 0.26
Plasma PUFA: SFA 384 1.27 0.02 52 1.30 0.06
Plasma MUFA:SFA 384 0.89 0.01 52 0.91 0.04
Plasma MUFAiPUFA 384 0.75 0.01 52 0.74 0.03

GG AG/AA
Baseline n Mean SEM n Mean SEM
Basal Metabolic Rate 361 7.18 0.06 52 7.29 0.14
Total Energy (MJ) 363 8.66 0.14 52 9,67 0.37 p=0.010
Total fat (% Energy) 363 35.85 0.38 52 37.45 1.12
SFA (% Energy) 363 12.46 0.17 51 12.10 0.41
MUFA (% Energy) 363 13.39 0.25 52 14.41 0.73
PUFA (% Energy) 363 5.55 0.12 52 5.58 0.24
n-3 (g/day) 253 1.45 0.07 43 1.68 0.19
n-6 (g/day) 253 9.09 0.35 43 10.30 0.97
CHO (% Energy) 363 43.91 0.40 52 42.39 1.12
Protein (% Energy) 363 17.88 0.21 52 17.08 0.46
Alcohol (% Energy) 363 2.38 0.20 52 3.11 0.64
Dietary PUFA:SFA 363 0.47 0.01 51 0.49 0.03
Dietary MUFA:SFA 363 1.13 0.03 51 1.22 0.06
Dietary MUFA:PUFA 363 2.70 0.07 52 2.83 0.19

GG AGIAA
Baseline n Mean SEM n Mean SEM
TNFa 389 5,13 0.26 53 5.34 0.40
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7.4.2 SNP*Fatty Acid interactions

To investigate the presence of SNP*Fatty Acid interactions in association with the 

biomarkers, a Univariate General Linear Model was used. Following this analysis, 

significant interactions were further investigated using medians, tertiles and quartiles of 

the fatty acids in one-way ANOVA models. In Figure 7.3, the effect of carrying an A 

allele in rsl801278 results in higher S| values with plasma MUFA levels below the 

median of 28.2%.

SI IRS1 'P lasm a MUFA p=0.05
IRS1'Plasm a MUFA (Median), p=0.048

SI and Plasma MUFA

m

n x 1 6 5  n s 1 T 7
GG

n -2 1  n - 2 4
AG/AA

IRS 1 Genotype
rs1801278

*p=0.032, independent sam ples t test

□  B elow  M edian 
■  Above M edian

Figure 7.3: Mean pre-intervention Si levels in the cohort split by genotype at rsl801278 

in IRS-1 gene, and separated by plasma MUFA values above and below the median. 

While the A allele carriers show significant increases in Si associated with lower plasma 

MUFA levels (p=0.032), this is not seen in the GG homozygotes, whose Si stays constant 

across varying MUFA levels.
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7.43 RM ANOVA

A repeated measures ANOVA (RM ANOVA) was carried out on the various biomarkers 

pre- and post-intervention (within subject variables) controlling for genotype, gender, 

centre and diet (between subject factors) and age and BMI at baseline (covariates) to 

assess time*genotype*diet group interactions and genotype*diet main effects. The 

figures below describe the significant interaction and main effects observed.

Genotype*Gender*Diet, p=0.029
Diet A (High Fat, High SFA diet), Post-Intervention Body Fat (i<g), 
Males

Body Fat (kg)

50

40

30

20

10

0

n s4 4

□ GQ 
mAG/AA

Post

•p-0.034

Figure 7.4: Males assigned the control high-fat, SFA rich diet (Diet A) for 12 weeks and 

carrying the A allele in rsl801278 had significantly higher body fat (kg) post-intervention 

compared to the GG homozygote group (p=0.034).
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LDL C holestero l, Fem ales

p=0.027

GG Diet B

p=0.033

T-

n-58

p=0.029

GG Diet D AG/A A Qet C

rs 1 8 0 1 2 7 8

O P re  LDL C h o le s te ro l 
■  P o s t  LDL c h o le s te ro l

Figure 7.5: This figure highlights a significant time*genotype*gender*diet (p=0.009) 

effect wherein females in the GG homozygote group and randomly assigned to Diet B 

(High-fat, MUFA rich diet) and Diet D (Low-fat with 1.24g LC n-3 PUFA) had 

significantly lower LDL cholesterol concentrations post- compared to pre-intervention 

{p=0.027 and /7=0.033, respectively). Females carrying an A allele in rs 1801278 and 

assigned the low-fat, high-CHO diet (Diet C) also had significantly lower LDL 

cholesterol concentrations post-intervention (p=0.029).
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P la s m a  M U FA :PU FA , F e m a le s ,  D ie t  B
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*p-0.009

Figure 7.8: Females assigned to the high-fat, high MUFA diet in the GG homozygote 

group had a significantly higher plasma MUFA:PUFA ratio post-intervention as 

compared to the AG/AA genotypes (p=0.009).

7.4.4 Linear Regression

Linear regression analysis was carried out to determine if the G972R variant predicts 

MetS criteria or measures of insulin sensitivity. The analysis was carried out univariately 

and multivariately controlling for age, gender and BMI. Both univariately and 

multivariately, QUICKI was determined by G972R (Univariately: p=0.026, P -0.107, 

CI=-0.232 to -0.015, r  ̂0.011, adjusted r  ̂ 0.009; Multivariately; p=0.039, p -0.098, CI=- 

0.221 to -0.005, r  ̂ 0.034, adjusted r  ̂ 0.025). Total energy intake was also significantly 

associated with rsl801278 (Univariately: /?=0.010, p 0.127, CI=0.244 to 1.770, r  ̂0.016, 

adjusted r  ̂ 0.014 and Multivariately: p=0.010, P 0.110, CI=0.206 to 1.541, r  ̂ 0.256, 

adjusted r  ̂0.248).
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7.5 DISCUSSION

IRS-1 is a major substrate for the insulin receptor and regulates insulin signalling in 

skeletal muscle and adipose tissue. Of the many polymorphisms of the IRS-1 gene 

described, the glycine to arginine substitution at codon 972 (G972R) has been studied in 

conjuction with obesity, polycystic ovarian syndrome and T2DM (Almind et ai,  1993; 

Almind et ai,  1996; Sir-Petermann et ai,  2001). The R allele has been associated with 

impaired insulin associated signalling (Almind et ai ,  1993; Almind et ai,  1996) and 

lower fasting plasma concentration of insulin and C-peptide (Almind et ai,  1993). 

Carriers of this polymorphism also have several features of the MetS, including high 

levels of total TAG, total/HDL-cholesterol ratio, FFA levels, systolic blood pressure and 

intima-media thickness (Marini et al., 2003).

We have shown that the codon-972 amino-acid variant of IRS-1 in the 

heterozygous form (AG) is found in 11.7% of the WP1.2 MetS cohort. Overall, the 

frequency of G972R amino acid substitution is -6%  in normal populations and is 

increased in T2DM patients by about twofold (Hitman et ai,  1995). When 

polymorphisms of lRS-1 were grouped together, the overall frequency of the codon 972 

variant was 10.7% in T2DM patients versus 5.8% in control subjects (p<0.02), suggesting 

that his genetic variant is a potential contributor to the insulin resistance in T2DM 

(Hitman et ai,  1995). In the current study only one of the 444 subjects was homozygous 

for the codon-972 variant. The phenotype of the subject homozygous for the codon-972 

variant was interesting in that she was overweight and attained 5 out of 5 of the criteria 

for the MetS at baseline. It is difficult to assess whether these characteristics are as a 

result of the IRS-1 variant or the contributing effects of environmental or other genetic 

factors. However similar to the observation by Clausen et ai, (1995) of a single subject 

with the same genotype, they both had reduced glucose effectiveness and therefore both 

at increased risk of developing T2DM. The molecular mechanisms by which the 

homozygous form of the codon-972 variant of IRS-1 adds to the phenotype are unknown 

(Clausen et ai,  1995). It would be interesting and perhaps more meaningful to assess the 

prevalence of this codon-972 amino acid polymorphism in a random sample of control, 

disease-free subjects and to relate the presence of the variant to insulin sensitivity and 

glucose effectiveness in comparison to this MetS cohort.
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In analysis of the whole study population, there were no significant differences in 

anthropometric measures, lipid parameters, plasma fatty acid concentrations and 

parameters exported from the IVGTT in carriers of the A allele. However, QUICKI 

calculated from fasting insulin and glucose measures were significantly higher in wild- 

type subjects than in AG/AA carriers of codon-972 polymorphism. The prevalence of 

G972R polymorphism is significantly higher in patients with T2DM than in normal 

subjects, and subjects who carry IRS-1 polymorphism tend to be insulin-resistant 

compared with those with no such mutation (Ura et a i ,  1996). Independently and 

controlling for potentially confounding factors, total energy intake was significandy 

increased in A allele carriers compared to wild-type carriers. One could speculate that 

this may be linked to the finding that obese subjects heterozygous for the codon-972 

variant show severe insulin resistance; their insulin sensitivity half that of obese wild- 

type subjects and a third of that of normal-weight codon -972 variant carriers (Clausen et 

al., 1995) and that energy intake may play as yet an undefined but potentially important 

role in this effect.

Multiple linear regression analysis was used to find out whether there was an 

independent association of the IRS-1 codon-972 variant and insulin sensitivity after 

adjustment for age, gender, centre of origin and BMI. Again AG/AA genotype versus the 

GG homozygote group was associated with decreasing QUICKI values and increasing 

energy intakes. Although the adjusted r" was low, it nevertheless suggests that the G972R 

polymorphism plays a role in determining these two factors and as such further work is 

needed in exploring this hypothesis.

The concept of gene-diet interaction describes the modulation of the effect of a 

dietary component on a specific phenotype by a genetic polymorphism (Lopez-Miranda 

et a i ,  2007). Many genes have been explored in this sense and the results suggest that 

diet plays a major role in triggering the insulin resistance syndrome by interacting with 

genetic variants at candidate genes. However, to my knowledge no study has looked at 

the G972R IRS-1 polymorphism in this regard. The results of this chapter are more a 

demonstration of the statistical methods and approach used in determining gene-nutrient 

interactions. For studies on gene-diet interactions the dietary data collected should be 

reliable with sound dietary methods used. Large scale studies with thousands of subjects
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are needed, both cross-sectional and follow-up in nature. Interestingly, no gene*dietary 

nutrient effects were observed in this set of analysis. With increasing plasma MUFA 

levels, however, insulin sensitivity decreased in the AG/AA genotype. No such effects 

were observed for any other plasma fatty acid. The effects of the intervention were also 

analysed to investigate if genotype and changing the quality or quantity of dietary fat for 

12 weeks resulted in a change in the metabolic biomarkers of the MetS 

(time*genotype*diet). We have shown p values that would need adjustments to 

compensate for multiple testing. It is also important to put emphasis on the evaluation of 

the size and effects assessed, taking into account the genotype-by-diet interactions are 

exploratory rather than confirmatory.

This study was a logical step in the exploration of the hypothesis that a common 

genetic variant in IRS-1 may influence insulin resistance. Other variants of IRS-1 may 

affect gene expression or protein function and thereby induce insulin resistance; in such a 

scenario varying degrees of linkage disequilibrium (LD) in different populations may 

give rise to discrepant association signals. A limitation of this study was the exclusion of 

several other variants of the IRS-1 gene. The small size of our study with the rare 

frequency of some alleles limits our ability to assess significantly significant associations.

This chapter served its purpose as a first glance at gene-nutrient interactions with 

a common variant in the IRS-1 gene. Future work will include further assessing the 

effects of BMI on differences between the genotypes since obesity is known to be a 

stressor of insulin action and pancreatic (3-cell function.

Some individuals appear to be relatively insensitive to dietary intervention, 

whereas others have an enhanced sensitivity (Lopez-Miranda et a i ,  2007). Identifying 

hypo- and hyperresponders to support the hypothesis that responsiveness is related to 

genetic variation is important in deciphering information important at individual and at a 

population level.

A CKNO W LED G EM EN TS

• DNA extraction was carried out by Jane Ferguson, Nutrigenomics Research 
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Chapter Eight 

General Discussion

An important justification for the investigation of the MetS is its high-risk associated 

with the developm ent of T2DM . Therefore a dietary intervention study with adequate 

size and duration to com prehensively determine the effect of an IVGTT and other 

m etabohc risk factors that determine insulin sensitivity is o f considerable importance. 

The LIPGENE Dietary Intervention Study represents the largest pan-Europeai 

intervention study designed to determine the effect o f dietary fat m odification oi 

insulin sensitivity and other metabolic markers associated with the M etS, including 

lipid m etabolism, inflamm ation, and coagulation. To date no study has addressed th; 

relative efficacy of the removal of dietary SEA either by replacem ent with M UFA cr 

reduction with a low-fat, high-com plex carbohydrate diet whilst maintaining 

isoenergetic conditions or without a weight loss factor in a group of subjects with th; 

MetS. The modified version of the NCEP definition used in LIPGENE and describel 

in Chapter 3 detected more subjects at future risk for diabetes, supporting the notion 

o f early detection with prevalence rates rising to epidem ic proportions. The NCE?’ 

definition has a clinical strategy with the objective of reducing the population burdei 

of atherosclerosis (NCEP, 2002). In the San Antonio Heart Study, the prediction (f 

diabetes by the MetS improved when using the fasting plasm a glucose cutoff (f 

>5.4m m ol/L (Lorenzo et a l ,  2003) and performed well as a predictor o f diabetes.

The outcomes of LIPGENE were dependent on the successful manipulation (f 

the subject’s habitual diets to one o f the four intervention diet groups. In Chapter 4 th; 

methods employed in the design and implem entation o f the four experimental dies 

differing in saturated, m onounsaturated and total fat com position were described. The 

results indicated that the food exchange model used was successful. The 

compositional objectives were largely achieved enabling the creation of two dies 

(HFSFA and HFM UFA) that were significantly different in terms o f %E from fat thai 

the other two diets (LF and LF n-3 PUFA), thus fulfilling the objective of the modd. 

The HFSFA diet had significantly greater %E  from SEA compared to the other thne 

diets whereas diet HFM UFA had significantly greater %E from M UFA than the other 

diets. Significantly greater LC n-3 PUFA intakes in the LF n-3 PUFA diet group w ee
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also achieved. However, mean EI/BM R values in the low-fat diet groups were lower 

than the high-fat diets groups, suggesting that underreporting of energy intake may 

have occurred. Num erous studies have shown that it is difficult to obtain a 

representative picture of what people usually eat, m ainly because of large day-to-day 

variations in food intake, m isreporting and changes in dietary habits during a given 

study. Intervention trials attem pting to establish a relationship between diet and 

chronic disease require careful m easurem ent o f adherence to dietary protocols. As 

such, assessing the outcomes o f dietary interventions will always be subtle. The 

inaccuracy o f diet diaries and questionnaires may contribute to the inconsistent results 

in hum ans. Overweight and obese individuals tend to underestim ate total fat and 

energy intake (Buzzard, 1998). So although it was shown that dietary targets were 

largely achieved, true com pliance and underreporting are m ajor contributors to the 

lack o f significant findings in such a large study with diverse habitual intakes between 

the participating centres.

The objective of Chapter 5 was to assess, among MetS subjects, participating 

in the LIPGENE Dietary Intervention Study, the physiological, metabolic, 

biochem ical and dietary characteristics between gender, age groups and BMI status as 

the aim  of identifying subjects with the MetS is to distinguish those with an elevated 

risk o f developing CVD. Costly efforts are now being em ployed to detect and treat the 

MetS thus reducing the risks and attempting to prevent the continuing surge of 

obesity, T2DM  and CVD, which many populations are now experiencing. To further 

understand the characteristics o f the MetS and population groups most at risk, 

attention needs to be paid to age groups and gender differences in the various 

abnorm alities to prevent the m ulticom ponent disorder. Although obesity is probably 

the m ajor lifestyle determ inant of the M etS, examining a persons education, work and 

living status as well as physical activity, cigarette smoking, alcohol intake and age 

enables public health strategists to target specific groups o f the population deemed at 

risk. Interestingly, being married, divorced or separated and working in the home 

were negatively associated with insulin sensitivity when entered univariately into the 

model. In common, being separated and working in the home were positively 

associated with an increase in HOM A-IR. Perhaps underlying stresses associated with 

living and working experiences should be examined in further detail. Characterising a 

group o f MetS subjects in terms o f differences between countries, age, BM I and 

intakes o f total amount and type of fat will give a better understanding of isolated
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components and combined risk factors that can be better targeted. The differences in 

metabohc variables with increasing age and BMI, highlights the fact that the 

prevalence of obesity and impact of age could be main determinants of the MetS. The 

finding that the MetS increases with age was not apparent in this study (examining the 

five components) but this could be as a result of recruitment strategies or medication 

usage. We examined gender differences in the characteristics of the metabolic 

components and found differences in waist and hip circumference, diastolic blood 

pressure, insulin sensitivity, AIRg, fasting glucose, total cholesterol and NEFA 

concentrations, among others. It has previously been demonstrated that men are more 

insulin resistant than women (Nuutila et a l ,  1995). Metabolic control varies among 

the genders (Hwang et a i ,  2007) with molecular and cellular hormonal, sexual and 

body fat composition differences. The protective effect of female sex hormones and 

the unfavourable effects of testosterone on substrate metabolism has been suggested 

(Hwang et al., 2007). From our analysis in Chapter 5 it would seem that males are 

more at risk (higher fasting glucose and insulin concentrations, blood pressure, waist 

circumference, TAG, lower insulin sensitivity and HDL-cholesterol concentrations). 

This might be explained by the more favourable gluteal fat distribution in women. 

Abdominal obesity is more attributable to men which confers a greater risk of 

developing insulin resistance.

In Chapter 5, when stratifying the group according to low, medium and high 

intakes of dietary SFA, an increase in fasting insulin, HOMA-IR and C-peptide 

concentrations was observed. In animal studies diets high in saturated fat caused 

distinct insulin resistance (Storlien et a i ,  1991). Long term basal hyperinsulinaemia 

may eventually cause P-cell toxicity and damage (Stein et al., 1997). A reduction in 

dietary SFA intake from <13% of total energy to <10% of total energy in our study 

population was associated with a reduction in fasting insulin of 21%. This finding is 

similar to the Normative Aging study where they experienced a reduction in fasting 

insulin of 26% and 32% in postprandial insulin with a reduction of SFA (Parker et a i ,  

1993). Similar to their study, family history was not accounted for in this analysis 

which places volunteers at further risk. However, the results suggest that a reduction 

in body weight and SFA intake may ameliorate fasting insulin concentrations and thus 

CVD risk. Fasting glucose and fasting insulin levels increased with increasing number 

of metabolic disorders which has been demonstrated previously (Haffner et al., 1992; 

Mykkanen et al., 1993; Mykkanen et a i ,  1997). Subjects with 5 disorders had 28.4%
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higher fasting insulin concentrations than subjects with 3. Fasting insulin and HOMA- 

IR was significantly associated with a clustering of metabolic disorders compared to 

insulin sensitivity. Reasons for this could be the close association of 

hyperinsulinaemia to the components that cluster in the MetS.

Central to the prevention of insulin-resistance syndrome is the avoidance and 

management of overweight, especially central obesity. The combination of a reduced- 

energy diet and increased physical activity is recommended by the US NIH (1998) on 

the premise that it produces weight loss and may also result in decreases in abdominal 

fat. In Chapter 5 we identified body weight as a re-occurring risk factor to emerge 

from the regression models in the determination of insulin sensitivity and resistance. 

In addition, body weight significantly decreased from low to high insulin sensitivity 

tertiles as did BMI, confirming its underlying causality in the MetS. There is 

considerable evidence in the literature that insulin sensitivity can be improved with 

weight loss (Olefsky et al., 1974; Su et ai ,  1995; Reaven, 2000; Weyer et al ,  2000; 

Knowler et ai ,  2002). Interestingly in Chapter 6 a significant time*change in body 

weight interaction for fasting insulin, QUICKI, and C-peptide concentrations whereby 

fasting insulin and C-peptide concentrations decreased and QUICKI increased in 

subjects who lost weight was demonstrated. It has been shown that while 

approximately 75% of individuals in the most insulin resistant tertile are overweight 

or obese, 30% in the most insulin sensitive tertile are also overweight/obese 

(McLaughlin et ai,  2004). Weight loss strategies and intervention programmes should 

be aimed at this subgroup of the population who will benefit from such interventions. 

With initial analysis in Chapter 6, the use of the “gold standard” method of measuring 

insulin sensitivity such as the IVGTT with minimal modelling, failed to show effects 

of four intervention diets differing in fat quality and quantity despite however 

establishing near isoenergetic differences in fat intake on estimates of insulin 

sensitivity and measures of insulin resistance. With further analysis however, 

considering gender, centre and background fat intake, subtle changes were observed. 

For example, females were shown to have a significantly greater insulin sensitivity 

index compared to males and fasting glucose increased with increasing age pre- and 

post-intervention, irrespective of diet. The age effect of worsening hyperglycaemia 

with time has been previously reported (Hamman, 1992). At first glance, there were 

no deleterious effects of the high-fat SFA-rich diet on insulin sensitivity. However, 

when stratifying according to background total fat intake, insulin sensitivity was
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reduced by 15% and 21% in all subjects and females, respectively, who had a pre

intervention total fat intake <36% and were then m aintained on a high-fat SFA-rich 

diet for 12 weeks. HOM A-IR, decreased significantly in females who had <36% total 

fat pre-intervention and were then random ised to a high M UFA diet (Diet B). This 

suggests that changes in the total amount o f fat in the diet from  a low-fat diet (<36%) 

to a high-fat SFA-rich diet (>38%) can reduce insulin sensitivity. Similarly, a high-fat 

M UFA-rich diet can have beneficial effects on insulin resistance in subjects with a 

habitual low-fat diet.

W hile a low-fat diet is still advocated by many to be a prim ary and secondary 

choice o f prevention for treatment of T2DM , the unintended increase in carbohydrate 

intake may reduce HDL-cholesterol and increase TAG concentrations which are core 

features of the MetS (Grundy, 1999). These patterns, although non-significant, were 

observed in this study on the low-fat, high-carbohydrate diet (Diet C). However they 

w'ere attenuated by the low-fat n-3 PUFA diet (Diet D) with the classical TAG 

lowering effect of LC n-3 PUFA being confirmed. Diet D also saw a reduction in 

TAG and TRL cholesterol and TRL TAG in males only. Plasm a NEFA concentrations 

significantly reduced on this diet also. W hen the change in plasm a lipids from pre- to 

post-intervention was calculated, plasm a NEFA and cholesterol were significantly 

reduced in Diet D as compared to the High-fat SFA-rich diet (Diet A). The reduction 

in plasm a NEFA is an important finding as increased concentrations have been shown 

to induce insulin resistance through interference of insulin signal transduction 

pathways and glucose transport (Grundy er a i ,  2004; Dandona et ciL, 2005). 

Controversy has for a long time surrounded the effects o f LC n-3 PUFA on insulin 

sensitivity and other factors of the M etS in healthy and diabetic cohorts (Vessby & 

Boberg, 1990; Vessby et al., 2001). In LIPGENE, the beneficial effects of 1.24g/day 

LC n-3 supplement on insulin sensitivity were not observed despite the increase of 

both EPA (C20:5:3 %) and DHA (C22:6:3 %) concentrations in plasma in this diet 

group. It did not significantly improve insulin sensitivity or glycaemic control in this 

group o f MetS subjects even with sufficient study duration to allow a change in cell 

mem brane composition. It seems from the results in Chapter 6 that CVD risk factors 

were more susceptible to m odification as compared to IVGTT parameters and were 

optim ised by the LC n-3 PUFA supplem entation. It could be hyothesised that the 

relationship between the MetS and the effects on lipoproteins (TAG and HDL- 

cholesterol) are dependent on changes in body weight as although small, the weight

336



reduction was a significant outcome on both low-fat diets. A diet rich in n-3 fatty 

acids accompanied by a weight loss factor has shown to have a more favourable 

outcome on CVD risk than either single component (Mori et a l ,  1999).

With no one diet emerging more advantageous over the other, perhaps the 

American Diabetes Association (ADA) recommendations wherein diet composition 

for patients with diabetes mellitus is individualised based on nutritional assessment 

and desired outcomes (ADA, 2007) hold same for persons with the MetS. With that, 

goals of therapy should be similar in that maintaining normal or near-normal blood 

glucose control, optimising serum lipid and lipoprotein concentrations, attaining 

desirable weights and improving overall health should be of priority. Perhaps the 

optimal diet should include MUFA as it has no detrimental effects on insulin 

sensitivity. Possibly, more significant changes would have been observed if this type 

of diet was for a longer duration as following a Mediteixanean style diet for greater 

than 2 years improved endothelial function, reduced waist circumference, plasma 

glucose, serum insulin and HOMA score in MetS patients (Esposito et a i ,  2004). It 

may also be that the variability in insulin sensitivity and genetic factors can explain 

the inconsistencies and lack of desirable outcomes. Although the MetS is thought to 

have a strong genetic component, central to its treatment are weight loss, physical 

activity and diet. Diet and exercise have previously demonstrated a reduction in 

insulin resistance (Uusitupa, 1996; Torjesen et al., 1997) with the combination being 

more effective than each isolated component (Uusitupa, 1996).

With genetics in mind, the second objective of the LIPGENE study was to 

explore if common genetic polymorphisms associated with increased risk of the MetS 

play a causal role in determining an individual’s responsiveness to dietary fat 

modification. The codon-972 aminoacid variant of IRS-1 in the heterozygous form 

was found in 11.7% of the WP1.2 MetS cohort, as illustrated in Chapter 7. When 

polymorphisms of IRS-1 were grouped together, the overall frequency of the codon 

972 variant was 10.7% in NIDDM patients versus 5.8% in control subjects (p<0.02), 

suggesting that this genetic variant is a potential contributor to the insulin resistance in 

NIDDM (Hitman et a i ,  1995). This chapter served its purpose as a first glance at 

gene-nutrient interactions with a common variant in the IRS-1 gene. Some 

individuals appear to be relatively insensitive to dietary intervention, whereas others 

have an enhanced sensitivity (Lopez-Miranda et al., 2007). Identifying hypo- and 

hyperresponders to support the hypothesis that responsiveness is related to genetic
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variation is important in deciphering information important at an individual and at 

population level.

Associated with the increased prevalence o f the MetS and T2DM  will be a 

dramatic increase in healthcare and social welfare costs. These costs are expected to 

rise to econom ically unsustainable levels in Europe during the early part o f this 

century (www.europa.eu.int/com m /eurostat). Effective strategies are therefore needed 

to tackle the spread o f the disease and to decrease the dependency on medical 

management. At present, therapy for T2DM  relies mainly on several approaches 

intended to reduce hyperglycaem ia: sulphonylureas (which increase insulin release 

from pancreatic islets; m etform in (which acts to reduce hepatic glucose production); 

PPARy agonists, thiazolidinediones (which enhance insulin action); a-glucosidase 

inhibitors (which interfere with gut glucose absorption) and insulin itself (which 

suppresses glucose production and augments glucose utilisation). These therapies, 

whilst being continuously improved upon, have limited efficacy, lim ited tolerability 

and significant side-effects, especially weight gain. Evidence suggests that a 

combination o f diet and exercise are more effective than drug treatm ent in preventing 

the developm ent of T2DM  in high-risk individuals (Knowler et al., 2002).

The concept of a personalised, genotype-based nutrition that may provide 

individuals with a high risk of diabetes or CVD with specific dietary advice, which in 

turn increases the efficacy o f the intervention is being placed at the forefront in 

nutritional research. It is anticipated that personalised nutrition would help fine-tune 

the prevention o f nutrition-related diseases. Attempts, however, to derive dietary 

recom mendations based on the genotypes of few single SNPs is largely in the 

experimental phase. M ost o f the associations between diet, risk factors for disease and 

genotype have come from  epidem iological studies and need to be studied in 

intervention studies for further verification. LIPGENE is adopting an integrated 

approach to exam ine the interaction o f food supply and genes in the MetS to attempt 

to reduce the global surge o f obesity and related complications.
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