
LEABHARLANN CHOLAISTE NA TRIONOIDE, BAILE ATHA CLIATH TRINITY COLLEGE LIBRARY DUBLIN
OUscoil Atha Cliath The University of Dublin

Terms and Conditions of Use of Digitised Theses from Trinity College Library Dublin 

Copyright statement

All material supplied by Trinity College Library is protected by copyright (under the Copyright and 
Related Rights Act, 2000 as amended) and other relevant Intellectual Property Rights. By accessing 
and using a Digitised Thesis from Trinity College Library you acknowledge that all Intellectual Property 
Rights in any Works supplied are the sole and exclusive property of the copyright and/or other I PR 
holder. Specific copyright holders may not be explicitly identified. Use of materials from other sources 
within a thesis should not be construed as a claim over them.

A non-exclusive, non-transferable licence is hereby granted to those using or reproducing, in whole or in 
part, the material for valid purposes, providing the copyright owners are acknowledged using the normal 
conventions. Where specific permission to use material is required, this is identified and such 
permission must be sought from the copyright holder or agency cited.

Liability statement

By using a Digitised Thesis, I accept that Trinity College Dublin bears no legal responsibility for the 
accuracy, legality or comprehensiveness of materials contained within the thesis, and that Trinity 
College Dublin accepts no liability for indirect, consequential, or incidental, damages or losses arising 
from use of the thesis for whatever reason. Information located in a thesis may be subject to specific 
use constraints, details of which may not be explicitly described. It is the responsibility of potential and 
actual users to be aware of such constraints and to abide by them. By making use of material from a 
digitised thesis, you accept these copyright and disclaimer provisions. Where it is brought to the 
attention of Trinity College Library that there may be a breach of copyright or other restraint, it is the 
policy to withdraw or take down access to a thesis while the issue is being resolved.

Access Agreement

By using a Digitised Thesis from Trinity College Library you are bound by the following Terms & 
Conditions. Please read them carefully.

I have read and I understand the following statement: All material supplied via a Digitised Thesis from 
Trinity College Library is protected by copyright and other intellectual property rights, and duplication or 
sale of all or part of any of a thesis is not permitted, except that material may be duplicated by you for 
your research use or for educational purposes in electronic or print form providing the copyright owners 
are acknowledged using the normal conventions. You must obtain permission for any other use. 
Electronic or print copies may not be offered, whether for sale or otherwise to anyone. This copy has 
been supplied on the understanding that it is copyright material and that no quotation from the thesis 
may be published without proper acknowledgement.



The effect of exercise on leg vascular 
conductance & oxygen uptake kinetics, and 

endothelial & inflammatory function in 
women with type 2 diabetes

Thesis submitted for the degree of Doctorate in Philosophy 
University of Dublin, Trinity College 

2012

Catherine Kiely



^ ^ N I T Y  COLLEGE

2 5  A U u  Z U l Z  

LIBRARY DU3LIN



I Declaration

I declare that this thesis is entirely my own work with the exception of the 

reliability study carried out on mean arterial pressure responses between the Colin 

and Finapres (chapter 3), which was carried out by Ms Heather Reilly. I declare 

that this thesis has not been submitted as an exercise for a degree at this or any 

other university.

I agree to deposit this thesis in the University’s open access institutional 

repository or allow the library to do so on my behalf, subject to Irish Copyright 

Legislation and Trinity College Library conditions of use and acknowledgement.

Name:Name:

Date: I ' ^
Signed —



II Abstract

Individuals with type 2 diabetes (T2DM ) show a reduced maximal oxygen uptake 

(VO 2 peak) in comparison to age, BMI, and activity matched non-diabetic (ND) 

controls. In addition, the dynamic responses o f  VO2 (VO2 kinetics) and leg 

vascular conductance (LVC) are slowed in combined groups o f  pre and 

postmenopausal wom en with T2DM . As yet, VO2 and LVC kinetic responses 

have not been investigated in postmenopausal women with T2DM. The 

mechanisms underpinning the impaired VO2 kinetic responses have not been well 

elucidated but it is thought that central factors affecting cardiac function and/or 

peripheral factors affecting oxygen delivery and oxygen extraction may be 

responsible. Exercise training has been shown to have beneficial effects on VO2 

peak and VO2 kinetics in premenopausal wom en and in a combined group o f  men 

and wom en with T2DM , but again, no studies have looked at the effect o f  

exercise training on these parameters in postmenopausal wom en and furthermore, 

the mechanistic bases for this exercise improvements are not known.

The aims o f  the present study were to investigate the effects o f  a 12-week 

supervised exercise (combined aerobic and resistance) followed by a 16-week 

unsupervised exercise on VO2 peak and VO2 kinetic responses during moderate 

intensity (80% ventilatory threshold, VT) cycle exercise and LVC kinetic 

responses during plantar flexion exercise. In addition, blood samples at each point 

o f  assessment were collected for analysis o f  measures o f  glycaem ic control, as 

well as determination o f  levels o f  known inflammatory and endothelial markers.

Initially, at baseline postmenopausal wom en with T2DM (n = 22) and age and 

activity matched non-diabetic wom en (n = 22) underwent testing on two separate 

days. On day one, LVC kinetic responses were assessed using venous occlusion  

plethysmography averaging 3 bouts o f  6 min constant load plantar-flexion 

exercise in the supine position at low  (30% o f  maximum voluntary contraction 

(M VC)) and high (70% M VC) intensities. Additionally LVC responses to an 

incremental plantar-flexion test were assessed, as well as forearm vascular 

conductance responses to reactive hyperaemia. Subjects then completed a graded 

cycle test to exhaustion. On day two, VO2 kinetic responses were assessed
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averaging 4 bouts o f  6 min constant load cycling exercise at 80%VT on a breath- 

by-breath basis. Subjects then performed an additional two bouts during which  

cardiac output (CO) responses were measured at rest, 30s, and 240s into each bout 

using an inert gas rebreathe technique. Subjects were assigned to either an 

exercise (T2DM  Ex, n== 8; N D  Ex, n= 10) or control (T2DM  Con, n=8; N D  Con, 

n=9) condition and at the end o f  the 12-week and 16-week training periods 

subjects returned to the laboratory to repeat the testing protocol undertaken at 

baseline. Maximum voluntary contraction and VT were reassessed at each visit, 

with VO2 and LVC kinetic responses assessed in relation to each visit. The 

control groups were asked to maintain their normal daily routine.

At baseline, VO2 peak (ml.kg’'.min'’) was significantly lower and VO2 kinetics at 

80% VT were slowed (slower mean response time) in wom en with T2DM  in 

comparison to N D  women. In contrast, simultaneous measurements o f  CO or the 

rate o f  adaptation in CO from rest to steady-state exercise were not different 

between women with and without T2DM  confirming that the slowed VO2 kinetic 

responses were not related to cardiac dysfunction. A lso at baseline, LVC kinetic 

responses were slowed in wom en with T2DM during high intensity (70% M VC) 

(but not low  intensity) plantar flexion exercise, suggesting that the slowed LVC 

kinetic responses could contribute to the impaired VO2 kinetic responses observed 

during moderate cycling in diabetes. While supervised exercise improved VO2 

peak and peak workload in previously sedentary wom en with and without T2DM , it 

did not enhance LVC kinetics or VO2 kinetics at loads specific to each training 

phase. However, the greater workloads achieved during both cycle exercise and 

plantar flexion exercise follow ing supervised exercise may have obscured any 

improvements, which have taken place with respect to either parameter. The 

performance improvements observed during the supervised phase were not 

maintained during a subsequent period o f  unsupervised exercise, most likely due 

to a lower adherence to exercise. Indices o f  glycaem ic control were unchanged in 

all groups following the intervention. On the other hand, at baseline, plasma 

levels o f  interleukin-6 (IL-6), IL-10, C-reactive protein (CRP), and visfatin 

mRNA expression were increased in women with T2DM  (who had a higher mean 

BMI) than N D  controls, although when groups were matched for BMI these



differences were abolished. Furthermore, exercise intervention did not result in 

any changes in markers o f  inflam m ation or endothelial activation in either 

exercise group, indicating that a m ore intensive exercise intervention and/or a 

com bination o f  diet and exercise m ay be required in reducing inflam m ation in 

w om en  with T2DM .

In conclusion  this study show s that VO2 kinetics are slow ed  in postm enopausal 

w om en  with T 2D M  effect that m ight be m ediated by a slow ed  adaptation o f  leg  

blood  flow  (rather than cardiac dysfunction). In addition, perform ing exercise at 

the sam e relative workload post-intervention does not result in the speeding o f  

either VO2 or LVC kinetic responses to exercise although the larger workloads 

obtained might have obscured these potential positive adaptations.
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Chapter 1: General introduction

1.1 Prevalence of type 2 diabetes (T2DM)

The prevalence of type 2 diabetes (T2DM) is increasing in rapid proportions on a 

global basis due to increases in population, an increasing ageing population, 

urbanisation and more sedentary lifestyles. T2DM accounts for 90-95% of all 

diabetic cases; other forms of diabetes include type 1 diabetes (TIDM), a 

condition caused by auto-immune destruction o f the pancreatic P-cells and 

gestational diabetes, which develops during pregnancy and may precede the 

development of T2DM. Profound changes in the quality and quantity o f dietary 

intake as well as decreased levels of physical activity have contributed to 

increases in the prevalence of T2DM and its complications. Worldwide, it is 

predicted that the number o f diabetic cases will more than double by the year 

2030 affecting 366 million people (Wild et a l ,  2004). The greatest part of this 

increase will occur in developing countries where it is expected there will be 

170% increase in the number of people with diabetes and thus by the year 2025, 

developing countries will account for 75% of diabetic cases (King et a l ,  1998). 

However, these predictions are based on current obesity levels remaining stable.

Obesity is at the core of the diabetes epidemic, with approximately two-thirds of 

adults in the United States (US) being classified as overweight or obese (Flegal et 

al ,  2010). A recent investigation suggests that the prevalence of obesity has been 

on the increase in the US from 1976 to 2006, with obesity levels increasing in 

adults with and without T2DM by 58% and 136% respectively over a 20-year 

period, a finding that will have important implications for the increasing 

prevalence of T2DM and diabetes related co-morbid conditions (Kramer et a l , 

2010).

Although the true prevalence of T2DM in Ireland is unknown, conservative 

estimates from the International Diabetes Federation (IDF) (IDF Diabetes Atlas, 

2009) suggest that as many as 5.7% of individuals aged 20-79 are affected by 

diabetes (Type 1 and 2 combined). In 2002, the Diabetes Federation of Ireland 

(DFl) estimated that there were 200,000 people with diabetes (type 1 and 2
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combined) and a further 200,000 undiagnosed cases of diabetes (DFI, 2002). In 

addition, they estimated that a further 250,000 people had impaired glucose 

tolerance, with a 50% progression rate to T2DM if lifestyle changes were not 

made (DFI, 2002). Although there have been limited attempts to quantify the 

prevalence of diabetes within the Irish context, a study conducted in general 

practitioner (GP) surgeries in Ireland found that from a total of 3821 people 

surveyed, 9.2% of individuals had T2DM (23.5% were previously undiagnosed) 

and a further 3.9% had pre-diabetes (Smith et al,  2003).

As well as having health implications, the increasing prevalence of T2DM also 

has financial implications and is costing billions of euro on a worldwide basis. In 

the US, it was estimated that $132 billion was spent on health care costs for 

diabetes in 2002 (Hogan et al,  2003). In Ireland over a 12-month period in 

1999/2000, the total health care costs for treating T2DM were estimated at €580.2 

million for diagnosed and undiagnosed cases of T2DM, which was based on a 

conservative estimate of 6% prevalence (diagnosed and undiagnosed) of T2DM 

(Nolan et al,  2006). Currently, the cost of treating T2DM in Ireland is 

approximately 10% of the total health expenditure but it is expected that this 

figure will increase to 25% by 2040 (Diabetes Expert Advisory Group, First 

Report, 2008).

Exercise is recognised as an important factor in the treatment and management of 

T2DM. Despite extensive research highlighting the importance o f physical 

activity and exercise, 60-80% of individuals with T2DM do not exercise 

sufficiently and adherence to exercise programmes is low in diabetic populations 

(Krug et al ,  1991; Morrato et al,  2007). However, exercise performance is 

impaired in individuals with T2DM (Regensteiner et al,  1995; Regensteiner et 

al,  1998; Brandenburg et al,  1999; Bauer et al,  2007), a factor that may limit 

their participation in regular exercise. This present introduction will review the 

mechanistic basis for the impairment in T2DM as well as the effects o f exercise 

training on the cardiovascular system and inflammation in individuals with this 

disease.
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1.2 T2DM and cardiovascular disease (CVD)

Cardiovascular disease is the leading cause of death in individuals with T2DM 

accounting for approximately 80% of all mortality in diabetics. The risk of 

myocardial infarction (MI) in a diabetic individual who has not previously had an 

MI is as great as a non-diabetic individual who has previously experienced a MI 

(Haffner et al ,  1998). Death from CVD is three times greater in men with T2DM 

than non-diabetic men even in the presence of similar risk factors for CVD such 

as elevated cholesterol, elevated systolic blood pressure, and smoking (Stamler et 

al, 1993). This is consistent with the lower life expectancy (8 years) observed in 

diabetics aged 55-64 years than their aged matched non-diabetic counterparts (Gu 

et al,  1998).

Research suggests that there exists a ‘diagnosis gap’ of approximately 7 years 

between the development of asymptomatic hyperglycaemia and clinical diagnosis 

of T2DM (Harris et al,  1992). It is possible that the delay in the diagnosis of 

T2DM may account for the fact that as many as 50% of individuals with T2DM 

have some manifestation of CVD at the time of diagnosis (Turner et al., 1996). 

Furthermore, it has been estimated that the risk of developing CVD begins to 

increase as early as 15 years before the clinical diagnosis of T2DM (Hu et al,  

2002). Women who were diabetic at baseline or who developed T2DM over the 

course of a follow up had an increased risk of developing CVD in comparison to 

non-diabetic women (2.8-fold and 5.0-fold respectively) (Hu et al,  2002).

Historically it was thought that T2DM was a prerequisite for the development of 

CVD. However, it would appear that the presence of hypertension, dyslipidemia, 

hyperglycaemia, and obesity are common elements to both T2DM and CVD 

(Haffner et al,  2000; Lorenzo et al,  2006; Janssen et al,  2007). The presence of 

these cardiovascular risk factors results from an underlying insulin resistance 

syndrome better know as the metabolic syndrome, that precedes the development 

of T2DM. Evidence suggests that compared with women who remained non­

diabetic, women who developed T2DM had a greater body mass index (BMI) and 

increased presence of hypertension and hypercholesterolemia prior to diagnosis 

(Hu et al,  2002).

3



Insulin resistance is a metabolic abnormality linking the development o f T2DM 

and CVD. The mechanistic basis by which CVD risk increases in individuals 

who are insulin resistant include hypertension, pro-inflammatory and prothrombic 

states, and dyslipidemia. The presence of certain risk factors for CVD such as 

hypertension (Turner et a l, 1998), dyslipidemia (Sivitz et al., 2007), and insulin 

resistance (Steinberg et al., 1996) can lead to vascular damage.

1.3 Risk factors for T2DM

Factors identified as being linked to an increased risk of developing T2DM 

include those with a family history of T2DM (Pradhan et al., 2001), obesity 

(Mizuno et al., 2007), gestational diabetes (Pimenta et a l, 2004), ethnicity 

(Knowler et a l,  1978), hypertension (Turner et al., 1998), dyslipidemia (Azuma 

et a l, 2007), impaired glucose tolerance (IGT), and impaired fasting glucose 

(IFG) (Butler et a l ,  2003). Environmental factors have also been implicated in 

the aetiology of T2DM. Inactive lifestyles together with excessive intake of high 

calorie foods led to imbalances between energy intake and expenditure.

1.3.1 Inactivity and excessive calorie intake

The increasing prevalence of T2DM can be partially attributed to an ageing 

population. However, lifestyle change has also played a major role in the 

increased incidence of T2DM. The link between T2DM and lifestyle can be seen 

in the increasing prevalence of T2DM among certain populations e.g. South 

Asians living in urbanised settings in the UK (Riste et a l, 2001) and India 

(Ramachandran et a l, 2001). Indeed, longitudinal studies have indicated that 

inactivity together with poor dietary choices are risk factors for the development 

of T2DM (Perry et a l, 1995; Salmeron et a l, 1997; Salmeron et a l, 2001).

The majority of individuals with T2DM do not engage in sufficient regular 

physical activity and adherence to exercise regimes is low among those 

individuals who do engage in physical activity (Krug et a l, 1991; Morrato et al, 

2007). Furthermore, excessive intake of high calorie foods when combined with 

inactivity further exacerbates the situation. The accumulating evidence linking 

both physical and diet to T2DM led to the belief that it may be possible to prevent 

T2DM with lifestyle change. Long-term studies have been conducted to examine
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the impact o f  making lifestyle changes on the progression from IGT to T2DM 

where the main lifestyle intervention targets were body mass, diet, and physical 

activity.

The Da Qing IGT and Diabetes Study used large population based screening to 

identify individuals with IGT (Pan et a l, 1997). The effect o f diet and exercise in 

preventing the development o f T2DM was examined over a 6-yr period. 

Individuals with IGT (n=577) were randomised to one o f four groups; control, 

diet alone, exercise alone, or diet plus exercise. The dietary intervention consisted 

o f a high-carbohydrate and low-fat diet. The groups participating in physical 

activity were encourage to increase their physical activity levels by 1-2 units per 

day where one unit was defined as 30 min walking, 10 min running, or 5 min 

swimming. The annual risk o f progressing from IGT to T2DM was reduced from 

15.7% in the control group to 8% in the intervention groups (Pan et al., 1997). 

Furthermore, the cumulative 6-yr incidence o f T2DM was 41-46% in the 

intervention groups versus 68% in the control group (Pan et al., 1997).

In a study conducted over a similar period (5 yr), individuals with IGT were 

randomly assigned to an intervention or control group (Tuomilehto et al., 2001). 

Targets for the intervention group included a reduction in body mass (>5%), 

reduction in total fat and saturated fat intake (<30 and 10%), fibre intake o f at 

least 15g/l,000 kcal, and moderate exercise o f at least 30 m in.d ''. The cumulative 

incidence o f T2DM was 11% for the intervention group and 23% for the control 

group (Tuomilehto et al., 2001). Furthermore, the reduction o f  58% in risk o f 

T2DM in the intervention group was directly associated with changes in lifestyle 

(Tuomilehto et a l, 2001). These results are confirmed by a large study (n=2,161) 

conducted in the US, which looked at the effect o f lifestyle intervention on the 

prevention o f T2DM  in an ethnically diverse population (Knowler et al., 2002). 

The lifestyle intervention consisted o f reducing fat intake with the intent to 

achieve weight loss o f at least 7% and 150 min o f moderate physical activity per 

week. With lifestyle intervention, there was a 58% relative risk reduction in 

progression to T2DM, which was effective across different ages, BMI, and ethnic 

groups (Knowler et a l, 2002).
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The evidence indicates that the risk o f developing T2DM is greatly reduced with 

lifestyle changes that include reducing total calorie intake and increasing physical 

activity.

1.3.2 Obesity

Over a 20 year period the prevalence o f obesity in adults with T2DM increased by 

58% with the result that approximately two thirds o f US adults with T2DM are 

now obese (Kramer et a l ,  2010). The increase in obesity in individuals with 

T2DM has important health implications as highlighted by a recent investigation 

where it was reported that the 10-year cardiovascular risk o f mortality increases 

by 40% in men and 300% in women who are both obese and diabetic (Fox et al., 

2008).

In addition to the presence o f obesity, the distribution o f body fat is also 

important. A predominantly upper body fat distribution results in increased rates 

o f lipolysis and free fatty acid turnover in diabetic women (Jensen et al., 1989). 

Obese individuals with T2DM are typically more insulin resistant than obese non­

diabetics due to greater proportions o f fat mass in the trunk and hepatic regions 

(Azuma et al., 2007). It has been suggested that there are differences in metabolic 

activity between subcutaneous and visceral adipose tissue (Kelley & Mandarino, 

2000) with the latter being associated with greater insulin resistance (M iyazaki et

fl/.,2002).

Numerous factors have been implicated in the association o f obesity and impaired 

glucose homeostasis including: 1) the release o f  cytokines such as tumor necrosis 

factor-alpha (TN F-a) (W ood et al., 2005), interleukin-6 (IL-6) (M uller et al.,

2002), C-reactive protein (CRP) (Okita et al., 2004), and resistin (Verma et a l ,

2003) that promote inflammation and consequently insulin resistance in muscle 

and liver tissues; and 2) ectopic fat distribution in liver (Gastaldelli et a l ,  2007) 

and muscle (Azuma et al., 2007).
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1.3.3 Ethnicity and genetics

Certain ethnic groups are at increased risk of developing T2DM; some of these 

include African-Americans, Pima Indians, Australian Aborigines, and Hispanics 

as well as the increasing prevalence of T2DM among Chinese and Indian 

populations. In a national health study conducted in the US in 2001 in which a 

total of 176,807 people participated, prevalence rates for T2DM among white 

Americans were lower than those occurring among blacks, Hispanics, and native 

Americans (McNeely & Boyko, 2004). In an earlier study, prevalence rates of 

T2DM among Pima Indians were found to be 19 times that of white Americans 

and incident rates increased from childhood to adulthood where they reached 40- 

50% in adults over 35 years (Knowler et a l,  1978).

Some research indicates that T2DM is an inherited disease although the 

mechanism by which this may occur has yet to be established. It has been shown 

that first-degree relatives of patients with T2DM are insulin resistant and have 

increased postprandial lipid intolerance (Axelsen et al., 1999). The higher 

prevalence o f T2DM among certain families and the higher incidence of diabetes 

among monozygotic than dizygotic twins suggest that there may be a genetic 

component to the development of T2DM. The degree of expression of diabetes- 

related genes in an individual as well as influence from external factors in the 

environment may implicate more than one specific gene in causing diabetes. It 

has been suggested that (3 3 -adrenergic receptors, which are expressed in adipose 

tissue play a role in controlling resting metabolic rate and lipolysis among Pima 

Indians (Walston et a l,  2000). Association has been found between various 

genetic variants located near hepatocyte nuclear factor-4a (HNF4A) and diabetes 

status (Silander et a l ,  2004). HNF4A controls the expression of genes involved 

in glucose homeostasis and insulin secretion as well as regulating 

gluconeogenesis in the liver.
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1.4 Characteristics of T2DM

Glucose homeostasis is maintained by closely matching the balance between 

glucose production and glucose disposal such that fasting plasma glucose (FPG) 

levels are maintained within a narrow range. This is achieved by the release of 

insulin from the pancreatic (3-cells and the subsequent action of insulin on the 

muscle, liver, and adipose tissues. T2DM is characterised by reduced glucose 

uptake and increased hepatic glucose production, both of which are related to 

impaired insulin secretion and reduced insulin sensitivity (Michishita et ai,  2008). 

Increased liver fat content and visceral adipose tissue in individuals with T2DM 

contribute to abnormalities in both glucose and lipid metabolism (Gastaldelli et 

al,  2007). T2DM is a disease that progresses over time with patients’ glucose 

tolerance continuously being impaired. Increased insulin resistance and impaired 

(3-cell function are important in the progression of IGT to T2DM (Li et ai,  2005). 

Increased insulin is secreted in subjects who are insulin resistant in order to 

compensate for reduced insulin sensitivity. Over time this contributes to 

hyperglycaemia due to defective P-cell secretory capacity. Acute hyperglycaemia 

that occurs after consuming glucose may initiate the production of reactive 

oxygen species (ROS), which can impair p-cell function.

In normoglycaemic subjects, insulin secretion in the postprandial state is 

characterised by a biphasic pattern, with a rapid initial phase that lasts 1-3 min 

and peaks after 10 min, and a slower more progressive release of insulin in the 

second phase that lasts as long as the glucose load (DeFronzo et al,  1985). The 

early or first phase is followed by a decrease in insulin concentrations similar to 

that observed at baseline. This phase is important in suppressing hepatic glucose 

production, lipolysis, and priming target tissues for insulin action (Groop et al,  

1989). In the initial stages of T2DM, the loss of early phase insulin secretion 

results in postprandial hyperglycaemia which over time progresses to chronic 

hyperglycaemia (Michishita et al,  2008). During the second phase, the continued 

presence of glucose leads to increased insulin secretion that typically begins 10-20 

min after first exposure to glucose and lasts several hours (Michishita et al,  

2008). This phase is reduced in T2DM patients and occurs later (Mizuno et al,  

2007).
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According to the WHO, T2DM is diagnosed in an individual when fasting plasma 

glucose >7 mmol.L"' (126 mg.dL’') or when 2-h plasma glucose >11.1 mmol.L"' 

(200 m g.dL '') (WHO, 2006). In addition, glycosylated haemoglobin (HbAic), 

which measures the degree o f glycaemic exposure over time, is also used in 

clinical practice. The International Expert Committee report (2009) on the role o f 

the A lC  assay in the diagnosis o f diabetes has indicated that an elevated HbAic 

(>6.5%) is associated with a substantial increase in the prevalence o f 

microvascular complications and as such, should be used as the cut off-point for 

diagnosing T2DM. Data from the United Kingdom (UK) Prospective Diabetes 

Study (1998) indicate that for every 1% reduction in HbAic, there is a 35% 

reduction in microvascular complications. In contrast, a 1% increase in H bA u is 

associated with an increased risk o f mortality (28%) independent o f age, blood 

pressure, BMI, and smoking (Khaw et a i ,  2001).

1.5 Acute peak exercise performance in subjects with T2DM

Maximum oxygen utilisation ( VO2 peak) is a measure o f the capacity o f  the body to 

utilize oxygen during exercise. It represents the maximal rate that adenosine 

triphosphate (ATP) can be synthesized aerobically and is dependent on such 

factors as efficient delivery and extraction o f oxygen, size o f  muscle mass 

engaged, environment, and subject characteristics. Exercise tolerance in an 

individual will be influenced by such factors as VO2 peak, the VO2 required to 

perform sub-maximal workloads, and the rate at which VO2 increases (VO2 

kinetics) during exercise. Oxygen uptake in the tissues can be described by the 

Pick equation:

VO2 = CO x a-v02 diff

where CO represents tissue blood flow and a-v02 diff represents the difference 

between arterial and venous oxygen contents. Blood flow to the tissues is 

affected by cardiac output, the ability o f vascular tissues to vasodilate as well as 

the pressure differential acting across the vascular bed. In disease states such as 

T2DM, maximal exercise performance is impaired in comparison with normal
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healthy individuals matched for BMI, age, and activity levels (Regensteiner et al,  

1995; Regensteiner et a l ,  1998; Brandenburg et al ,  1999; Colberg et al., 2006). 

This impaired maximal exercise performance is characterised by a reduced VO2 

peak and peak workload during graded exercise (Regensteiner et al,  1995; 

Regensteiner et al ,  1998; Brandenburg et al ,  1999; Colberg et al ,  2006; Mac 

Ananey et al,  201 la; Wilkerson et al ,  2011).

For instance, exercise performance was assessed during a graded treadmill test in 

a group o f men and women with T2DM matched with a non-diabetic group o f  

similar age and activity level (Regensteiner et a l ,  1995). At exhaustion, exercise 

time was shorter (24%) and VO2 peak was lower (20%) in the group with T2DM 

than in the control group (21.5±5.8 and 27.2±5.3 ml.kg'’.min'' respectively). 

Oxygen consumption during sub-maximal workloads was lower (16%) in the 

group with T2DM between 5 and 8 min (Regensteiner et a l ,  1995). The authors 

suggested that the reduced rate o f  oxygen consumption during sub-maximal 

exercise in the group with T2DM may have impaired exercise performance in this 

population. Similarly, but during graded cycling exercise, it has been reported that 

VO2 peak is lower at volitional exhaustion in men and women with T2DM than in 

non-diabetics (16.2±0.1 and 22.3±2.7 ml.kg''.min'' respectively) (Colberg et a l ,  

2005). These findings have also been confirmed in older men (65±5 yr) with 

long-term diabetes (> 5 yr) (Wilkerson et a l ,  2011). In men matched in age and 

BMI, VO2 peak was lower in men with T2DM (1.98±0.43 L.min'') than in non­

diabetic men (2.72±0.40 L.min'') at the end o f graded exercise (Wilkerson et a l ,  

2 0 1 1 ).

In a different study involving cycle exercise, ten premenopausal women with 

uncomplicated T2DM, 10 overweight non-diabetic women, and 10 lean non­

diabetic women completed a graded cycle test to volitional exhaustion 

(Regensteiner et a l ,  1998). Physical activity scores were similar between the 

groups as determined by the use o f a low-level physical activity recall (LOPAR) 

questionnaire. Maximal aerobic capacity was lower in women with T2DM  

(17.1±3.8 ml.kg''.min"') than either the overweight non-diabetics (22.0±2.3 ml.kg' 

'.min'') or lean non-diabetics (25.7±4.9 ml.kg''.min''). A similar finding was
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observed for the maximum workload achieved during the graded cycle test with 

again the group with T2DM  reporting lower workloads (104±16 W) than either 

the overweight (130±17 W) or lean groups (121±19 W) (Regensteiner et a l ,  

1998). Respiratory exchange ratio (RER) and maximum heart were similar 

between the groups at exhaustion (Regensteiner et a l ,  1998).

Moreover, in a recent investigation, maximal exercise performance was assessed  

in 9 pre and postmenopausal women with uncomplicated T2DM , 9 overweight 

and 10 lean controls (Mac Ananey et a l ,  2011a). The groups were matched for 

age and all individuals were classified as being sedentary (LOPAR). W omen with 

T2DM  had a lower VO2 peak (15.5±4.4 ml.kg'Vmin'') in comparison to overweight 

(2 2 .7 i2 .6  ml.kg''.min"') and lean (27.1±4.3 ml.kg''.min'*) controls. In addition, 

peak workload was lower in women with T2DM  (91 ±23 W) than either 

overweight (124±28 W) and lean (133±34 W) controls (Mac Ananey et a l ,  

2011a).

As illustrated, maximum exercise performance is consistently impaired in 

populations with T2DM , however, the exact cause o f  this impairment is unknown. 

It has been suggested that compromised myocardial function and/or oxygen  

delivery may impair exercise performance in subjects with T2DM  (Regensteiner 

et a l ,  1998).

1.6 Causes of exercise impairment

1.6.1 Rate o f  increase in oxygen uptake (VO2 Kinetics)

The VO2 response to exercise is typically characterised by two or sometim es three 

distinct phases (Fig. 1.1). The first phase (phase I) occurs rapidly at the beginning 

o f  exercise (10-15 s) and represents the oxygen exchange associated with the 

initial increase in cardiac output (CO) and pulmonary blood flow. This is 

follow ed by a rapid exponential increase in VO2 (phase II) that drives VO2 towards 

a steady state when exercise is performed below  lactic or ventilatory threshold. 

Each phase has it’s own distinctive time constant (rate o f  adaptation o f  the 

response), time delay (time from the onset o f  the stimulus to the onset o f  the 

response), and amplitude (increase in the response). In healthy individuals, phase
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II has a time constant (x) o f  20-45 s. Phase II, also described as the fast 

component or primary component, reflects the arrival o f  venous blood at the lung 

from the exercising m uscles. This phase is reflective o f  oxygen consumption at 

muscle level during various exercise intensities. Reduced oxygen content occurs 

in the venous blood due to an increase in tissue oxidation. During moderate 

intensity exercise below lactate threshold, the onset o f  phase III corresponds to the 

point where cardiac output plateaus and venous oxygen content reaches a nadir. 

In healthy subjects, steady state is usually achieved within 3 min with little or no 

sustained increase in blood lactate. Up to this point VO2 increases in a linear 

fashion with work rate. In contrast, when exercising above lactate threshold 

phase III is either delayed (heavy exercise) or absent (severe exercise) due the 

presence o f  a slow  component (Casaburi et a l ,  1987). The magnitude o f  the slow  

component has been approximated as the increase in VO2 from minute 3 until the 

end o f  exercise. The slow  component elevates VO2 above that predicted for the 

work rate.

3.0 TD

AV
2.5

2.0

AEEVo
TD

BL
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120 -60 0 60 120 180 240 300 360
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F ig. 1.1. S ch em atic  representation  o f  the V O 2 resp on se  during h ea v y  or very h ea v y  in tensity  

e x erc ise  sh o w in g  three d istin ct ph ases. Aq and Tq represent the am plitud e and tim e constan t for 

ph ase I; A j, T D i, and T| represent the am plitud e, tim e delay , and tim e constan t for p h ase II; A 2 , 

T D 2 , and T2  represent the am plitud e, tim e d elay , and tim e constan t for phase 111 (K o g a  et al.,  

2 0 0 5 ).
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1.6.2 Oxygen deficit

In the transition from rest or unloaded exercise to an exercise intensity below 

lactate threshold, the vertical distance between the VO2 at any time point and the 

VO2 required during steady state represents the energy demand that must be met 

from energy stores within the muscle. This energy demand is largely met through 

phosphocreatine hydrolysis and anaerobic glycolysis. Oxygen deficit is a product 

o f the change in VO2 (AVO2) and the speed o f the VO2 response denoted by the 

time constant (x) o f the VO2 response from exercise onset (Fig. 1.2):

O2 deficit: AVO2X x

where AVO2 is given in L.m in'' and x in fractions o f a minute. A faster VO2 

response (smaller x) will result in a reduced oxygen deficit. In various states such 

as T2DM, chronic heart failure (CHF), and chronic obstructive pulmonary disease 

(COPD), the time constant seems to be larger and thus these individuals will incur 

a larger oxygen deficit than normal healthy individuals. Slower VO2 kinetics 

result in increased depletion o f phosphocreatine stores (PCr) and increased 

glycogenolysis leading to an increase in lactic acid production and reduced 

availability o f intramuscular glycogen. This ultimately results in reduced exercise 

tolerance in these individuals.

D

LU O 2 O  — V 0 3 1

Q -

LU

Fig. 1.2. O x y g en  d efic it (O 2D ) for m oderate ex erc ise  (b e lo w  lactic  threshold; b o ttom ) and h eavy  

ex erc ise  (a b o v e  lactic  threshold; to p ) (B arstow , 1994).
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1.6.3 T2D M & V02kine t ic s

The current body o f research on the dynamic response o f VO2 during the initial 

period o f  exercise has been conducted on combined groups o f men and women, 

combined groups o f pre and postmenopausal women, premenopausal women, and 

older men (Table 1.1). As yet VO2 kinetic responses during exercise onset have 

not been investigated in postmenopausal women.
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Table 1.1 V O 2 kinetic responses in individuals with and without T2DM

Stu dy n Subjects A ge (yr) BM I

(kg.m ^)

P rotoco l F ind ings

Bauer et al., 
(2007 )

T2DM : 11 
ND: 11

Men & 
w om en

T2DM :
47±4
ND:
47±6

T2DM :
30.8±4.3
ND:
28 .0± 3 .0

2 x 6  min 
cycling at 
85%  
lactate 
threshold

V O 2 

kinetic 
responses 
slow ed in 
T2DM

Brandenburg 
et al., (1999)

T2DM : 8
Overweight:
9
Lean: 10

Pre­
menopausal
w om en

T2DM :
49 .1± 5 .7
Overweight:
42 .5± 12 .6
Lean:
44 .1± 8 .2

T2DM :
31.8±6.5
Overweight:
30.3±3.5
Lean:
23.5±2.3

3 x 7  min
cycling
at:
2 0 W &  
30W  
2 x 7  min 

at 80 W

V O 2 

kinetic 
responses 
slow ed in 
T 2DM  at 
all
intensities
at
baseline

M ac A naney  
e ta l . ,  (2011)

T2DM : 9 
Heavy: 9 
Lean: 11

Pre & post
menopausal
wom en

T2DM :
49 .1± 5 .7
Heavy:
42 .5± 12.6
Lean:
44 .1± 8 .2

T2DM :
34.4± 7.4
Heavy:
29 .0± 8 .7
Lean:
22 .7± 1 .2

4 x 7  min
cycling
at:
50% VT, 
80% VT, 
& 50% A

V O 2 

kinetic 
responses 
slow ed in 
T2DM  at 
50% VT  
&
80% VT

Regensteiner  
el al., (1998)

T2DM : 10 
Heavy: 10 
Lean: 10

Pre­
menopausal
w om en

T2DM :
42±7
Heavy:
37±6
Lean:
36±6

T2DM :
33.1±6.3
Heavy:
30 .8± 3 .6
Lean:
23 .5±2.3

3 x 7  min
cycling
at:
20W  & 
30W  
2 x 7  min 
at 80 W

V O 2 

kinetic 
responses 
slow ed in 
T2DM  at 
20 W &  
30 W

W ilkerson et  
al.. (2011)

T2DM : 12 
ND: 12

Older men T2DM :
65±5
ND:
62±6

T2DM :
29.2±2.5
ND:
28.4± 1 .2

2 x 6  min 
cycling at 
50%
maximum
power

V O 2 

kinetic 
responses 
slow ed in 
T2DM
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Earlier investigations conducted on premenopausal women have shown that the 

VO2 kinetic response is slowed in premenopausal women with T2DM during 

cycle exercise performed below lactate threshold (Regensteiner et a l ,  1998). 

Subjects performed 3 separate exercise bouts o f  7-min duration (one above and 

two below) lactate threshold for the determination o f VO2 kinetics. At workloads 

below lactate threshold, the VO2 kinetic response was slower in women with 

T2DM than either lean or overweight women (Regensteiner et a l ,  1998). 

However, the exercise intensities selected in this study were based on absolute 

workloads (20 W, 30 W, and 80 W) rather than relative intensities that resulted in 

the women with T2DM working at higher percentages o f their VO2 peak both at 20 

W (54±10 %) and 30 W (60±9 %) than either overweight (20 W: 39±9 %, 30 W: 

47±9 %) or lean women (20 W; 37±7 %, 30 W: 44±11 %) (Regensteiner et a l ,

1998).

In a separate study conducted by the same research group, the same workloads 

(20 W, 30 W, and 80 W) were used to assess the VO2 response in premenopausal 

women with T2DM, overweight and lean non-diabetics (Brandenburg et a l ,

1999). The exercise protocol required each subject to complete 3 bouts o f 7-min 

cycling. A mono-exponential function was used to fit the VO2 data from the onset 

o f exercise until minute 6 (for low and moderate intensities o f 20 W and 30 W) or 

minute 3 (for high intensity o f 80 W). The time constant for the VO2 response 

was significantly slower in the group with T2DM at each workload than either 

non-diabetic group (Brandenburg et a l , 1999). As in the study o f Regensteiner et 

al ,  (1998), maximal exercise performance was impaired in the individuals with 

T2DM and as such, using absolute workloads resulted in subjects with T2DM 

exercising at a greater percentage o f their VO2 peak than their non-diabetic 

counterparts. Thus, it may have been more appropriate if  the authors selected 

workloads based on relative exercise intensities as this might provide a better 

insight on VO2 kinetics between individuals with and without T2DM.
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Overcoming this hmitation, others examined the effect o f using relative exercise 

intensities as a means to compare VO2 kinetics in men and women with and 

without T2DM (Bauer et a i ,  2007). In this study subjects completed 2 bouts o f  6- 

min cycling at 85% o f lactate threshold that was preceded by 4-min o f unloaded 

cycling. The time constant for the VO2 kinetic response was slower in the group 

with T2DM (43.8 ± 9.6 s) than in the non-diabetic group (34.2 ± 8.2 s). The 

results were presented as an overall time constant for the VO2 response. It is 

worth noting that each subject completed just 2 bouts o f square wave exercise and 

the VO2 data time aligned and averaged to provide a single kinetic VO2 response. 

Previously it has been suggested that at least 3 bouts o f constant load exercise are 

necessary to reduce variability o f results between VO2 data (Regensteiner et a l ,  

1998; Gusso et a i ,  2008).

A more recent study investigating VO2 kinetic responses in pre and 

postmenopausal women with and without T2DM, subjects performed three 7-min 

bouts o f  constant load cycling above (50% A (midpoint between VT and VO2 peak)) 

and below ventilatory threshold (50% and 80% o f VT) (Mac Ananey et ai,  

2011a). Kinetic parameters were determined by fitting a bi-exponential curve to 

the VO2 data for exercise intensities below ventilatory threshold and a tri­

exponential curve was used to fit VO2 data at exercise intensities above ventilatory 

threshold. Women with T2DM displayed a slowing o f the time constant o f the 

VO2 response both at 50% VT (34.2±15.7 s) and 80% VT (39.1±9.0 s) in 

comparison to overweight (15.4±7.3 and 24.8±8.8 s respectively) and lean 

controls (20.2±9.7 and 26.8±10.4 s respectively) (Mac Ananey et al,  201 la).

In contrast to previous investigations, one former study failed to find any 

differences in VO2 kinetic responses between an older group o f  men (65±5 yr) 

with long-term T2DM (9.3±3.8 yr) and their non-diabetic counterparts 

(Wilkerson et a l ,  2011). In this study, subjects completed 2 bouts o f 6-min cycle 

exercise at a power output equivalent to 50% o f maximum. Prior to fitting the 

VO2 data, the first 20 s o f data were deleted and a mono-exponential function was 

used to fit the VO2 data. In contrast to previous investigations, the VO2 kinetic 

response was not different between men with and without T2DM (43±17 vs.
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41±12 s respectively) despite a reduced VO2 peak in men with T2DM  (1.98±0.43  

L.min'') in comparison to non-diabetic men (2.72±0.40 L.min'') (Wilkerson et a l ,  

2011). The time constant o f  the VO2 kinetic response in men with T2DM  is 

somewhat similar to that seen in previous investigations while in contrast, the 

non-diabetic group evidenced a slowing o f  the VO2 kinetic response in 

comparison to healthy individuals in former investigations (Brandenburg et a l ,  

1999; Bauer et al., 2007). It would therefore appear that the non-diabetic group 

might have experienced an age-related slowing o f  the VO2 kinetic response, while 

there was no further deterioration in the VO2 kinetic response in men with T2DM  

(Wilkerson et al., 2011).

In summary, the dynamic response o f  VO2 during sub-maximal exercise is slowed 

during both absolute (Regensteiner et al., 1998; Brandenburg et al. 1999) and 

relative (Bauer et a l ,  2007;  Mac Ananey et a l ,  2011a) exercise intensities in 

premenopausal wom en, pre and postmenopausal women, and combined groups o f  

men and women; although it seem s that VO2 kinetic responses are not slowed in 

older men with T2DM  (W ilkerson et a l ,  2011). However, previous investigations 

that focused solely on wom en have included a combined group o f  both pre and 

postmenopausal wom en or a group o f  premenopausal wom en only. It is currently 

not known if  the VO2 kinetic response is affected by postmenopausal status in 

wom en with T2DM.

1.6.4 Cardiac function

The research on cardiac function in diabetic populations is quite limited, in 

particular regarding to cardiac output and stroke volume, and the relative 

contributions o f  central and peripheral cardiovascular limitations on exercise 

performance in this population remain unclear.

Indirect evidence suggests that cardiac output during exercise may be affected by 

the presence o f  T2DM. For instance, in a study by Poirier et a l ,  (2001), as many 

as 60% o f  individuals with T2DM  showed impaired left ventricular diastolic 

dysfunction (LVDD). In this study, individuals with T2DM  did not have any 

evidence o f  diabetic complications, hypertension, or chronic heart failure (CHF)
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and performed a graded exercise test showing no ischemia. O f the 60% who had 

LVDD evaluated using Doppler echocardiography, 28% had a pseudo normal 

pattern o f ventricular filling and 32% had impaired relaxation at rest (Poirier et 

a i ,  2001). A pseudo normal filling pattern is significant as it indicates an 

intermediary stage between impaired relaxation and restrictive filling, and thus, is 

a more advanced stage o f  LVDD. However, these measurements were performed 

at rest and thus the results need to be interpreted with caution.

During graded cycling exercise, premenopausal women recently diagnosed with 

T2DM but with no evidence o f cardiac dysfunction at rest, demonstrated a 

disproportionate increase in pulmonary capillary wedge pressure (PCWP) in 

comparison to non-diabetic individuals (Regensteiner et al., 2009). In addition, 

increased PCWP was inversely correlated with a reduction in myocardial 

perfusion (Regensteiner et a l ,  2009). An elevated PCWP is significant as it 

suggests an elevated filling pressure for a given ventricular volume and more 

importantly, may precede the development o f cardiac dysfunction at rest and 

during exercise in more advanced T2DM. However, no differences were 

observed in peak CO or cardiac index (Cl) responses between individuals with 

and without T2DM (Regensteiner et a i ,  2009).

Confirming these results, others have reported reduced early diastolic relaxation 

and greater left ventricular filling pressures at rest in overweight men and women 

with T2DM in comparison to age, weight, and activity matched controls (Baldi et 

a i ,  2006). Furthermore, maximal treadmill performance was reduced in 

normotensive men with T2DM who showed LVDD at rest in comparison to 

individuals with normal diastolic function (Poirier et al., 2000); though apart from 

assessing maximal treadmill performance in the former investigation, the authors 

did not perform any measurements on cardiac function during exercise (Poirier et 

a/., 2000).

Recently during sub-maximal exercise, CO measured using a CO2 rebreathing 

method using the Pick equation was lower in adolescent females with T2DM than 

in obese and non-obese non-diabetics (Gusso et a i ,  2008). CO was measured at 

rest and when subjects had achieved heart rates o f 100 and 200 beats.min"'. This

19



was to prevent the confounding influence that heart rate may have on stroke 

volume. When cardiac output and stroke volume were normalised to fat free mass 

(COffm and SVffm), both COffm and SVffm were 30-40% lower in individuals with 

T2DM than non-diabetics (Gusso et a l ,  2008). In addition, subjects with T2DM 

showed a lower aerobic capacity than their non-diabetic counterparts (Gusso et 

a l ,  2008).

In contrast, others have shown similar maximal and sub-maximal cardiac output 

in men and women with T2DM in comparison to non-diabetic men and women 

during cycle exercise (Baldi et al., 2003). Sub-maximal CO was determined 

using a rebreathing technique at 60 and 70% o f VO2 peak when subjects had 

reached steady state. While CO was numerically lower in the T2DM group at 

both intensities, the results did not reach statistical significance. Stroke volume 

was not different between the groups at either exercise intensity. CO at maximal 

exercise intensity was estimated rather than measured by multiplying the 

maximum heart rate achieved during an incremental test by the stroke volume 

achieved at 70% o f VO2 peak- Again, CO was lower in subjects with T2DM but the 

result was not statistically significant (10.0 ±1.7 v 11.2 ± 2.0 L.min'') (Baldi et 

a l ,  2003). The authors concluded that CO is not responsible for the reduction in 

VO2 peak observed in the group with T2DM. However, the VO2 peak achieved in the 

control group (23.8±6.4 ml.kg‘'.min'') suggests that these subjects represented an 

aerobically unfit population and may have accounted for the lack o f significance 

in CO between individuals with and without T2DM.

In a recent study, impedance cardiography was used to determine cardiac function 

during cycling exercise in individuals with and without T2DM (Joshi et a l ,  2010). 

Subjects completed one bout o f 10-min cycling at 50 W. The capacity to 

maximally increase CO during exercise at 50 W, a measure o f  cardiac reserve, 

was lower in the group with T2DM and was attributed to a smaller rise in stroke 

volume observed during exercise (Joshi et a l ,  2010). A limitation to the study 

was the omission o f an incremental test to determine maximal aerobic capacity 

and consequently determine work rates relative to each individual’s VO2 peak rather 

than working with absolute workloads.
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Another recent study has shown that left ventricular diastolic elastance is impaired 

during supine cycling exercise in men and women with T2DM free from overt 

heart disease (Ha et a i ,  2007). However, stroke volumes were similar between 

individuals with and without T2DM at rest and exercise (Ha et a l ,  2007). A 

different study by the same group showed that left ventricular diastolic elastance 

was greater during exercise in women with T2DM than their male counterparts 

(Ha et a l ,  2008). The authors suggested that the smaller ventricle size in women 

together with underlying myocardial abnormalities might lead to increased 

ventricular stiffness during exercise.

Using an inert gas rebreathing technique based on the Pick equation, a recent 

investigation indicates that the slowed VO2 kinetic response observed in pre and 

postmenopausal women with T2DM at the onset o f sub-maximal exercise was not 

related to reduced CO responses (Mac Ananey et al ,  2011a). Both CO and Cl 

responses measured at rest and during light and moderate intensity exercise were 

not different in women with and without T2DM (Mac Ananey et al ,  201 la).

It would appear that both maximal and sub-maximal CO responses are not 

reduced in adult individuals with T2DM who are free form overt CVD (Baldi et 

al,  2003; Regensteiner et al,  2009; Mac Ananey et a l  201 la). However, LVDD 

is a common feature o f T2DM (Poirier et a l ,  2001) and as such, may contribute to 

the exercise intolerance frequently observed in T2DM in addition to preceding the 

cardiac dysfunction observed in more advanced cases o f T2DM.

1.6.5 A-vOj difference

Evidence suggests that the lower VO2 peak observed in T2DM subjects might be at 

least in part caused by a reduction in arteriovenous oxygen difference (a-v0 2  diff) 

(Baldi et a l ,  2003). Men and women with T2DM matched in age and body 

composition to a non-diabetic group reported lower VO2 peak on exhaustion 

following graded cycling exercise, which was accompanied with a 19% lower a- 

VO2 diff (13.54 ±2.73 v 16.75 ± 2.96 ml.lOOmP' blood) estimated at maximum 

exercise (Baldi et a l ,  2003). A significant relationship was found between VO2 

peak and a-v02 diff but not CO suggesting that the lower VO2 peak observed in
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individuals with T2DM can be attributed to a limitation in maximal oxygen 

extraction. However, a-v02 diff measured at 60% and 70% o f VO2 peak was not 

different between individuals with and without T2DM (Baldi et a l ,  2003). In 

agreement with this finding, a-v0 2  diff measured at rest and during sub-maximal 

cycle exercise was similar between women with T2DM and non-diabetic 

overweight and lean controls during light, moderate and heavy intensity exercise 

(Mac Ananey et al., 2011a). Thus it would appear that the mechanisms 

underpinning the slowed VO2 kinetic response in individuals with T2DM are not 

caused by impairments in oxygen extraction as least in uncomplicated T2DM. As 

yet, the impact o f the menopause on a-v02 diff in women with T2DM has not 

been investigated.

While the research on oxygen extraction during exercise in individuals with 

T2DM is limited, there is a large body o f evidence indicating that mitochondrial 

function is impaired in individuals with T2DM and thus may contribute to the 

exercise intolerance observed in T2DM. Research carried out on mitochondrial 

function in the skeletal muscle o f individuals with T2DM indicates that both 

mitochondrial structural and functional capacity are reduced in individuals with 

T2DM (Kelley et a l ,  2002). In addition to possessing smaller mitochondria, 

individuals with T2DM had a reduced citrate synthase activity in comparison to 

lean non-diabetics (Kelley et a l ,  2002). Indeed, lower oxidative enzyme capacity 

appears to persist across different muscle fibre types as reported in a study by He 

et al,  (2001), where within each fibre type, oxidative enzyme activity was lower 

and lipid content was greater in individuals with T2DM than lean controls.

There is evidence to suggest that fibre type distribution in the vastus lateralis 

muscle o f the leg is altered in individuals with T2DM in comparison to obese and 

lean controls (Larsen et a l ,  2009). Individuals with T2DM had a greater 

percentage o f type IIX fibres and a lower percentage o f type I fibres than controls 

(Larsen et a l ,  2009). In addition to the reduced capillary density and reduced 

oxidative enzyme activity in the group with T2DM, carbohydrate oxidation was 

also lower in these individuals during exercise intensities above 50% o f VO2 peak 

(Larsen et a l ,  2009). The reduced oxidative enzyme activity in T2DM is
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consistent with a reduction in mitochondrial function or content in the skeletal 

muscle o f individuals with T2DM.

Consistent with these results, others have also found a reduction in oxidative 

enzyme activity in individuals with T2DM (Simoneau & Kelley, 1997). The ratio 

betv/een glycolytic and oxidative enzyme activities is indicative o f the balance 

between cytosolic and mitochondrial capacities for ATP resynthesis. However, 

this balance appears to be disturbed in individuals with T2DM as reflected in the 

ratio o f  glycolytic to oxidative enzyme activity (Simoneau & Kelley, 1997). 

Furthermore, the imbalance between oxidative and glycolytic enzyme capacities 

within the skeletal muscle o f individuals with T2DM could contribute to the 

impaired exercise perform.ance frequently observed elsewhere in individuals with 

T2DM through increased reliance on ATP generation via anaerobic glycolysis.

However, as oxygen extraction during exercise was not measured in the afore­

mentioned studies it is difficult to determine if  these results can be extrapolated to 

a wider population with T2DM.

1.6.6 Dynamics o f  blood flow

At the onset o f dynamic exercise blood must be delivered rapidly to the working 

muscles to facilitate the delivery o f oxygen and substrates and to enable the 

removal o f carbon dioxide and waste products. To achieve this end CO increases, 

blood flow to the visceral regions and skin is reduced while blood flow to the 

working muscles is increased. As mean arterial pressure (MAP) remains 

relatively constant during exercise the increase in blood flow is achieved through 

reductions in vascular resistance. During times o f  maximum perfusion, relaxation 

o f vascular smooth muscle cells increases vessel diameter and thus, allows for 

greater blood flow. The rhythmic cycle o f muscle contraction produces variations 

in blood flow with the inflow o f blood occurring during the relaxation phase. 

This pattern is prevalent at both low and high intensity exercise (Radegran & 

Saltin, 1998).

Quantification o f the dynamic response characteristics o f any physiological 

regulatory system provides insight into the underlying mechanisms responsible
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for the non-steady adaptations at exercise onset. Intrinsic to this approach is 1) 

identification of the number of discrete parameters, namely the time delay, time 

constant, and amplitude of the response; and 2) quantifying the number of distinct 

phases of the response (Tschakovsky et a l,  2006). Extensive research across a 

wide range o f exercises including repeated hand grip (Shoemaker et al., 1997), 

plantar flexion (Quaresima et al., 2001), and knee extension (Shoemaker et al., 

1994) indicates that the blood response to exercise is biphasic in nature and 

increases rapidly at the onset of dynamic exercise (Fig. 1.3). Some studies 

suggest that in addition to the first two phases, a third phase may be observed 

during periods of intense exercise (Saunders & Tschakovsky, 2004). The first 

phase is characterised by a rapid incline in blood flow lasting approximately 5-7 s 

(Shoemaker et al., 1997; Radegran & Saltin, 1998) before reaching a plateau 

followed by a second phase beginning approximately 15-20 s into the exercise 

bout (MacDonald et al., 1998) that slowly reaches a new steady state. At higher 

exercise intensities the onset of the third phase occurs approximately 90-130 s 

into exercise (Saunders et al., 2005).

Triphasic model A (3 growth phases)
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Fig. 1.3. Schem atic representation o f  the exponential increase in blood flow  fo llow ing  the onset o f  

exercise. Go, G] and G2 are the amplitudes; TD,, TD2, and TD3 are the tim e delays; Xi, T2 , and T3 

are the tim e constants for phases I, II, and III respectively (Saunders et al., 2005).
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However, a fast decay following the initial first phase has been observed in leg 

blood flow responses during low intensity knee extension exercise in supine 

(MacDonald et a l ,  1998) and upright positions (Shoemaker et al., 1996) which 

suggests that the structure that defines the hyperaemic response is not specifically 

characterised by ‘growth-only’ phases. A recent study investigated the structure 

o f the hyperaemic response (measured using venous occlusion plethysmography 

(VOP)) during plantar flexion exercise by fitting six ‘growth only’ and ‘growth 

and decay’ models to leg vascular conductance (LVC) responses during rest- 

exercise and exercise-exercise transitions (Reeder and Green, unpublished 

observations). The goodness of fit was determined on statistical grounds by 

performing pairwise comparisons between the different models (Reeder & Green, 

unpublished observations). Across a range of different exercise intensities (30, 

60, and 90% MVC) ‘growth and decay’ models were the best models of fit during 

rest-exercise transitions (Reeder & Green, unpublished observations). In the 

majority of responses, a rapid and fast decay was superimposed on the basic 

growth structure and in some cases a second slower decay was observed at a later 

stage, the onset of which coincided with a decline in electromyographic (EMG) 

activity of the triceps surae complex (Reeder & Green, unpublished 

observations). In fact, leg vascular conductance responses recorded in the current 

study at light intensities (30% MVC) clearly showed 2 growth phases and 1 decay 

phase (Fig. 1.4), whereas responses at high intensities (70% MVC) were biphasic 

(Fig. 1.5).
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Triphasic model (2 growth phases and 1 decay phase)
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Fig. 1.4. Schematic representation o f  a triphasic ‘growth and decay’ response following the onset 

o f  plantar flexion exercise. A represents the am plitude, TD represents the tim e delay, and x 

represents the tim e constant o f  the growth (phase I and phase 111) and decay (phase II) phases.

Biphasic model (2 grow th phases)
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Fig. 1.5. Schematic representation o f  a biphasic ‘growth only’ response following the onset o f  

plantar flexion exercise. A represents the am plitude, TD represents the tim e delay, and x 

represents the time constant o f  the growth phases.
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There are conflicting reports regarding the mechanism behind the initial 

hyperaemic response to exercise. Some suggest that the rapid blood flow  

response observed during phase I (5-7 s) may implicate m uscle pump action as a 

determinant o f  the initial blood flow  response rather than vasodilation (Gotshall et 

a l ,  1996; Sheriff & Hakeman, 2001). Others have suggested that the first phase 

is influenced principally by vasodilatory factors (Saunders & Tschakovsky, 2004) 

and that during the second growth phase metabolic and endothelial-derived 

vasodilatory factors may contribute to the regulation o f  blood flow. Various 

metabolites have been implicated in the blood flow  response to exercise and some 

include potassium (K"̂ ), hydrogen (H^), acetylcholine (ACh), and adenosine. 

Their effects in blood flow  regulation may be elicited through action on vascular 

tone or inhibition o f  vasoconstriction.

1.6. 7 Blood Flow and T2DM

The lower sub-maximal exercise performances observed in T2DM  subjects as 

demonstrated by slowed oxygen uptake kinetics may be related to impairments in 

skeletal m uscle perfusion even in the absence o f  cardiovascular complications. 

However, the exact mechanisms responsible for limitations in oxygen delivery in 

this population remain unclear.

Investigations in rodent models have illustrated abnormal oxygen delivery within 

muscle microcirculation at rest in diabetic rats (Padilla et al . , 2006) and impaired 

microvascular P 0 2 responses during exercise in diabetic rats (Padilla et al., 2007). 

This evidence suggests a limitation in oxygen transport relative to oxygen usage 

in animal m odels. It is possible that the observed limitation in maximal aerobic 

capacity and impaired exercise performance in humans could be attributed to 

impaired oxygen delivery and exchange.

Leg blood flow  (LBF) responses using thermodilution were assessed in men with 

and without T2DM  matched in weight and VO2  peak (Kingwell et al., 2003). 

Subjects completed 25 min o f  supine cycling at 60% o f  VO2 peak- During exercise 

LBF was significantly lower in T2DM  subjects between 10 and 25 min (2.78 ± 

0.19 L.min'' v 3.73 ± 0.38 L.min'') and together with higher blood pressure
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responses in subjects with T2DM contributed to increased vascular resistance in 

these subjects (Kingwell et a l ,  2003). ACh contributes to vasodilation by its 

interaction with endothelial M3 muscarinic receptor stimulating it to release nitric 

oxide (NO) and prostanoids. As LBF responses to endothelium-dependent 

vasodilation (ACh) were attenuated in the T2DM group, it is possible that either 

the ACh stimulated release o f NO, prostanoids or the reaction between smooth 

muscle and these substances is blunted in T2DM (Kingwell et a l ,  2003). 

Furthermore, a significant relationship was found between LBF during exercise 

and fasting plasma glucose indicating that chronic hyperglycaemia may be in part 

responsible for the blunted LBF response observed in T2DM (Kingwell et al., 

2003).

Near-infrared spectroscopy (NIRS) is a non-invasive technique used to determine 

changes in concentrations o f oxygenated and deoxygenated 

haemoglobin/myoglobin ([HHb]) in the small vessels and skeletal muscle. Using 

this technique it was reported that the initial skeletal muscle deoxygenation 

response at the beginning o f sub-maximal exercise was greater in men and women 

with T2DM highlighting an imbalance between oxygen transport and oxygen 

consumption (Bauer et a l ,  2007). This is possibly due to impaired blood flow  

responses in these subjects as indicated by the greater mean response time (47.7 ± 

14.3 V 35.8 ± 10.7 s) and slower phase II time constant (43.6 ± 12.9 v 32.0 ± 9.7 

s) in microvascular blood flow kinetics estimated from VO2 and [HHb] data 

(Bauer et al ,  2007).

Using VOP, the dynamic response o f LVC was determined during plantar flexion 

exercise at 70% MVC in pre and postmenopausal women with T2DM, overweight 

and lean controls (Mac Ananey et al ,  2011b). The time constant o f  the second 

phase was reduced in women with T2DM (66.4±29.2 s) in comparison to 

overweight (22.2±13.4 s) and lean controls (21.8±9.3 s) and resulted in a greater 

mean response time (MRT) in women with T2DM (Fig. 1.6) (Mac Ananey et al,  

2011b). There were no differences between the groups in either the End 

amplitude (End A) or amplitudes o f each phase indicating that the capacity to 

vasodilate might be preserved in T2DM. Furthermore, MAP responses were
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similar between women with T2DM and their non-diabetic counterparts. 

Therefore, the slowing o f the hyperaemic response in women with T2DM, as 

indicated by a greater MRT, was related to the slowed rate o f  increase in LVC 

during the second phase (Mac Ananey et al,  201 lb).
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Fig. 1.6. LVC responses (open circles) during ca lf  exercise in an individual w ith type 2 diabetes, a 

heavy control, and a lean control. The continuous lines o f  best fit illustrate the biphasic response 

o f  LVC. N ote the relatively slow  response o f  the second hyperaemic phase in the diabetic subject 

(M ac A naney et al., 201 lb).

The slowed rate o f increase in VO2 kinetics observed at the onset o f sub-maximal 

exercise (Regensteiner et a l ,  1998; Bauer et a l ,  2007; Mac Ananey et a l ,  201 la) 

together with the estimated slowed microvascular blood flow kinetics (Bauer et 

a l ,  2007) and slowed LVC kinetic responses (Mac Ananey et al ,  201 lb) suggest 

that the impairment in muscle blood flow dynamics seems to be a contributory 

factor to limitations in oxygen uptake dynamics, during sub-maximal exercise in 

T2DM.
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1.7 Role of exercise training in T2DM

The benefits that patients with T2DM can acquire from regular exercise are 

numerous and include improved exercise performance as indicated by a greater 

VO2 peak and increased time to failure, reduced BMI and percentage body fat, 

increased insulin sensitivity, improved lipid profile, reduction in pro- 

inflammatory cytokines, improved endothelial function, and decreased risk o f  

developing CVD. Research indicates that individuals with T2DM  can benefit 

from a single bout o f  exercise. Glucose uptake increases in response to a single 

bout o f  exercise with the effect being greater in individuals with T2DM  with 

greater BMI and poorer glycaem ic control (Oguri et al., 2009).

Studies have examined the role o f  different types o f  exercise in diabetic 

populations. These include aerobic (Lehmann et al., 1995; Brandenburg et a l ,  

1999; Zoppini et a l ,  2006), resistance (Fenicchia et a l ,  2004; Cohen et al., 2008), 

and a combination o f  aerobic and resistance training (Maiorana et al., 2001a). 

The types o f  aerobic exercises used in these studies include walking, jogging, 

cycling, and rowing. With resistance training, investigators have included a range 

o f  exercises targeting upper and lower body muscle groups. Some studies have 

used a combination o f  approaches in treating T2DM  including diet and exercise 

interventions (Eriksson & Lindgarde, 1991).

Short-term interventions have been conducted over periods o f  2-3 months (Holten  

et al., 2004; Colberg et a l ,  2006) with longer interventions being conducted from 

12 months (Cohen et a l ,  2008) to 5 years (Eriksson & Lindgarde, 1991). In these 

interventions, subjects with T2DM  exercised 2-3 d.wk'' for 60-90 min. Different 

exercise intensities have been reported in the literature for both aerobic and 

resistance exercise. Exercise intensities o f  75% o f  VO2 peak (Mourier et al . , 1997) 

and 70-85% o f  peak heart rate (Peak HR) (Brandenburg et al., 1999; Maiorana et 

al., 2001a) have been used in aerobic exercise. In relation to resistance training, 

subjects with T2DM  have exercised at 55-65% o f  MVC (Maiorana et al., 2001a) 

and 70-80% o f  1 repetition maximum (1-RM) (Holten et al., 2004; Colberg et al., 

2006). Interventions using resistance training have included 8-12 exercises with 

2-3 sets o f  8-12 repetitions.
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Almost all o f the studies included here have shown positive results in subjects 

with T2DM in response to exercise intervention across a range o f parameters 

including body composition (Eriksson & Lindgarde, 1991; Lehmann et a l ,  1995; 

Mourier et a l ,  1997), glucose control (Eriksson & Lindgarde, 1991; Fenicchia et 

a l ,  2004), triglycerides (Lehmann et a l ,  1995), and insulin sensitivity (Mourier et 

a l ,  1997; Holten et a l ,  2004). Improvements have also been found in physical 

fitness parameters such as VO2 kinetics (Brandenburg et a l ,  1999), VO2 peak 

(Eriksson & Lindgarde, 1991), and strength (Colberg et a l ,  2006).

1. 7.1 WO2 peak cind VO2 kinetics

Aerobic training has consistently shown to be an effective intervention to increase 

VO2 peak in T2DM (Zanuso et a l ,  2010). One fonrier study investigated the effect 

o f aerobic, resistance, or combined aerobic plus resistance training on VO2 peak and 

muscle strength in 251 individuals with T2DM (Larose et a l  2011). Following a 

6-month period o f intervention, VO2 peak increased in the aerobic and the aerobic 

plus resistance groups. In addition, there was an increase in strength in the leg 

press, bench press, and seated row in the combined aerobic plus resistance group 

and the resistance group (Larose et a l  2011). However, combined aerobic plus 

resistance training did not provide any additional benefits in either VO2 peak or 

strength to either aerobic or resistance training alone (Larose et a l  2011).

The clinical significance o f a slov/ed VO2 kinetics response at the onset o f  

exercise has not been well evaluated. To date only one former study has 

examined the impact o f exercise intervention on the VO2 kinetic response to the 

onset o f exercise in a population with T2DM (Brandenburg et a l ,  1999). 

Premenopausal women with T2DM, and non-diabetic overweight and lean 

women underwent a 3-month supervised exercise intervention consisting o f 

regular aerobic exercise (3 d.wk'' for 60 min) performed at 70-85% o f peak heart 

rate (Brandenburg et a l ,  1999). Each individual was required to complete 36 

training sessions. There were no differences between the groups with respect to 

the number o f training sessions completed (T2DM = 35.5, overweight = 35.3, and 

lean = 35.2). At baseline, women with T2DM had a lower VO2 peak and slower 

VO2 kinetic response than either overweight or lean women during cycle exercise
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at 20, 30, and 80 W. Following exercise intervention, VO2 kinetics improved in 

women with T2DM  by 39 and 22% at 20 and 30 W respectively with a tendency 

towards a faster response at 80 W. Furthermore, VO2 kinetic responses were not 

different between the groups after exercise intervention at 20, 30, or 80 W. VO2 

peak increased by 28% in wom en with T2DM  and 8% in overweight non-diabetics 

while remaining unchanged in lean wom en (Brandenburg et a l ,  1999). If the 

capacity to begin exercise is impaired in populations with T2DM , then these 

individuals may perceive exercise as being more difficult and they may therefore 

be less inclined to engage in even low or moderate intensity exercise. However, 

regular aerobic exercise appears to be important in helping individuals with 

T2DM overcome this limitation at exercise onset as demonstrated by a speeding 

o f  the VO2 kinetic response during low and moderate intensity cycle exercise 

following 3 months o f  regular exercise (Brandenburg et al., 1999).

The majority o f  research has focused on the effects o f  aerobic exercise on glucose 

control and insulin sensitivity as this type o f  exercise engages large m uscle groups 

and can be performed for prolonged periods o f  time. Resistance training is also 

effective in recruiting large muscle mass particularly when upper and lower body 

exercises are included. This form o f  training not only increases strength but also 

muscle mass, muscle endurance, and posture. Bone density is also enhanced due 

to the weight-bearing component o f  some exercises. It is possible that some 

subjects, particularly those who are obese, may prefer this type o f  training as they 

may find that the physical strain induced by cardiovascular exercise is absent in 

resistance training.

In fact, significant improvements have been observed in VO2 peak in men and 

wom en with T2DM  (16.2 ± 0.9 to 17.8 ± 0.9 m l.kg‘'.min'') follow ing resistance 

training (Colberg et a l ,  2006). Subjects completed a total o f  8 exercises (both 

upper and lower body) and were required to perform 8-12 repetitions o f  3 sets 

beginning initially at 50% o f  1-RM and then increasing to 60 and 70% in the 

subsequent months. However, the VO2 peak achieved post training was still lower 

than that achieved in a non-diabetic group (21.3±1.6 m l.kg''.m in'’) who had 

undergone similar resistance training. Significant improvements were found in
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percentage body fat in the group with T2DM  post training (36.8 ± 1.5 v 32.6 ± 1 . 9  

%) (Colberg et al., 2006).

I. 7.2 Cardiac function

The impact o f  exercise intervention on cardiac function in populations with 

T2DM has not been well investigated. A recent study reported a reduction in 

arterial stiffness in older (71.4 yr) individuals with T2DM  who also had multiple 

cardiovascular risk factors following 3 months o f  aerobic exercise (Madden et a i ,  

2009). Subjects were assigned to aerobic (60 min at 60-75%  o f  heart rate reserve) 

or non-aerobic groups (core and strength training) for 3 d.wk''. Following 

intervention, there was a decrease in both radial (-20.7±6.3 vs. +8.5±6.6 %) and 

femoral (-13.9±6.7 vs. +4.4±3.3 %) pulse-wave velocity in the aerobic group but 

not the in the non-aerobic group (Madden et a l ,  2009). These improvements 

occurred in the absence o f  improvements in weight loss, blood pressure, FPG, and 

VO2 peak (Madden et a i ,  2009). The authors speculated that pulsatile stretching o f  

collagen fibres during aerobic exercise might break collagen crosslinks caused by 

non-enzymatic glycation and thereby reduce arterial stiffness (Madden et a l ,  

2009).

Individuals with T2DM  (57 yr) underwent regular aerobic training over a 3-month 

period to assess the effects o f  chronic exercise on LVDD (Brassard et a i ,  2007). 

Exercise interv^ention consisted o f  cycling at 60-70%  o f  VO2 peak for 60 min 3 

d.wk"'. Following exercise intervention VO2 peak increased (28.6±3.9 to 32.7±5.7  

ml.kg'*.min"') and normalisation o f  LVDD was observed in 5 out o f  11 (4 o f  

whom had grade 1 LVDD) subjects (Brassard et a l ,  2007). Longer intervention 

periods may be required to improve more severe forms o f  LVDD (Brassard et al. , 

2007).

In a different study, adaptations in arterial compliance follow ing exercise  

intervention were investigated in postmenopausal wom en with T2DM  

(M cGavock et a i ,  2004). Subjects underwent a combination o f  aerobic (30-55  

min at 65-75%  o f  heart rate reserve) and resistance (7 upper & lower body 

exercises, 3 sets o f  10-15 repetitions at 50-65% o f  1-RM) exercise 3 d.wk'' for 12
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weeks. Improvements were reported in VO2 peak (21.3±3.3 to 24.5±4.2 ml.kg' 

'.min'') and large artery compliance (1.0±0.4 to 1.2±0.4 mL.mmHg'') despite no 

changes in left ventricular filling dynamics, insulin sensitivity, lipid profile, or 

blood pressure (McGavock et a l ,  2004). The authors suggested that enhanced 

endothelium-dependent vasodilation may have resulted in increased arterial 

compliance in these women (McGavock et a l ,  2004).

1.7.3 Glycaemic control

Exercise training has consistently been shown to be effective in improving 

glycaemic control in T2DM. However, to maximise its effectiveness it is 

important to consider the mode o f exercise (aerobic vs. resistance), whether it is 

combined with dietary intervention and whether it is performed in a supervised or 

unsupervised setting.

Fenicchia et al ,  (2004) investigated the effect o f acute and chronic exercise on 

glucose control and insulin responses in women with and without T2DM where 

subjects completed resistance training 3 d.wk'' for 6 weeks during which they 

performed a combination o f 8 upper and lower body exercises (3 sets o f 8-12 

repetitions). Improvements were found in 1-RM in upper and lower body 

exercises in both groups and in addition, there was a reduction in fat mass in 

women with T2DM following 6 weeks o f resistance training (Fenicchia et a l ,  

2004). Subjects performed 3 oral glucose tolerance tests: pre-training, 12-24 h 

after the first exercise session (acute), and 60-72 h after the final session 

(chronic). Integrated glucose concentration, expressed as the area under the curve 

(AUC), was improved after the acute bout o f exercise (3,355.0±324.6 to 

2,868.0±324.0 mmol.L’') but was not improved after chronic training 

(3,606.0±337.0 mmol.L'') in women with T2DM (Fenicchia et a l ,  2004). The 

same trend was observed in peak glucose concentrations in women with T2DM 

(pre-training: 20.2±1.4 mmol.L''; acute: 17.2±1.7 mmol.L"'; chronic: 19.9±1.7 

mmol.L''). In contrast, there were no changes in insulin concentrations after either 

acute or chronic exercise in women with T2DM. The authors concluded that a 

longer period o f exercise intervention may be needed to impact on insulin 

concentrations (Fenicchia et a l ,  2004).
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In postmenopausal women with T2DM, the effect of aerobic versus aerobic plus 

resistance training on insulin sensitivity was investigated following a 16-wk 

supervised intervention programme (Cuff et al,  2003). Subjects were randomly 

assigned to one of 3 treatments: control, aerobic plus resistance (Ae + RT), or 

aerobic (Ae). The Ae + RT group performed aerobic exercise at 60-75% heart 

rate reserve in addition to performing 5 upper and lower body exercises for the 

resistant component (2 sets of 12 repetitions). The Ae group performed low- 

impact low intensity dynamic movement instead of resistance exercise while also 

completing the same aerobic exercise as the Ae + RT group. Each group trained 3 

d.wk'' for 75 min. Glucose infusion rates increased in the Ae + RT group 

(1.82±0.52 ml.kg’'.min”') and were greater than the control group (0.07±0.28 

ml.kg"'.min'') while remaining unchanged in the Ae (0.55±0.36 ml.kg''.min'') 

(Cuff et al,  2003). In addition, normal muscle density was greater in the Ae + RT 

group (10.5±2.0 cm^) than either the Ae (2.3±1.8 cm^) or control (-3.5±1.7 cm^) 

groups following intervention (Cuff et al,  2003). The improved glucose disposal 

was associated with a reduction in both subcutaneous and visceral adipose tissue 

area as well as an increase in muscle density (Cuff et al., 2003). The study 

highlighted the advantage of combining both aerobic and resistance exercise in an 

intervention programme in comparison to aerobic training alone.

The effectiveness of resistance training plus weight loss versus weight loss alone 

on glycaemic control and body composition was examined in men and women 

with T2DM (60-80 yr) by Dunstan et al, (2002). Subjects were randomised to 

receive high intensity resistance exercise plus moderate weight loss (RT & WT) 

or moderate weight loss plus a control programme (WL) (Dunstan et al,  2002). 

The study was conducted over 6 months and measurements were repeated at 3- 

month intervals. Both groups were placed on a healthy eating plan during the first 

month that was designed to elicit a weight loss of 0.25 kg.wk"'. The RT & WL 

group completed 3 sessions per week consisting of 9 upper and lower body 

exercises at 75-85% of 1-RM while the WL group completed 3 static stretching 

sessions per week. Adherence to training was not difference between the groups 

(RT & WL: 88%, WL: 85%). Both total body mass and fat mass were reduced in 

RT & WL and WL groups at 3 months and 6 months (Dunstan et al,  2002). 

Significant reductions were found in HbAic levels in the RT & WL group only
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both at 3 months (-0.6±0.7 %) and 6 months (-1.2±0.9 %) (Dunstan et ai ,  2002). 

In contrast, no changes were observed in the WL group with respect to HbAic or 

glucose concentrations (Dunstan et ai,  2002). The authors concluded that a 

combined resistance plus weight loss programme is more effective in improving 

glycaemic control than weight loss programme alone and is independent of 

improvements in body composition (Dunstan et al., 2002).

A follow up study was completed to investigate if the improvements acquired 

during the supervised exercise intervention could be maintained during home- 

based resistance training over 6 months (Dunstan et al,  2005). The RT & WL 

group were provided with an instruction booklet, training, and dumbbells to 

follow an individualised training programme 3 d.wk'' (9 upper and lower body 

exercises at 60-80% of 1 -RM). In contrast, the WL group were provided with a 

flexibility wall chart to enable them continue with the flexibility programme 

developed in the supervised phase. There was a significant reduction in 

adherence to training in both RT & WL (72.6%) and WL (78.1%) groups 

(Dunstan et al,  2005). The improvements acquired in HbAic were not 

maintained during the home-based programme; a significant increase in HbAic 

levels was observed in both groups at 12 months but was not different from 

baseline (Dunstan et ai,  2005). Fasting glucose concentrations were not changed 

during the home-based phase. While both groups reported an increase in body 

weight and total body fat at 12 months from 6 months, body weight remained 

lower at 12 months than at baseline (Dunstan et ai,  2005). Furthermore, upper 

and lower body strength which were increased from baseline at 6 months, were 

maintained at 12 months in the RT & WL group (Dunstan et ai,  2005). The 

deterioration in glycaemic control was attributed to the reduced adherence to 

exercise and reduction in volume and intensity o f training in the home-based 

phase (Dunstan et a i , 2005).

A more recent study by the same authors compared the effectiveness of a 

community centre-based versus home-based resistance training programmes on 

the maintenance of glycaemic control in overweight sedentary men and women 

with T2DM aged 40-80 yr (Dunstan et al,  2006). Initially all subjects completed 

a 2-month supervised phase during which they performed 8 resistance exercises 2
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d.wk'' at 75-85%  o f  1-RM. Thereafter, subjects were randomly assigned to carry 

out a maintenance programme in either a community and recreation centre 

(centre) or in their own home (home) over a 12-month period (2 d.wk''). 

Adherence to exercise during the supervised phase was 87±15 % while in the 

maintenance phase adherence was 68.1 ±25.0  and 67.1 ±27.1 % in the centre and 

home groups respectively (Dunstan et a l ,  2006). Furthermore, individuals in the 

centre group who attended exercise sessions more frequently (75-100% ) had a 

greater reduction on HbAic levels (-0.5±0.8 vs. 0.5±1.1% ) than those who 

attended fewer sessions (0-59%) (Dunstan et a l ,  2006). There were reductions in 

H bAic levels in the centre group at 2 months (-0.5±1.0 %) and 14 months (- 

0.4±1.0 %) (Dunstan et al., 2006). Fasting glucose and insulin concentrations 

were not different in the home group but were reduced in the centre group at 14 

months (-0.8±1.8 mmol.L"' and -22.2±47.6 pmol.L'' respectively). As the legs 

constitute a large area o f  muscle mass, the emphasis on whole body exercise in 

the centre group may have been a factor in helping to maintain glycaem ic control 

in contrast to the home group who were not able to replicate specific leg exercises 

used in the supervised phase using just dumbbells (Dunstan et al., 2006).

A long-term intervention programme o f  5-years duration consisting o f  dietary 

intervention and supervised exercise was successful in improving body 

com position, glucose control, and aerobic capacity in subjects with T2DM  and 

IGT (Eriksson & Lindgarde, 1991). The initial 12 months consisted o f  dietary 

advice and supervised exercise. Thereafter, subjects continued with the 

programme o f  diet and exercise on their own. In both groups, body mass 

decreased by 2.3-3.7%  and VO2 peak increased by 10-14%. The accumulated 

incidence o f  T2DM  was 10.6% post intervention while more than half o f  patients 

with T2DM  were in remission after a follow-up period o f  6 years. Thus it appears 

that supervised exercise is an important element o f  physical activity interventions.

In a large study (606 participants), individuals with the metabolic syndrome or 

T2DM were assigned to either supervised aerobic plus resistance training and 

exercise counselling (exercise) or counselling alone (control) (Balducci et al ,  

2010). The exercise group underwent supervised exercise training over a 12-
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month period. Following intervention, improvements were found in HbAic, 

HDL, LDL, and both systolic and diastolic blood pressure in the exercise group in 

comparison to the control group (Balducci et al ,  2010). The authors suggest that 

while counselling was successful in achieving the recommended amount o f  

physical activity in the control group, larger volumes o f physical activity are 

required to affect change in cardiovascular risk factors in these individuals 

(Balducci et al ,  2010).

Individuals with newly diagnosed T2DM (n=593) were randomly assigned to 

receive control, dietary intervention or dietary intervention plus a physical activity 

programme (Andrews et al ,  2011). At 6 months, glycaemic control improved in 

both the diet and diet plus activity groups and the improvements were maintained 

at 12 months (Andrews et al,  2011). The addition o f physical activity to the 

dietary intervention programme did not result in greater reductions in HbAic 

(Andrews et al ,  2011). It is possible that the physical activity intervention (30 

min o f brisk walking 5 d.wk'') was insufficient to exert any further reductions in 

HbAic (Andrews et al,  2011).

A recent investigation examined the effect o f supervised exercise on HbAic levels 

in men and women with T2DM over a 9-month period (Church et al ,  2010). 

Individuals (n=262) were randomly assigned to aerobic, resistance, combined 

aerobic plus resistance, or control groups. In comparison to the control group, 

there was a reduction in HbAic in the combined aerobic plus resistance group 

only (-0.34%) but not in either the aerobic or resistance groups (Church et al., 

2010). In addition, VO2 peak improved in the combined group only (+1 ml.kg' 

'.min'') (Church et al ,  2010). This study highlights the importance o f  including 

both aerobic and resistance exercise in exercise intervention programmes. A 

similar investigation examined the effect o f aerobic, resistance, or combined 

aerobic plus resistance training on HbAic levels in a large group (n=251) o f  

individuals with T2DM (39-70 yr) over a 6-month period (Segal et al ,  2007). 

While aerobic or resistance training alone improved glycaemic control in 

individuals with T2DM, combined aerobic plus resistance training resulted in a
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greater reduction in HbAic versus aerobic (-0.46 percentage point) and resistance 

(-0.59 percentage point) training alone (Segal et a l, 2007).

Therefore, research indicates that to effectively improve glycaemic control, 

exercise intervention is most successful when conducted in supervised settings, 

when combined with weight loss/dietary intervention or when a combination of 

aerobic and resistance exercise is included.

1.7.4 Vascular Function

Diabetes related deaths are largely attributable to atherosclerotic macrovascular 

complications and therefore, the importance o f preserving vascular function in 

T2DM cannot be underestimated. To this end, a combined aerobic and resistance 

training intervention was carried out to assess the effects on vascular function in 

individuals with T2DM (Maiorana et a l,  2001a). In a crossover design study, 

subjects were randomly assigned to trained or untrained groups for 8 weeks and 

this was followed by 8 weeks of training or detraining. Exercise intervention 

consisted o f aerobic and resistance exercise performed 3 d.wk'' for 1 h. Aerobic 

training consisted of walking and cycling (70-80% of peak HR) while resistance 

training consisted of 7 exercises incorporating both upper and lower body muscle 

groups (55 to 65% of MVC). Resistance vessel function was determined by 

assessing both endothelium-dependent and endothelium-independent vasodilation 

using venous occlusion plethysmography and intra-arterial infusions o f ACh and 

sodium nitroprusside (SNP) respectively. Conduit vessel function was assessed at 

rest, after flow mediated dilation induced by reactive hyperaemia, and following 

administration o f glyceryl trinitrate (GTN). In response to exercise training, 

forearm ischemia induced an increase in flow mediated-dilation (FMD) (largely 

endothelium and NO dependent) from 1.7±0.5% to 5.0±0.4% while in contrast, 

exercise training did not affect endothelium-independent vasodilation to GTN 

(Maiorana et al., 2001a). When forearm blood responses were analysed by 

comparing the infused arm to the non-infused arm during administration of ACh, 

the ratio of blood flow between the infused and non-infused arms at increasing 

doses of ACh were greater following training (Maiorana et a l ,  2001a). In 

contrast, no effect was observed for SNP. The authors conclude that combined 

aerobic and resistance training enhances both resistance and conduit vessel
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function in individuals with T2DM and that this adaptation appears to be 

predominately endothelium-dependent (Maiorana et a i ,  2001a). It is possible that 

other mechanisms might include enhanced sensitivity of smooth muscle to NO or 

changes in the structure of the vasculature (Maiorana et al ,  2001a). The 

improvements observed in vascular function that occurred in response to training 

might be associated with increased flow and shear stress on the vascular walls. 

HbAic and fasting plasma glucose were also lower post-intervention (Maiorana et 

al ,  2001a). This might be due to the improved hemodynamic response to training 

as glucose uptake is dependent on blood flow to the skeletal muscle.

In both men with and without T2DM, glucose uptake, protein content of GLUT-4, 

and insulin signalling improved in response to one-legged strength training over a 

6-wk period training 3 d.wk’' (Holten et a l ,  2004). Leg uptake and release of 

glucose were calculated as arterio-venous concentrations in whole blood 

multiplied by blood flow. During a euglycemic-hyperinsulinemic clamp, leg 

blood flow was greater in the trained than untrained leg and was accompanied by 

increased glucose clearance in the trained leg in both groups (Holten et a l ,  2004).

To examine the effects o f resistance exercise on endothelial function, sedentary 

men (n = 16) and women (n = 15) with T2DM underwent 14 months of high 

intensity resistance training (Cohen et a l ,  2008). The intervention programme 

consisted of a 2-month supervised phase where subjects trained 2 d.wk'' 

beginning initially at 50-60% of 1-RM and increasing to 75-85% of 1-RM after 

the first week. Subjects completed a combination o f upper and lower body 

exercises (3 sets of 8 repetitions). Following the supervised phase, subjects were 

randomly assigned to either a community fitness and recreation centre-based 

programme (centre) or home-based programme (home). The centre group 

followed a resistance programme similar to that of the supervised phase while the 

home group were provided with one hand weight and encouraged to complete an 

upper body resistance programme. All subjects were required to complete 2/3 

sessions per week for 14 months. A laser Doppler flow technique was used to 

assess endothelial function during which vascular responses to ACh and SNP 

were recorded. Exercise adherence during the unsupervised phase was 

comparable between the groups (centre: 97±9.3 %; home: 88±8.3 %) (Cohen et
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al,  2008). Vascular responses to ACh or SNP were not different following 2 

months of supervised exercise (Cohen et al,  2008). Following unsupervised 

training at the 14''̂  month, vascular responses to ACh (all doses) and SNP (most 

doses) increased in both centre and home groups (from baseline and 2 months) but 

were not different between the groups (Cohen et al,  2008). The authors 

suggested that the association observed between endothelial function at 14 months 

and preceding HbAic at baseline and 2 months indicate that glycaemic control 

could be an important determinant in the regulation of endothelial function 

(Cohen et al ,  2008). Furthermore, the improvements in vascular responses were 

not solely endothelial-dependent as improvements were also found in 

endothelium-independent vasodilation, thereby suggesting increased 

responsiveness to smooth muscle vasodilators such as NO (Cohen et al,  2008).

A recent study investigated the effect of aerobic and resistance exercise on 

endothelial function and incidence of CVD in men and women with 

uncomplicated T2DM (Okada et al,  2010). Subjects were randomly assigned to 

exercise (n = 21) or control (n = 17) groups for 3 months. Exercise training 

consisted of 55 min of aerobic exercise and 20 min of resistance exercise 

performed 3-5 d.wk''. Endothelial function was determined by assessing the 

brachial artery response to FMD. FMD increased in the exercise group but was 

unchanged in the control group after 3 months (Okada et al,  2010). HbAic levels 

were decreased in both exercise (8.5±1.8 to 7.0±1.3 %) and control (7.9±1.1 to 

6.8±0.8 %) groups but were not different between the groups following 

intervention (Okada et al,  2010). In the follow up period (24 months), 4 subjects 

in the control group experienced adverse cardiovascular events (1 = angina, 3 = 

cerebral infarction) while in contrast subjects in the exercise group did not 

experience any adverse cardiovascular events (Okada et al,  2010). It appears that 

regular exercise improves endothelial function independent of glycaemic control 

in men and women with T2DM.

In contrast, Middlebrooke et al, (2006) failed to find any improvement in 

microvascular function in men and women with T2DM following 6 months of 

aerobic exercise (Middlebrooke et al,  2006). The exercise intervention consisted 

of 30 min of aerobic exercise (70-80% of peak HR) performed 3 d.wk’' (2/3

41



sessions were supervised). Microvascular function was determined from 

maximum skin hyperaemia to local heating and endothelium-dependent and 

endothelium-independent responses to iontophoretic application o f  ACh and SNP. 

Maximum hyperaemia, peak responses to ACh or SNP, and respective AUCs 

were not affected by exercise intervention (Middlebrooke et a l ,  2006). These 

results together with the lack o f  improvement in VO2 peak (Exercise: 19.34±5.17 to 

20.43±5.57 ml.kg‘'.min''; Control: 20.11±5.33 to 19.25±4.08 m l.kg''.m in'’) 

would indicate that the exercise intervention was insufficient to exert any positive 

influence on vascular function. The authors suggested that the micro and 

macrovasculature might respond differently to exercise intervention 

(Middlebrooke et a l ,  2006).

In summary, it would appear that combined aerobic plus resistance training is 

more affective in improving endothelial function in individuals with T2DM  than 

resistance/aerobic training alone. Combined aerobic plus resistance training 

improves both resistance and conduit vessel function in individuals with T2DM  

and this is predominantly endothelium-dependent. However, some improvements 

have been found in endothelium-independent vasodilation following resistance 

training alone in diabetic populations.

1.7.5 Inflammation

Chronic low-grade inflammation which is characterised by the presence o f  

increased circulating levels o f  several inflammatory cytokines such as IL-6 

(Muller et al., 2002), IL-8 (Bruun et al., 2003), CRP (Giannopoulou et a l ,  2005; 

Balducci et al., 2010), TN F-a (W ood et a l ,  2005), and resistin (Verma et a l ,  

2003), are increased in disease states such as T2DM  (Pradhan et al., 2001; 

Gleeson et al., 2011). The presence o f  hyperglycaemia increases oxidative stress 

and inflammation, both o f  which may contribute to vascular damage and 

endothelial dysfunction. Consequently, this may have implications for individuals 

with T2DM  as impaired vascular function may negatively affect exercise 

performance.
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T N F -a is a pro-inflammatory cytokine synthesised by macrophages, lymphocytes, 

and adipose tissue. T N F-a is associated with impairments in insulin action and 

consequently, glucose uptake in muscle and adipose tissue through inhibitory 

effects on GLUT-4 and GLUT-4 gene expression. The effects o f  TN F-a on 

insulin action are multiple and involve several proteins such as Akt substrate 160 

in skeletal muscle (Plomgaard et al., 2005). In addition, it also modulates the 

release o f  free fatty acids from adipose tissue and increases lipolysis (Kern et al . , 

2001). A  4-wk intervention programme consisting o f  diet and exercise has been 

shown to be effective in reducing TN F-a levels in obese individuals with T2DM  

w hile remaining unchanged in non-obese subjects with T2DM  (Katsuki et a l ,  

1998). The dietary treatment consisted o f  consuming between 1,400-1,720 kcal.d' 

' and subjects were also required to walk 15,000 steps daily, as measured by a 

pedometer. At baseline obese subjects with T2DM had greater levels o f  visceral 

fat and higher concentrations o f  TN F-a than non-obese subjects with T2DM  

w hile in contrast HbAic levels were not different between the groups. The 

improvement in T N F-a concentrations in the obese subjects with T2DM is 

attributed to the greater degree o f  visceral fat loss in these subjects (Katsuki et a l ,  

1998).

CRP is a pro-inflammatory cytokine whose synthesis in liver is mostly mediated 

by IL-6. CRP is an important indicator o f  atherosclerosis, MI, stroke, and death 

from CVD across different age groups and ethnicity in both men and women 

(Ridker, 2003). Evidence exists to support the role o f  CRP in the upregulation o f  

transcription factor NF-kB, which contributes to the development o f  

atherosclerosis (Lin et a l ,  2005). N F-kB activation mediates the expression o f  

pro-inflammatory genes and inflammatory markers. Regular aerobic exercise (4 

d.wk'' for 6 months) reduced concentrations o f  CRP and IL-18 as well as 

providing an anti-inflammatory effect by increasing concentrations o f  IL-10 in 

obese subjects with T2DM (Kadoglou et a l ,  2007). Significant improvements 

were also observed in VO2 peak, glucose control, lipid profile, and insulin 

resistance (Kadoglou et a l ,  2007).
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A recent study investigated the anti-inflammatory effect exercise training over a 

12-month period in individuals with T2DM and the metabolic syndrome 

(Balducci et ai ,  2010). Individuals were randomly assigned to the following 

conditions: control, low-intensity physical activity, high-intensity aerobic 

exercise, or aerobic plus resistance exercise. There was a reduction in levels o f  

hs-CRP and IL-6 in both the high-intensity aerobic group and the combined 

aerobic plus resistance group but TNF-a was reduced in the combined aerobic 

plus resistance group only (Balducci et al ,  2010). This study highlights the 

importance o f exercise intensity in affecting change in pro-inflammatory 

cytokines and indicates that long-term high-intensity aerobic or combined aerobic 

plus resistance training may be required to reduce concentrations o f certain pro- 

inflammatory cytokines.

Other adipocytokines such as resistin and leptin are elevated in cases o f obesity, 

while in contrast, adiponectin levels are reduced (Vendrell et a l ,  2004). Leptin is 

a peptide hormone found in adipocytes that is involved in the regulation o f energy 

consumption, energy expenditure, and body weight. Adiponectin attenuates 

hepatic glucose production through insulin action and increases circulating levels 

o f anti-inflammatory cytokines such as IL-10 as well as reducing the activities o f  

TNF-a. Resistin is synthesised in inflammatory cells and it interferes with 

glucose uptake, impairs glucose tolerance, and insulin action. Resistin is 

associated with acute phase reactants and is indicative o f the development o f  

CVD in subjects with T2DM (Reilly et a l ,  2005).

Giannopoulou et al ,  (2005) investigated the effects o f diet and/or exercise on 

adipocytokines and inflammatory cytokines in postmenopausal women with 

T2DM. Women were randomly assigned to diet alone (D), exercise alone (EX), 

or diet plus exercise (D + E) for 14 weeks. Exercise intervention consisted o f  

supervised walking 3/4 d.wk"' at 65-70% o f VO2 peak for 60 min. The diet 

intervention consisted o f  a mono-unsaturated diet composed o f  40% fat, 40%) 

carbohydrate, and 20%> protein and energy intake was determined from resting 

metabolic rates and daily activity levels. The D + E intervention combined these 

two interventions and adjusted energy intake on days that subjects exercised. The
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adipocytokines, resistin and adiponectin, were not altered by any of the lifestyle 

treatments. In contrast, leptin levels were reduced in the D and D + E groups but 

not in the EX group. The inflammatory cytokines, IL-6 and TNF-a, were 

unchanged following intervention while CRP levels were reduced by 15% in each 

group with no differences observed between the treatments (Giannopoulou et al,  

2005). There were reductions in both visceral and subcutaneous adipose tissue 

and insulin resistance in both EX and D + E but not in D (Giannopoulou et al,  

2005). It was suggested that greater weight loss, longer intervention period, or 

greater improvements in insulin resistance must occur before changes in certain 

adipocytokines and cytokines becomes apparent (Giannopoulou et al,  2005).

IL-6 exerts pro-inflammatory effects through increases in lipolysis and fat 

oxidation in adipose tissue as well as increasing gene transcription in 

subcutaneous tissue. BMI and percentage body fat are important indicators of 

plasma concentrations of IL-6 (Mohamed-Ali et al,  1997) and in particular 

visceral adipose tissue produces greater quantities of IL-6 than subcutaneous 

adipose tissue with the effect being 4-fold greater among obese individuals in 

both of these tissues (Bruun et al,  2003).

Aerobic exercise over 12 weeks reduced waist circumference and fasting 

concentrations of IL-6 in obese men with T2DM, as well as lean and obese non­

diabetic men (Dekker et al,  2007). The reductions in fasting IL-6 levels (52% in 

obese T2DM, 32% lean, and 17% in obese) were attributed to improvements in 

waist circumference and visceral obesity in all groups. Exercise training had no 

effect on CRP or insulin sensitivity suggesting that CRP maybe more responsive 

to changes in insulin sensitivity than adiposity. Others have shown that a longer 

aerobic training programme conducted over 6 months was effective in lowering P- 

selectin and intercellular adhesion molecule-1 (ICAM-1) in patients with T2DM 

(Zoppini et al,  2006). Subjects completed 60 min of aerobic exercise 2 d.wk"' at 

50-70% of heart rate reserve. However, as concentrations of hs-CRP and TNF-a 

receptors remained unchanged and body composition was similar, it is possible 

that the frequency or intensity of exercise was insufficient.
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In fact, a more intensive short-term diet and exercise intervention was effective in 

reducing oxidative stress and inflammation in obese men with T2DM (Roberts et  

a l ,  2006). Subjects were placed on a high fibre, low  fat diet in combination with 

daily exercise (45-60 min at 70-80% o f  peak HR) during a 3-wk residential 

programme. Vascular endothelial cell activation was reduced following  

intervention as indicated by reduced serum levels o f  ICAM-1 and E-selectin, 

intercellular ICAM-1 and vascular adhesion m olecule-1 (VCAM -1) expression, 

CRP, lipid profile, insulin, and FPG (Roberts et al., 2006).

A recent study compared the effects o f  different exercise modalities on 

inflammatory markers and adipocytokines in subjects with T2DM over a 12-wk 

period (Jorge et a l ,  2011). Subjects were randomly assigned to aerobic (cycling  

at an intensity equivalent to lactate threshold), resistance (7 upper and lower body 

exercises), aerobic plus resistance (50% o f  the volume o f  aerobic and resistance 

groups), or control groups for 60 min 3 d.wk"'. There were no changes in 

adiponectin or resistin while in contrast, visfatin increased m all four groups 

following intervention (Jorge et a l ,  2011). A significant reduction was observed 

in CRP but not T N F-a or IL-6 in each o f  the four groups (Jorge et a l ,  2011). 

Improvements were also found in blood pressure, fasting plasma glucose, and 

lipid profile in each group (Jorge et al., 2011). The authors suggested that the 

improvements observed in the control group could be attributed to better 

compliance with medication and diet (Jorge et al., 2011).

Visfatin is an adipocytokine that binds to the insulin receptor and causes 

hypoglycaemia by reducing glucose release from liver cells and stimulating 

glucose utilisation in adipocytes and myocytes. It also mediates the production o f  

TN F-a and IL-6. In a young population (15-30 yr), plasma visfatin levels were 

assessed before and after 3 months o f  exercise training in individuals with T2DM  

and non-diabetic obese controls (Brema et al., 2008). Subjects exercised for 60 

min 4 d.wk"' at 75% o f  VO2 peak- Following intervention, visfatin levels decreased 

in both individuals with T2DM  (55.8±17.2 to 11.6±4.4 ng/ml) and obese controls 

(64.7±10.7 to 29.5±7.I ng/ml) and were lower in individuals with T2DM  at 3 

months (Brema et a l ,  2008). The mechanistic basis by which these
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improvements occurred are unclear, given that with the exception of a reduction 

in waist circumference in individuals with T2DM, there were no significant 

changes in whole body insulin sensitivity, hepatic insulin sensitivity, insulin 

secretion, or oral glucose insulin sensitivity index (Brema et al ,  2008).

Apelin is an endogenous ligand for the G-protein-coupled receptor APJ, which is 

synthesised and secreted by adipocytes. Increased apelin levels have been found 

in morbidly obese non-diabetic subjects (Heinonen et al,  2005) and subjects with 

IGT or T2DM (Li et al,  2006). Diet induced weight loss reduces apelin levels in 

obese women (Castan-Laurell et al,  2008) but not in subjects with the metabolic 

syndrome (Heinonen et al,  2009). It would appear that obesity per se is not the 

main determinant o f apelin levels. Research indicates that apelin levels are 

associated with TNF-a (Heinonen et al,  2009) and HOMA-IR (Li et al,  2006). 

As yet no studies have examined the effect of exercise intervention on apelin 

levels in subjects with T2DM.

In most studies, exercise intervention appears to exert a positive influence on 

reducing the effects of inflammation in individuals with T2DM. However, the 

lack of improvement noted in some cytokines in certain studies suggests that more 

intense or longer intervention programmes may be required. In addition, greater 

weight loss and in particular greater loss of visceral fat may be important in 

relation to adipocytokines.
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1.7.6 Exercise prescription

From the research shown it would appear that individuals with T2DM  can benefit 

from regular exercise training 2/3 d.wk'* for a minimum o f  60 min at moderate 

exercise intensities 65-80% o f  maximum heart rate or 60-70%  o f  VO2 peak for 

aerobic exercise and 70-80% o f  1-RM for resistance exercise. Supervised 

exercise training and education are also key factors in ensuring compliance to 

training as well as providing motivation (Eriksson & Lindgarde, 1991). For 

individuals with T2DM , the American College o f  Sports M edicine (ACSM ) 

recommends that individuals with T2DM should undertake at least 150 min.wk"' 

o f  moderate to vigorous aerobic exercise at least 3 d.wk'' (Colberg et a l ,  2010). 

In addition to aerobic training, it is recommended that moderate to vigorous 

resistance training is performed at least 2/3 d.wk'' (Colberg et a l ,  2010).
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1.8 Aims

VO2 peak is reduced in individuals with uncomplicated T2DM, in comparison to 

non-diabetic individuals o f similar age, BMI, and activity level (Regensteiner et 

a l ,  1995; Regensteiner et a l ,  1998; Brandenburg et a i ,  1999). Previous research 

indicates that the magnitude o f this exercise impairment in VO2 peak can be as great 

as 20% (Regensteiner et al ,  1995; Baldi et al ,  2003; Regensteiner et al ,  1999; 

Regensteiner et a l ,  2009). In addition, the dynamic response o f VO2 is abnormal 

in premenopausal women and combined groups o f pre and postmenopausal 

women with T2DM (Regensteiner et a l ,  1998; Brandenburg et a l ,  1999; Mac 

Ananey et a l ,  2011a) but it appears to be similar in older men with T2DM in 

comparison to non-diabetic controls (Wilkerson et a l ,  2011). However, to date 

no studies have investigated VO2 kinetic responses in T2DM in postmenopausal 

women. The mechanisms underpinning this exercise impairment have not been 

well elucidated but previous studies indicate that central factors affecting cardiac 

function and peripheral factors affecting oxygen delivery and extraction may be 

responsible.

Thus, the aim o f the first experiment was firstly to investigate the dynamic 

response o f  VO2 during moderate intensity cycle exercise (80% VT) in 

postmenopausal women with T2DM. To explore the role o f central cardiac 

function as a possible mechanism in contributing to the impaired VO2 kinetic 

responses observed in individuals with T2DM, CO responses were also assessed 

at the same exercise intensity. To further explore the dynamic response 

characteristics o f  blood flow in postmenopausal women with T2DM, the aim of  

our second experiment was to investigate the dynamic response o f LVC during 

light (30% MVC) and high intensity (70% MVC) supine plantar flexion exercise 

as a possible contributor to impaired oxygen delivery in this population.

Regular exercise is an important element in the treatment o f T2DM. Current 

research indicates that a) a combined programme o f aerobic and resistance 

exercise is more effective than aerobic/resistance exercise alone (Cuff et a l ,  

2003) and b) supervised exercise is more effective that home-based training 

interventions (Dunstan et a l ,  2005; Dunstan et a l ,  2006). The research on the
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impact of chronic exercise on the physiological adaptations in VO2 and LVC 

kinetics is very limited. In the only published study on T2DM, Brandenburg et 

al, (1999) showed a significant speeding of VO2 kinetics at low and moderate 

intensities following a 3-month supervised aerobic training intervention in 

premenopausal women. However, they used the same absolute intensities post­

training as at baseline (30, 50, & 80 W). The aim of the third experiment of the 

current thesis therefore, was to examine the effect of both supervised (3 months) 

and unsupervised (4 months) exercise on the dynamic response o f both VO2 and 

LVC during sub-maximal cycling (VO2 kinetics) and plantar flexion (LVC 

kinetics) exercise. Exercise intensities for both cycle exercise and plantar flexion 

exercise were recalculated based on new post-exercise VO2 peak (80% VT) and 

MVC (30% MVC) scores.

The presence of chronic hyperglycaemia induces vascular damage and endothelial 

dysfunction through increases in oxidative stress and inflammation. Chronic low- 

grade inflammation is characterised by the presence of increased circulating levels 

of several inflammatory cytokines and is increased in disease states such as 

T2DM (Muller et al,  2002; Verma et al,  2003; Giannopoulou et al ,  2005; Wood 

et al,  2005). As yet no study has investigated the effect o f exercise on 

inflammation and markers of endothelial dysfunction in conjunction with VO2 and 

LVC kinetics in individuals with T2DM. The aim of the fourth experiment of the 

thesis was therefore, to investigate the role of chronic exercise over a 7-month 

period (3 months supervised followed by 4 months unsupervised) on markers of 

inflammation and endothelial dysfunction.
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Chapter 2: Materials and methods

2.1 Subjects

The subjects included postmenopausal women with and without T2DM. All 

women were classified as sedentary (< 1 h.w k'' o f  moderate intensity exercise for 

at least 6 months prior to enrolment), which was confirmed by physical activity 

scores using the Lov/ Level Physical Activity R.ecall (LOPAR; Appendix 1) 

questionnaire (Regensteiner et a i ,  1998; Brandenburg et al., 1999).

2.1.1 Subject recruitment

W omen with T2DM were recruited from both the Diabetes Unit in St. Colm cille’s 

Hospital, Loughlinstown, Co. Dublin and St V incent’s University Hospital, 

Dublin. Potential patients were identified by medical chart review in order to 

ascertain suitability for the study, which included confirmation o f age, BMI, 

medication, blood pressure, and absence o f co-morbid conditions. The 

investigator approached suitable patients and an outline o f the study was given to 

each patient. Confirmation o f details (as outlined above in the medical chart) was 

provided and in addition, patients gave an estimation o f their physical activity 

pattern over the preceding six months. Contact details were obtained from 

interested patients and these patients were provided with an information sheet 

outlining the study procedure (Appendix 2). Interested patients were contacted by 

phone one week after the hospital visit and arrangements were made for a stress 

test with those willing to participate.

Non-diabetics were recruited from the general population. Poster advertisements 

were placed on notice boards around Trinity College Dublin and emails outlining 

the details o f the study were sent to large companies in the vicinity o f college.

Detailed information outlining the aims and study procedures (see Appendix 2) as 

well as the potential risks and benefits to be acquired as a result o f  participating in 

the study were provided to each subject. Written consent was obtained from each 

subject prior to participation in the study (see Appendix 3). The study was 

conducted according to the Declaration o f Helsinki and was approved by the 

Faculty o f Health Sciences Research Ethics Committee, Trinity College Dublin.
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2.1.2 Subject inclusion and exclusion criteria

Individuals with T2DM were included in this study if: a) they were aged between 

30 and 75 years, b) their duration o f diabetes was less than 10 years, c) their 

HbAic was <10% on therapy, d) they were sedentary (< 1 h.w k'' o f exercise and 

did not participate in a continuous exercise program for the last 6 months), and e) 

their diabetes was treated by diet or oral agents (hypoglycaemic and anti-platelets 

were permitted). In addition, diabetics did not have any clinical evidence o f 

ischemic heart disease (normal electrocardiogram (ECG) during treadmill stress 

test) or peripheral arterial disease (PAD).

Non-diabetics were included in the study if  they were a) sedentary (< 1 h.wk’' o f 

exercise and did not participate in a continuous exercise program for the last 6 

months), and b) had a fasting glucose level < 7 m m ol.L ''.

W omen with T2DM were deemed unsuitable for the study if: a) their diabetes 

condition was treated with insulin or any anti-diabetic drug from the 

Thiazolidinedione (TZD) family at the beginning o f the study (TZD ’s have been 

shown to improve vascular function in diabetic populations, b) systolic blood 

pressure was >170 mmHg at rest or >220 mmHg with exercise, c) diastolic blood 

pressure was >95 mmHg at rest or >105 mmHg with exercise, d) persistent 

proteinuria (urine protein >200 m g.dL ''), or e) high creatinine levels (>2 mg.dL’’) 

which is indicative o f  kidney or liver dysfunction respectively.

Non-diabetics were excluded from the study if  they were taking medication that 

could interfere with exercise performance or systemic/peripheral hemodynamic 

adaptations (P-blockers). Additional grounds for exclusion included the presence 

o f  cardiovascular disease such as PAD and CHD.

2.2 Medical assessments

All diabetic subjects underwent a full medical examination (medical history, 

physical examination, and stress test) carried out by a qualified medical 

practitioner in St. Colm cille’s Hospital, Loughlinstown, Co. Dublin, not longer 

than one month prior to enrolment in the study. The presence/absence of
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ischemic heart disease was established during a stress test (modified Bruce 

protocol) using a 12-lead ECG where heart rate and blood pressure were 

monitored continuously throughout the test. The absence of PAD was determined 

by the absence/presence of claudication/pain in the extremities during the stress 

test and by measurements of ankle brachial index (ABI) (0.9 < ABl < 1.3). On a 

separate day venous blood samples were taken from each subject in the hospital.

All non-diabetic subjects underwent a full medical examination by a qualified 

medical practitioner in the Cardiovascular Laboratory, Department of Physiology, 

Trinity College Dublin, to determine suitability for the study. Absence of 

cardiovascular disease and/or other medical conditions were confirmed by 

medical questionnaire (see Appendix 4) and physical examination. Fasting 

venous blood samples were taken from each subject on the same day.

2.3 Physical characteristics, activity levels, and haematology

2.3.1 Body mass

Body mass was measured using a platform beam scales (AVERY, England).

2.3.2 Height

Height was recorded using a Seca’̂ '̂  Stationmeter (Seca Ltd., Germany).

2.3.3 Body mass index (BMI)

Body mass index was calculated by dividing the weight (kg) by the height (m) 

squared (BMI = kg.m'^).

2.3.4 Waist to hip ratio (WHR)

The waist measurement at the level of the umbilicus was determined using a 

measuring tape. The hip measurement at the level o f the greater trochanter was 

measured using a measuring tape. The WHR was calculated by dividing the waist 

measurement by the measurement at the hip: WHR = waist (cm)/hip (cm).

2.3.5 Ankle brachial index (ABI)

Ankle brachial index was measured using an MD6 Bidirectional Doppler 

(Hokanson. USA), sphygmomanometer (Hokanson, USA), and a blood pressure
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cuff (Hokanson, USA). Measurements were taken from the brachial, posterior 

tibialis, and dorsalis pedis arteries while the subject was placed in a supine 

position.

Brachial pressure: A blood pressure cuff (Hokanson, USA) was placed 2.5 cm 

above the antecubital fossa with the arm positioned at the level of the heart. 

Conducting gel was placed on the doppler and the doppler placed at a 45° angle 

towards the subject’s head until a pulse was heard. The blood pressure cuff was 

then inflated using a sphygmomanometer (Hokanson, USA) to 20-30 mmHg 

above the point where the pulse could not be heard. The cuff was slowly deflated 

at a rate of 2-3 mmHg per second to the point at which the first audible pulse was 

heard. This was recorded as systolic blood pressure. The same procedure was 

repeated on the other arm with the higher of the two readings used to calculate 

ABI.

Ankle pressure: The blood pressure cuff was placed 2.5 cm above the medial 

malleolus. Conducting gel was placed on the doppler and the doppler was placed 

at a 45° angle towards the subject’s knee until a pulse was heard. The blood 

pressure cuff was then inflated to 20-30 mmHg above the point where the pulse 

could not be heard. The cuff was slowly deflated at a rate of 2-3 mmHg per 

second to the point at which the first audible pulse was heard. This was recorded 

as systolic blood pressure. The pressure in both the dorsalis pedis and posterior 

tibialis arteries were taken in both legs and the higher of the two readings used to 

calculate ABI.

Formula: ABI is calculated by dividing the higher o f the dorsalis pedis or 

posterior tibial systolic pressures for each ankle by the higher of the brachial 

systolic pressures:

ABI = highest ankle pressure (mmHg)Zhighest brachial arm pressure (mmHg)

2.3.6 Blood pressure

Blood pressure was measured during bouts 5 and 6 at rest and during exercise (30 

s and 240 s) using a sphygmomanometer (Hokanson, USA) and stethoscope 

(3M™ Littmann, UK). A blood pressure cuff (Hokanson, USA) placed around
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the upper right arm was inflated using a sphygmomanometer to 20-30 mmHg 

above the point where the pulse could not be heard. The cuff was slowly deflated 

at a rate o f 2-3 mmHg per second until such time as the first sound was heard 

(systolic blood pressure). The pressure was further released until no sound could 

be heard (diastolic blood pressure).

Mean arterial pressure (MAP) was calculated as follows:

1/3 systolic blood pressure + 2/3 diastolic blood pressure

Total peripheral resistance (TPR) was calculated by dividing M AP by CO as 

shown:

TPR = MAP/CO 

2.3. 7 Lactate

Capillary blood samples were taken from a subgroup o f subjects (n = 17) at rest 

prior to each bout o f unloaded cycling for the estimation o f  blood lactate (YSI 

1500 SPORT, Yellow Springs, USA) in order to confirm that the 12-min resting 

periods were sufficient for blood lactate levels to return to baseline levels 

(Appendix 5). A pinch was made on the subject’s right middle finger using a 

blood lancet (Braun, Germany) and blood was squeezed from the finger into a 

capillary tube (Marienfeld, Germany). The blood was taken from the capillary 

tube using a syringepet (YSI 1500 SPORT, Yellow Springs, USA) and transferred 

to the lactate analyser for the estimation o f blood lactate (mmol.L'*).

2.3.8 Leg volume

Leg volume o f the exercising leg was calculated using a regression equation for 

the prediction o f  volume and masses o f tissue components (Clarys & Marfell- 

Jones, 1986):

(tibial maleolar length x [38.20851 + maximal calf girth — ( t c  x (medial calf 

skinfold/10))] X 80.24423 -2 4 6 7 .9 )
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Both tibial-maleolar length (from the tibial plateau to the centre of the medial 

malleolus) and maximal calf girth (widest point of the calf in a relaxed state) were 

measured using a measuring tape. A skinfold caliper (Harpenden, West Sussex, 

UK) was used to determine medial calf skinfold (measured at the maximum 

circumference of the calf on the midline o f its medial border). Bi-malleolar 

breadth was measured as the horizontal distance between the medial and lateral 

malleolus using a vernier caliper (Dual scale vernier calliper, Mitutoya).

2.3.9 Haematology

All venous blood samples were drawn from the antecubital vein of the arm into 6 

ml vacutainers. A full blood count was determined for each subject from 

collection of whole blood samples, which were analysed using a haematological 

particle analyser (Coulter A cT diff; Coulter Ltd, UK) at the Department of 

Physiology, Trinity College Dublin. Fasting glucose, HbAic, and lipid profile for 

each subject were analysed at the Haematological Laboratory, St Colmcille’s 

Hospital, Loughlinstown, Co Dublin. Whole blood samples were used to measure 

fasting plasma glucose (Olympus AU640, USA) and HbAic (G7 HLC-723, Tosoh 

Bioscience, Belgium). Fasting blood serum samples were used to measure serum 

lipid profile (Olympus AU640, USA).

2.3.10 Physical activity

The Low Level Physical Activity Recall questionnaire (LOPAR) was used to 

determine physical activity levels. Each subject had to recall their daily activity 

for the previous seven days, which were then divided into specific categories 

(work, home, and leisure). The amount of energy expenditure was then quantified 

in terms o f metabolic equivalents (MET) for each category. Participants were 

asked about the number of hours spent performing very light (1.0-1.5 METs), light 

(2-3 METs), moderate (3-5 METs), heavy (5-7 METs), and very heavy (7+ METs) 

activities. Energy expenditure in MET h.wk'' was calculated for each subject by 

multiplying the amount of time spent performing an activity by the MET value of 

that activity (Regensteiner et a l, 1998; Brandenburg et a l, 1999) (Appendix 1).

In addition, a subgroup of participants (T2DM n=18; non-diabetic n=19) was 

required to wear RT3 triaxial accelerometers for 5 days to determine energy
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expenditure (Rowlands et  a l ,  2004; Perry et a l ,  2010). The device, which was 

worn on the waist during all waking hours, detects acceleration in three 

orthogonal axes (vertical, mediolateral, and anterior-posterior) and combines 

these to provide a triaxial vector magnitude count. The vector magnitude count 

was given a specified time interval o f  one minute. The accelerometers were 

returned to the laboratory after 5 days and the data downloaded to a computer 

using an RT3 docking station (StayHealthy, Inc; Monrovia, California) and RTS 

Stayhealthy software (StayHealthy, Inc; Monrovia, California). Previously 

defined cut points were used to define minutes o f  physical activity into categories: 

inactive (0 -  100 counts.min''), light (101 -  970 counts.min'*), moderate (971 -  

2333 counts.min''), and vigorous (2334 + counts.min''). The physical activity 

patterns for the 5 days were averaged giving a mean output for one day. The total 

time spent in each category was expressed in h.day''.

2.4 Experimental design

The thesis is divided into four experimental chapters. In experiment 1, chapter 3, 

VO2 kinetics and cardiac responses were assessed during constant load cycle 

exercise at 80% VT. In the second experiment (chapter 4), LVC kinetic responses 

were determined during constant load plantar flexion exercise at 30% and 70% 

MVC. In addition, peak responses during incremental plantar flexion exercise 

were also determined. Reactive hyperaemia o f  the forearm was performed to 

assess endothelial ftinction. In experiment 3 (chapter 5), the effect o f  supervised 

(12 wk) followed by unsupervised (16 wk) exercise intervention on VO2 and LVC 

kinetic responses was determined. Experiment 4 (chapter 6) looked at the effect 

o f  exercise intervention (supervised (12 wk) followed by unsupervised (16 wk)) 

on markers o f  inflammation and endothelial dysfunction.

In both experiment 1 and 2, results are presented in two sections: postmenopausal 

wom en not matched by BMI and BMI matched postmenopausal women. The 

matching refers to BMI and not the number o f  subjects.
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2.4.1 Experiment 1: Cycling performance

Each subject was required to visit the Cardiovascular Laboratory in the 

Department of Physiology, Trinity College Dublin, on two occasions separated by 

at least 72 h. Subjects were required to refrain from participating in strenuous 

physical activity 24 h prior to testing. On the first occasion subjects completed an 

incremental cycle test to volitional exhaustion for the determination o f peak 

oxygen uptake (VO2 peak) and ventilatory threshold (VT). During Visit 2, each 

subject completed 6 bouts of 6 min cycling at 80% VT. Each 6-min bout was 

preceded by 3-min of semi-unloaded cycling at 10 W and each bout was separated 

by a 12-min rest period. Bouts 1-4 were used for the determination of VO2 

kinetics and bouts 5-6 were used to determine CO. CO measurements were made 

at rest and during exercise (30 s and 240 s) at 80% VT.

2.4.1.1 Visit 1: Incremental graded cycle exercise test

An incremental cycle test was performed on an electro-magnetically braked cycle 

ergometer (Excalibur Sport; LODE Ltd, Netherlands) with saddle height, 

handlebar height, and ‘reach’ measured and recorded for subsequent visits (Fig. 

2.1). Subjects were fitted with a nose clip and a silicone facemask (Hans 

Rudolph, USA 7900). A pulse oximeter (Innocor, Innovision, Denmark) was 

fitted to the middle finger. Heart rate was recorded every 5 s using a polar heart 

rate transmitter (S610i, Polar Electro Oy, Finland). Pulmonary ventilation ( V e ) ,  

oxygen uptake (VO2), and carbon dioxide production (VCO2 ) were determined 

breath-by-breath (BbB) (Innocor, Innovision, Denmark).

The test commenced with a 3-min rest period after which subjects began cycling 

at 40 W (pedal cadence was maintained between 60-65 rev.min''). The workload 

was increased by 20 W every 3 min until volitional exhaustion. This was defined 

as the inability to maintain the required power output for more than 3 s. The peak 

workload achieved was defined as the highest workload that a subject could 

sustain for a minimum period of 1 min. VO2 peak was defined as the highest 30-s 

average of the BbB data. VT was established using the V-slope method (Beaver 

et al., 1986).
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3-1 rebreathing bag M outhpiece

3-way respiratory valve

Fig. 2.1. Subject performing cycle exercise

2.4.1.2 Visit 2: Constant load cycling exercise at 80% VT

Subjects completed four square-wave transitions o f  6 min cycling from 3 min 

unloaded cycling (10 W) at a power output equivalent to 80% VT, which was 

established during the graded cycle test on Visit 1. Each exercise bout was 

separated by a 12-min recovery period where subjects were allowed to dismount 

the cycle ergometer and sit in a nearby chair. Heart rate was continuously 

monitored during recovery periods, thereby ensuring heart rates returned to 

resting levels prior to commencing the next bout o f exercise. A pilot study carried 

out on a group o f  subjects suggested that a 12-min recovery period was sufficient 

for blood lactate levels to return to baseline concentrations (Appendix 5). The 

resting periods applied between bouts have previously been shown to be sufficient 

for heart rate and blood lactate levels to return to resting levels (Barstow et a l ,  

1996; W ilkerson et a l ,  2005; Burnley et al., 2006; Koppo et al., 2009). During 

exercise BbB data and heart rate (5-s basis) were recorded continuously.

Two additional bouts o f 6-min cycling at 80% VT were completed for the 

estimation o f CO. Each bout was again preceded by 3-min semi-unloaded cycling 

at 10 W and a 12-min recovery period separated each bout. BbB data and heart 

rate were recorded continuously throughout exercise. CO was measured (inert 

gas rebreathing technique; Innocor, Innovision, Denmark) at rest prior to 

unloaded cycling and during exercise (30 s and 240 s) at 80% VT. Subjects were
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familiarised with the rebreathing protocol by completing a number o f  practice 

measurements using the CO rebreathe apparatus. In addition, blood pressure was 

measured at rest and during exercise (30 s and 240 s) using a sphygmomanometer 

(Hokanson, USA) and stethoscope (3M^'^ Littmann, UK).

Arteriovenous O2 difference (a-vOa diff) was calculated by rearranging the Pick 

equation as follows;

a-v02 d iff (ml.lOOmf' blood) = VO2 (L.min‘')/CO (L.min'') x 100

The rate o f  increase o f  CO, Cl, and a-vOi d iff (% steady state) were estimated as 

follows:

(CO at 30 s -  CO at rest)/(CO at 240 s -  CO at rest) x 100 

(Cl at 30 s -  Cl at rest)/(Cl at 240 s -  Cl at rest) x 100

(a-v02 d iff at 30 s -  a-v02 d iff at rest)/(a-v02 d iff at 240 s -  a-v02 d iff at rest) x 

100

2.4.2 Experiment 2: C a lf performance

Testing was carried out in the Cardiovascular Laboratory in the Department o f  

Physiology, Trinity College Dublin. Subjects were required to refrain from 

participating in strenuous physical activity 24 h prior to testing. Initially, subjects 

were familiarised with the custom-built calf ergometer before completing 5 

maximum voluntary contractions (M VC) o f  the ca lf muscle. Subjects then 

performed three bouts (6 min each) o f  low intensity (30% MVC) plantar flexion  

exercise. This was then follow ed by a plantar flexion incremental test to failure. 

Force output, leg blood flow  (LBF), blood pressure, and heart rate were recorded 

during each protocol. Follow ing the incremental test, a reactive hyperaemic test 

was performed on the forearm o f  the right arm to determine endothelial function. 

In addition, a subgroup o f  12 subjects (T2DM n=7; non-diabetic n=5) completed a 

further two bouts o f  high intensity (70% MVC) plantar flexion exercise. All 

procedures were carried out in the supine position.
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2.4.2.1 Subject familiarisation procedure with the ca lf ergometer

The familiarisation period was used to famiharise subjects with the custom-built 

calf ergometer, calf exercise and experimental protocol. Initially subjects 

completed a series of low intensity plantar flexions of the right calf muscle in the 

supine position while maintaining a contraction/relaxation ratio of 2 s/4 s. 

Subjects were encouraged to give a ‘square wave’ force response. This response 

was characterised by a rapid increase of the force output to the target force, 

stabilisation o f the force output during contraction, and a rapid decrease in force 

output at the beginning of the relaxation phase.

2.4.2.2 Maximum voluntary contraction (MVC)

The MVC of each subject was determined by instructing the subjects to exert the 

greatest amount of possible force on the force-plate while maximally plantar 

flexing the right foot. Subjects performed 5/6 brief (3 s) maximum contractions 

with 60-s rest in between. The greatest force produced was recorded as the MVC 

and was used to calculate the intensity used during the constant load tests (i.e. 

30% and 70% MVC). Feedback and encouragement were provided by the 

investigator.

2.4.2.3 Constant load plantar flexion exercise

Subjects completed 3 x 6  min bouts of plantar flexion exercise at 30% MVC and a 

subgroup (n = 12) completed an additional 2 x 6  min bouts at 70% MVC. A 10- 

min (for 30% MVC bouts) or 15-min (for 70% MVC bouts) recovery period 

separated each bout. Isometric contractions were performed intermittently such 

that the calf muscle contracted for 2 s and relaxed for 4 s. This duty cycle (2 s/4 

s) has been previously shown to replicate the ratio of the period o f activation of 

the calf muscle during walking and provides a period o f relaxation long enough to 

measure blood flow (Egana & Green, 2005). A metronome was used to maintain a 

contraction/relaxation ratio of 2 s/4 s for the exercise period. A total of 60 data 

points were obtained for each exercise bout.

Leg vascular conductance (LVC) during exercise was calculated from 

simultaneous measurements of leg blood flow (LBF) and MAP (LVC=LBF/MAP) 

measured during the 4-s relaxation phase of the 6-s duty cycle. Resting LVC was
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calculated from simultaneous measurements of resting LBF and MAP measured 

prior to each exercise bout.

2.4.2.4 C alf incremental test to failure

Subjects completed an incremental test to failure on the calf ergometer in the 

horizontal position. The initial force was set at 100 N and the force was increased 

by 150 N every 2 min until the subject failed to maintain the required force during 

two successive contractions. The peak force achieved was defined as the highest 

force that a subject could sustain for a minimum period of 60 s. As for the 

constant load tests, a metronome was used to maintain a contraction/relaxation 

ratio of 2 s to 4 s for the exercise period.

LVC (LBF/MAP) during the incremental test was again calculated during the 4-s 

relaxation phase of the 6-s duty cycle, and resting LVC was measured prior to the 

incremental test.

2.4.2.5 Reactive hyperaemia

Forearm resting vascular conductance responses were determined every 10 s over 

a 1 -min period from the right forearm in the supine position. An occlusion period 

of 5 min was then applied, after which forearm vascular conductance hyperaemic 

responses were measured over a subsequent 10-min period. Following the 

occlusion, forearm vascular conductance responses were determined every 10 s 

for the first 5 min and then once every 60 s for the 5 min thereafter. The resting 

and hyperaemic forearm vascular conductance responses were determined from 

simultaneous measurements of forearm blood flow and MAP.

2.4.3 Experiment 3: Intervention study

2.4.3.1 Phases o f  the experiment and overview o f  the laboratory visits 

Both exercise and control groups were required to visit the Cardiovascular 

Laboratory in Trinity College Dublin on 2 occasions separated by at least 72 h at 

3 different time points: baseline (BS), post-supervised exercise intervention (SE), 

and post-unsupervised exercise intervention (UE) over a 7-month period (Table 

2.1). Subjects were required to refrain from participating in strenuous physical 

activity 24 h prior to testing. Between BS and SE, both exercise groups
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completed a 12-wk supervised exercise programme in M onkstown Pool and 

Fitness Centre, M onkstown, Co. Dublin while control groups continued with their 

normal life. Follow ing the supervised exercise intervention, both exercise groups 

were required to com plete a further 16 weeks o f  unsupervised exercise while 

again control groups continued with their normal life.

During Visit 1, subjects underwent a familiarisation period with the custom-built 

calf ergometer before completing 5 M VC’s o f  the ca lf muscle. In addition, LVC 

was determined during constant load plantar flexion exercise where subjects 

completed 3 bouts o f  6 min duration at 30% MVC. This was followed by a ca lf  

plantar flexion incremental test to failure. Forearm vascular conductance was 

determined at rest and during a reactive hyperaemia response follow ing a 5-min 

occlusion period. A ll these procedures were carried out in the supine position. 

Following the ca lf plantar flexion exercises during Visit 1, subjects also 

underwent an incremental cycle test to volitional exhaustion for the determination 

o f  V O 2  peak and VT.

During Visit 2, each subject completed 6 bouts o f  6 min cycling at 80% VT. Each 

6-min bout was preceded by 3 min semi-unloaded cycling at 10 W and each bout 

was separated by a 12-min rest period. Bouts 1-4 were used for the determination 

o f  VO2 kinetics and bouts 5-6 were used to determine CO. CO measurements 

were made at rest and during exercise (30 s and 240 s) while cycling at 80% VT.

At each o f  the 3 phases o f  the intervention (BS, SE, and UE) subjects were 

required to provide fasting venous blood samples.
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Table 2 . 1. Experimental phases

T2DIM Exercise Non-diabetic 
(n=8) Exercise (n=10)

T2DIV1 Control Non-diabetic 
(n=8) Control (n=9)

W eek 1-4

Baseline (BS)
Initial screening and recruitment 
Stress test (12-lead ECG)/medical 
Blood sampling
Assessments o f  activity levels: LOPAR 

Functional assessment (Trinity College Dublin):

Visit 1;
•  Anthropometrical measurements
•  C alf M VC
•  Constant load plantar flexion exercise at 30% MVC (3 bouts x  6 min)
•  Plantar flexion incremental test
•  Forearm blood flow (reactive hyperaemia)
•  Incremental cycle test 

V isit 2:
•  Constant load cycle test at 80% V T: 6 bouts x 6 min

•  Bouts 1-4: VO2 kinetics, bouts 5 & 6: CO

Week 5-16 Supervised Exercise (SE)
12 -wk supervised exercise training Normal life

Week 17-18 Functional and blood assessment repeated
(Workshop on exercise prescription for unsupervised exercise)

Week 19-34 Unsupervised Exercise (LIE) 
16-wk unsupervised exercise training

Normal life

Week 35-36 Functional and blood assessment repeated

2.4.3.2 Subject attrition

A schematic representation o f  subject attrition rates is presented in Fig. 2.2. To 

begin with, 132 individuals with T2DM were identified as suitable candidates by 

chart review and approached by the investigator. From the initial number o f  132, 

27 expressed an interest in taking part and later completed a stress :est in St. 

Colm cille’s Hospital, Loughlinstown, Co. Dublin. This group of 27 also 

completed baseline testing. A total o f 38 non-diabetic women completed a 

medical and 33 o f them  completed the initial baseline testing. Five nor-diabetics 

dropped out after completing the medical citing lack o f  time as a reason for
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dropping out. During the supervised exercise (between BS and SE), 9 diabetics 

and 7 non-diabetics dropped out, citing lack of time and family commitments as 

reasons for dropping out. During the unsupervised phase (between SE and UE), a 

further 2 diabetics and 7 non-diabetics dropped out citing again family 

commitments, lack of time, and injury as reasons for dropping out. Only subjects 

w ho completed both exercise phases and subsequent laboratory assessments were 

included for statistical purposes.

132 patients with T2DM 
identified by chart review and 

approached

27 express interest

Stress test /medical

(T2D M :n = 27; ND: n = 38)

Dropouts
(ND: n=5)

Baseline

(T2D M :n = 2 7 ;N D :n  = 33)

Ex n=18. Con n=9; Ex n=20, Con n=13

Supervised Exercise

(T 2 D M :n =  1 8 ;N D :n  = 26)

Ex n=10, Con n=8; Ex n=13. Con n=13

Dropouts
(T2DM: n=2, ND: n=7)

Unsupervised Exercise

(T2DM: n =  16;N D : n = 19)

Ex n=8. Con n=8; Ex n=10, Con n=9

Dropouts
(T2DM: n=9, ND: n=7)

Fig. 2.2. Subject attrition rates over the course o f  the study
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2.4.3.3 Visit 1

Anthropometrical measurements were taken from each subject prior to exercise 

on the custom-buih ca lf ergometer. Following a familiarisation period, subjects 

completed a series o f  M V C ’s for the determination o f  workload during the 

constant load plantar flexion tests (30% MVC). Subjects then completed a graded 

calf plantar flexion test for the determination o f  peak workload. Follow ing a 20- 

min passive rest period, endothelial function was assessed during reactive 

hyperaemia o f  the forearm. Finally, visit 1 was completed with a graded cycle 

test to volitional exhaustion for the determination o f  VO2 peak and VT.

2.4.3.4 Visit 2: overview

During Visit 2 each subject completed 6 bouts o f  6 min cycling at 80% VT. Each 

6-min bout was preceded by 3 -min semi-unloaded cycling at 10 W and each bout 

was separated by a 12-min rest period. Bouts 1-4 were used for the determination 

o f  VO2 kinetics and bouts 5-6 were used to determine CO. CO measurements 

were made at rest and during exercise (30 s and 240 s) at 80% VT.

2.4.3.5 Exercise interventions 

(i) Overview

The intervention consisted o f  2 phases, a 12-wk supervised exercise (SE) 

intervention phase followed by a 16-wk unsupervised exercise (UE) intervention 

phase. For the SE phase, both exercise groups (T2DM  and non-diabetics) were 

required to visit M onkstown Pool and Fitness Centre, Monkstown, Co Dublin 3 

d.wk'' for between 1-1.5 h over a 12-wk period. Compliance was set at a 

minimum o f  32 sessions out o f  a possible 36. Supervised exercise sessions were 

conducted Mondays, W ednesdays, and Fridays from 5pm to 7.30pm , thereby 

allowing subjects some flexibility in scheduling their exercise sessions. When 

subjects could not make these sessions, arrangements were made to conduct 

supervised morning sessions from 8 am to 9.30 am on non-consecutive days. The 

exercise intervention consisted o f  cardiovascular and resistance exercises. All 

exercise sessions were supervised by the investigator or a qualified research 

assistant to ensure correct technique and appropriate work intensities in addition 

to monitoring attendance. Follow ing the SE phase, subjects were required to
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maintain the same frequency, intensity, and duration during the UE phase. 

Subjects were offered a free membership for the 16-wk period if they wanted to 

continue to use the facilities in Monkstown Pool and Fitness Centre but they were 

allowed to train at home, in their local vicinities, or make arrangements to attend a 

gym of their choice.

(ii) Supervised exercise (SE)

Subjects were equipped with a heart rate monitor (Cardiosport, USA), which was 

compatible with the cardiovascular equipment in the fitness centre. This enabled 

the subject and investigator to monitor training intensities using heart rate zones 

previously determined from the graded cycle test (60-85% peak heart rate). In 

addition, blood pressure measurements w'ere taken periodically using an Omron 

M7 blood pressure monitor (Intelli TM Sense).

Subjects followed a prescribed workout consisting aerobic, resistance, and core 

strengthening exercises performed in the following order:

Component I: cardiovascular 1

The first cardiovascular component consisted (in the first month) of 20 min 

cycling exercise at 70% of peak heart rate (peak HR) that included a warm up 

period of 5 min (60% peak HR). In the second and third months, subjects cycled 

for 25 min at 75 and 80% of peak HR respectively. Following the initial aerobic 

component, subjects performed a series of static stretching exercises that included 

the major muscle groups; calves, quadriceps, hamstrings, latissimus dorsi, erector 

spinae, biceps, triceps, and pectorals.

Component 2: core strengthening

The second component consisted of core strengthening exercises that included: 

calf-raises, sit-ups, v-sits, squats, plank, and back extensions. Subjects initially 

(month 1) performed 20 repetitions of each exercise, increasing to 30 repetitions 

in months 2 and 3.
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Component 3: resistance

The resistance component consisted of a series of 4 upper body (bench press, row, 

shoulder press, and lat pull down) and 3 lower body (leg extension, leg curl, and 

leg press) exercises performed on compound exercise machines. The 1 -repetition 

maximum (1-RM) for each subject was assessed at wk 0 and reassessed every 4 

weeks with the training load adjusted accordingly. Subjects performed 2 sets of 

10 repetitions at 60% of 1-RM (month 1) that was later increased to 70% of 1-RM 

for months 2 and 3. Rest periods o f 2-3 min were included between each set. For 

the first month, subjects performed upper exercises on day one, lower body 

exercises on day 2, and completed both upper and lower body exercises on day 3. 

During months 2 and 3, subjects completed both upper and lower body exercises 

3 d.wk''.

Component 4: cardiovascular 2

The second cardiovascular component consisted of 15 min exercise for the first 

month, increasing to 20 and 25 min for months 2 and 3 respectively, with a cool 

down period of 5 min at the end o f each session. The exercise intensity was 

initially set at 70% peak HR for month 1. In month 2, the second cardiovascular 

session was adjusted to include 3 sets of 90-s intervals performed at 75%, 80%, 

and 85% of peak HR. In month 3, subjects performed 3 sets of 2-min intervals at 

the same exercise intensities. Aerobic exercise could be performed on a machine 

of the subject’s choice (bike, treadmill, rowing, cross trainer, and stair masters).

During the SE phase, subjects were being continuously educated about their 

exercise programme (frequency, duration, and intensity). In addition, subjects 

learned to rate the intensity o f aerobic exercise using rating of perceived exertion 

and associate that intensity with specific heart rate zones as displayed on the heart 

rate monitor. The purpose o f this education component was to enable subjects to 

take charge of their own training in the unsupervised exercise phase.

(Hi) Unsupervised exercise (UE)

Following completion o f the SE phase, subjects returned to the Cardiovascular 

Laboratory in Trinity College Dublin to repeat the baseline measurements. 

During the course of these visits, the investigator designed an exercise programme
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for the UE phase based on each individual’s interests and time constraints. 

Subjects were encouraged to select activities that best replicated the intensity and 

duration o f exercise performed during the SE phase. They were provided with 

free access to the facilities in Monkstown Fitness Centre for the duration o f this 

phase. In addition, they were allowed to train in their own homes, local parks, or 

nearby leisure centres. Regular phone contact (once per month) was maintained 

w ith each subject and feedback/advice regarding exercise prescription was 

provided when needed.

2.4.4 Experiment 4: Inflammatory and endothelial markers 

2.4.4.1 Blood samples

Venous blood samples were drawn from the antecubital vein in arm into 6 ml 

lithium heparin vacutainers (BD, Oxford, UK) for the determination o f plasma 

levels o f IL-6, IL-10, TN F-a, CRP, SAA, sICAM-1, and sVCAM-1. The 

vacutainers were centrifuged at 5,000 rpm for 10 min at room temperature and the 

plasma extracted and stored at -80°C for later use. In addition, venous blood 

samples were drawn from the antecubital vein in arm into 2.5 ml PAXgene Blood 

RNA tubes (PreAnalytix, Qiagen, UK) for the determination o f mRNA levels o f 

IL-6, TN F-a, resistin, and visfatin. The blood RNA tubes were stored at -80°C 

until RNA extraction was performed.

Blood samples were collected from women with and without T2DM at BS. The 

exercise groups completed 12 wk o f supervised exercise intervention; this was 

then followed by 16 wk o f unsupervised exercise intervention. The control 

groups continued with their normal lifestyle during this period. Blood samples 

were again taken from all subjects at SE and at UE.
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2.5 Equipment used

2.5.1 NO2 kinetics and CO

2.5.1.1 Cycle ergome ter

All cycle exercise protocols were performed on an electrically braked isokinetic 

cycle ergometer (Excalibur Sport; LODE Ltd, Netherlands) at a cadence between 

60-65 rev.min''.

2.5.1.2 Cardiac output and metabolic gas analyser

Metabolic and CO measurements were carried out using a closed circuit inert gas 

rebreathing device (Innocor, Innovision, Denmark). Breath-by-breath expired gas 

allowed the determination of VO2 , VCO2 , Ve, and respiratory exchange ratio 

(RER) from simultaneous measurements of respiratory flow and expired O2 and 

CO2 concentrations by photoacoustic gas analysis. The system consisted of a 

three-way respiratory valve with a mouthpiece and a 3-litre rebreathing bag 

connected to an infrared photoacoustic gas anaylser (Innocor; Innovision. 

Denmark). CO was measured by rebreathing in a closed system containing a gas 

mixture of 0.5% nitrous oxide (N2 O blood-soluble) and 0.1% sulphur 

hexafluoride (Sp6 blood-insoluble) diluted with atmospheric air. During 

inspiration the concentration of N2 O decreases at a rate that is proportional to 

pulmonary blood flow. Greater pulmonary blood flow facilitates a greater 

diffusion of N 2 O from the lungs to the circulation. CO can then be determined 

from estimated measurements of pulmonary blood flow, VO2 , and arteriovenous 

saturation as shown:

. . . r, ^ Vs(tot)[C\ + C2)Pulmonary blood flow = -/?— -----------
ah

where Vs (tot) is total systemic volume (STPD), Cl is 760/(ambient pressure in 

mmHg -  47), C2 is the diffusion constant of N2 O, and ab is the Bunsen solubility 

coefficient of N 2 O in the blood.

Rebreathing was performed over 5-8 breaths while subjects maintained a constant 

breathing frequency by breathing in synchrony with a graphical tachymeter on the 

Innocor screen, this was typically at a rate of 20 breaths per minute. To maintain 

a constant breathing volume subjects had to completely empty the rebreathing bag 

at the end of each inspiration. The last 2/3 breaths were used for the calculation
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of pulmonary blood flow and cardiac output. Approximately 3-5 respiratory 

cycles were needed to obtain N 2 O washout. The rate of disappearance of the N 2 O 

from the alveolar space was proportional to the flow of blood perfusing the 

ventilated parts of the lungs. This is equal to cardiac output in the absence o f a 

significant intrapulmonary shunt. From each rebreathe performed various 

measurements were taken including; CO, heart rate (HR), stroke volume (SV), a- 

VO2 diff, and oxygen consumption ( VO2).

The system was calibrated on a daily basis. As part of the calibration procedure 

ambient data (room temperature, relative humidity, and atmospheric pressure) 

were inputted to the device. The oxygen sensor was calibrated using ambient 

room air. A 3-litre calibration syringe (Hans Rudolph Ltd., USA) was used to 

calibrate the flow-metre. The gas delay was calibrated by rapidly inspiring and 

slowly expiring over 10 repetitions.

Cardiac index (Cl) and stroke volume index (SVI) were calculated by dividing 

both CO and SV by body surface area (BSA) as shown;

Cl (L.min'.m '^) =C 0 (L.m in')/BSA (m^)

SVI (ml.m'^) = SV (ml)/BSA (m^)

2.5.2 L VC kinetics and peak ca lf performance 

2.5.2.1 C a lf ergometer

Single leg plantar flexion exercise (right foot) was performed on a custom-built 

calf ergometer while subjects were in a supine and fully extended position (Fig. 

2.3). The ergometer was fitted with an immobile force-plate connected to a load 

cell and against which force could be applied during plantar flexion of the calf 

muscle (within a restricted range o f -10° or less). The right foot was strapped 

into a leather boot, which was attached to the force-plate while the left foot was 

immobilised on a padded platform. In order to prevent backward displacement 

and postural changes during exercise, subjects were fitted with a body harness, 

which was secured to the tilt table. An adjustable saddle, which was fitted to the 

table, was positioned so as to prevent knee flexion during exercise and thereby 

preventing additional muscles from acting on the force-plate. The saddle height
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was recorded for each subject. The force detected by the strain gauge was 

amplified (RS Stock no. 846-147) and then sampled at 40 Hz before being 

processed by a PowerLab analog-digital converter (ML 795, AD Instruments). 

The forces exerted on the force-plate could be seen as traces on a visual monitor. 

Subjects used this visual display to control their muscular effort and to conform to 

specific instructions given by the investigator.

The calf ergometer was calibrated manually at the beginning of each testing day 

in the upright position. An unloaded force-plate was set to 0 V and a series of 

weights (range: 0-80 kg) were placed in ascending order of mass on the force- 

plate. The corresponding voltage produced by each weight was recorded from the 

computer trace. Each weight was removed in reverse order and the corresponding 

voltage was again recorded from the computer trace. The forces in V were then 

converted to mV. Linear relationships between weight (g) and force (mV) (both 

ascending and descending forces) were constructed in a spreadsheet (Excel, 

Windows 2000). The mV at 20 kg and 80 kg were used to convert mV readings 

in PowerLab (ML 795, AD Instruments) to newton’s (N). The mean values for at 

20 kg and 80 kg (both ascending and descending) can be seen in Appendix 6.

Force plate

M ercury-in-Silastic 
strain gaugeSaddle

Harness
Finometer

Fig. 2.3. Subject performing plantar flexion exercise on the calf ergometer

72



2 . 5 . 2.2  Leg blood flow  at rest and during exercise

Blood flow was measured non-invasively using venous occlusion 

plethysmography (VOP) while subjects were in a supine position. Changes in 

limb volume were measured using a mercury-in-Silastic strain gauge (Hokanson, 

USA), placed around the widest circumference of the calf muscle, and a 

plethysmograph (Hokanson EC-6, USA). The strain gauge was connected to a 

plethysmograph and the signal from the plethysmograph transmitted through a 

PowerLab analog-digital converter (ML 795, AD Instruments) to a computer with 

Chart software (LabChart 5, AD Instruments, Australia) for Windows. A cuff 

(Hokanson, USA) was placed around the right thigh and fixed in position using 

velcro fasteners.

Resting blood flow measurements were made at one minute intervals prior to 

exercise by measuring the average rate of change in leg volume during the brief 

period (10 s) when the cuff was inflated to 50 mmHg. For the duration o f the 

exercise, the cuff was also inflated to 50 mmHg immediately prior to the first 

contraction and was maintained throughout the exercise period. During exercise 

LBF was measured during the 4-s relaxation period by assessing changes in limb 

volume detected by the strain gauge. The change in limb volume was only 

assessed when the force had returned within ION of a stable minimal value, and 

only if this stable force was maintained for at least 3 s. As blood flow was 

measured across 2-3 cardiac cycles, each blood flow measurement represents an 

average blood flow during the relaxation phase and not an average of the entire 

duty cycle (Egana & Green, 2005). During the relaxation phase blood volume in 

the calf muscle increased due to increased arterial inflow and occluded venous 

outflow. This resulted in an increase in calf girth during relaxation, which was 

detected by reductions in the resistance of the strain gauge. The accumulated 

blood in the calf muscle was squeezed back into circulation during the contraction 

phase. The increase in girth over time during the 4-s relaxation phase was used to 

determine blood flow (Fig. 2.4).
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Onset o f 
contraction

End o f
contraction

uaou.

Relaxation phase

>

" V
<so

Increase in calf girth during 
relaxation phase

Time (s)

Fig. 2 .4 . Force output and ca lf  girth traces during plantar flexion exercise. Blood flow  is 

determined during the relaxation phase o f  the duty cycle . See text for further details.

2.5.2.3 Forearm blood flow

Forearm blood flow was measured at rest and during reactive hyperaenia using 

VOP. A mercury-in-Silastic strain gauge (Holcanson, USA) was positioned 

around the right forearm and secured in position using adhesive tape Fig. 2.5). 

The strain gauge measured 2 cm less than the widest girth of the foreirm. The 

strain gauge was connected to a plethysmograph (Hokanson EC-6) and the signal 

from the plethysmograph transmitted through a PowerLab anaog-digital 

converter (ML 795, AD Instruments) to a computer with Chart software 

(LabChart 5; ADInstruments, Australia) for Windows. An arm pneunatic cuff 

(Hokanson, USA) was fitted around the right arm, which was fully exterded at the 

level of the heart and fixed in position using velcro fasteners (Fig. Z.5). An 

applanation tonometry device (Colin CBM700, Japan) was used to determine 

beat-by-beat blood pressure and heart rate throughout the procedure b/ fixing a 

tonometric blood pressure sensor to the opposite left wrist (Fig. 2.6). A second
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cuff (Hokanson, USA) was placed around the left upper arm while the right arm 

was also fully extended at the level o f the heart (Fig. 2.6).

Pneumatic cuff

Fig. 2.5. Subject undergoing a reactive hyperaemic test o f  the forearm

Forearm blood flow at rest and post occlusion (cuff inflated to 200 mmHg for 5 

min) was determined by rapidly inflating (5 s) and deflating (5 s) the cuff on the 

right arm to 50 mmHg and 0 mmHg respectively. The 5 min occlusion period 

resulted in complete ischemia where both venous and arterial blood flow were 

restricted. During the rapid cuff inflation (50 mmHg) arterial inflow is 

maintained while venous outflow is occluded. This results in an increase in 

forearm volume and consequently the strain gauge is stretched. Stretching o f the 

strain gauge results in an increase in voltage, which is displayed as a computer 

trace. Forearm blood flow was determined during the second cardiac cycle o f the 

venous occlusion period. The second cardiac cycle was chosen as inflation o f the 

cuff may cause an artefact, which may be incorrectly interpreted as part o f the 

cardiac cycle. Forearm blood flow (FBF) was calculated from the rate o f  change 

in forearm volume over time and expressed as m l.lO O m r'.m in’’. Forearm 

vascular conductance (FVC) was calculated by dividing FBF by MAP (FVC = 

FBF/MAP) and values were expressed as m l.l00m r'.m in ''.m m H g‘'.1 0 ''. Values 

were multiplied by 10 for better clarity.

Mercury in-Silastic 
strain gauge

75



2.5.2.4 Blood pressure

Brachial blood pressure was measured on a beat-to-beat basis at rest and during 

calf plantar flexion exercise using either applanation tonometry (COLIN 

CBM7000, Japan) (Fig. 2.6) or using a ‘volume clamp’ method (Finometer Midi, 

Finapres Medical Systems, Amsterdam, The Netherlands) (Fig. 2.7) o f the right 

radial artery. The research team acquired the Finometer unit during the second 

year o f  this thesis, so -5 0 %  o f data were analysed using it. A pilot study showed 

that the correlation o f both units from simultaneously recorded data collected 

during incremental plantar flexion exercise was very high (0.8) (Appendix 7).

For the applanation tonometry, an oscillometric cuff (Hokanson, USA) was 

placed around the upper right arm. A tonometric blood pressure sensor (COLIN, 

Japan) was placed over the radial artery on the right wrist and held in place with a 

wristband (COLIN, Japan) that prevented any movement o f the subject’s wrist. 

The arm was abducted at 90° at the level o f the heart.

Oscillometric cu ff

\
\
\

Tonometric blood 
pressure senor

Fig. 2.6. Oscillometric cu ff and tonometric blood pressure sensor
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In the remainder of subjects, blood pressure was measured continuously and non- 

invasively at the fingertip using photoplethysmography and a ‘volume-clamp’ 

method (Finometer Midi, Finapres Medical Systems, Amsterdam, The 

Netherlands). The hand was positioned at the side of the subject at heart level.

Fig. 2 .7 . Subject wearing a Finometer unit for the determination o f  blood pressure

Mean arterial pressure (mmHg) was calculated as follows:

1/3 systolic blood pressure + 2/3 diastolic pressure

Measurements of MAP during repeated trials of the same exercise (30% and 70%) 

were averaged to yield a single set of time series data.

2.5.2.5 Heart rate

Heart rate was measured from the R-R interval at rest and during exercise at 30 s, 

180 s, and 360 s.
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2.5.3 Inflammatory and endothelial markers

2.5.3.1 ELISA kits

Human IL-6 ELISA kit BioLegend,

Human IL -10 ELISA kit BioLegend,

Human TN F-a ELISA kit BioLegend,

2.5.3.2 Vascular injury kit

MSD 96-well M ulti-spot Vascular Injury Panel II Assay 

(CRP, SAA, sICAM-1, and sVCAM-1)

2.5.3.3 General laboratory materials 

Tween-20

2.5.3.4 General laboratory products 

Biosphere filter pipette tips 

Falcon tubes (15 ml, 50 ml) 

Microtubes (0.5 ml, 1.5 ml)

Optical adhesive covers

UK

96-well optical reaction plates 

UK

PCR tubes 

Pipette tips

UK

Taqman gene expression assays 

UK

Taqman universal PCR master mix 

UK

Cambridge, UK 

Cambridge, UK 

Cambridge, UK

MSD, USA

Sigma, Wicklow, Ireland

Sarstedt, Niimbrecht, Germany 

Sarstedt, Niimbrecht, Germany 

Sarstedt, Niimbrecht, Germany 

Applied Biosystems, Warrington,

Applied Biosystems, Warrington,

Sarstedt, Niimbrecht, Germany 

Sarstedt, Niimbrecht, Germany

Sigma, Wicklow, Ireland 

Applied Biosystems, Warrington,

Applied Biosystems, Warrington,

Applied Biosystems, Warrington,

2.5.3.5 Molecular reagents 

Absolute ethanol 

High capacity cDNA reverse transcription kit
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2.5.3.6 Enzyme linked immunosorbent assay (ELISA)

Plasma levels o f IL-6, IL-10, and T N F-a were determined using commercially 

available ELISA kits (BioLegend, Cambridge, UK).

2.5.3. 7 Analysis o f  IL-6, IL-IO, and TNF-a

A 96-well plate (BioLegend, Cambridge, UK) was coated with capture antibody 

(1:200 dilution with coating buffer (5x coating buffer diluted to Ix with deionised 

water) and incubated overnight at 4°C. The plate was washed with wash buffer 

((Phosphate-buffered saline) PBS; 0.05% Tween-20 in PBS) and the residual 

buffer was blotted by tapping the plate upside down on absorbent paper. The 

plate was blocked with a reagent diluent (5x assay diluent diluted to Ix with PBS; 

200 i^l/well), sealed and incubated for 1 h at room temperature with shaking at 

200 rpm. After washing, standards (appropriately diluted in reagent diluent) and 

samples were added (50 |al/well). The plate was sealed and allowed to incubate at 

room temperature for 2 h with shaking at 200 rpm. After washing the plate, 

biotinylated detection anti-body (1:200 dilution in reagent diluent; 50 )^l/well) was 

added and the plate sealed and incubated at room temperature for 1 h with shaking 

at 200 rpm. The plate was again washed and reacted with Avidin-Horseradish 

Peroxidase (HRP) (1:1000 dilution in reagent diluent; 50 fal/well) for 30 min at 

room temperature with shaking at 200 rpm. After washing, TMB substrate 

solution (1:1 mixture o f colour reagent A and colour reagent B) was added (50 

|j.l/well) and the plate incubated in the dark for a minimum o f 15 min or until such 

time as sufficient colour development had taken place. The reaction was stopped 

using IM  H2SO4 (50 |al/well). The optical density (OD) was measured at 450 nm 

using a 96-well plate reader (ELxSOO Universal Microplate Reader, Biotek). A 

standard curve was generated and the regression equation o f the curve was used to 

determine the concentration o f IL-6, IL-10, and TN F-a in each sample.

2.5.3.8 RNA extraction

The blood sample was incubated in the RNA tube at room temperature for 2 hours 

to achieve lysis o f blood cells and then centrifuged for 10 minutes at 3,000-5,000 

X g. Following decanting o f the supernatant blood RNA tube by decanting, 

RNase-free water (4 ml) was added to the pellet and the tube was closed using a
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new BD Hemogard closure. The RNA tube was vortexed until the pellet was 

visibly dissolved and then centrifuged for 10 minutes at 3,000-5,000 x g. 
Following this, the supernatant was completely removed. Resuspension buffer 

(350 |il) was added to the RNA tube and the tube was vortexed until the pellet 

was visibly dissolved. The sample was pipetted into a 1.5 ml microcentrifuge 

tube, into which binding buffer (300 |o.l) and proteinase K (40 fj.1) were added. 

The microcentrifuge tube was vortexed for 5 s and incubated for 10 min at 55°C 

in a shaker-incubator at 400-1,400 rpm. The lysate from the microcentrifuge tube 

was pipetted into a shredder spin column placed in a 2 ml processing tube and 

then centrifuged for 3 min at a speed o f 14,000 x g. The supernatant o f the flow­

through fraction was pipetted to a new 1.5 ml microcentrifuge tube without 

disturbing the pellet in the processing tube and ethanol (350 ^1) added to the 

sample, which was then vortexed. Some o f the sample (700 |il) was pipetted into 

a RNA spin column placed in a 2 ml processing tube and centrifuged for 1 min at 

8,000-20,000 x g. The spin column was placed in a new 2 ml processing tube and 

the remaining sample pipetted into the RNA spin column and centrifuged for 1 

min at 8,000-20,000 x g. The spin column was placed in a new 2 ml processing 

tube into which BR3 wash buffer was added (350 |al) and the RNA spin column 

centrifuged for 1 min at 8,000-20,000 x g. The spin column was again placed in a 

new 2 ml processing tube. DNase reaction mixture (80 |al; 1:8 dilution o f 

reconstituted rDNase in DNA digestion buffer) was pipetted directly onto the 

centre o f the silica membrane o f  each column. Samples were incubated with this 

solution at room temperature for 15 min to digest DNA. BR3 wash buffer was 

added (350 |il) to the spin column and the spin column was centrifuged for 1 min 

at 8,000-20,000 x g. The spin column was placed in a new 2 ml processing tube; 

BR4 wash buffer (1:4 dilution with ethanol) was added (500 |j.l) the spin column 

was centrifuged for 1 min at 8,000-20,000 x g. After placing the spin column in a 

new 2 ml processing tube, BR4 wash buffer was added (500 |il) and the spin 

column was centrifuged for 3 min at 8,000-20,000 x g. The spin column was 

placed in a new 2 ml processing tube and centrifuged for 1 min at 8,000-20,000 x 

g. Following this, the spin column was placed in a 1.5 ml microcentrifuge tube 

and elution buffer (40 ^il) was pipetted directly onto the spin column membrane. 

The spin column was centrifuged for 1 min at 8,000-20,000 x ^  to elute the RNA.
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This step was again repeated. The eluate was incubated for 5 min at 65°C in a 

shaker-incubator (Excella E24 Incubator Shaker Series, N ew  Brunswick 

Scientific) without shaking. After incubation, the samples were chilled  

immediately on ice and stored at -80°C.

2.5.3.9 RNA quantificalion and reverse transcription

The OD o f  the extracted RNA was determined using a Nanodrop N D -1000  

spectrophotometer (Thermo Scientific) to determine RNA concentration and 

purity. The concentration o f  RNA can be determined due to the ability it has to 

absorb light. An OD o f  1.0 at 260 nm represents an RNA concentration o f  44 

lag.ml’'. This allows the RNA concentration in each sample o f  extracted RNA to 

be determined using the following equation:

RNA = OD 260 X dilution factor x 44 i^g.ml''

In addition, the absorbance is measured at a wavelength o f  280 nm, which allows 

the purity o f  RNA to be determined. A ratio o f  OD 26o:OD2so o f  approximately 

1.8-2.0 indicates that the RNA is pure. RNA concentrations were equalised with 

RNase-free H2O so that equal concentrations o f  RNA could be used as a template 

for reverse transcription.

The ABI High Capacity cD N A  archive kit (Applied Biosystem s) was used to 

reverse transcribe the equalised RNA samples. Equalised RNA (17 )j.l) was 

m ixed with 2x master mix (17 |j.l, containing: 1:5 dilution o f  lOx reverse 

transcription buffer; 1:12.5 dilution o f  25x dNTPs; 1:5 dilution o f  random 

primers; 1:10 dilution o f  multiScribe reverse transcriptase and 1:2.38 dilution o f  

H2O) in a PCR minitube. The samples were placed in a thermal cycler (PTC-200 

Peltier Thermal Cycler, Biosciences, Dublin, Ireland) and incubated at 25°C for 

10 min, then at 37°C for 120 min. The cD N A  was frozen at -20°C for real-time 

polymerase chain reaction (RT-PCR) analysis.
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2.5.3.10 Real-time polym erase chain reaction (RT-PCR)

RT-PCR was performed using Taqman gene expression assays (Applied 

Biosystems), which contained specific target primers and FAM -labelled MGB 

target probes (Table 2.2).

Table 2.2 Gene reference

Gene name Assay number NCBI gene reference*

TNF-a H s00174l28 ml N M _001124357

IL-6 Hs00985639_ml NM 000600.3

Resistin Hs00220767_ml N M _001193374.1

Visfatin Hs00237184 ml NM 005746.2

Gene reference as listed on the National Centre for Biotechnology Information 

(NCBI). Entrez-Nucleotide website:

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=nucleotide

2.5.3.11 Multi-target (multiplex) RT-PCR

Initially cDN A was diluted with RNase-free H2O (1:4 dilution) and 4 |al o f  the 

dilute was added to each well on a PCR plate. Following this, target primers (0.5 

|il), GAPDH (0.5 |il), and Taqman master mix (5 |al) were mixed and added to 

each well (10 fil reaction volume). The solution were pipetted using an electronic 

pipette (EDP3 10-100 |il) to enable accurate pipetting.

A StepOnePlus Real-Time PCR System (Applied Biosystem s) was used to 

perform RT-PCR measurements. The PCR plates were placed in a RT-PCR 

thermocycler and measured according to the following protocol: step 1: 50°C for

2 min, step 2: 95°C for 20 s, step 3: 95°C for 1 s, and step 4: 60°C for 20 s. Steps

3 and 4 were repeated 40 times.

2.5.3.12 RT-PCR analysis

The comparative CT (AACT) method (StepOne Software v2.1 Applied 

Biosystem s) was used to assess gene expression for all RT-PCR analysis. 

Relative gene expression was determined by comparing the gene expression o f  

experimental samples to the mean o f  control samples. The fold-difference was
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compared between groups with T2DM and control groups. The fold-difference is 

assessed using the cycle number (CT) difference between samples. The threshold 

for fluorescence is set and the CT is measured against this value. In order to 

accurately assess the difference between gene expressions, the threshold was set 

when the PCR reaction was in the exponential phase.

2.5.3.13 Vascular injury

A multi-spot 96-well 4 spot vascular plate was coated with 5% blocking solution 

(150 |j,/well) and incubated at room temperature at 1 h with shaking. The plate 

was washed with wash buffer (PBS; 0.05% Tween-20 in PBS) and the residual 

buffer was blotted by tapping the plate upside down on absorbent paper. The 

plate was blocked with a reagent diluent (40 |j,/well). Following this, standards 

(appropriately diluted in reagent diluent) and samples (1:200 dilution with 1% 

blocker A solution (5% blocker A solution diluted to 1% with PBS) were added 

(10 |a.l/well). The plate was sealed and allowed to incubate at room temperature 

for 2 h with shaking. After washing the plate, detection anti-body (1:50 dilution 

in reagent diluent; 25fJ.l/well) was added and the plate sealed and incubated at 

room temperature for 1 h with shaking. The plate was again washed and reacted 

with IX  Read Buffer T (4X Read Buffer T diluted to IX  with distilled water; 150 

|j,l/well). The plates were read immediately using a Sector Imager 2400 (MSD, 

USA) and analysed using Discovery W orkbench 3.0 software (MSD, USA).

2.6 Data analysis

2.6.1 WO2 kinetic analysis

The BbB data were examined to exclude any errant breaths caused by coughing, 

sighing, or swallowing, which are considered not to be reflective o f the 

underlying kinetics. For each bout the BbB data were subsequently interpolated 

to give 1-s values. The four bouts were time aligned to the start o f exercise, 

superimposed, and ensemble averaged to reduce BbB noise (Barstow & Mole, 

1991; Ozyener et a l ,  2001; Pringle et a l ,  2003; Koppo et a l ,  2009). To further 

enhance the underlying physiological response characteristics each average 

response was smoothed using a 5-s moving filter (Barstow & Mole, 1991). The
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baseline VO2  was defined as the average VO2 measured during cycling between 

150 s and 30 s prior to starting cycling at 80% VT.

The time course o f the VO2  response was described in terms o f a two component 

exponential function (MacDonald et a l ,  1998) and was curve fit using a b i­

exponential function (Sigma Tablecurve 2D v5.01, USA). Each exponential 

curve was used to describe one phase o f the VO2  response. The first phase 

coincided with the onset o f exercise and the second term began after an 

independent time delay:

VO2 ( 0  =  Ao -  A , ( l  -  +  A2(1 -

In the case o f 7 women (T2DM n=4; non-diabetic n=3) a tri-exponential function 

was used to fit the VO2  data. For these individuals, only the parameter estimates 

from the first two phases were included in the analysis.

VO2 ( 0  =  A o - A i ( l  -£?'"“ ™ ‘ '̂ '̂)Fi +  A2(1 A3(1 -e -< '-™ ^ 3 )F 3

where: F i = 0 f o r / < T D i  and Fi = l f o r / > T D i

F2  = 0  for t< TD 2  and F2  = 1 for t> TD 2

F3 = 0 for t< TD 3 and F3 = 1 for f> TD 3

VO2  ( 0  is the VO2  at any given time point; Aq is the baseline VO2  measured 

during the 3-min cycling at 10 W; Ai, A i, and A3 are the asymptotic amplitudes 

for the exponential terms for phase I, II, and III; xi, xj, and 1 3  are the time 

constants for phase I, II, and III; and TDi, TD 2 , and TD are the time delays for 

phase I, II, and III. The parameters Fi, F2 , and F2  are conditional expressions that 

limit the fitting o f a particular phase to the period at and beyond the time delay 

associated with that phase. Data that exceeded the 95% prediction intervals 

during an initial fit o f a model were excluded. The model was fitted to the data 

using a weighted least-squares non-linear regression procedure.
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An indicator o f the rate o f change for the total response for each subject was 

obtained by calculating the mean response time (MRT). The M RT is the time 

required to achieve approximately 63% o f the baseline and the exercise plateau 

(MacDonald et a l ,  1998).

Diphasic: MRT = [Ai/(A, ^ A 2XTD, + t , ) ]  + [A2/(Ai + A 2XTD2 + ' 2)]

Triphasic: MRT = [Ai/(A | + A 2 + A 3 )(TDi + ti)] + [A2/(Ai + A 2 + A 3)(TD 2 +

T2)] +  [ A 3 / ( A ]  +  A 2  +  A 3 ) ( T D 3  +  T3)]

The total amplitude (End A) o f the VO2 response, which represents the change in 

VO2 from rest to the end o f exercise, was also calculated for each subject:

Biphasic: End A = A o + (A ,(l _  e'-(360-TDi)/Ti)^  ̂^  _  (̂-(360- td2)/t2)̂ ^

Triphasic: End A = Aq + (A ,(l -  + (A2 (l -  “ td 2)/t2 )̂  ̂ ^

(A3(1 _^(-(360-TD3)/.3))^

The VO2 gain (AVO2 /AW) was calculated as follows:

AVO2 /AW = (End A -  Baseline v02)/(W orkload at 80% VT -  10 W)

2.6.2 Heart rate kinetic analysis

In a subgroup o f women (T2DM n=15; non-diabetic n=14), heart rate responses 

from the first four bouts were averaged to yield a single time-series o f heart rate 

data for each subject and were then fitted using a mono-exponential function as 

shown:

Heart rate (0  = Aq + A(1 -

where heart rate (/) is the heart rate at any time point; A q is the initial heart rate 

during the 3-min cycling at 10 W; A  is the amplitude o f the response; TD is the
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time delay; and t  is the time constant. Fitting procedures were identical to those 

described for oxygen uptake.

The End A o f  the heart rate response, which represents the change in heart rate 

from rest to the end o f  exercise, was also calculated for each subject:

End A = Ao + (A (l -

2.6.3 Leg vascular conductance kinetics

The plethysmographic estimates o f  LBF (ml.lOOmr’.min'') were converted to 

ml.min'' using an estimate o f  each subject’s leg volume obtained from 

anthropometric measurements o f  the leg (section 2.3.8). LBF (ml.min"') was then 

converted to LVC (ml.min'VmmHg'') by dividing LBF (ml.min'') by MAP 

(mmHg). LVC responses from the three 6 min exercise bouts were averaged to 

yield a temporal profile o f  LVC based on 60 average estimates for each subject. 

The temporal response profile for each subject were curve-fit with a biphasic 

‘growth only’ model (70% MVC) or triphasic ‘growth and decay’ model (30%  

MVC) (Sigma Tablecurve 2D v5.01, USA) on the basis that a biphasic or 

triphasic response was more apparent during 70% and 30% MVC plantar flexion  

respectively.

Biphasic ‘growth only’ model: 

y  (0  = Ao + Ai ( l  -  e-<'-™'>^"' )̂Fl + A 2 ( l -

where: F l=  0 for t < TD l and FI = 1 for t > TD l

F2= 0 for t < TD2 and F2 -  1 for t > TD2

y  (0  is vascular conductance at time /, Ao is the baseline amplitude, A i, and A 2 are 

the amplitudes, TDi and TD 2 are the time delays, and ti and 1 2  are the time 

constants o f  the first (rapid growth) and second (slow  growth) phases 

respectively. The parameters FI -  F2 are conditional expressions that limit the 

fitting o f  a particular phase to the period at and beyond the time delay associated  

with that phase.
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Triphasic ‘growth and decay’ modeh

y  (0  = Ao + A i(l -  _  ^ 2(1 -  + A3(l -

where: F l=  0 for t < TDl and FI = 1 for t > TDl

F2= 0 for t < TD2 and F2 = 1 for t > TD2 

F3= 0 for t < TD3 and F3 = 1 for t > TD3

y  (/) is vascular conductance at time t, Aq is the baseline amplitude, Ai, A 2 , and A3 

are the amplitudes, TDi, TD2 , and TD3  are the time delays and Xi, X2 , and T3 are 

the time constants o f the first (rapid growth), second (rapid decay), and third 

(slow growth) phases respectively. The parameters FI -  F3 are conditional 

expressions that limit the fitting o f a particular phase to the period at and beyond 

the time delay associated with that phase.

For both biphasic and triphasic models, data that exceeded the 95% prediction

intervals during an initial fit o f a model were excluded. No more than four data

points were removed from the original time-series o f data. The model was fitted 

to the data using a weighted least-squares nonlinear regression procedure (Sigma 

Tablecurve 2D v5.01, USA).

The mean response time (MRT), which represents the time taken to reach 63% of  

the overall amplitude o f the response from the baseline value, was calculated as a 

weighted sum o f the time delay and time constant o f  each phase for the biphasic 

‘growth only’ model:

MRT = (A,/(A, + A2 ))(TD, + xi) + (Aj/CA, + A 2 ))(TDa + X2 )

The End A for both biphasic ‘growth only’ and triphasic ‘growth & decay’ 

models was calculated as follows:

Biphasic ‘growth only’ model:

End A = Ao + (Ai(1 -  + (A 2 ( 1  -
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Triphasic ‘growth & decay’ model:

End A = Ao + (A ,(l -  - (A2(l -  + (Asd -  "
TD3)/t3)^^

2.6.4 Biphasic ‘growth only ’ and triphasic ‘growth and decay ’ models

The goodness of fit of either biphasic ‘growth only’ or triphasic ‘growth and 

decay’ models was established on statistical grounds. The difference between the 

two models (significance P<0.05) was determined by calculating the F-test 

statistic for nested models as follows:

F = [(RSS, -  RSS2 )/(p2 -  p,)]/[RSS2/(n -  pa)]

where RSSi and RSS2 are the residual sums of squares and pi and p2 are the 

parameters in the biphasic ‘growth only’ or triphasic ‘growth and decay’ models 

respectively, and n is the number of observations in the time series. If an F-test 

value exceeded the critical F value {df= p2 -  pi, « -  P2), where t// represents the 

degrees of freedom, then the triphasic ‘growth and decay’ model was chosen as 

the best model of fit.

2.6.5 Reactive hyperaemia responses

Vascular conductance hyperaemic responses were curve-fit using a mono­

exponential function: y  = a + be''^  ̂ (Sigma Tablecurve 2D v5.01, USA), where a 

represents the baseline vascular conductance, b is the amplitude of the curve, and 

c is the decay constant. Data that exceeded the 95% prediction intervals during an 

initial fit of a model were excluded. No more than two data points were removed 

from the original time-series of data.

2.6.6 Vasodilatory and hyperaemic slopes during incremental plantar flexion 

exercise

To determine both the hyperaemic (LBF (ml.min'') vs. % of maximum force and 

LBF (ml.min'') vs. force (N)) and vasodilatory (LVC (ml.min''.mmHg'') vs. % of 

maximum force and LVC (ml.min‘'.mmHg'') vs. force (N)) responses during
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incremental plantar flexion exercise, each individual’s LBF/LVC response was 

plotted against the corresponding force output (for LBF/LVC expressed in 

relation to peak force) or percentage o f maximum force (for LBF/LVC expressed 

as % o f peak force). From the corresponding regression line, the slope for 

LBF/LVC was determined for each subject.

2.7 Statistical analysis

For the baseline studies, an unpaired Student’s t-test (PRISM, Version 5.03, 

GraphPad Software Inc, USA) was used to compare effects between women with 

and without T2DM. Data that were not normally distributed were analysed using 

the Mann-W hitney U test. The level o f significance was set as P < 0.05. All 

values are expressed as mean±SD.

For the intervention study, a three-way repeated measures ANOVA (exercise vs. 

control, diabetic status, and time) was used to compare effects within and between 

groups. Bonferroni post hoc tests were carried out to detect differences between 

groups. The level o f significance was set as P<0.05. The data were analysed 

using Datadesk (Version 6.2.1) and values are expressed as means±SD.
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Chapter 3: Effect o f T2DM on the dynamic response characteristics of VO2 

in postmenopausal women during acute exercise 

3.1 Aims

(a) Firstly, to investigate if VO2 kinetic responses are slowed in 

postmenopausal women with T2DM matched in age but not BMI

(b) Secondly, to investigate if the findings observed in postmenopausal 

women persist in BMI and aged matched women with T2DM

(c) Explore if CO responses are related to impairments in VO2 kinetic 

responses in any of these women with T2DM

3.2 Experimental protocol overview

Subjects were required to visit the Cardiovascular Laboratory in the Department 

of Physiology, Trinity College Dublin, on two occasions separated by at least 72 

h. On the first visit, VO2 peak and VT were determined during an incremental 

cycle test to volitional exhaustion. On the second visit, subjects performed 6 

bouts of 6 min constant load cycling at 80% VT. Bouts 1-4 were used for the 

determination of VO2 kinetics while bouts 5 & 6 were used to determine CO. CO 

was measured at rest and during exercise (30 s and 240 s) at 80% VT.

3.3 Subjects

A total of forty-one postmenopausal women were recruited to participate in the 

study: 20 with T2DM and 21 healthy controls. All women were classified as 

sedentary (< 1 h.wk”' of moderate intensity exercise for at least 6 months prior to 

enrolment), which was confirmed by physical activity scores using the Low Level 

Physical Activity Recall (LOPAR; Appendix 1) questionnaire (Regensteiner et 

ai ,  1998; Brandenburg et al ,  1999) and the use of RT3 triaxial accelerometers 

(Stay Healthy, Inc; Monrovia, California) (Rowlands et a l ,  2004; Perry et al ,  

2010).
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3.3.1 Medications

O f the 20 women with T2DM, 5 were undergoing dietary intervention and 15 

were receiving oral hypoglycaemic agents (metformin n = l l ;  metformin & 

gliclazide n=3; gliclazide n= l). In addition, 11 diabetic women were on anti­

hypertensive medication (lisinopril n=2; ramipril n = l; candesartan cilexetil n= l; 

perindopril arginine n=2; telmisartan n = l; angiotensin II antagonists (losartan 

n= l); ACE inhibitors (ramapril n= l); calcium channel blocker (amlodipine n= l); 

perindopril arginine & amlodipine n= l). A further 3 women with T2DM were 

taking p-blockers (metoprolol tartrate n = l; sotalol n = l; bisoprolol fumarate n=l). 

None o f the non-diabetic women were receiving anti-hypertensive medication. A 

further 13 diabetic women and 1 non-diabetic woman were receiving lipid- 

lowering therapy (T2DM: rosuvastatin n=3; atorvastatin n=8; simvastatin n= l; 

pravastatin n= l and non-diabetic: atorvastatin n= l). A total o f three women were 

undergoing hormone replacement therapy (T2DM: n = l, estradiol; non-diabetic: 

n=2, raloxifene).
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3.4 Results

Following on and to be consistent with the aims o f the study, the results for 

women with and without T2DM are presented in two sections; age-matched 

postmenopausal women, and age and BMI matched postmenopausal women.

3.4.1 Subjects

3.4.1.1 Physical characteristics

Physical characteristics and habitual physical activity levels in women with and 

without T2DM are presented in Table 3.1. Individual subject characteristics can 

be seen in Appendix 8.

In postmenopausal women, significant differences were observed in BMI, body 

mass (/*<0.000I), and WHR (P<0.01) between groups with and without T2DM.

In BMI matched postmenopausal women, there were no differences between 

women with and without T2DM with respect to age, physical activity levels, BMI, 

weight, height, WHR, or ABI.

Table 3.1. Physical characteristics and activity levels

T2DM  
(n = 20)

Non-diabetic
( n = 2 1 )

T2DM  
(n = 12)

Non-diabetic 
(n =  9)

Postmenopausal BMI m atched postm enopausal
Age (yr) 56.7±4,0 56.0±5.5 57.2±4.8 56.2±3.4
BMI (kg.m 34.1±5.5*** 26.4±4.0 30.8±2.9 30.2±2.3
W eight (kg) 85.6±13.8*** 67 .3± 11.5 78.6±9.5 77.3±8.2
Height (m) 1.58±0.05 1.60±0.07 1.60±0.05 1.60±0.03
W HR 0.96±0.05** 0.90±0.07 0.94±0.05 0 .9 U 0 .0 7
ABI 1,06±0.10 1.09±0.10 1.04±0.10 1.10±0.09
LO PAR (M ET h .w k ') 104±46 111±48 94±43 119±58

Significantly different from non-diabetic **P<0.01, ***^<0.0001.
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RT3 accelerometers were used to determine physical activity levels in a subgroup 

of combined pre and postmenopausal women with and without T2DM (T2DM n = 

18; non-diabetic n = 19) (Fig. 3.1). There were no differences between women 

with and without T2DM in the time spent in inactive, light, moderate, or vigorous 

activity categories.

RTS
25-1

Inactive Light Moderate Vigorous

Fig. 3 .1 . Time spent in inactive, light, m oderate, and vigorous activity categories in a subgroup o f  

com bined pre and postm enopausal w om en with and without T2DM .
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3.4.1.2 Haematology

Glycosylated haemoglobin (HbAic), fasting plasma glucose (FPG), total 

cholesterol (TCL), high-density lipoprotein cholesterol (HDL), low-density 

lipoprotein cholesterol (LDL), and triglycerides in women with and without 

T2DM are presented in Table 3.2. Individual results can be seen in Appendix 9.

For all group comparisons, FPG was greater in women with T2DM than non­

diabetic women (P<0.0001).

In postmenopausal women, women with T2DM had greater levels o f  HbAic 

(expressed as a percentage and in m m ol.m ol'') ( /’<0.0001) and triglycerides 

(/’<0.0001) and lower levels o f TCL (M .O O O l), HDL (P<0.0001), and LDL 

(P<0.05) than their non-diabetic counterparts.

In BMI matched postmenopausal women, HbAic (expressed as a percentage and 

in m m ol.m ol'') (P<0.01) was greater and TCL ( / ’<0.01), HDL (/*<0.0001), LDL 

{P<0.05) were lower in women with T2DM than non-diabetic women.

Table 3.2. Haematological parameters

T 2D M N on-diabetic T2D1M N on-d iabet ic
Postm enopausal BM I matched postm en op a u sa l

H b A .c  (% ) 6 7 ± i  0*** 5.5±0.2 6 .1± 0 .7 ** 5.5±0.1
H b A ic  {m m ol.m ol'' ) 50.2±10,9*** 36.4±2.3 49.4±7.8** 36 .7±1.7
FPG ( m m o l .L ') 8.3±2.5*** 4.6±0.6 8.6±2.3*** 4.7±0.5
T C L  (m m ol.L  ') 4 .5±0.8*** 5.8±1.4 4.7±0.8** 6.1±1.1
H D L  (m m ol.L  ') 1.3±0.3*** 1,9±0.4 1.4±0.2*** 2.1±0 .4
LDL  (m m o l.L  ') 2 .9±0.7* 3.7±1.2 3.0±0.7* 4 .0±1 .0
Trig lycerides (m m ol.L ') 1.6±0.6*** 1,0±0.4 1,6±0.6 1.0±0.4

Significantly different from non-diabetic */’<0.05, **P<0.01, ***P<0.0001.
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3.4.2 Peak cycling performance

Peak physiological responses o f  the graded cycle test in wom en with and without 

T2DM  are presented in Table 3.3 and Fig. 3.2. Individual peak cycling  

performance data can be seen in Appendix 10.

In postmenopausal wom en, relative v02peak(ml.kg‘'.min‘'), vO i (ml.kg''.m in'') at 

VT ( / ’<0.0001), peak workload (W), and workload (W) at VT ( / ’<0.05) were 

lower in wom en with T2DM  than non-diabetic controls. There were no 

differences in absolute VO2 peak (L.min'*) between wom en with and without 

T2DM.

In BMI matched postmenopausal women, relative VO2 peak (ml.kg'Vmin''), peak 

workload (W ), workload at VT (W ), and time to failure (TTF) (min) were lower 

in women with T2DM (P<0.05). In contrast, there were no differences in 

absolute VO2 peak (L.min'') or VO2 (ml.kg'*.min’') at VT between women with or 

without T2DM.

Table 3.3. Peak cycling perform ance parameters

T 2D M  
(n =  20)

N on -d iabetic  
(n =  21)

T 2D M  
(n =  12)

N on -d iab etic  
(n =  9)

P ostm en op au sa l B M I m atched  p ostm en op au sa l
P eak  HR  
(b eats.m in  ')

149±20 156±12 155±15 146±7

A ge pred icted  peak  
H R  (% )

91.0±12.1 95.5±8.3 95.5±9.3 89.2±4.4

P eak V e (L .m in  ') 59.5±14.2 57.0±12.2 57.7±9.6 56.6±15.4

T T F
(m in )

11.9±2.4 13.3±3.3 11.9±2.6* 14.7±2.9

W ork load  at VT  
(W )

82.0±14.4* 98.1 ±24.4 81.7±15.9* 106.7±24.9

R ER
1.10±0.05 1.10±0.06 1.11±0.14 1.09±0.07

VO2 a t V T

(% V02peak)
76.0±20.7 73.1±8.2 76.0±20.7 71.1±9.5

Significantly different fi'om non-diabetic *P<0.05.
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Fig. 3.2. V O 2  peak (m i.kg ''m in '' and L.min '), V O 2 (m l.kg ''.m in ‘ ')  at V T , and peaic woricioad (W ) in 

combined groups o f  postmenopausal women and groups o f  B M I matched postmenopausal women 

with and without T 2 D M . Significantly different from non-diabetic *P<0.05,  ** *P < 0 .0 0 0 1 .
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3.4.3 v02 kinetic responses during cycle exercise at 80% VT

Mean VO2 kinetic parameters during cycle exercise at 80% VT from wom en with 

and without T2DM  are presented in Table 3.4. Representative VO2 kinetic 

responses from postmenopausal wom en with and without T2DM  (matched by 

BMI) as w ell as the predicted responses from the bi-exponential curve fits are 

depicted in Fig. 3.3. Individual VO2 kinetic parameters can be seen in Appendix 

1 1 .

In postmenopausal wom en, Ao was greater (f*<0.01), Aj was lower ( /’<0.05), and 

both T2 and MRT were slowed in wom en with T2DM  in contrast to non-diabetic 

wom en ( f ’<0.01).

When postmenopausal wom en were matched by BMI, both t 2 and MRT remained 

slower in individuals with T2DM  than non-diabetics ( / ’<0.05). In addition, the 

End A was lower in wom en with T2DM  than non-diabetic wom en (P<0.05).

Table 3,4. Mean VOt kinetic parameters during cycle exercise at 80% VT

T 2 D M
( n = 2 0 )

N on-diabetic  
(n =  21)

T 2D M  
(n =  12)

N on -d iab et ic  
(n =  9)

P ostm en op au sa l B M I-m a tch ed  p ostm en o p au sa l

Ao (L .m in ') 0.60±0.I3** 0.50±0.06 0.57±0.I0 0.53±0.07

Ai (L .m in ') 0.21±0.06* 0.30±0.15 0.22±0.06 0.35±0.I6

T D ,(s ) 5.9±4.3 4.6±2.6 6.4±4.4 3.6±2.5

"Cl (s) ll.4±3.8 ll.3±4.7 12.7±3.7 ll.8±4.5
A 2 (L .m in ') 0.40±0.I2 0.46±0.21 0.4I±0.I4 0.52±0.2I
T D 2 (s) 29.0±7.l 30.3±7.l 30.3±8.3 30.9±7.8

t2 (S) 49.8±l 1** 37.l±9.2 49.6± ll.6* 36.l±8.3

End A (L .m in  ') 1,24±0.23 1.28±0.3I l.22±0.22* 1,42±0.26

M R T  (s) 57.9±12.2** 47.6±9.9 58.6±I2.7* 46.8±10.7

V O 2 gain  
( m l . m i n ' . W ' ) I0.8±2.6 ll.0±3.4 ll.0±2.5 ll.6±1.3

Significantly different from non-diabetic *f<0.05, **/’<0.01.
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VO: kinetic responses at 80%  VT
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Fig. 3 .3 . V O 2 tcinetic resp o n ses and the pred icted  resp o n ses from  the b i-ex p o n en tia l cu rve fits 

during c y c le  e x er c ise  at 80%  V T  from  representative  p o stm en o p a u sa l BM I m atch ed  w o m e n  w ith  

and w ith ou t T 2D M .

3.4.4 Heart rate kinetic responses during cycle exercise at 80% VT

Mean heart rate kinetic parameters from women with and without T2DM are 

presented in Table 3.5. Representative heart rate kinetic responses from 

postmenopausal women with and without T2DM as well as the predicted 

responses from the mono-exponential curve fits are depicted in Fig. 3.4. 

Individual heart rate kinetic parameters can be seen in Appendix 12.

In the groups of postmenopausal women, x was slower in subjects with T2DM 

compared to non-diabetic controls (P<0.05). In women with T2DM, Aq was 

greater (P<0.01) and A was lower ( /’<0.0001) than non-diabetic women.

In BMI matched postmenopausal women with T2DM, t was slower (P<0.05) than 

non-diabetic women. In the subgroups of BMI matched postmenopausal women, 

both Ao and End A were greater in women with T2DM than non-diabetic women 

(M .O l) .
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T ab le  3.5. H eart ra te  k inetic  param eters fo r cycle  exercise  at 80%  V T

T 2D M  
(n =  15)

N on -d iab etic  
(n =  14)

T 2D M
(n = 8)

N on -d iab etic  
(n =  6)

P ostm en op au sa l B M I m atched  
postm en op au sa l

B aseline A q 
( b e a ts .m in ')

I05± 16** 88±8 109±15** 86±4

A (beats.m in  ') 2 5 ± 9 * * * 39±7 29± 9 34±6

T D  (s) 2 .9± 3 .4 5 .6 ± 4 .l 2.1±3.1 2 .7± 1 .0

T (S ) 75.2±23 .2* 59.9±10.5 85.9±25 .7* 59 .2± 11 .0

End A (b ea ts.m in  ') I29± 18 127±I3 137±7** 12 0 ± I0

S ign ifican tly  d iffe ren t from  non-d iabetic  *P < 0 .05 , **P < 0 .01 , ***P < 0 .0001 .

H eart rate responses at 80%  V T

160

140

120

100

Type 2 diabetic 
Non-diabetic

0 100 200 300 400

Time (s)

Fig. 3.4. H eart ra te  k inetic  responses and  the p red ic ted  responses from  th e  m on o -ex p o n en tia l curve 

fits du ring  cycle  ex erc ise  at 80%  V T  from  rep resen ta tive  postm enopausa l w om en  w ith  and  w ithout 

T2DIV1.
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3.4.5 Cardiovascular responses during cycle exercise at 80% VT

Mean cardiovascular responses (CO, Cl, SV, stroke volume index (SVI), and 

HR), a-v02 diff, TPR, and MAP at rest and during cycle exercise (30 s and 240 s) 

at 80% VT in women with and without T2DM are presented in Fig.s 3.5 and 3.6. 

Individual responses can be seen in Appendix 13.

For all group comparisons, both CO and a-vOa diff were not different between 

women with and without T2DM either at rest or during exercise, while in contrast, 

resting SVI was lower in women with T2DM than non-diabetic controls 

(P<0.0001).

In the groups o f postmenopausal women, resting HR (P<0.0001) and MAP 

(/’<0.01) were greater and MAP was greater during exercise at both 30 s (P<0.01) 

and 240 s (P<0.05) in women with T2DM than non-diabetic controls.

In the subgroups o f BMI matched postmenopausal women, HR at rest (P<0.01) 

and during exercise both at 30 s (P<0.01) and 240 s ( / ’<0.05) was greater while 

resting SV was lower ( / ’<0.01) in women with T2DM than non-diabetic controls.
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Fig. 3.5. Mean cardiovascular responses for women with and without T2D M . 
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3.4.6 Magnitude of increase in cardiovascular responses between rest and 

exercise

The magnitude of increase in CO, Cl, and a-v02 diff between rest and 30 s and 

between 30 s and 240 s were similar in the combined groups of pre and 

postmenopausal women with and without T2DM (Fig.s 3.5 and 3.6). Individual 

results can be seen in Appendix 13.

For all group comparisons, the magnitude of increase in CO, Cl, and a-v02 diff 

between rest and 30 s and between 30 s and 240 s was not different between 

women with and without T2DM.

In postmenopausal women, the magnitude of increase in both SV ( /’<0.01) and 

SVI (P<0.05) between rest and 30 s was greater in women with T2DM than non­

diabetic women while the magnitude of increase in HR between rest and 30 s was 

lower in women with T2DM than non-diabetic women (/*<0.01).

There were no differences in the magnitude o f increase in SV, SVI, or HR 

between the subgroups of BMI matched postmenopausal women with and without 

T2DM.

103



3.4.7 Rates of adaptation of cardiovascular responses from rest to steady 

state exercise

The rates of adaptation of CO, Cl, and a-v02 diff from rest to steady state exercise 

(% steady state) in women with and without T2DM are presented in Table 3.6. 

Individual results can be seen in Appendix 13.

There were no differences between the groups of postmenopausal women with 

and without T2DM, and the subgroup of BMI matched postmenopausal women 

with and without T2DM in % steady state CO, Cl, or a-v02 diff

Table 3.6. Rate of increase in CO, Cl, and a-v02 diff

% Steady 
state

T2DM  
(n = 20)

Non­
diabetic
( n = 2 1 )

T2DM  
(n = 12)

Non­
diabetic 
(n = 9)

Postmenopausal BMI matched 
postm enopausal

CO 66.1 ±43.2 59.4±13.7 74.U 50.0 60.8±13.9
C l 61.7±26.0 80.0± 106.0 64.9±24.6 92.0± 140.3
a-v02 d iff 52.4±27.5 58.9±18.4 52.4±27.5 58.9±13.4
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3.5 Discussion

The principal findings o f the present study are that for all group comparisons, 

maximal aerobic capacity was reduced in women with uncomplicated T2DM in 

comparison to non-diabetic women. Secondly, a slower rate o f adjustment of 

pulmonary VO2 (longer MRT) was also evident during moderate intensity 

constant load cycle exercise in women with T2DM. Thirdly, the simultaneous 

measurements o f CO during exercise onset (30 s) and steady-state moderate 

exercise (240 s) or the magnitude o f  increase in CO from 30 s to 240 s (closely 

associated with phase 2 o f the VO2 kinetic response) were not different between 

women with and without T2DM. These findings suggest that the impaired VO2 

kinetic responses observed in women with T2DM are not related to cardiac 

dysfunction.

Peak cycle performance

Previous investigations have reported reduced VO2 peak (ml.kg‘'.min'') in 

individuals with T2DM in comparison to age, weight, and activity matched non­

diabetics, the magnitude o f which is approximately 20% (Regensteiner et a l ,  

1995; Regensteiner et a l ,  1998; Brandenburg et a l ,  1999; Baldi et a l ,  2003). 

Consistent with previous findings, the results o f the present study indicate that for 

postmenopausal women (not matched by BMI), VO2 peak (ml.kg''.min'') is reduced 

(approximately 20%) in women with T2DM in comparison to non-diabetic 

women o f a similar age and activity level. While VO2 peak (ml.kg''.min'') was 

lower in BMI matched postmenopausal women with T2DM than non-diabetic 

controls, the difference in VO2 peak between women with and without T2DM was 

somewhat lower (approximately 12%) than that reported previously in age and 

BMI matched women (Regensteiner et a l ,  1995; Regensteiner et a l ,  1998; 

Brandenburg et a l ,  1999; Baldi et a l ,  2003).

Consistent with the findings o f a previous investigation (Mac Ananey et al,  

2011a), VO2 (ml.kg‘'.min'') at VT was lower in postmenopausal women with 

T2DM (not matched by BMI) than non-diabetic controls. It could be argued that 

the lower workload at VT in both the group o f postmenopausal women with 

T2DM in comparison to non-diabetic women could have contributed to the
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reduced VO2 at VT in these women. Despite a reduced workload at VT in BMI 

matched women with T2DM in comparison to non-diabetic women, VO2 (ml.kg' 

'.min'') at VT was comparable between both groups o f women. In agreement 

with our findings in relation to BMI matched postmenopausal women, 

Regensteiner et al ,  (1998) failed to find any differences in VO2 (ml.kg’’.min’') at 

VT in premenopausal women with T2DM and lean & overweight controls. In 

addition, in the present study, the VO2 at VT relative to %V02 peak was not 

different between any o f the groups o f women with and without T2DM 

(approximately 76% in T2DM and 73% in non-diabetics); and while these values 

might seem high in these population groups, they are similar to those reported in a 

number o f studies (approximately 67-78% in T2DM) (Regensteiner et a l ,  1998; 

Mac Ananey et al ,  2011a; Sales et al ,  2011) while employing the V-slope 

method and using similar increments as in the present study.

VO2 kinetics

In the present study, a slowing in the adjustment o f the VO2 response (longer 

MRT) was evident in women with T2DM during cycle exercise below VT and 

was associated with a significantly longer time constant o f phase 2 o f  the VO2 

response. This is indicative o f a diabetes-induced impairment in the efficiency o f  

the VO2 response to exercise and is associated with a faster onset o f  fatigue 

(Hughson & Tschakovsky, 1999). This finding has been previously observed 

during moderate intensity cycle exercise in premenopausal women, combined 

groups o f pre and postmenopausal women, and combined groups o f men and 

women with T2DM (Regensteiner et a l  1998; Brandenburg et al ,  1999; Bauer et 

al,  2007; Mac Ananey et al ,  201 la) but not in older men with T2DM (Wilkerson 

et a l ,  2011).

Successful modelling o f a physiological system allows for a more accurate 

prediction o f the integrated response o f the physiological system being studied in 

response to a particular stimuli (Lamarra. 1990). Intrinsic to this approach is 

identification o f the number o f distinct phases o f the response as well as the 

parameters that define each o f the phases (Tschakovsky et a l ,  2006). Therefore, 

to enhance the physiological response and to enable more accurate estimates o f
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the parameters defining each phase, a bi-exponential function was used to fit the 

VO2  data in the current study. This approach has been used elsewhere in both 

cycling and knee extension exercise (MacDonald et a l ,  1998; Bauer et a l ,  2007).

In agreement with the findings o f prior investigations (Regensteiner et al, 1998; 

Brandenburg et al ,  1999; Bauer et al,  2007; Mac Ananey et al ,  2011a) where 

slowed VO2 kinetic responses have been reported in premenopausal women, 

combined groups o f pre and postmenopausal women, and combined groups o f  

men and women with T2DM, both the time constant o f  the second phase (1 2 ) and 

MRT were slowed in women with T2DM in the current investigation. However, 

one former investigation failed to find any differences in VO2 kinetic responses 

between older men with and without T2DM (Wilkerson et al,  2011). It is worth 

noting that in the former investigation (Wilkerson et a l ,  2011), the rate o f  

adaptation in the VO2 kinetic response in non-diabetic men was somewhat slower 

(41 s) than that o f younger non-diabetic individuals in prior investigations 

(approximately 28-34 s) (Regensteiner et a l  1998; Bauer et al ,  2007; Mac 

Ananey et al .  201 la); which could be indicative o f  an age-related slowing in the 

VO2 kinetic response in non-diabetic men in the study by Wilkerson et al,  (2011).

However, previous investigations have used groups o f  participants including a 

combination o f male and female subjects (Bauer et a l ,  2007), premenopausal 

women only (Regensteiner et al ,  1998; Brandenburg et al ,  1999) or a 

combination o f pre and postmenopausal women (Mac Ananey et al ,  201 la). The 

present study is the first to report a slowed rate o f  adaptation o f the VO2 kinetic 

response at exercise onset in a group comprising only o f  postmenopausal women 

with T2DM.

It has been well documented that oestrogen exerts protective effects on vascular 

function in premenopausal women in comparison to postmenopausal women and 

older men (Celermajer et a l ,  1994; Sorensen et a l ,  1995; Perregaux et a l ,  1999). 

However, the beneficial effects that oestrogen exerts on vascular function are 

diminished if  not abolished in the presence o f T2DM, as impaired endothelium- 

dependent vasodilation has been reported in premenopausal women with T2DM 

(Steinberg et a l ,  2000), a finding that is consistent with the impaired VO2 kinetic
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responses in premenopausal women (Regensteiner et a i ,  1998; Brandenburg et 

a l ,  1999). However, as we also observed impaired VO2 kinetic responses in 

groups o f  postmenopausal and BMI matched postmenopausal women with T2DM  

compared with non-diabetic controls, this indicates a diabetes-associated defect in 

rate o f  adjustment in the VO2 kinetic response in wom en in which the protective 

effects o f  oestrogen are not present.

As the second phase is reflective o f  oxygen consumption by the exercising  

muscle, the results indicate that diabetes contributes to an impaired m uscle VO2 

response during the initial stages o f  exercise. The impaired sub-maximal exercise 

performance observed in women with T2DM  in the current study is clinically 

relevant as it suggests individuals with T2DM  will encounter difficulties carrying 

out routine activities and may explain why wom en with T2DM perceive exercise 

to be harder than non-diabetic women (Huebschmann et a l ,  2009). Furthermore, 

this exercise intolerance apparent in individuals with T2DM may discourage them 

from becoming involved in regular exercise even at low and moderate intensities.

Mechanisms underpinning the s lowed VO2 kinetics

In healthy individuals, the control o f  VO2 is dependent on both oxygen delivery 

(which is in turn dependent on CO and blood flow) and the capacity to extract and 

utilise oxygen at the level o f  the contracting myocyte. As diastolic dysfunction 

(measured at rest) is common in T2DM (Poirier et a l ,  2001; Baldi et a l ,  2006) 

and has previously been linked with impaired exercise performance in individuals 

with T2DM  (Poirier et a l , 2000; Ha et a l , 2008), it is not unreasonable to suggest 

that central abnormalities may underline the impaired oxygen uptake responses in 

T2DM individuals during exercise observed elsewhere (Regensteiner et a l ,  1998; 

Brandenburg et a l ,  1999; Bauer et a l ,  2007; Mac Ananey et a l ,  201 la).

In an effort to address i f  the impaired o f  the slowed VO2 kinetic responses in 

individuals with T2DM are related to the impaired pumping capacity o f  the heart, 

CO was measured at rest and during exercise (30 s and 240 s). The 30-s 

measurement was designed to correspond with the onset o f  phase 2 while the 240- 

s measurement corresponded to steady state. CO responses were not different
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either at rest or during exercise between women with and without T2DM for all 

group comparisons. Our results are in agreement with those o f previous 

investigations, where similarities have been reported in CO responses during 

exercise (30 and 240 s) at low and moderate intensities (Mac Ananey et al ,  

2011 a) and during steady state sub-maximal exercise (Baldi et a l ,  2003) between 

individuals with T2DM and non-diabetic controls.

Furthermore, both the magnitude o f increase in CO (ACO 30 s to 240 s) and the 

rate o f increase in CO during the initial period o f exercise (t=30 s) in relation to 

the steady state levels o f exercise (t=240 s) were comparable in women with and 

without T2DM. In fact, others have reported a greater change in CO from 30 s to 

240 s in women with T2DM in comparison to lean and overweight non-diabetics 

at 80% VT (Mac Ananey et al ,  2011a). As this period (from 30 to 240 s) is 

closely aligned to phase 2 o f  the VO2 kinetic response, it appears that the slowed 

VO2 kinetic responses observed in women with T2DM in the current study are not 

due to a slowed rate o f increase in CO.

In contrast, others have reported that cardiac reserve, which is a measure o f the 

capacity to maximally increase CO during exercise is reduced in individuals with 

T2DM (Joshi et a l ,  2010). In addition, pulmonary capillary wedge pressure 

(PCWP) was greater in individuals with T2DM during peak exercise despite the 

absence o f cardiac abnormalities at rest and similar peak CO responses 

(Regensteiner et a l ,  2009). As such, these results by Regensteiner et al ,  (2009) 

may indicate the presence o f subclinical cardiac dysfunction in the former study, 

which may precede the cardiac abnormalities observed at rest and during exercise 

in longer established T2DM.

Chronic hyperglycaemia affects myocardial structure through various mechanisms 

that leads to altered gene expression and protein function and ultimately results in 

abnormal blood flow, contractility, and cardiomyopathy (Sheetz & King, 2002). 

Previous research indicates that left LVDD limits exercise performance in 

normotensive subjects with T2DM that could indicate a reduction in preload due 

to reduced left ventricular compliance (Poirier et a l ,  2000). Others have
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suggested that a reduced blood volume and higher heart rate may affect the lower 

end-diastolic volume (EDV) and SV in men with T2DM (Lalande el a l ,  2010). 

In the present study, in the groups o f  BM l matched postmenopausal wom en, 

resting SV was lower in wom en with T2DM  than non-diabetic controls. 

Furthermore, resting SVI was lower in both groups with T2DM and due to the 

compensatory increase in resting heart rate. Cl responses between diabetics and 

non-diabetics were similar in both the groups o f  postmenopausal women and BMI 

matched postmenopausal women. The lower resting SVI could be an indication 

o f  a reduced EDV and as many individuals with T2DM have diastolic dysfunction 

and pseudo normal filling patterns (Baldi et al . , 2006), it is therefore possible that 

some element o f  myocardial dysfunction exists among the wom en with T2DM  in 

the current study.

Alternatively, properties within skeletal muscle may affect VO2 at sub-maximal 

exercise intensities. Studies have shown that individuals with T2DM  have a 

higher type Ilb to type I fibre ratio and a reduced oxidative enzyme activity 

(Saltin et al., 1979; Simoneau & Kelley, 1997), reduced capillary density (Larsen 

et al., 2009), and lower mitochondrial content (Kelley et al., 2002). A  decrease in 

the oxidative capacity o f  skeletal muscle in T2DM could lead to a reduction in 

oxygen extraction from the capillary to the myocyte and therefore lead to 

reductions in the amount o f  oxygen consumed by contracting m uscles during 

exercise. This is consistent with the finding o f  a reduced a-v02 d iff in individuals 

with T2DM  during peak exercise but not sub-maximal exercise (Baldi et al., 

2003). However, a limitation exists with the former study as peak a-v02 d iff was 

estimated rather than measured by the Pick equation using VO2 and CO where 

sub-maximal SV and peak HR were used to determine CO (Baldi et a l ,  2003). 

Furthermore, as only two individuals achieved their age-predicted maximum heart 

rate (Baldi et a l ,  2003) it is possible that the CO responses at peak exercise could 

be underestimated, which would result in inaccurate estimations o f  a-v0 2  diff.

In the current investigation, oxygen extraction during exercise was not different 

between wom en with and without T2DM . In addition, the magnitude o f  change in 

a-v02 d iff between rest to 30 s and from 30 s to 240 s was comparable between all
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groups with and without T2DM. Our findings are supported by those of Mac 

Ananey et al, (2011a) who reported similarities in a-v02 diff between women 

with T2DM and non-diabetic lean and overweight controls during exercise (30 s 

and 240 s) above or below VT. The transient overshoot in muscle deoxygenation 

responses (reflecting tissue oxygen extraction) observed elsewhere in most 

subjects with T2DM above that required during steady state exercise (Bauer et al,  

2007), indicates a greater reliance on oxygen extraction during the initial 90-100 s 

of moderate intensity exercise. It would therefore appear that oxygen extraction is 

not a limiting step during the initial period of exercise and that the ‘overshoot’ 

observed in the former study (Bauer et al,  2007) may be a compensatory 

mechanism to cope with the slowed rate of increase in blood flow at exercise 

onset. In the former study by Bauer et al, (2007), microvascular blood flow 

kinetic responses (estimated using near-infrared spectroscopy) were slowed in 

individuals with T2DM, which suggests that impaired oxygen delivery may be in 

part responsible for the exercise intolerance in diabetic populations. This notion 

is consistent with the finding of the greater decline in microvascular P02  across the 

rest-exercise transition in diabetic rats (Behnke et al,  2002). Furthermore, recent 

evidence indicates that vascular conductance kinetic responses during calf 

exercise are impaired in women with T2DM (Mac Ananey et al, 201 la).

In support of a diabetes-associated limitation in oxygen delivery, we found a 

slowed rate o f increase in heart rate kinetic responses in women with T2DM. 

However, the mechanisms responsible for the increase in heart rate during 

exercise (increased sympathetic input, reduced parasympathetic input, and 

increased hormonal influence - epinephrine) are different to those that regulate 

blood flow (mechanical compression of resistance vessels, interaction of neural 

vasoconstrictor activity, and vasodilation), so caution needs to be applied when 

interpreting these results. Slowed heart rate kinetic responses have previously 

been reported in premenopausal women with T2DM (Regensteiner et al,  1998) 

but not combined groups of pre and postmenopausal women with T2DM (Mac 

Ananey et al, 201 la). The disparities between the current study and that of Mac 

Ananey et al, (201 la) might be explained by the fact that most individuals with 

T2DM in the current study were taking anti-hypertensive medication whereas all 

participants in the study by Mac Ananey et al, (2011a) were normotensive.
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W hile none o f  the wom en in the study by Regensteiner et a l ,  (1998) were taking 

anti-hypertensive medication, the HbAjc levels suggests a more advanced form o f  

T2DM and might explain the slowed rate o f  increase in heart rate responses in 

these women. Further evidence for impairment in oxygen delivery to the 

musculature in the present study comes from the presence o f  a diabetes effect on 

MAP as MAP responses were greater in postmenopausal wom en with T2DM (not 

matched by BMI) both at rest and during exercise at 30 and 240 s.

Limitations

Due to the limited temporal resolution o f  the inert gas rebreathing technique, we 

were unable to continuously measure CO responses during exercise. Continuous 

measurement o f  CO during the initial period o f  exercise could provide valuable 

insight as to the possible mechanisms associated with the slowed VO2 kinetic 

responses observed in wom en with T2DM.

While some wom en with T2DM were taking p-blockers (n=3), the overall number 

is small and as such is unlikely to have affected the results. Furthermore, VO2 

kinetic responses were slowed in the subgroup o f  BMI matched postmenopausal 

wom en with T2DM , yet this analysis did not include women who were taking (3- 

blockers. A s the cut-off points for both systolic and diastolic blood pressure in 

the initial screening were greater for women with T2DM than non-diabetics, this 

is likely to explain the greater MAP responses in postmenopausal wom en with 

T2DM  (not matched by BMI) both at rest and during exercise. W hile the cut-off 

point for serum creatinine in the initial screening at baseline were greater for 

wom en with T2DM  than non-diabetics, all individuals with T2DM  were screened 

m edically and absent o f  any manifestation o f  nephropathy. The cut-off point in 

relation to serum creatinine screening represent the outside limits and is not 

reflective o f  the serum creatinine concentrations o f  individuals with T2DM  in the 

current investigation. The majority o f  wom en with T2DM  were receiving lipid- 

lowering therapy in contrast to one non-diabetic woman, which is likely to have 

contributed lower total cholesterol levels in women with T2DM.
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Conclusions

In the absence o f any cardiac abnormaUties and similarities in oxygen extraction, 

it is probable that the slowed rate o f adaptation o f VO2 during the initial period o f 

exercise is associated with a maldistribution and/or slowed rate o f adaptation in 

blood flow. To further explore this concept, LVC kinetic responses were studied 

during low and high intensity plantar flexion exercise. This will be discussed in 

the next section.
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Chapter 4: Effect of T2DM on the dynamic response characteristics of LVC 

in postmenopausal women during acute exercise 

4.1 Aims

(a) To investigate if  LVC kinetic responses are slowed in postmenopausal 

women with T2DM matched in age but not BMI

(b) To investigate if  the findings observed in postmenopausal women persist 

in BMI and age matched women with T2DM

(c) To investigate both the vasodilatory and hyperaemic responses during 

incremental supine plantar flexion exercise in all group comparisons; and

(d) To investigate if  forearm reactive hyperaemic responses are impaired in 

women with T2DM

4.2 Experimental protocol overview

Subjects were required to visit the Cardiovascular Laboratory in the Department 

of Physiology, Trinity College Dublin on one occasion. Following a 

familiarisation period with the calf ergometer, subjects completed 5 M V C’s o f the 

calf muscle. In addition, a subgroup o f 12 subjects (T2DM n=7; non-diabetic n=5) 

completed a further 2 bouts plantar flexion exercise at 70% MVC. This was 

followed by 3 bouts o f plantar flexion exercise at 30% MVC. Subjects then 

completed an incremental plantar flexion exercise test to failure. Following the 

incremental test, reactive hyperaemia o f the forearm was performed to assess 

endothelial function.

4.3 Subjects

A total o f forty-four postmenopausal women were recruited to participate in the 

study: 22 with T2DM and 22 healthy controls. All women were classified as 

sedentary (< I h .w k'' o f moderate intensity exercise for at least 6 months prior to 

enrolment), which was confirmed by physical activity scores using the Low Level 

Physical Activity Recall (LOPAR; Appendix 1) questionnaire (Regensteiner et 

a i ,  1998; Brandenburg et a l ,  1999).
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4.3.1 Medications

O f the 22 women with T2DM, 5 were undergoing dietary intervention and 17 

were receiving oral hypoglycaemic agents (metformin n=13; metformin & 

gliclazide n=3; gliclazide n= l). In addition, 11 diabetic women were on anti­

hypertensive medication (lisinopril n=2; ramipril n= l; candesartan cilexetil n = l; 

perindopril arginine n=2; telmisartan n = l; angiotensin II antagonists (losartan 

n= l); ACE inhibitors (ramapril n= l); calcium channel blocker (amlodipine n= l); 

perindopril arginine & amlodipine n= l). A further 3 women with T2DM were 

taking (3-blockers (metoprolol tartrate n = l; sotalol n= l; bisoprolol fumarate n= l). 

None o f the non-diabetic women were receiving anti-hypertensive medication. A 

further 12 diabetic women and 1 non-diabetic woman were receiving lipid- 

lowering therapy (T2DM: rosuvastatin n=3; atorvastatin n="7; simvastatin n = l; 

pravastatin n=l and non-diabetic: atorvastatin n= l). A total o f three women were 

undergoing hormone replacement therapy (T2DM: n= l, estradiol; non-diabetic: 

n=2, raloxifene).
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4.4 Results

As for the previous experimental chapter, the results for women with and without 

T2DM are presented in two sections: initially including subgroups of 

postmenopausal women, and then including subgroups o f BMI matched 

postmenopausal women.

4.4.1 Subjects

4.4.1.1 Physical characteristics

Physical characteristics and physical activity levels in women with and without 

T2DM are presented in Table 4.1. Individual results can be seen in Appendix 14. 

There were no differences between groups o f postmenopausal women with and 

without T2DM with respect to age, height, ABI, or physical activity levels. BMI 

(P<0.0001), body mass (/’<0.0001), and WHR ( / ’<0.05) were greater in women 

with T2DM than non-diabetics.

For BMI matched postmenopausal women, there were no differences between 

women with and without T2DM with respect to physical characteristics or 

physical activity levels.

Table 4.1. Physical characteristics and activity levels

T2DM  
(n = 22)

Non-diabetic 
(n = 22)

T2DM
( n = I 2 )

Non-diabetic 
(n = 10)

Postmenopausal BMI matched postmenopausal

Age (yr) 57.1±4.2 56.1±5.4 57.2±4.8 56.2±3.4

BMI (kg.m 34.6±5.5*** 26.4±3.9 30.8±2.9 30.2±2.3

Weight (kg) 86.8±13.8*** 67.3±11.2 78.6±9.5 77.3±8.2

Height (m) 1.58±0.05 1.59±0.06 1.60±0.05 1.60±0.03

WHR 0.96±0.05* 0.90±0.08 0.94±0.05 0 .9U 0 .07

ABI 1.08±0.10 1.09±0.10 1.04±0.1 1.10±0.09

LOPAR (M ET h.wk ') 104±46 111±48 94±43 119±58

Significantly different from non-diabetic * f’<0.05, ***P<0.0001.
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4.4.1.2 Haematology

Glycosylated haemoglobin (HbAic), fasting plasma glucose (FPG), total 

cholesterol (TCL), high-density lipoprotein cholesterol (HDL), low-density 

lipoprotein cholesterol (LDL), and triglycerides in women with and without 

T2DM are presented in Table 4.2. Individual results can be seen in Appendix 15.

In the combined groups of postmenopausal women, both HbAic (expressed as a 

percentage and in mmol.mol'') and FPG were greater in women with T2DM than 

non-diabetic women (/*<0.0001). In the subgroups of BMI matched 

postmenopausal women, both HbAic (expressed as a percentage and in 

mmol.mol'') (P<0.01) and FPG were greater in women with T2DM than their 

non-diabetic counterparts (/*<0.0001).

In postmenopausal women, TCL ( /’<0.0001), HDL (/’<0.0001), and LDL 

(/*<0.05) were lower and triglycerides (/*<0.0001) were greater in women with 

T2DM than non-diabetic women. In BMI matched postmenopausal women, TCL 

( /’<0.01), HDL and LDL {P<0.Q5) were lower in women with T2DM than non­

diabetic women.

Table 4.2. Haematology

T2DM Non-diabetic T2DM Non-diabetic

Postmenopausal BIVII matched  
postmenopausal

H bAic (% ) 6 7±i 0*** 5.5±0.2 6.7±0.7** 5.5±0.1
H bAic (mmol.mor') 50.2±10.9*** 36.4±2.3 49.4±7.8** 36.7±1,7
FPG (m m o l.L ') 8.3±2.5*** 4.6±0.6 8.6±2.3*** 4.7±0.5
TCL (m m o l .L ') 4.5±0.8*** 5.8±1.4 4.7±0.8** 6.1±1.1
HDL (m m o l.L ') 1.3±0.3*** 1,9±0.4 1.4±0.2* 2.1±0.4
LDL (mmol.L ') 2.9±0.7* 3.7±1.2 3.0±0.7* 4.0±1.0
Triglycerides (mmol.L ') 1.6±0.6*** 1,0±0.4 1.6±0.6 1,0±0.4

Significantly different from non-diabetic */’<0.05, **/’<0.01, ***f’<0.0001.
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4.4.2 Maximum voluntary contraction (MVC)

Calf MVC results in women with and without T2DM can be seen in Fig. 4.1 and 

individual results can be seen in Appendix 16. There were no differences in MVC 

between groups o f postmenopausal women with and without T2DM, or the 

subgroups o f BMI matched postmenopausal women with and without T2DM.

C alf  MVC

1200

1000  -

800 -

ou.
400 -

200

T2DM N on-dlabetic 

Postmenopausal women
T2DM N on-diab«tic 

BMI matched postm enopausal women

Fig. 4.1. Calf MVC responses

4.4.3 Incremental plantar flexion exercise

4.4.3.1 Resting ca lf LBF and LVC prior to incremental plantar flexion exercise 

Resting LBF, LVC, and leg volumes in women with and without T2DM can be 

seen in Table 4.3 and individual results can be seen in Appendix 17.

Similarities were observed between the subgroup of postmenopausal women with 

and without T2DM for resting LVC and resting LBF. Both resting LBF and 

resting LVC were lower in the subgroup of BMI matched postmenopausal women 

with T2DM in comparison to their non-diabetic counterparts (P<0.05). Leg 

volume was greater in both the group of postmenopausal women with T2DM than 

non-diabetic women (/*<0.05), while in contrast, leg volume was not different 

between the subgroup o f BMI matched postmenopausal women with and without 

T2DM.
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Table 4 .3 . Resting LBF, LVC, and leg volum es

T2DIM 
(n =  22)

Non-diabetic 
(n = 22)

T2DM
(n = 1 2 )

Non-diabetic  
(n = 10)

Postmenopausal BMI matched postmenopausal
Resting LBF  
(m l.m in')

53.6±26.9 53.3±20.3 40.9±9.7* 62.0±24.4

Resting LVC 
(m l.m in ' .m m H g ')

0.54±0.25 0.56±0.27 0.40±0.08* 0.62±0.29

Leg volume (ml) 2789±507* 2418±441 2520±330 2625±372

Significantly different fi'om non-diabetic *f*<0.05.

4. 4. 3.2 Peak calfperformance during incremental plantar flexion exercise 

Peak calf performance during incremental plantar flexion exercise in women with 

and without T2DM can be seen in Fig. 4.2. Individual results can be seen in 

Appendix 16.

There were no differences in peak force or time to failure (TTF) between the 

group o f postmenopausal women or the subgroup o f BMI matched 

postmenopausal women with and without T2DM. In contrast, peak force/MVC 

was lower in the group o f postmenopausal women and the subgroup o f BMI 

matched postmenopausal women with T2DM than non-diabetic women (P<0.05).
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4.4.3.3 LVC and LBF during incremental plantar flexion exercise 

LBF and LVC responses during incremental plantar flexion exercise in women 

with and without T2DM can be seen in Fig. 4.3. Individual results can be seen in 

Appendix 17.

Peak LVC and LBF responses were not different between the groups of 

postmenopausal women with and without T2DM or between the subgroups of 

BMI matched postmenopausal women with and without T2DM.
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Fig. 4 .3 . LVC and LBF responses during incremental plantar flexion exercise.
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4 . 4 . 3.4  Hyperaemic and vasodilatory responses during incremental plantar 

flexion exercise

The hyperaemic (slope o f LBF (m l.m in'') vs. % o f maximum force and slope o f 

LBF (m l.m in'') vs. force (N)) and vasodilatory (slope o f LVC (ml.min‘'.mmHg"') 

vs. % o f maximum force and slope o f LVC (m l.m in ''.m m H g'') vs. force (N)) 

responses during incremental plantar flexion exercise in women with and without 

T2DM are shown in Table 3.4. Results for each individual can be seen in 

Appendix 17.

There were no differences in the hyperaemic (slope o f LBF (m l.m in'') vs. % o f 

maximum force) or vasodilatory responses (slope o f LVC (m l.m in ''.m m H g'') vs. 

% o f maximum force) between postmenopausal women with and without T2DM 

or between BMI matched postmenopausal women with and without T2DM.

Table 4.4. LVC and LBF slopes expressed as a percentage o f  the maximum force (% max) and

absolute force (N)

T2DM  
(n =  22)

Non-diabetic 
(n = 22)

T2DM  
(n =12)

Non-diabetic 
(n = 10)

Postm enopausal BMI matched postm enopausal
Slope LBF (ml.min *)
vs.
% max force

376±201 517±306 336±158 570±332

Slope LVC (mLmin 
'.m m H g ') vs. % max 
force

3.46±1.9 5 .1 1±3.2 3.19±1.5 5.0±3.4

Slope LBF (mLmin ') 
vs. force (N)

0.96±0.38 1.43±1.15 0.86±0.23 1.27±0.54

Slope LVC
(ml.m in '.m m Hg ') vs. 
force (N)

0.008±0.003 0.013±0.008 0.008±0.003 0.012±0.009
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4.4.4 LVC kinetics responses during plantar flexion exercise at 30% MVC 

and 70% MVC

4.4.4.1 LVC kinetics responses during plantar flexion exercise at 30% MVC 

Mean LVC kinetic responses during plantar flexion exercise at 30% MVC can be 

seen in Table 4.5. Representative LVC kinetic responses from women with and 

without T2DM as well as the predicted responses from the tri-exponential curve 

fits are depicted in Fig. 4.4. Individual results can be seen in Appendix 18.

There were no differences in the time constant of the second growth phase (1 3 ), or 

overall End A between the group of postmenopausal women with and without 

T2DM or the subgroup of BMI matched postmenopausal women with and without 

T2DM.

In the group of postmenopausal women, the time constant of the first growth 

phase (xi) was faster (P<0.05) and the time delay of the decay phase (TD2 ) 

occurred earlier (P<0.05) in women with T2DM than non-diabetic controls. In 

BMI matched postmenopausal women, both TDi (P<0.05) and TD2 (P<0.0001) 

occurred earlier in women with T2DM than non-diabetic women.

Table 4.5. Mean LVC kinetic responses during plantar flexion exercise at 30%  MVC

T2DM 
(n = 22)

Non-diabetic 
(n = 22)

T2DIVI 
(n =12)

Non-diabetic 
(n =  10)

Postmenopausal BMI matched  
postmenopausal

Aq (ml.min '.mmHg ') 0.58±0.23 0.63±0.42 0.47±0.14 0.76±0.58

Ai (ml.min '.mmHg ') 2.31±1.20 1.7U1.21 2.19±1,19 1.52±1.31

TD, (s) l . l i l .O 1.5±0.8 1.0±0.9* 1.9±0.9

t i  (s) 3.3±2.3* 5.1±3.3 3.3±2.4 4.7±3.7

A2 (ml.min '.mmHg ') 0.84±0.81 0.54±0.70 0.7I±0.35 0.40±0,48

TD: (s) 7.7±4.6* 12.6±9.6 7.8±5.4*** 18.0±6.9

(S) 8.1±7.1 8.4±8.9 6.3±2.3 9.9±12.7

A3 (ml.min '.mmHg ') 1.06±0.78 0.88±0.69 0.89±0.56 0.71 ±0.47

TDj (s) 20.2±6.0 23.3±10.3 20.4±6.1 27.0±10.2

(S) I4.8±8.9 13.9±7.9 13.1±6.8 14.8±I0.4

End A (ml.min '.mmHg ') 3.97±1.80 3.21±1.70 3.48±1.59 3 .00± l.70

Significantly different from non-diabetic *P<0.05, ***f’<0.0001.
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4.4.4.2 Heart rate and MAP responses during plantar flexion exercise at 30% 

MVC

Heart rate and MAP responses at rest and during plantar flexion exercise at 30% 

MVC in women with and without T2DM are presented in Fig. 4.5. Individual 

results can be seen in Appendix 19.

In the groups of postmenopausal women, heart rate responses were greater in 

women with T2DM than non-diabetic women both at rest ( / ’<0.01) and during 

exercise at 30 s, 180 s, and 360 s (P<0.01). Resting MAP was greater in women 

with T2DM than non-diabetic women (/’<0.05). In contrast, during exercise, 

MAP was not different between postmenopausal women with and without T2DM.

In the subgroup of BMI matched postmenopausal women, heart rate was greater 

in women with T2DM than non-diabetics both at rest and during exercise at 30 s, 

180 s, and 360 s (/*<0.0I). MAP was similar in BMI matched postmenopausal 

women with and without T2DM both at rest and during exercise.
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4.4.4.3 LVC kinetics responses during plantar flexion exercise at 70% MVC 

Mean LVC kinetic responses during plantar flexion exercise at 70% MVC can be 

seen in Table 4.6. Representative LVC kinetic responses from women with and 

without T2DM as well as the predicted responses from the bi-exponential curve 

fits are depicted in Fig. 4.6. Individual results can be seen in Appendix 20.

The results for the groups of postmenopausal and subgroups of BMI-malched 

postmenopausal women are identical so only one set of results are shown. In the 

subgroup of BMI matched postmenopausal women, xi was slowed in women with 

T2DM in comparison to non-diabetic controls (P<0.05).

Table 4.6. Mean LVC kinetic responses during plantar flexion exercise at 70% MVC

T 2D M  
(n =  7)

N on-diabetic  
(n =  5)

BM I m atched postm enopausal

Ao (m l.m in  ' .m m H g ') 0 .60±0.23 0.49±0.20

A | (m l.m in  ' .m m H g  ') 2 .57±0.98 2.90±2.56

T D , ( s ) 0.9±0.7 0.6±0.8

"Cl (s) 4 . l ± l . 8 3 . l ± l . 4

A 2 (m l.m in  ' . m m H g ') 2 .44±0.93 1.93±1.34

T D ,  (s) I7 .4±4.6 I4.4±4.2

'C2 (s) 38 .0±17.8* I7.6±9.1

E nd A (m l.m in  ' .m m H g  ') 5 .61±1.77 5.33±2.57

M R T  (s) 30 .5± I2 .7 I7 .9±I0 .8

Significantly different from non-diabetic * /’<0.05.
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4.4.4.4 Heart rate and MAP responses during plantar flexion exercise at 70% 

MVC

HR and MAP responses during plantar flexion at 70% in women with and without 

T2DM are presented in Fig. 4.7. Individual results can be seen in Appendix 21.

For all group comparisons, there were no differences in HR or MAP responses 

both at rest and during exercise between women with and without T2DM.
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4.4.5 Forearm vascular conductance (FVC) kinetic responses during reactive 

hyperaemia of the forearm

FVC kinetic responses during reactive hyperaemia of the forearm are presented in 

Table 4.7. Representative FVC kinetic responses from women with and without 

T2DM as well as the predicted responses from the mono-exponential curve fits 

are depicted in Fig. 4.9. Individual results can be seen in Appendix 22.

FVC kinetic responses were similar between the groups of postmenopausal 

women with and without T2DM and between the subgroups of BMl matched 

postmenopausal women with and without T2DM.

Table 4.7. Mean FVC kinetic responses during reactive hyperaemia of  the forearm

T2DM  
(n = 19)

Non­
diabetic  
(n = 19)

T2DM 
(n = l l )

N on­
diabetic
( n = 8 )

P ostm enopausa l
BMI m atched  

postm enopausa l
Resting FVC
( m l . l0 0 m r ’.m in ' ' .m m H g ’'.10 ' ')

2.0±1.1 2 .2± i.9 1.8±0.6 1.5±0.6

a
( m l . l0 0 m r ' .m in ' ' .m m H g ' ' . 1 0 ’)

1.9±0.9 l .8 ± l . l 1.7±0.5 2.2±1.0

A
(m l . l0 0 m r ' .m i i r ' . i i i in H g ' ' .1 0 ' ' )

16 .H4.9 22.0±8.9 17.6±4.9 22.2±7.1

c 0.05±0.03 0.05±0.04 0.05±0.02 0.07±0.05

Pred ic ted  peak  FVC (a + A) 
( m l . l0 0 m r ' .m in ‘' .tnm Hg''.10" ')

17.9±4.8 2i.8±8 .9 19.l±4,6 24.4±7.6

AUC
(a r b i t r a r y  units)

1007±367 1059±519 917±187 I080±346

P eak  FVC
( m l . l0 0 rn r ' .m in ' .n in iH g ' ' .1 0 ' ' )

I7.8±5.2 22.2±9.5 I9.2±4.9 25.0±8.5
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4.5 Discussion

The principle findings of this experiment are firstly that the dynamic response of 

LVC is slowed in women with T2DM during high intensity but not low intensity 

plantar flexion exercise in comparison to non-diabetic women. Secondly, reactive 

hyperaemia vasodilatory responses are not different between women with and 

without T2DM indicating that endothelial function is preserved in the forearm of 

women with T2DM. Thirdly, both the vasodilatory and hyperaemic responses 

(expressed in relation to maximum force and expressed in relation to % of 

maximum force) during incremental plantar flexion exercise are similar in women 

with and without T2DM. For all group comparisons, MVC, peak force, and TTF 

were not different while in contrast peak force/MVC was lower in women with 

T2DM than non-diabetic women.

Historically the hyperaemic response was thought to consist of two growth phases 

during moderate intensity exercise (Shoemaker et a i ,  1997; MacDonald et a i,  

1998; Radegran & Saltin, 1998) and possibly a third growth phase during high 

intensity exercise (Saunders et a i ,  2005). However, following the initial 

exponential increase in blood flow during phase 1, a fast decay phase has been 

observed during low intensity knee extension exercise in supine (MacDonald et 

al., 1998) and upright positions (Shoemaker et a l ,  1996) indicating that the 

structure that characterises the hyperaemic response is not always defined by 

‘growth-only’ phases.

Recent evidence indicates that ‘growth and decay’ models might best describe the 

structure of the hyperaemic response during rest-exercise transitions across a wide 

range of exercise intensities during calf plantar flexion exercise. Qualitative 

analysis of the hyperaemic response measured using VOP revealed that a rapid 

and fast decay was superimposed on the basic growth structure in the majority of 

cases (Reeder & Green, unpublished observations). In the current investigation, a 

triphasic response (two growth phases and one decay phase) was prevalent in 32 

of 44 subjects while the remaining 12 subjects demonstrated a biphasic response 

(2 growth phases) during exercise at 30% MVC. Therefore, to enhance the 

physiological response and to enable more accurate estimates o f the parameters 

defining each phase, a triphasic ‘growth and decay’ model was used to fit the data
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at 30% MVC. A biphasic ‘growth only’ model was used to fit the data at 70% 

MVC as a biphasic response was prevalent in 10 o f 12 subjects.

First growth phase

The rapid increase in blood flow in the first 5-7 s of exercise which is closely 

linked to the pattern of muscle activation has led to the suggestion that the 

increase in blood flow during phase 1 is influenced principally by the mechanical 

action of the muscle pump (Gotshall et a l,  1996; Sheriff & Hakeman, 2001). 

More recent evidence provides unequivocal support for rapid vasodilation 

following the release of muscle contraction in humans during handgrip exercise in 

both in rest-exercise transitions and exercise-exercise transitions (Saunders & 

Tschakovsky, 2004). Irrespective o f the mechanistic basis responsible for the 

increase in blood flow in phase 1, it appears that the LVC kinetic response during 

phase 1 remains intact in women with T2DM during low and high intensity 

exercise as the rate of adaptation of the time constant of phase 1 was similar in 

women with and without T2DM during exercise at 70% MVC and similar among 

the BMI matched postmenopausal women with and without T2DM during 

exercise at 30% MVC, a finding that has been observed elsewhere across different 

exercise modalities and intensities (Bauer et al., 2007; Mac Ananey et a l,  201 lb). 

In fact T] was faster (and not slower) in the group of postmenopausal women with 

T2DM than non-diabetic controls during exercise at 30% MVC.

Second growth phase

Recent evidence obtained during plantar flexion exercise indicates that EMG 

activity of the triceps surae complex does not increase during phase 2, which 

suggests that the mechanistic basis underpinning this phase is not directly linked 

to muscle activation (Reeder & Green, unpublished observations). It has been 

suggested that phase 2 is a flow-mediated, endothelium-dependent phase that is 

possibly linked to the decline in myocyte P02  (Gorczynski & Duling, 1978) and 

the production of vasoactive metabolites such as adenosine (Marshall, 2007), NO 

and prostaglandins (Mortensen et al., 2009), although lack o f data on the time 

course of the release o f these substances into the interstitial fluid limits the
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understanding on the role they play in relation to regulating the hyperaemic 

response during this phase.

In the current investigation, we failed to find any differences in LVC kinetic 

responses between women with and without T2DM during low intensity plantar 

flexion exercise. The time constant o f the second growth phase indicated that the 

adjustment in the vasodilatory responses in both groups was similar. It is possible 

that the magnitude o f the exercise intensity (30% MVC) was insufficient to 

emphasise any differences in vasodilatory responses between women with and 

without T2DM. In contrast, we found that the dynamic response o f  LVC was 

slowed in women with T2DM during high intensity plantar flexion exercise in 

comparison to non-diabetic women. The slowing o f the hyperaemic response 

during plantar flexion exercise at 70% MVC in women with T2DM was 

characterised by a slowed rate o f increase o f the hyperaemic response during 

phase 2 (longer time constant) and is consistent with a diabetes-associated 

impairment in the efficiency o f the endothelial-dependent vasodilatory response to 

high intensity exercise.

The finding o f a slowed hyperaemic response during high intensity plantar flexion 

exercise confirms earlier research where mircovascular blood flow kinetics, 

estimated from VO2 and deoxygenated haemoglobin responses, were slowed at the 

onset o f moderate intensity cycle exercise (Bauer et a l ,  2007). To date, only one 

former study has investigated the dynamic response characteristics o f  LVC during 

upright plantar flexion exercise, the findings o f  which indicated that LVC kinetic 

responses are slowed in women with T2DM during high intensity exercise (Mac 

Ananey et al ,  2011b). However, in the study by Mac Ananey et al ,  (2011b), 

subjects were tilted from the supine to upright posture immediately prior to the 

onset o f the exercise, and as such, differences in the cardiovascular reflexes 

involved in tilting the body to upright posture between T2DM and non-diabetics 

might have affected the LVC kinetic responses. However, the current 

investigation is first to determine LVC kinetic responses in postmenopausal 

women during low and high intensity plantar flexion exercise in the supine 

position. Together the findings o f the current investigation and those by Mac

132



Ananey et al, (2011b) indicate that the efficiency with which the vasodilatory 

response can react to an exercise load is impaired in women with T2DM at least 

during high intensity exercise, both during upright and supine postures.

As the phasic amplitudes and overall End A were comparable between women 

with and v/ithout T2DM during both 30% and 70% MVC plantar flexion exercise, 

this indicates that the capacity to vasodilate remains intact during both low and 

high intensity exercise in individuals with T2DM. In contrast, reduced leg blood 

flow responses have been reported in men with T2DM during moderate steady 

state cycling exercise (Kingwell et al,  2003) and low intensity leg extension 

exercise (Lalande et al,  2008). The disparities between the current study and 

those of previous investigations (Kingw'ell et al,  2003; Lalande et al,  2008) 

might be explained by such differences as the muscle mass studied, exercise 

modality, and/or method of determining blood flow. In support of our findings. 

Mac Ananey et al, (201 lb) did not find any differences in phasic amplitudes or 

overall End A between women with T2DM and their lean and overweight non­

diabetic counterparts during upright plantar flexion exercise.

As certain diseased states such as T2DM are often associated with increases in 

blood pressure and blood flow is determined by perfusion pressure, leg blood flow 

is presented as LVC (LBF/MAP). We did not find any differences in MAP 

between women with and without T2DM during exercise at either 30%> or 70%> 

MVC, a finding that has been observed elsewhere during high intensity exercise at 

70% MVC (Mac Ananey et al, 2011b). This observation in the current study 

might be due to the fact that almost half of the women with T2DM were receiving 

hypertensive medication and as such, their hypertension was well controlled. 

While resting MAP was greater in the group of postmenopausal women with 

T2DM than non-diabetic women at 30% MVC, this finding was eliminated in the 

subgroup of BMI matched postmenopausal women with T2DM, thereby 

suggesting that greater BMI may contribute to hypertension in T2DM. In support 

of this theory, it has been shown that blood pressure is greater among individuals 

with greater BMI and this effect is greater in individuals with T2DM (Janssen et 

al,  2007). Exercising heart rates were greater in women with T2DM than their 

non-diabetic counterparts during exercise at 30% MVC while in contrast, heart
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rates were not different between women with and without T2DM either at rest or 

during exercise at 70% MVC. The later findings are in agreement with those 

reported by Mac Ananey et a l, (2011b), who in addition, reported similarities in 

heart rate kinetic responses during high intensity plantar flexion exercise between 

women with T2DM and their lean and overweight counterparts. It is possible that 

the higher heart rates observed during low intensity exercise in the current study 

in the presence o f similar MAP responses may have been an attempt to maintain 

similar blood flow responses and hence, LVC responses to exercise.

Mechanisms responsible for impaired blood flow responses in T2DM  

While cardiac dysfunction is common in T2DM, it is unlikely to explain the 

impaired LVC kinetic responses in women with T2DM during high intensity 

exercise in the current investigation based on the following evidence: firstly, LVC 

reflects vasodilation in the exercising muscle, secondly, the differences in LVC 

kinetic responses are a reflection o f impaired blood flow responses as MAP 

responses were similar in both women with and without T2DM during exercise, 

and thirdly, exercising heart rates were not different between groups with and 

without T2DM. Furthermore, as ankle-brachial measurements were not different 

between women with and without T2DM it is unlikely that the presence o f PAD 

contributed to the slowed rate o f increase in LVC kinetic responses in women 

with T2DM.

A more likely candidate is the presence o f chronic hyperglycaemia, which may 

contribute to impaired vasodilation in T2DM through m ultiple mechanisms 

including activation o f protein kinase C, increased activity o f  the polyol pathway, 

increased production o f oxygen-derived free radicals, and advanced glycosylation 

end products. Associations have been found between leg blood flow during 

exercise and fasting plasma glucose (Kingwell et a l ,  2003), and between HbAic 

and maximal exercise capacity (Demir et a l ,  2001) indicating that 

hyperglycaemia may be in part responsible for the blunted LBF response observed 

in individuals with T2DM (Kingwell et al., 2003). It is possible that the blunted 

LBF responses to endothelium-dependent vasodilation (ACh) in individuals with 

T2DM (Kingwell et al., 2003) might be due to increased inactivation o f nitric
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oxide or decreased reactivity o f the vascular smooth muscle cells to nitric oxide 

(U 'illiam s et a l ,  1996).

Reactive hyperaemia

W e assessed endothelial function during reactive hyperaemia o f  the forearm using 

VOP in an attempt to establish if  endothelial function was impaired in our women 

w ith T2DM. Abnormalities in peak blood flow following reactive hyperaemia are 

indicative o f structural defects in the resistance vessels. However, peak reactive 

hyperaemia responses were not different between women with and without T2DM 

in the current investigation indicating that maximal vasodilation remains intact in 

T2DM. These findings are consistent with a previous investigation where 

similarities have been reported in peak post-ischemic blood flow responses in 

individuals with T2DM following reactive hyperaemia o f the forearm (McVeigh 

et a l ,  1992; W illiams et al., 1998). Similarly, in the present study, the decay 

constant and area under the curve (AUC) were not different between women with 

and without T2DM indicating that the rate o f recovery post-ischemia was not 

impaired in women with T2DM.

Vascular structure differs significantly between arms and legs in terms o f cross- 

sectional area and therefore differences may exist between the limbs with respect 

to blood flow and shear stimuli. In support o f limb-specific vascular function, 

blunted vascular responses have been reported in the leg but not in the arm in 

response to both endothelial-dependent and endothelial-independent vasodilation 

in healthy young non-diabetic men (Newcomer et al., 2004). Therefore, caution 

is required when extrapolating the findings o f a specific limb to the entire body. 

As we did not assess endothelial function in the lower limbs it is possible that 

vascular function may be impaired in the lower limbs o f individuals with T2DM 

and may contribute to the slowed rate o f adjustment in LVC kinetics in the 

present study.

Increm ental plantar flexion exercise

W hile both peak force and time to failure were not different between women with 

and without T2DM, peak force expressed as a percentage o f MVC was lower in 

women with T2DM. As individuals with T2DM display a greater type lib to type
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I fibre ratio and reduced capillary density (Larsen et al ,  2009), it seems plausible 

to suggest that the reduced blood supply as a consequence of reduced capillary 

supply and greater proportion of glycolytic fibres would lead to earlier onset of 

fatigue. Evidence supporting this argument can be found in a study conducted on 

Goto-Kaizaki (GK) diabetic rats where exercising steady-state blood flow was not 

impaired despite a greater proportion of blood flow being directed to fast-twitch 

glycolytic fibres (Copp et a l ,  2010). The increased blood flow to glycolytic 

muscle regions during exercise may reflect an altered distribution of oxygen 

delivery relative to oxygen utilisation within the muscle and may explain why we 

found a lower peak force to MVC ratio in the current investigation.

Analysis o f calf hemodynamic responses to plantar flexion exercise indicates that 

both the hyperaemic (slope of LBF vs. force) and vasodilatory (slope of LVC vs. 

force) responses are preserved in women with T2DM. Furthermore, as peak 

vasodilatory responses were not different between women with and without 

T2DM, this indicates that the capacity to maximally vasodilate is preserved in 

T2DM. In support of our findings, it has previously been reported that capillary 

blood flow is similar during an incremental handgrip protocol between individuals 

with and without T2DM (Womack et a l ,  2009). However, abnormal capillary 

recruitment patterns in diabetic individuals with microvascular complications 

resulted in impaired blood flow responses during the same protocol (Womack et 

a l ,  2009). It would therefore appear that the impaired hemodynamic responses 

observed in the former study (Womack et a l ,  2009) are a function of 

microvascular disease rather than diabetes per se.

The similarities observed in relation to the both the hyperaemic (slope of LBF vs. 

force) and vasodilatory (slope of LVC vs. force) responses during incremental 

exercise appear to be in conflict with our earlier findings o f a slowed rate of 

adjustment in LVC kinetics in women with T2DM during high intensity plantar 

flexion exercise. It is important to note that hemodynamic responses are 

presented as an average o f the last 30 s of each increment to allow subjects reach 

steady state conditions and as such, this analysis does not give any information on 

the rate of adaptation of the hyperaemic response during plantar flexion exercise. 

In fact, it is possible that the LVC kinetic responses at the highest changes in
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workloads towards the end of the incremental test were slowed in T2DM (as 

observed during the constant load intensity of 70% MVC), an effect that could 

have reduced the % peak force/MVC in women with T2DM.

Limitations

The accuracy of venous occlusion pleythsymography (VOP) as a means to 

determine blood flow has previously been questioned (Radegran, 1999). 

However, VOP provides a means by which to non-invasively measure blood flow 

derived from conduit as well as feed arteries. In T2DM, it is possible that the 

main arteries could be affected by vascular disease and thus, VOP provides a 

means by which to overcome this problem. Furthermore, blood flow 

measurements by VOP have been shown to closely resemble those made by 

Doppler ultrasound during plantar flexion exercise (Green et a l,  2011).

Previous attempts to characterise the vascular conductance response to exercise 

have identified a biphasic pattern during low to moderate intensity exercise 

(Shoemaker et a l, 1997; Radegran & Saltin, 1998). However, we noticed an 

initial fast decay present after the first growth phase during low intensity (30%) 

plantar flexion exercise. A triphasic ‘growth and decay’ model was fitted to each 

individual response during low intensity plantar flexion exercise on the basis that 

this particular model provided the best model o f fit (established statistically) and 

thus, we are confident that this model provides a more accurate determination of 

the parameter estimates that define each phase than the traditional biphasic model, 

at least during plantar flexion at 30% MVC.

A large number o f women with T2DM were receiving anti-hypertensive 

medication and it is possible that this might have contributed to the similarities in 

MAP responses between women with and without T2DM during plantar flexion 

exercise at both 30% and 70% MVC. Furthermore, the lower total cholesterol 

levels in women with T2DM might be due to the fact that the majority o f women 

with T2DM were receiving lipid-lowering therapy. It is possible that both lipid- 

lowering and anti-hypertensive medications could affect vascular function and 

thus is it possible that the similarities in LVC kinetic responses between women
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with and without T2DM during low-intensity plantar flexion exercise coaid be 

attributed to the effect o f  medication (lipid-lowering and anti-hyperteisive). 

W hile hormone replacement therapy has been known to augment blood fo w  in 

postmenopausal women, this is unlikely to have affected the results in the current 

investigation as the overall number o f  wom en receiving hormone replacement 

therapy was very low (T2DM: n= l; ND: n=2).

Conclusions

The slow ing o f  the VO2 kinetic response observed during sub-maxirnal exenise in 

individuals with T2DM in the first experiment and in previous investij^ations 

(Regensteiner et a l ,  1998; Brandenburg et al., 1999; Bauer et a l ,  200"; Mac 

Ananey et a l ,  2011a) as evidenced by a longer rate o f  adaptation o f  th; time 

constant o f  the second phase, results in reduced efficiency o f  the VO2 respcnse in 

adapting to exercise and consequently earlier onset o f  fatigue leading to reduced 

exercise performance. The findings from the first experiment suggest that CO and 

oxygen extraction do not contribute to the impaired VO2 kinetic resoonses 

observed in women with T2DM  during moderate intensity cycle exercise. It is 

therefore tempting to suggest that the impaired hyperaemic response observed in 

current investigation at the beginning o f  high intensity plantar flexion exercise 

might contribute to the slowed rate o f  adaptation in VO2 during this period.
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Chapter 5: Effect o f exercise training on the dynamic response o f VO2 and 

LVC in women with T2DM  

5.1 Aims

The aim s o f  this experim ent were to:

(a) Investigate the effect o f  supervised exercise on VO2 kinetic responses 

perform ed at in tensities relative to each individual’s current VT and VO2 

peak (80%  VT) in w om en with T2D M

(b) Explore the role played by CO as a possible m echanism  underlying the 

potential im provem ent in VO2 kinetic responses

(c) Investigate the effect o f  supervised exercise on LVC kinetic responses in 

w om en w ith T2D M  during low intensity plantar flexion exercise at 

intensities relative to each individual’s current M VC

(d) Exam ine if  the potential benefits acquired in these variables (aim s a to c) 

during the supervised phase can be m aintained during an unsupervised 

period o f  exercise, again assessing all intensities based on post­

unsupervised exercise peak param eters (VO 2 peak and M VC)

5.2 Experimental protocol overview

Both exercise and control groups were required to visit the Cardiovascular 

Laboratory in Trinity College Dublin on 2 occasions at baseline (BS), post­

supervised exercise intervention (SE), and post-unsupervised exercise 

intervention (UE) over a 7-m onth period. D uring the period betw een BS and SE, 

both exercise groups com pleted a 12-wk supervised exercise program m e while 

control groups continued with their norm al life. The supervised phase was 

follow ed by unsupervised exercise intervention over a 16 wk period.

Follow ing an initial fam iliarisation period w ith the ca lf  ergom eter during visit 1, 

subjects com pleted 5 M V C ’s o f  the ca lf  m uscle. This was follow ed by constant 

load plantar flexion exercise (3 x 6 m in) at 30%  M VC. In addition, subjects 

com pleted an increm ental plantar flexion exercise test to failure. Endothelial 

function was determ ined during a reactive hyperaem ic test o f  the forearm .
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Subjects also completed an incremental cycle test to volitional exhaustion for the 

determination o f  VO2 peak and VT.

During Visit 2, subjects completed 6 bouts o f  6 min cycling at 80% VT. Bouts 1- 

4 were used for the determination o f  VO2 kinetics and bouts 5-6 were used to 

determine CO. CO measurements were made at rest and during exercise (30 s and 

240 s) while cycling at 80% VT.

5.3 Subjects

The study included a total o f  35 women, 16 with T2DM and 19 non-diabetics. 

They were both premenopausal (n=5) and postmenopausal (n=30). The women 

were divided into 4 groups: T2DM  exercise n = 8 (premenopausal n = l) , T2DM  

control n = 8 (premenopausal n = l), non-diabetic exercise n = 10 (premenopausal 

n = l), and non-diabetic control n = 9 (premenopausal n=2). A ll wom en were 

classified as sedentary (< 1 h.wk"' o f  moderate intensity exercise) for at least 6 

months prior to enrolment, which was confirmed by physical activity scores using 

the Low Level Physical Activity Recall (LOPAR; Appendix 1) questionnaire 

(Regensteiner et a i ,  1998; Brandenburg et a i ,  1999).

5.3.1 Medications

O f the 16 wom en with T2DM , 3 were undergoing dietary intervention and 13 

were receiving oral hypoglycaemic agents (metformin n = l l;  metformin & 

gliclazide n = l; gliclazide n = l). In addition, 7 diabetic wom en were on anti­

hypertensive medication (lisinopril n=2; ramipril n= l; candesartan cilexetil n= l;  

perindopril arginine n=2; telmisartan n= l; angiotensin II antagonists (telmisartan 

n= l; losartan n = l); ACE inhibitors (ramapril n = l); calcium channel blocker 

(amlodipine n = l); perindopril arginine & amlodipine n = l). One woman was 

taking a P-blocker (sotalol n = l). One non-diabetic woman was receiving anti­

hypertensive medication (olmesartan medoxomil). A further 9 diabetic wom en  

and 2 non-diabetic wom en were receiving lipid-lowering therapy (T2DM; 

rosuvastatin n = l; atorvastatin n=6; simvastatin n= l; pravastatin n= l and non­

diabetic: atorvastatin n=2). A  total o f  three wom en were undergoing hormone 

replacement therapy (T2DM: n = l, estradiol; non-diabetic; n=2, raloxifene).
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5.4 Results

5.4.1 Subjects

5.4.1.1 Adherence to training

A total of 18 individuals (T2DM n = 8; non-diabetic n = 10) completed both the 

SE and UE intervention phases. A further 17 non-exercising individuals (T2DM 

n = 8; non-diabetic n = 9) completed exercise testing post-supervised exercise and 

post-unsupervised exercise. Training compliance was not different between the 

exercise groups during the SE phase with T2DM Ex group completing 99±3% 

and the ND Ex group completing 95±6% of the total 36 exercise sessions. During 

the UE phase, there was a reduction in the number of exercise sessions (/*<0.05) 

completed by both exercise groups with the T2DM Ex and ND Ex groups 

completing 84±34% and 77±28% of the total exercise sessions respectively (48). 

However, these adherence rates of the UE phase were similar between the two 

training groups.

5.4.1.2 Baseline characteristics

Baseline physical characteristics and haematological results in women with and 

without T2DM are presented in Table 5.1. Individual results can be seen in 

Appendices 23 and 24.

There were no differences between the four groups with respect to age, height, or 

leg volume. HbAic levels (expressed as a percentage and in mmol.mol'') were 

greater in the diabetic groups than both non-diabetic groups (P<0.0001).

Table 5.1. B aseline physical and haem atological characteristics

T2DM Non-diabetic Diabetes

Exercise 
(n = 8)

Control 
(n = 8)

Exercise 
(n = 10)

C ontrol 
(n = 9)

effect

Age (yr) 57.3±4.5 56.0±5.8 55.5±9.0 52.1±7.5

Height (m) 1.58±0.06 1.60±0.04 1.58±0.08 1.62±0.03

Leg volum e 
(ml)

2576±383 2722±491 2407±397 2475±615

H bA ic (% ) 6.7±0.5 6.3±0.9 5.4±0.2 5.4±0.5 P<0.0001

H bA.c 
(m m ol.m ol')

49.6±6.0 45.2±9.9 35.9±1.9 35.3±5.4 P<0.0001
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5.4.1.3 Physical characteristics and activity levels following the intervention 

The effect o f the exercise interventions on physical characteristics and activity 

levels for women with and without T2DM in the exercise and control groups at 

baseline (BS), supervised exercise (SE), and unsupervised exercise (UE) are 

presented in Table 5.2. Individual physical characteristics and activity levels can 

be seen in Appendix 23.

There was a main effect o f diabetes status for body mass, BMI, and WHR at BS, 

SE, and UE (/*<0.01), so that they were significantly greater in women with 

T2DM than non-diabetics.

Table 5.2. Physical characteristics and activity levels

T2DM Non-diabetic
Diabetes

effectExercise
(n=8)

Control
(n=8)

Exercise
(n=10)

Control
(n=9)

Body mass (kg)
BS 78.1±10.7 86.7±14.2 65.3±10.4 69,7±14.8

^<0.01SE 76..5±9.7 85,9±14.2 64.3±9.8 69.3±14.8
UE 76.1±9.6 86.6±15.4 64.5±9.8 69,3±14.2

BMI (kg.m'^)
BS 3I.3±4.2 34.0±5.6 26.2±3.4 26.6±5.0

P<0.0\SE 30.6±3.9 33.7±5.5 25,7±2.8 26.4±5.0
UE 30.6±3.8 34.0±5.9 25.8±2.9 26.5±4.9

W HR
BS 0,95±0.05 0.95±0.05 0.89±0.07 0.88±0.08

p < o mSE 0.96±0.05 0.95±0.05 0.89±0.07 0.89±0.09
UE 0.95±0.05 0.95±0.05 0.88±0.08 0.89±0.09

ABI
BS 1.08±0.08 1.1 liO .IO 1.07±0.12 1.10±0.15
SE 1.06±0.09 1.06±0.09 1.11 ±0.06 1.09±0.15
UE 1.I3±0.09 1.03±0.05 1.05±0.08 1.05±0.08

LOPAR  
(M et h.wk ‘)

BS 98±43 125±65 101±56 126±24
SE 149±52 122±48 109±50 137±35
UE 126±49 166±84 119±51 123±53
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5.4.1.4 Hematological characteristics

The effect o f exercise intervention on haematological parameters for women with 

and without T2DM in the exercise and control groups at BS, SE, and UE are 

presented in Table 5.3. Individual results can be seen in Appendix 24.

Significant differences were observed between women with and without T2DM 

(main effect = diabetes status) with respect to FPG (P<0.0001), TCL (P<0.05), 

HDL (P<0.01), and triglycerides (P<0.05).

Table 5.3 Hem atological characteristics

T2D M N on-diabetic D iabetes
effectExercise C o n tro l Exercise C o n tro l

FPG
(m m o l.L '')

BS 7.5±0.6 8.4±2.6 4.5±0.7 4.6±0.5
^<0.0001SE 7.4±1.1 7.3±2.2 4.8±0.5 4.9±0.4

UE 7.6±0.8 7.2±1.7 4.9±0.5 4.8±0.4

T C L
(m m o l.L ')

BS 4.4±0.6 4.6±0.6 5.9±1.5 5.3±0.9
P<0.05SE 4.1±0.6 4.6±0.8 5.6±0.8 5.4±0.7

LE 4.1±0.6 4.4±0.9 5.4±1.1 5.5±1.1

H D L
(m m o l.L ')

BS 1.5±0.2 1.2±0.2 2.1±0.4 1.7±0.5
P<0.0]SE 1,5±0.2 1.2±0.3 2.0±0.3 1.7±0.4

UE 1.5±0.3 1.3±0.2 1.9±0.4 1.9±0.3

LD L
(m m o l.L ')

BS 2.7±0.5 3.2±0.5 3.8±0.4 3.3±0.6
SE 2.3±0.3 3.1±0.7 3.7±0.8 3.3±0.7
UE 2.3±0.4 2.9±I.O 3.5±0.9 3.3±0.8

T rig lycerides 
(m m ol.L  ')

BS l.4±0.6 1.7±0.6 1.0±0.5 1.0±0.4
P<0.05SE 1.6±0.3 1.7±0.4 0.9±0.3 1.3±0.6

UE 1,4±0.3 1.5±0.7 1.1±0.7 0.9±0.2
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5.4.2 Peak and sub-maximal cycling performance

5 .4.2.1 Peak cycling performance parameters

The effect o f  the exercise intervention on peak cycling performance parameters in 

wom en with and without T2DM in both exercise and control groups are presented 

in Table 5.4 and Fig. 5.1. Individual peak cycling performance results can be 

seen in Appendix 25.

Peak VO2 (ml.kg'Vmin'') was significantly lower in wom en with T2DM  in 

comparison to non-diabetic women (P <0 .0 \)  at all time points (Fig. 4.2). 

Exercise intervention resulted in an increase in VO2 peak in both T2DM  Ex and ND  

Ex at SE (P<0.0001) and UE ( /’<0.05) from BS, while in contrast, there was a 

reduction in VO2 peak in both T2DM  Ex and N D  Ex at UE from SE (P<0.05). 

Significant treatment (exercise vs. control) x time interactions were observed for 

VO2 peak with exercising groups having a greater VO2 peak than control groups at BS 

(P<0.05), SE and UE (P<0.0001).

The percentage increase in VO2 peak was not different between wom en with and 

without T2DM  (Fig. 4.3). In both exercise groups, the percentage increase in VO2 

peak was greater at SE than at BS ( / ’< 0 .0001) and greater than in control groups at 

SE (P<0.05). In contrast, the increase in VO2 peak was lower at UE than at SE in 

both the T2DM  Ex and N D  Ex groups ( / ’<0.0001).

There was no difference in VO2 peak (L.min’') between wom en with and without 

T2DM  (Fig. 4.2). Exercising groups had a greater VO2 peak at SE than at BS 

(P<0.0001) and a greater VO2 peak than control groups at SE (P<0.0001). There 

was a reduction in VO2 peak from SE to UE in both the exercising groups ( / ’<0.01).

VO2 at VT was lower in wom en with T2DM  than non-diabetic wom en ( / ’<0.01) 

(Fig. 4.2). Training resulted in an increase in VO2 at VT in both exercise groups at 

SE from BS (/*<0.0001) and a decrease from SE to UE (P<0.05). Furthermore, 

VO2 at VT was greater in exercise than control conditions at BS ( / ’<0.01), SE 

(P<0.0001), and UE (P<0.01).
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Peak workload was greater in both exercise groups at SE (/*<0.0001) and at UE 

(/’<0.05) but decreased in both exercise groups from SE to UE ( / ’<0.01) (Fig. 

4.2). In addition, peak workload was greater in exercising groups than control 

groups at SE (P<0.0001) and UE (P<0.01).

Workload at VT was lov/er in wom en with T2DM  than non-diabetic women 

( f ’<0.05). Exercise intervention resulted in an increase in the load at VT in both 

exercise groups at SE from BS (f*<0.01) and a decrease from SE to UE (P<0.01) 

(Fig. 5.2). Load at VT was greater in exercise than control groups at SE 

(P<0.0001) and UE (P<0.05).

A treatment x time interaction was observed for time to failure (TTF) with 

exercising groups increasing TTF from BS to SE ( / ’<0.0001) and UE (P<0.01), 

while in contrast, TTF decreased from SE to UE in exercising groups (P<0.05) 

(Table 4.5). Furthermore, TTF was greater in exercising groups than non­

exercising groups at SE ( / ’<0.0001) and UE (/*<0.01).

Other parameters including peak HR (beats.min‘' & % predicted maximum), peak 

Ve (L.min''), peak RER, and VO2 at VT (% VO2 peak) arc shown in Table 4.5.
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Table 5.4. Peak cycling perform ance responses

T 2D M N on-diabetic
Exercise

(n=8)
Control

(n=8)
Exercise
(n=10)

C ontrol
(n=8)

Peak H R  
(b e a t s .m in ')

BS 152±18a I53±13 156±10 161±12

SE 151±19 I58±I6 162±11 160±12

UE ISOilSCC 153±15 161±9 160±13

Peak HR  
(%  predicted  
m ax im u m )

BS 9 3 ± ]l 93±8 95±7 95±7
SE 9 2 ± \\ t;i; 96±8 99±8 95±6
UE 92±9CC 93±8C 98±6 95±6

Peak R E R
BS 1.11±0.06 ].!0±0.05 1.11 ±0.06 1.07±0.06
SE 1.09±0.06 1.08±0.04 1.10±0.05 1.07±0.02

UE 1.10±0.04 1.07±0.04 1.08±0.04 1.06±0.05

V e (L .m in ')

BS 60.8±9.4 57.8±9.4 57.8±16.1 55.5±9.7

SE 63.l±7 .7 58,9±9.3 72.0±17.4 64.8±20.5
UE 57.7±I0.5 61.6±6.l 66.7±14.3 62.9±15.4

T T F ( m in )

BS 12.4±3.5 12.6±1.9 14.2±4.0 14.0±3,3
SE 15.4±3.4*** 1 2 .5 ± 1 .9 ttt 17.7±4.2*** 1 4 .1 ± 3 .2 ttt
UE 13.6±2.9**J I2 .1 ± 2 .4 tt 16.2±4.1**+ 1 4 .0± 3 .0 tt

V O 2 at V T/

(%  V02peak)

BS 73.2±6.9 69.8±3.8 71 .9 i8 .5 70.7±11.0

SE 71.4±5.0 66,9±6.6 72.2±8.4 71.5±7.6

UE 70.1±7.5 71.0±5.3 72.5±7.8 73.1±5.6

Significantly different from BS **P<0.01, ***P<0.0001; significantly different from SE JP<0.05; 

significantly different from exercise t t / ’<0.01, t t t f ’<0.0001; significantly different from ND Ex 

C^P<0.05, significantly different from ND Con a /’<0.05.
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Fig. 5.1. Peak VO 2 &  workload and VO 2 &  workload at VT obtained during the graded cycling 

test. Significantly different from non-diabetic §P<0.05, §§/’<0.01; significantly different from BS 

*P<0.05, **P<0.01, ***P<O.OOOI; significantly different from SE JP<0.05, JJP<0.01; 

significantly different from exercise fP<0.05, ffP<0.01, fffP<O.OOOL
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5.4.2.2 Mean VO2 kinetic parameters during cycle exercise at 80%  VT 

The effect o f  exercise intervention on the mean VO2 Icinetic parameters during 

cycle exercise at 80% VT for wom en with and without T2DM in the exercise and 

control groups are presented in Table 5.5. Representative VO2 kinetic responses 

from each group as well as the predicted responses from the bi-exponential curve 

fits are depicted in Fig. 5.3. Individual VO2  kinetic responses can be seen in 

Appendix 26.

The time constant o f  the first phase (ti )  was unaffected by condition, treatment, or 

time. In contrast, the time constant o f  the second phase (1 2 ) was slowed in 

diabetic groups (P<0.0001). A  significant effect o f  treatment was observed for X2 

with exercise groups reporting a faster 1 2  than control groups ( /’<0.01). The 

overall mean response time (MRT) was slower in wom en with T2DM  than non­

diabetic wom en (P<0.05)  and was slower in control than exercise conditions 

(7’<0.05).

In regard to the amplitudes, the baseline amplitude (Aq) was greater in women 

with T2DM  than non-diabetic wom en (P<0.05). In contrast, the amplitude o f  the

T2DMEX 
T2DM Con 
ND Ex 
ND Con

BS SE UE
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first phase (Ai) was lower in women with T2DM than non-diabetic women 

{P<0.05). At BS, Ai was greater in ND Ex than T2DM Con ( i’<0.01), T2DM Ex 

and ND Con (P<0.0001). In addition, Ai was greater in ND Ex than ND Con 

(/*<0.01) and T2DM Con ( / ’<0.0001) at SE. In the ND Ex group, A | was lower at 

UE than BS and SE (P<0.01). The amplitude o f the second phase A 2 or End A 

were unaffected by condition, treatment, or time.

The time delay o f the first phase (TD |) increased from SE to UE in T2DM Con 

{P<0.05). The time delay o f  the second phase (TD 2) was not different either 

within or between groups.

There were no differences in the VO2 gain either within or between groups.
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Table 5.5. Mean VO? kinetic parameters during cycle  exercise at 80% VT

T2D M N on-diabetic
D iabetes

effect
T rea tm en

effectExercise
(n=8)

C on tro l
(n=8)

Exercise
(n=10)

C o n tro l
(n=8)

W ork load  
a t V T (W )

BS 87.5±23.8 85.0±14.1 106.0±26.7 92.5±21.2

P<0.05
SE 102.5±19.8

**
82.5±7.1

t t t
120.0±29.8 

* ♦
95.0±20.7

t t t
UE 90.0±21.4

t t
80.0±15.1

t
108.0±28.6

M
91.4±19.5

t

Ao
(L .m in ')

BS 0.58±0.11 0.59±0.10 0.51±0.04 0.50±0.11

P<0.05SE 0.60±0.07 0.63±0.13 0.52±0.09 0,50±0.10

UE 0.60±0.07 0.63±0.10 0.55±0.06 0.55±0.08

Ai
(L .m in ')

BS 0.21±0.07

ccc
0.22±0.07

CC
0.42±0.15 0.19±0.08

CCC
P<0.05SE 0.28±0.13 0.17±0.10

CCC
0.42±0.12 0.20±0.08

cc
UE 0.25±0.06 0.I8±0.07 0.24±0.09 

+ +
0.19±0.07

TD, (s)

BS 7 .H 3 .8 4.8±3.8 4.3±3.2 4.7±2.3
SE 9.0±3.7 2.9±4.7 5.6±2.3 5.6±4.0

UE 6.9±3.4 10.3±4.0t 6.5±3.8 6.0±3.3

"Cl (s)

BS 12.5±4.8 12.1±3.8 11,4±4.2 12.5±4.0

SE 12.7±4.6 10.8±3.5 14.4±3.1 14.0±4.3

UE 15.5±3.5 13.5±4.l 10.4±4.0 15.7±3.3

A:
(L .m in ')

BS 0.50±0.25 0.40±0.I7 0.43±0.28 0.49±0.15
SE 0.53±0.14 0.46±0.16 0.59±0.24 0.50±0.16
UE 0.42±0.18 0.47±0.16 0.68±0.31 0.49±0.16

TD^ (s)

BS 29.7±8.1 28.5±7.6 34.3±7.0 30.5±6.4

SE 29.7±5.6 22.8±7.4 28.2±4.9 31.7±4.4

UE 34.2±7.9 30.5±5.2 29.2±5.4 31.4±5.2

(S)

BS 47.2±5.8 50.5±5.3 36.9±11.0 37.9±5.6

/ ’<0.0001 P<0.01SE 43.4±7.8 50.9±10.8 39.9±13.1 42.0±6.3

UE 38.1±10.5 54.3±8.2 37.l±7.1 39.2±4.2

End A 
(L .m in ')

BS l,29±0.27 l.23±0.23 l.38±0.32 1.17±0.25

SE 1.40±0.20 1.25±0.26 1.61±0.40 1.20±0.29

UE 1.26±0.18 l.28±0.23 l.46±0.41 1.22±0.25

M R T  (s)

BS 58.3±7.3 56.0±7.6 42.1±11.3 54.6±5.9

P<0.05 F<0.05SE 54.9±5.0 57.3±13.8 50.6±I4.5 58.3±6.5

UE 53.6±9.9 67.6±7.2 53.3±7.2 56.9±4.0

VO 2 gain 
(m l.m in
'.w-')

BS 11.2±2.4 10.8±2.4 11.5±1.3 9.4±1.5

SE n,2±0.6 11.3±2.7 13.2±4.9 10.2±1.5

UE 10.7±1.5 12.0±2.7 11.7±2.0 9 .0± l.0

Significantly different from BS **f’<0.01; significantly different from SE JJP<0.01; significmtly 

different from exercise tP<0.05, t t t / ’<0.0001; significantly different from ND Ex î <̂ /’<0.01 

/ ’< 0 .0001 .
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Fig. 5.3. VO2 icinetic responses and predicted responses from the bi-exponential curve fits during 

cycle exercise at 80% VT  from representative subjects from each group at BS, SE, and UE.
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5.4.2.3 Mean heart rate kinetic responses during cycle exercise at 80% VT 

The effect o f exercise intervention on the mean the heart rate kinetic parameters 

during cycle exercise at 80% VT for women with and without T2DM in exercise 

and control groups are presented in Table 5.6. Representative heart rate kinetic 

responses from each group as well as the predicted responses from the mono­

exponential curve fits are depicted in Fig. 5.4. Individual heart rate kinetic 

responses can be seen in Appendix 27.

The baseline amplitude (Aq), amplitude o f the first phase (A |), the time delay 

(TD), time constant (t), and mean response time (MRT) were not different either 

within or between groups.

Table 5.6. Mean heart rate kinetic responses during cycle exercise at 80% VT

T2DM Non-diabetic
Exercise 
(n = 8)

Control 
(n = 8)

Exercise 
(n = 9)

Control 
(n = 7)

Baseline Aq 
(beats .m in ')

BS I05±I5 111±20 84±5 90±8
SE 98±I3 113±I9 89±10 89±10
UE 97±18 108±9 89±14 93±12

Ai (beats.min ')
BS 29±7 24±11 37±8 37±9
SE 27±I2 I7±6 44±13 45±15
UE 3I±7 24±9 41±14 37±16

TD (s)
BS 4.8±4.7 1.6±1.6 5.8±3.8 5.3±5.8
SE 5.6±5.4 1.7±3.3 4.7±4.6 7.7±3.0
UE 7.4±7.2 6.2±8.2 4.4±6.2 9.3±12,0

T(S)
BS 8I.9±37.2 7I.2±14.4 59.6±9.1 62.7±11.4
SE 68.5±28.7 95.5±43.2 55.9±12.3 56.4±21.0
UE 47.9±22.4 108.7±46.2 60.4±6.4 57.6±20.4

End A
(bea ts .m in  ')

BS 133±9 135±19 121±9 127±I4
SE I24±15 I30±15 132±14 133±12
UE I27±I7 I31±I5 130±10 130±14
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Fig. 5.4. Heart rate kinetic responses and predicted responses from the mono-exponential curve 
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5.4.2.4 Cardiac responses during constant load cycle exercise at 80Vo VT 

The effect o f exercise training on cardiac responses during constant load cycle 

exercise at 80% VT for women with and without T2DM in exercise and control 

groups can be seen in Fig. 5.5 (CO and Cl), Fig. 5.6 (SV & SVI), Fig. 5.7 (HR 

and a-v02 diff), and Fig. 5.8 (MAP and TPR). Individual responses can be seen 

in Appendix 28.

CO, SV, SVI, a-v02 diff, and TPR responses were not different at rest or during 

exercise (30 s and 240 s) either within or between groups.

Cl responses were not different at rest or during exercise at 240 s either within or 

between groups. In contrast, Cl at 30 s was greater in exercise than control 

groups (P<0.05).

HR responses both at rest and during exercise at 240 s were not different either 

within or betw’een groups. During exercise at 30 s, HR was lower in non­

diabetics at UE than SE ( / ’<0.05).

MAP responses were greater in women with T2DM than non-diabetic women 

both at rest ( / ’<0.01) and during exercise at 30 s and 240 s (P<0.05).
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Fig. 5.8. Mean MAP and TPR responses at rest and during cycle exercise (30 s and 240 s) at 80% 

VT at BS, SE, and UE in each group. No training effect was observed for MAP or TPR 

responses. For between group comparisons see written text.
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5.4.2.5 Percentage steady state CO, Cl, and a-v02 d iff

The effect o f  exercise intervention on the dynamic response o f  CO, Cl, and a-v02 

diff for women with and without T2DM in exercise and control groups is 

presented in Table 5.7. Individual results can be seen in Appendix 29.

The rate o f increase o f Cl, and a-v02 diff relative to the % steady state level were 

not different either within or between groups. The increase o f CO at 30 s in 

relation to 240 s was greater in women with T2DM than non-diabetic women 

(P<0.05).

Table 5.7. Percentage steady state CO, Cl, and a-yOj diff

% Steady state
T2DM Non-diabetic

Diabetes
effectExercise

(n=8)
Control

(n=8)
Exercise
(n=10)

Control
(n=8)

CO
BS 73.9±I4.9 74.9±63.4 64.1±17.6 55.3±15.2

f<0.05SE 82.9±48.4 63.4±26.7 55.3±18,7 60.8±25.6
UE 6I.7±20.8 89.0±22.1 70.0±10.4 52.6±28.9

Cl
BS 75.8±16.2 6I.4±29.5 55.1±40.8 56.5±20.4
SE 88.9±48.6 62.4±27.4 54.1 ±20.4 52.3±56.8
UE 64.2±26.8 81.1±I3.8 70.6±l 1.2 53.9±29.2

a-v02 diff
BS 5I.6±I9,4 55.5±28.6 51.9±21.4 70.4±10.1
SE 47.9±24.9 55.3±50.4 57.7±17.8 56.6±17.3
UE 50.3±I2.8 44.6±11.6 41.9±14.5 62.2±18.1
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5.4.3 Peak and sub-maximal calf performance during plantar flexion exercise

5.4.3.1 Peak calfperform ance during incremental plantar flexion  exercise 

The effect o f exercise intervention on peak calf performance during incremen al 

plantar flexion exercise for women with and without T2DM in exercise aid 

control groups can be seen in Fig. 5.9. Individual peak calf performan:e 

responses can be seen in Appendix 30.

C alf MVC increased in the exercise groups from BS to SE (P<0.0001) and I E 

(P<0.05) and was greater in exercise than control groups at SE (P<0.05).

Training intervention resulted in an increase in time to failure (TTF) at SE 

(P<0.0001) and UE ( /’<0.05) in both exercise groups and in addition, TTF was 

greater in exercise than control groups at SE (P<0.01).

In both exercise groups, peak force was greater at SE ( / ’<0.0001) and I E  

( / ’<0.01) than at BS and was greater in exercise than control groups at SE 

( M .O l) .
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Fig. 5.9. Peak calf performance data. Significantly different from BS *P<0.05, * * f ’<0.01, 

0001; significantly different from exercise tP<0.05, ttP <0 .01 .

5.4.3.2 LVC kinetic responses during plantar flexion exercise at 30% MVC 

The effect o f exercise intervention on LVC kinetic responses during plantar 

flexion exercise at 30% MVC for women with and without T2DM in exercise and 

control groups can be seen in Table 5.8. Representative LVC kinetic responses 

from women with and without T2DM in exercise and control groups as well as 

the predicted responses from the tri-exponential curve fits are depicted in Fig. 

5.10. Individual LVC kinetic responses can be seen in Appendix 31.

The amplitudes and time delays o f the first and second growth phases, as well as 

the time delay o f the decay phase (TD2) were unaffected by condition, treatment, 

or time.

1 6 1



The time constant o f  the first growth phase (T|) was not different either within or 

between groups. The time constant o f  the second growth phase (T3 ) was slowed in 

T2DM  Con in comparison to N D  Con and T2DM  Ex (P<0.05).

Table 5.8. Mean LVC kinetic responses during plantar flexion exercise at 30%  MVC

T2DM Non-diabetic
Exercise

(n=8)
Control

(n=8)
Exercise
(n=10)

Control
(n=9)

Ao
(ml.min '.m m H g ')

BS 0.47±0.I3 0.59±0.16 0.8I±0.55 0.50±0.2I
SE 0.44±0.21 0,49±0.1l 0.64±0.26 0.46±0.20
UE 0.43±0.I7 0.48±0.16 0.52±0.I7 0.49±0.19

(ml.min '.m m H g ')

BS l.92±l.09 2.75±0.64 1.93±I.I7 2.46±2.08
SE 2.49±0.65 2.I4±I.36 3.05±l.25 3.69±2.90
UE 2.48±0.79 3.09±I.19 3.19±l.62 2.31±l.55

TD, (s)
BS 1.6±2.0 I.OiO.I 1.4±0.7 l.l±0 .6
SE 1.0±0.6 l.6±l.3 1.3±l.4 l.8±l.5
UE l.3±1.0 0.7±0.3 1.0±0.6 l.8± l.7

(s)
BS 3.8±2.9 2.5±0.8 4.0±2.1 5.8±4.5
SE 2.8±1.6 2.6±l.9 1.8±l.0 2 .l± l.0
UE 2.l±0.3 4.0±1.7 l.9±0.3 1.5±0.5

A2

(ml.min '.m m H g ')

BS 0.59±0.35 0.76±0.38 0.53±0.52 0.76±0.97
SE 0.67±0.45 0.45±0.70 0.65±0.83 l.50±2.01
UE 1.00±0.85 l.85±l.53 0.72±0.84 0.92±0.77

TD: (s)
BS 10.3±6.0 8.4±7.0 11.2±6.1 12.6±9.7
SE I0.6±8.2 12.8±19.2 I2.6±I2.2 5.4±3.8
UE 8.5i-3.8 5.2±1.9 7.9±3.6 6.5±3.0

T2 (s)
BS 6.l±2.7 6.2±1.2 11.2±I2.2 6.0±3.4
SE I0.0±I8.7 3.l±3.2 5.3±5.9 8.l±2.9
UE 3.6±2.8 8.4±2.4 7.l±4.0 7.9±6.9

(ml.min"'. m m H g ')

BS 0.75±0.39 1.26±0.6I I.10±0.80 0.76±0.8I
SE 0.94±0.66 0.96±0.32 l,80±0.7l 0.98±0.95
UE l.02±0.66 l.56±0.86 l.39±0.66 I.14±0.63

TD3 (s)
BS 22.4±5.7 I8.7±4.8 24.l±9.6 22.6±I0.7
SE 20.l±4.9 25.0±5.5 16.3±6.9 20.2±8.9
UE 22.2±4.9 23.8± 11.6 2I.2±8.7 19.8±5.5

•C3 (S)
BS ll.4±5.2^ I3.0±7.7 I5.9±9.8 I2.2±5.8*
SE 8.5±3.5^ 20.9±9.8 I5.7±6.8 8.6±5.8^
UE 12.0±5.0^ I6.3±7.9 I4.2±4.4 12.5±4.1*

End A
(ml.min '.m m H g ')

BS 3.I4±1.39 4,60±0.77 3.83±l.84 3.72±2.56
SE 3.87±1.07 3.58±|,37 5.49±l.86 5.I3±3.85
UE 3,93±I.2I 5.05±2.04 5.I0±2.04 3.94±2.29

Significantly different from T2DM  Con bP<Q.05
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Fig. 5.10. LVC kinetic responses and predicted responses from the tri-exponential curve fits 

during plantar flexion exercise at 30% M VC from representative subjects from each group at BS, 

SE, and UE.
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5.4.3.3 Heart rate and MAP responses during plantar flexion exercise at .0% 

MVC

The effect of exercise intervention on HR and MAP responses at rest and duing 

plantar flexion exercise at 30% MVC for women with and without T2DN in 

exercise and control groups are presented in Fig. 5.11. Individual HR and NAP 

responses can be seen in Appendix 32.

HR responses both at rest and during exercise (30 s, 180 s, and 360 s) werenot 

different either within or between groups. MAP responses were greater in wonen 

with T2DM than non-diabetic women both at rest ( / ’<0.0001) and during exerise 

(30 s, 180 s, and 360 s) (M .O l) .
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HR or MAP responses. For between group comparisons see written text.
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5.4.4 FVC kinetic responses during reactive hyperaemia of the forearm

The effect o f exercise intervention on FVC kinetic responses during reactive 

hyperaemia o f the forearm for women with and without T2DM in exercise and 

control groups is presented in Table 5.9. Representative FVC kinetic responses 

from women with and without T2DM in exercise and control conditions as well as 

the predicted responses from the mono-exponential curve fits are depicted in Fig. 

5.12. Individual FVC kinetic responses can be seen in Appendix 33.

The resting FVC, predicted resting FVC (a), area under the curve (AUC), and 

decay constant (c) were not different either within or between groups throughout 

the intervention. Peak FVC (measured) was greater in exercise than control 

groups (P<0.05). There was a treatment effect for both the amplitude (A) and 

predicted peak FVC (a + A) with both being greater in exercise than control 

groups (/*<0.05).

Table 5.9. Mean FVC kinetic responses during reactive hyperaem ia o f  tiie forearm

T2D M N on-diabetic
T re a tm en t

effectExercise
(n=7)

C o n tro l
(n=7)

Exercise
(n=9)

C o n tro l
(n=8)

R esting  FVC 
(m l.lO O m r'.m in ' 
'.m m H g  '.lO  ')

BS 2.5±1.7 1.5±0.5 2.7±2.6 1.5±0.5
SE 2.7±1.9 2.3±1.3 3.3±2.2 1.7±0.5
UE 2.5±1.5 1.8±0.9 1.4±0.7 1.6±0.7

a
(m l.lO O m r'.m in '
'.m m H g '. lO ')

BS 2.0±1.4 2.2±1.0 2.5±1.1 1.2±0.3
SE l.9±1.2 2.0±1.6 2.7±1.9 1.7±0.5
UE 2.8±2.1 1.7±1.4 1.2±0.7 1.1 ±0.3

A
(m i.lO O m l'.m in '
‘.m m H g '.lO " ')

BS 17.7±3.3 15.3±5.1 25.0±9.2 14.5±5.1
P<0.05SE 20.1±4.3 19.9±5.8 20.4±6.l 17.2±3.8

UE 16.5±4.6 18.9±7.0 23.9±4.4 16.3±3.8

c
BS 0.06±0.02 0.04±0.03 0.06±0.05 0.05±0.02
SE 0.07±0.03 0.05±0.05 0.06±0.04 0.06±0.03
UE 0.10±0.09 0.06±0.06 0.07±0.02 0.06±0.02

P red ic ted  p eak  FVC 
(a + A)
(m i.lO O m l'.m in
' .m m H g '. lO ')

BS 19.7±4.2 17.5±4.8 27.5±8.7 15.7±5.2

P<0.05SE 2I.9± 4 .8 21.9±6.4 23.1±7.5 18.9±4.0
UE 19.3±5.6 20.6±7.2 25.1±4.7 17.3±3.9

AUC
(m l.lO O m r'.m in"
'.m m H g '. lO ')

BS 993±512 1134±327 1423±435 659±189
SE 950±610 1134±774 1324±86l 869±261
UE 1184±741 961±439 765±386 626±158

P eak  FVC
(m l.100m l'.m in"
'.m m H g '. lO ')

BS 19.6±4.4 17.6±4.8 27.8±9.3 15.9±5.1
P<0.05SE 21.8±5.1 21.3±7.1 22.2±7.4 18.7±4.0

UE 19.2±5.6 2I.9±7.1 24.9±4.7 17.2±3.9
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167



5.4.5 Vasodilatory and hyperaemic responses during incremental plantar 

flexion exercise

5.4.5.1 Resting LBF and L VC responses

The effect o f  exercise intervention on resting LBF (m l.m in'') and resting LVC 

(m l.m in ''.m m H g'') for women with and without T2DM in exercise and control 

groups is presented in Table 5.10. Individual resting LBF and LVC responses are 

available in Appendix 34. There were no changes in resting LBF or LVC either 

within or between groups.

Table 5.10. Resting LBF and LVC

T2DM Non-diabetic
Exercise Control Exercise Control

Resting LBF 
(ml.min ')

BS 41.0±11.4 50.6±20.3 54.2±24.2 52.2±20.7
SE 44.5±15.9 52.1±18.7 59.3±28.5 40.2±19.7
UE 50.6±12.6 60.5±22.3 48.3±20.0 43.2±14.5

Resting LVC 
( m l .m in ' .m m H g ‘)

BS 0.39±0.10 0.52±0.21 0.60±0.29 0.52±0.21
SE 0.48±0.22 0.59±0.31 0.70±0.32 0.42±0.32
UE 0.44±0.13 0.56±0.28 0.54±0.24 0.45±0.15

5.4.5.2 LBF and LVC responses during incremental plantar flexion exercise 

The effect o f exercise intervention on LBF (m l.m in'') and LVC (ml.min'VrnrnHg' 

') responses during incremental plantar flexion exercise for women with and 

without T2DM in exercise and control groups can be seen in Fig. 5.13. Individual 

responses during incremental plantar flexion exercise can be seen in Appendix 34.

Training did not induce any effects on either peak LBF or peak LVC responses 

during the incremental test. In order to maintain the same n numbers throughout 

the intervention phases at each workload in each group, only data from workloads 

that were achieved in the three phases o f the intervention (from each subject) are 

included.
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5 . 4 . 5.3 Hyperaemic and vasodilatory responses during incremental plantar 

flexion exercise

The effect o f exercise intervention on the hyperaemic (slope o f LBF (ml.min’') vs. 

% o f maximum force and slope o f LBF (ml.min"') vs. force (N)) and vasodilatory 

(slope o f LVC (ml.min‘'.mmHg'') vs. % of maximum force and slope o f LVC 

(ml.min''.mmHg'') vs. force (N)) responses during incremental plantar flexion 

exercise for women with and without T2DM in exercise and control groups are 

presented in Table 5.11. Individual hyperaemic and vasodilatory responses can be 

seen in Appendix 34.

There were no differences either within or between groups with respect to 

hyperaemic or vasodilatory responses.

Table 5.11. Hyperaemic and vasodilatory responses during incremental plantar flexion exercise

T2DM N on-diabetic
Exercise

(n=8)
C o n tro l

(n=8)
Exercise
(n=10)

C o n tro l
(n=9)

Slope BF (m l.m in ') 
vs. %  m ax force

BS 329±182 393±172 577±336 482±337
SE 531±268 483±187 710±292 456±295
UE 573±175 520±132 580±243 549±340

Slope V C (m l.m in ' 
'.m m H g  ’) vs. %  
m ax force

BS 3.3±1.7 4.1±2.2 6.2±3.4 3.9±3.0
SE 4.2±1.6 5.9±2.9 7.8±4.5 4.7±2,4
UE 4.8±2.0 4.5±1.2 6.1±2.8 4.9±2.4

Slope BF (m l.m in ')  
vs. force (N)

BS 0.9±0.3 0.9±0.3 1.3±0.6 1.6±1.7
SE 1.0±0.5 1.0±0.2 1.2±0.5 1.0±0.5
UE 1.0±0.3 l . l iO .l 1.2±0.7 1.2±0.3

Slope V C (m l.m in ' 
'.m m H g '')  vs. force 
(N)

BS 0.01 ±0.003 O.OliO.OlO O.OliO.Ol O.OliO.OlO
SE O.OliO.003 0.01±0.004 O.OliO.Ol 0.01 ±0.003
UE 0.01±0.004 0.01±0.002 O.OliO.Ol 0.01±0.003
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5.5 Discussion

The main findings o f  the current experiment are as follows: Firstly VO2 peak 

(ml.kg'Vmin'') improved following 3 months o f  supervised aerobic plus resistance 

training in T2DM  Ex and N D  Ex groups, but these improvements were not 

maintained during unsupervised exercise. Secondly, exercise training did not 

enhance the rate o f  adjustment o f  the VO2 kinetic or CO responses to moderate 

intensity cycle exercise (80% VT) performed relative to the current VT at each 

phase (BS, SE, and UE). Thirdly, the speed o f  the vasodilatory response during 

low  intensity (30% M VC) plantar flexion exercise relative to the phase-specific 

current MVC and both leg hemodynamic and vasodilatory responses during 

incremental plantar flexion were unchanged follow ing exercise intervention. In 

addition, exercise training did not improve vasodilatory responses during reactive 

hyperaemia o f  the forearm.

Incremental cycle test

It has been well documented that regular aerobic exercise improves VO2 peak in 

individuals with T2DM  (Mourier et a l ,  1997; Brandenburg et al., 1999; Okada et 

al., 2010). Consistent with previous research, we found improvements in both 

relative (ml.kg''.m in‘') and absolute (L.min'*) VO2 peak following 3 months o f  

supervised aerobic plus resistance exercise in the two exercising groups. In 

addition to an increase in VO2 peak, peak workload increased in both exercise 

groups after 3 months o f  supervised exercise but was not improved any further 

follow ing unsupervised exercise. The increase in relative VO2 peak which was o f  

the magnitude o f  13% in T2DM  Ex is somewhat similar to previous investigations 

reporting increases in relative VO2 peak following 3 months o f  aerobic exercise 

(Brandenburg et al., 1999), combined aerobic and resistance exercise (Okada et 

al., 2010), and 12 months o f  combined aerobic and resistance exercise (Loimaala 

et al., 2007). Although relative VO2 peak was greater in both exercise groups at UE 

than at BS in the current investigation, the improvements acquired in VO2 peak 

(expressed in m l.kg‘'.min‘' or L.min"') were not maintained following the 

unsupervised exercise intervention. W hile the effect o f  home-based training in 

diabetic populations has not been well investigated, one former investigation has 

shown that home-based training follow ing an initial period o f  supervised exercise
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is not sufficient to maintain improvements in glycaemic control or body 

composition acquired during the initial period of supervised exercise in men and 

women with T2DM (Dunstan et al ,  2005).

In the current investigation, the reduction in training compliance is likely to have 

contributed to the reduction in VO2 peak from SE to UE in both the T2DM Ex and 

ND Ex groups. Furthermore, as the intensity and frequency of training sessions 

were self reported it is possible that individuals ‘overestimated’ the volume of 

training completed. This is significant as research indicates that the majority of 

individuals with T2DM do not engage in sufficient regular exercise and that 

compliance with exercise prescription is low in diabetic individuals (Krug e/ al,  

1991; Morrato et al ,  2007). The failure to maintain or further improve VO2 peak 

during unsupervised exercise has important implications in terms of exercise 

prescription for individuals with T2DM. It has been well documented that 

decreased cardiovascular fitness is associated with increased morbidity and 

mortality in diabetic populations (Wei et al,  2000; Church et al,  2004); therefore, 

it is important that individuals with T2DM adhere to exercise programmes.

In the current investigation, load at VT increased following SE in both exercise 

groups and was also accompanied by an increase in VO2 (ml.kg'’.min"') at VT. 

VT represents the point at which ventilation increases disproportionately with 

VO2 during exercise due to the buffering of hydrogen ions (produced from the 

dissociation o f lactic acid) by bicarbonate leading to excess VCO2 . The increase 

in CO2 stimulates the chemoreceptors to increase ventilation. The increase in load 

at VT following training intervention indicates that the point at which metabolic 

acidosis occurred during the graded exercise test was delayed and therefore is a 

reflection of training induced adaptations in lactate production and clearance. 

However, the training induced adaptations in load at VT and VO2 at VT were not 

maintained during the UE phase highlighting the importance of supervision 

during exercise intervention in both diabetic and non-diabetic populations.
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VOi kinetics

Training did not enhance the speed o f  the VO2 i^inetic responses in either o f  the 

two exercising groups over the course o f  the 7-month intervention. This conflicts 

with at least two previous research findings where VO2 kinetic responses became 

faster (shorter time constant) after exercise training (Brandenburg et a l ,  1999; 

Mac Ananey, 2010). First, Brandenburg et a i ,  (1999) obsei'ved faster VO2 kinetic 

responses during low  (20 W) and moderate intensity (30 W) exercise but not high 

intensity (80 W) exercise following 3 months o f  supervised aerobic exercise in 

premenopausal wom en with T2DM. However, no improvements were found in 

VO2 kinetic responses in lean and obese non-diabetic control wom en with the 

exception o f  moderate intensity exercise in obese wom en (shorter time constant) 

(Brandenburg et a l ,  1999). The authors suggested that the training programme (1 

h o f  aerobic exercise at 70-85%  o f  peak HR 3 d.wk’’) was inadequate to enhance 

VO2 kinetic responses in non-diabetic individuals (Brandenburg et a l ,  1999). 

Investigations conducted in non-diabetic populations indicate that higher intensity 

exercise programmes are required to impact on VO2 kinetic responses (Phillips et 

a l ,  1995). This argument seem s plausible given the fact that the VO2 kinetic 

responses were quite normal (reflecting adequate metabolic and cardiovascular 

responses to exercise) in non-diabetics at baseline in the study by Brandenburg et 

a i ,  (1999). Using exercise intensities calculated to each individual’s VT and VO2 

peak, a recent study from our laboratory has reported improvements in VO2 kinetic 

responses during low  (50% VT), moderate (80% VT), and high intensity (50% A) 

cycle exercise in wom en with T2DM  following 3 months o f  supervised aerobic 

and resistance exercise intervention (Mac Ananey, 2010). Furthermore, the 

improvements acquired during the initial 3-month period were maintained 

following a further 3 months o f  gym-based unsupervised exercise.

However, it is important to note that the exercise loads used post-training to 

determine VO2 kinetic responses in the two former studies (Brandenburg et a l ,  

1999; Mac Ananey, 2010) were the same as those used at baseline. In the 

investigation by Brandenburg et a l ,  (1999), subjects exercised at the same 

absolute intensities (20, 30, & 80 W) pre and post intervention, while in the study 

by Mac Ananey (2010) the exercise intensities were calculated relative to the VT
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obtained at baseline. In contrast, we determined exercise intensities relative to 

each individual’s current VT (i.e. phase-specific VT). While we did not find a 

speeding o f  the VO2 kinetic responses in either exercise group, the increase in load 

at VT meant that each exercise group was working at a greater absolute workload 

at SE than at BS. Thus, an increase in oxygen consumption accompanying an 

increase in workload following SE would affect the time taken to reach steady 

state conditions. Furthermore, despite a lower workload at VT in both the control 

groups compared to the exercise groups at SE, the VO2 kinetic response at SE was 

similar to that at BS in both control groups. Therefore, it seems plausible to 

suggest that som e form o f  training-induced adaptations have taken place in both 

exercise groups with respect to the dynamics o f  VO2 at exercise onset.

Cardiac output

No training effect was observed for either CO at SE or UE in either exercise 

group in the current study. This finding is in agreement with that o f  Mac Ananey 

(2010) who failed to find improvements in CO during sub-maximal cycling  

exercise following supervised and unsupervised exercise intervention while using 

the same workloads established at baseline. The fact that we did not find an 

increase in CO at SE despite exercising at greater workloads follow ing the initial 

supervised exercise intervention period suggests some form o f  metabolic or 

peripheral vascular adaptation to chronic exercise. The similar CO observed at 

SE and UE in comparison to BS in both exercising groups could reflect more 

effective distribution o f  blood flow  and an increased capacity o f  the m uscle to 

generate ATP at a lower Poi- The a-vOi d iff responses tended to be larger in the 

exercising groups after SE, and this could be linked to an enhanced oxygen  

extraction capacity, increased mitochondrial content (Phielix et al., 2010), 

mitochondrial density (Toledo et a i ,  2007), capillary density (Gavin et al., 2007), 

and fibre size (Holten et a i ,  2004).

Leg and arm hem odynamic responses

We did not observe any improvements in dynamic response o f  LVC kinetics 

during 30% M VC plantar flexion in either exercise group following supervised or 

unsupervised exercise interv'ention. However, the increase in MVC at SE and UE
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in both T2DM Ex and ND Ex groups resulted in both groups exercising at a 

greater absolute workload at SE and UE compared to baseline. The resulting 

increase in workload would require a longer rate of adaptation in the vasodilatory 

response to an exercise load and this may have obscured any ‘improvements’ in 

LVC kinetic responses in the current study (i.e. similar speed of LVC kinetics 

post-supervised exercise and post-unsupervised exercise despite an increase in 

force). Our findings appear contradictory to a previous investigation where a 

faster rate of adjustment in LVC during plantar flexion at 70% MVC was reported 

following 3 months o f supervised exercise; improvements which were maintained 

after a follow-up period of 3 months of unsupervised exercise (Mac Ananey, 

2010). In the study by Mac Ananey (2010), the improvement in the temporal 

adjustment of the hyperaemic response was attributed to a speeding of the time 

constant of the second phase and occurred in the absence of any increase in the 

magnitude of the response (End A). However, it is important to note that in this 

former study (Mac Ananey, 2010) the workload at 70% MVC did not change over 

the course of the intervention (i.e. the force post-exercise training was the same as 

that used at baseline).

Although in the present study, both peak force and time to failure increased 

during incremental plantar flexion exercise in T2DM Ex and ND Ex at SE and UE 

from BS, the peak LVC vasodilatory responses were unaffected by exercise 

intervention. Furthermore, both the hyperaemic (slope of LBF vs. force) and 

vasodilatory (slope of LVC vs. force) responses were not different following 

exercise intervention. This finding is surprising considering the increase in peak 

force in both exercise groups at SE and UE, but could be reflective of training- 

induced adaptations in the extraction and/or utilisation of oxygen within the 

myocyte.

Similarly, forearm reactive hyperaemia responses were not affected by the 

training intervention in either exercise group. The aerobic and resistance training 

interventions focused predominantly on the lower limbs apart from 4 upper body 

resistance exercises. It is therefore possible that resistance exercise and/or 

cardiovascular exercise do not induce systemic adaptations that are noticeable in 

the upper limbs, at least at the intensities used in the current investigation. In
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agreement with these results, a previous study conducted on non-diabetic men and 

wom en failed to find improvements in forearm endothelium-dependent 

vasodilation follow ing a period o f  combined aerobic and resistance exercise 

despite improvements being found in VO2 peak (Maiorana et a l ,  2001b).

Mechanisms underpinning improvements

The faster rate o f  adaptation in VO2 kinetic responses in women with T2DM  has 

been attributed to improvements in oxygen delivery and/or oxygen extraction 

(Brandenburg et a l ,  1999). Due to the close temporal alignment o f  VO2 and 

blood flow  responses (MacDonald et a l ,  1998), it is possible that the 

improvement in LVC kinetic responses seen following supervised and 

unsupervised training in T2DM  (Mac Ananey, 2010) might underpin an 

improvement in VO2 kinetic responses following exercise intervention. W hile we 

did not observe a speeding o f  either VO2 or LVC kinetic responses follow ing  

training, the fact that the rate o f  adaptation in both VO2 and LVC was similar pre 

and post intervention at greater absolute workloads suggests some improvement 

in both parameters with chronic exercise. Studies conducted on non-diabetic men 

indicate that the faster VO2 kinetics observed following high intensity interval 

training or endurance training in the absence o f  any changes in muscle 

oxygenation kinetics could reflect adaptations in microvascular perfusion and 

oxygen delivery (M cKay et a l ,  2009; Murias et a l ,  2010). High intensity interval 

training has been shown to increase oxidative enzymes, critrate synthase, and 

pyruvate dehydrogenase, in the initial 2 weeks o f  training in non-diabetic 

participants (Burgomaster et a l ,  2005; Burgomaster et a l ,  2006). A faster 

activation o f  oxidative enzym es in the initial period o f  exercise would lead to 

greater substrate provision for the tricarboxylic acid cycle and electron transport 

chain, which could subsequently lead to a m.ore rapid achievement o f  steady state 

conditions through a speeding o f  the VO2 kinetic response.

The adaptation o f  heart rate during moderate intensity cycle exercise in the 

current investigation was used to reflect the adaptations in CO and bulk blood 

flow. W hile we did not find any change in heart rate kinetics following exercise 

intervention, it is possible that the redistribution o f  blood flow  and subsequent rate
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o f adaptation in blood flow responses may be improved with training. In the 

study by Mac Ananey (2010), the speeding o f the VO2 kinetic response (during 

low, moderate, and high intensity cycle exercise) following exercise intervention 

(both supervised and unsupervised) occurred in the absence o f any increase in CO 

and was attributed to the faster rate o f adaptation in LVC kinetic responses during 

high intensity plantar flexion exercise.

As the vascular endothelium is an important regulator in vascular tone and 

endothelial dysfunction is an early manifestation o f  the atherosclerotic process, 

the importance o f exercise intervention in reversing this process cannot be 

underestimated. Studies that have reported improvements in conduit or resistance 

endothelial vessel function follov/ing exercise intervention have typically reported 

improvements in VO2 peak (Maiorana et a i ,  2001a; Colberg et al., 2006; Okada et 

a i ,  2010), indicating that an improvement in endothelial function may increase 

oxygen delivery during exercise.

The improvements observed in resistance and conduit vessel function 

accompanying exercise intervention in individuals with T2DM appear to be 

largely endothelial-dependent (Maiorana et a i ,  2001a). It has been postulated 

that the exercise-induced training effects on vascular function could be mediated 

via an increased shear stress mechanism via increased NO production (leading to 

smooth muscle relaxation and subsequent vasodilation) and could be responsible 

for the improved endothelial function seen in individuals with T2DM (De Filippis 

et a l ,  2006). Evidence supporting this theory can be found in a study on dogs 

where ACh mediated NO production increased in coronary arteries and 

mircovessels following exercise training (Sessa et al. , 1994). Repetitive increases 

in blood flow and shear stress that accompany regular exercise induce an adaptive 

response that results in an increase in eNOS mRNA expression in skeletal muscle 

o f individuals with T2DM (Sixt et a l ,  2010). As nitric oxide synthase (NOS) 

mediates the production o f NO, it therefore seems reasonable to suggest that 

increases in NOS should result in an increase in NO production and a subsequent 

improvement in vascular responsiveness.

177



Impaired mitochondrial function is an early event in the pathogenesis o f  T2DM . 

Numerous studies have reported improvements in morphological outcomes in 

response to exercise training. Increases in mitochondrial respiration and content 

have been reported with combined aerobic and endurance training (Phielix et al . , 

2010). M uscle biopsies taken from the vastus lateralis muscle revealed an 

increase in oxidative capacity as determined from ex vivo respiratory 

measurements, which was accompanied by increased glucose disposal in men 

with T2DM (Phielix et a l ,  2010). It would appear that modest increases in 

physical activity are sufficient to induce morphological changes in the 

mitochondria o f  diabetic individuals; improvements in mitochondrial density, 

mitochondrial size, and oxidative capacity have been reported following moderate 

intensity physical activity (30-40 min o f  aerobic exercise most days o f  the week) 

over a 5-month period (Toledo et a l ,  2007). The increase in uncoupling protein 

(UCP) 3 (which is an initiator o f  mitochondrial biogenesis) following low  

intensity activity could enhance the oxidative capacity o f  skeletal m uscle (Fritz et 

al., 2006). It is possible that the improvements in VO2 peak in the current 

investigation are in part a reflection o f  increased mitochondrial function. 

Associations have been found between VO2 peak and mitochondrial density, 

mitochondrial size, and oxidative capacity (Toledo et al., 2007).

In summary, supervised exercise intervention improves VO2 peak in previously 

sedentary wom en with and without T2DM. However, the training induced 

adaptations in peak exercise performance were not maintained during a 

subsequent unsupervised period o f  exercise. Exercise intervention did not 

enhance the rate o f  adaptation in either LVC or VO2 at the beginning o f  light and 

moderate exercise respectively at workloads specific to each training phase. 

However, as both exercise groups were exercising at greater absolute workloads 

following SE and the kinetic responses o f  both VO2 and LVC were unchanged, it 

is likely that training adaptations took place with respect to both o f  these 

parameters. Enhancing the rate o f  adaptation in VO2 at exercise onset has 

important implications for individuals with T2DM and may overcom e a 

disincentive to engage in regular exercise.
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Chapter 6: Inflammatory and endothelial markers

6.1 Aims:

(a) To investigate the impact of T2DM on plasma levels of IL-6, IL-10, TNF- 

a , CRP, SAA, sICAM-1, and sVCAM-1 in postmenopausal women

(b) To investigate the impact o f T2DM on IL-6, TNF-a, visfatin, and resistin 

mRNA expression from whole blood in postmenopausal women

(c) To examine the effect of a long-term exercise intervention on plasma 

levels of IL-6, IL-10, TNF-a, CRP, SAA, sICAM-1, and sVCAM-1

(d) To examine the effect of a long-term exercise intervention on IL-6, TNF- 

a , visfatin, and resistin mRNA expression from whole blood

6.2 Subjects

A total of forty postmenopausal women were recruited to participate in the 

baseline study: 19 had T2DM and 21 were non-diabetic. From these forty 

women, a total of 34 women, 16 with T2DM and 18 non-diabetics, participated in 

an exercise intervention study (12-wk supervised exercise intervention followed 

by a 16-wk unsupervised intervention). For the intervention study, the women 

were divided into 4 groups: T2DM exercise n=8, T2DM control n=8, non-diabetic 

exercise n=10, and non-diabetic control n=8.
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6.3 Results

6.3.1 Markers of inflammation and endothelial function (baseline study)

6.3.}.} Subject characteristics

Physical characteristics and habitual physical activity levels in women with and 

without T2DM are presented in Table 6.1. Individual subject characteristics can 

be seen in Appendix 35.

In the group o f postmenopausal women, significant differences were observed in 

BMI, body mass (F<0.0001), and WHR ( / ’<0.01) between groups with and 

without T2DM.

In the subgroup o f BMI matched postmenopausal women, there were no 

differences between women with and without T2DM with respect to age, physical 

activity levels, BMI, weight, height, WHR, or ABI.

Table 6.1. Physical characteristics and activity levels

T2DM  
(n = I9)

Non-diabetic 
(n = 2I)

T2DM  
(n = l l )

Non-diabetic
( n = 9 )

Postmenopausal BMI matched postmenopausal
Age (y r) 57.0±4.0 56.1±5.7 57.7±4.7 56.5±3.5
BMI (kg.m 34,1±5.5*** 26.4±4.0 30.7±3.0 29.7±1.9
Weight (kg) 85.7±14.2*** 66.0±10.1 78.1±9.8 75.3±5.9
Height (m) 1,58±0.05 1.60±0.07 l.60±0.05 1.59±0.03
W HR 0.95±0.05** 0.90±0.08 0.93±0.05 0.91±0.08
ABI 1.06±0.11 1.09±0.13 1.04±0.11 l.lO iO .lO
LOPAR  
(MET h .w k ')

104±47 112±49 93±45 124±61

Significantly different from non-diabetic ** /’<0.01, ***P<0.000].

180



63.1.2 Plasma levels o f  lL-6, IL-10, and TNF-a

Plasma levels of IL-6, IL-10, and TNF-a are presented in Fig. 6.1. Individual 

results can be seen in Appendix 36.

In the group of postmenopausal women, IL-6 (P<0.01) and IL-10 ( / ’<0.0001) 

levels were greater in women with T2DM than non-diabetic women. However, 

TNF-a levels were similar between the two groups.

In the subgroup of BMI matched postmenopausal women, there were no 

differences between BMI-matched postmenopausal women with and without 

T2DM with respect to IL-6, IL-10 or TNF-a levels.
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6.3.1.3 lL-6, TNF-a, visfatin, and resistin mRNA expression

IL-6, TNF-a, visfatin, and resistin mRNA expression are presented in Fig. 6.2.

Individual results can be seen in Appendix 36.

The expression of visfatin mRNA was greater in the group of postmenopausal 

women with T2DM than non-diabetic women (P<0.01). IL-6, TNF-a, and

resistin mRNA expression were similar between the groups of postmenopausal 

women with and without T2DM.

Visfatin mRNA expression was numerically greater in the subgroup of BMI 

matched postmenopausal women with T2DM than non-diabetic women but the 

result did not reach statistical significance (P=0.06). There were no differences in 

IL-6, TNF-a, or resistin mRNA expression between the subgroups of BMI 

matched postmenopausal women with and without T2DM.
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63.1.4 Plasma levels o f  CRP, SAA, sICAM-1, and sVCAM~l

Plasma levels of CRP, SAA, sICAM-1, and sVCAM-1 are presented in Fig. 6.3.

Individual results can be seen in Appendix 36.

Plasma levels of CRP were greater in postmenopausal women with T2DM than 

non-diabetic women ( / ’<0.01), There were no differences between the subgroups 

of BMI matched postmenopausal women with and without T2DM in relation to 

CRP levels.

There were no differences between the group of postmenopausal women or 

subgroups of BMI matched postmenopausal women with and without T2DM in 

relation to plasma levels of SAA, sICAM-1, or sVCAM.
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6.3.2 Effect of exercise intervention on markers of inflammation and 

endothelial function

6.3.2.1 Physical characteristics and activity levels

The effect of the exercise intervention on physical characteristics and activity 

levels for women with and without T2DM in the exercise and control groups at 

baseline (BS), supervised exercise (SE), and unsupervised exercise (UE) are 

presented in Table 6.2. Individual physical characteristics and activity levels can 

be seen in Appendix 37.

There was a main effect of diabetes status for body mass, BMI, and WHR at BS, 

SE, and UE (/*<0.01) so that they were significantly greater in women with 

T2DM than non-diabetics.

Table 6.2. Physical characteristics and activity levels at BS, SE, and UE

T2DM Non-diabetic
Diabetes

effectExercise
(n=8)

Control
(n=8)

Exercise
(n=10)

Control
(n=8)

Age (yr) 57.5±4.5 56.0±5.8 55.5±9.0 5I.9±8.0

Body mass 
(kg)

BS 78.1±10.7 86.7±14.2 65.3±10.4 67.4±10.9
/ ’<0.01SE 76.5±9.7 85.9±I4,2 64.3±9.8 67 .4± ll.2

UE 76.l±9.6 86.6±I5.4 64.5±9.8 66 .1± ll.7

BiMI (kg.m
BS 3I.3±4.2 34.0±5.6 26.2±3.4 25.4±3.8

P<O.OISE 30.6±3.9 33.7±5.5 25.7±2.8 25.4±3.9
UE 30.6±3.8 34.0±5.9 25.8±2.9 25.4±3.9

W HR
BS 0.95±0.05 0.95±0.05 0.89±0.07 0.89±0.08

P<O.OISE 0.96±0.05 0.95±0.05 0.89±0.07 0.89±0.09
UE 0.95±0.05 0.95±0.05 0.88±0.08 0.89±0.09

ABI
BS 1.08±0.08 l.lliO .IO 1.07±0.I2 I.09±0.I6
SE 1.06±0.09 1,06±0.09 l.ll± 0 .0 6 I.10±0.I3
UE 1.I3±0.09 l.03±0.05 1.05±0.08 l.07±0.07

LOPAR  
(M et h.wk"')

BS 98±43 I25±65 I01±56 I21±27
SE I49±52 I22±48 I09±50 1I9±3I
UE I26±49 I66±84 II9±50 I20±55
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6.3.2.2 Effect o f  exercise intervention on plasma levels o f  lL-6, lL-10, and TNF-a 

The effect o f exercise intervention on plasma levels o f lL-6, IL-10, and T N F-a in 

women with and without T2DM is shown in Fig. 6.4. Individual results can be 

seen in Appendix 38.

Plasma levels o f IL-6, IL-10, and TN F-a were not different following exercise 

intervention in any o f the groups.

L-6 TNF-a L-10
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Fig. 6 .4 . Plasma levels o f  IL-6, IL-10, and T N F -a  at BS, SE, and UE
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6.3.2.3 Effect o f  exercise intervention on IL-6, TNF-a, visfatin, and resistin mRNA 

expression

The effect o f exercise intervention on IL-6, TNF-a, visfatin, and resistin mRNA 

expression in women with and without T2DM is presented in Fig. 6.5. Individual 

results can be seen in Appendix 39.

There were no differences in IL-6, TNF-a, visfatin, and resistin mRNA

expression followmg exercise i
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Fig. 6.5. IL-6, T N F -a , visfatin, and resistin
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6.3.2.4 Effect o f  exercise intervention on plasma levels o f  CRP, SAA, sICAM-1, 

andsVCAM-1

The effect of exercise intervention on plasma levels of CRP, SAA, sICAM-1 and 

sVCAM-1 is presented in Fig. 6.6. Individual results can be seen in Appendix 40.

Plasma levels of CRP, SAA, sICAM-1, and sVCAM-1 were not changed 

following exercise intervention for any of the groups.
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Fig. 6.6. Plasma levels o f  CRP, SAA, slCAM -1, and sVCAM-1 at BS, SE, and UE.
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6.4 Discussion

The main findings o f this study were as follows:

(a) Plasma levels of IL-6, IL-10, and CRP are increased in postmenopausal 

women with T2DM compared with non-diabetic controls (not matched by 

BMI), but they are not different between BMI matched postmenopausal 

women with and without T2DM.

(b) No differences were observed between plasma levels of TNF-a, sICAM, 

and sVCAM, or SAA between women with and without T2DM.

(c) Visfatin mRNA expression was increased in postmenopausal women with 

T2DM in comparison to non-diabetic women (not matched by BMI).

(d) IL-6, TNF-a, or resistin mRNA expression was not different between 

women with and without T2DM.

(e) Exercise intervention, either supervised or unsupervised, did not affect 

plasma concentrations of IL-6, IL-IO, TNF-a, CRP, SAA, sICAM or 

sVCAM in women with or without T2DM. In addition, IL-6, TNF-a, 

visfatin, or resistin mRNA expression was not altered in women with and 

without T2DM following exercise intervention.

Baseline responses

The research on pro-inflammatory cytokine levels in postmenopausal women with 

T2DM is limited. In a non-diabetic population, TNF-a expressed relative to total 

fat mass and plasma levels of leptin were lower in pre versus postmenopausal 

women (Hayase et a i ,  2002). Furthermore, TNF-a was associated with visceral 

fat in premenopausal women only and increases in TNF-a levels following 10 wk 

o f exercise intervention were associated with reduced amounts of visceral fat in 

premenopausal women (Hayase et a i, 2002). The authors suggested that TNF-a 

secretion after the menopause might be influenced by ageing and/or female 

hormones (Hayase et a l,  2002). Others have found that plasma levels of TNF-a, 

CRP, and IL-6 are increased in men and women with T2DM in comparison to 

BMI matched non-diabetic controls (Plomgaard et a l,  2007). Furthermore, 

positive associations were found between TNF-a and both insulin resistance and 

BMI in individuals with T2DM (Plomgaard et al., 2007). It is possible that 

differences in visceral adipose tissue may account for the increased levels of
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TNF-a seen in individuals with T2DM in previous investigations. Although we 

did not measure visceral adipose tissue in the current investigation, it is possible 

that the degree of visceral adiposity was not severe enough in women with T2DM 

included in the study to emphasise any differences in TNF-a levels between 

women with and without T2DM.

Previously, it has been suggested that adipose tissue may be an important source 

of IL-6 production due to the positive correlations found between IL-6 and BMI, 

waist circumference, and insulin resistance in individuals with T2DM (Leinonen 

et al., 2003). In the current investigation, plasma levels of IL-6 were greater in 

the group of postmenopausal women with T2DM in comparison to non-diabetic 

women (not matched by BMI). In contrast, there were no differences between 

BMI matched postmenopausal women with and without T2DM in relation to IL-6 

levels, indicating that BMI is an important indicator of IL-6 levels in individuals 

with T2DM. Confirming these findings, others have observed similarities in 

plasma concentrations of IL-6 and TNF-a between individuals with and without 

T2DM matched for age and BMI despite observing a 3-fold higher glucose 

infusion rate during a euglycaemic-hyperinsulinemic clamp in individuals with 

T2DM than controls (Carey et al., 2004). The association found between IL-6 

and BMI in individuals with T2DM indicate that IL-6 concentrations are related 

to fat mass rather than insulin responsiveness BMI (Carey et al., 2004).

Muller et al, (2002) reported elevated serum levels of IL-6, CRP, and SAA in 

individuals with T2DM and IGT while TNF-a levels were elevated in individuals 

with T2DM only. This implicates IL-6 but not TNF-a as a contributory factor in 

the inflammatory process prior to the onset o f overt hyperglycaemia. As the 

range o f HbAic in the former investigation (Muller et a l ,  2002) was greater than 

that in the current investigation, it is probable a greater severity of 

hyperglycaemia may be required to increase TNF-a levels in individuals with 

T2DM. More recently it has been reported that plasma levels o f both hs-CRP and 

IL-6 are increased in obese men with T2DM in comparison to non-obese men 

without T2DM (Hansen et a l ,  2010). As in the study by Hansen et al, (2010), no 

such differences were found between non-obese men with and without T2DM, the
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results suggest that hs-CRP and lL-6 are more likely to be influenced by adiposity 

rather than hyperglycaemia (Hansen et ai,  2010). This is further supported by the 

fact that the association found between glycaemic control and both hs-CRP and 

IL-6 no longer existed when the data was adjusted for trunk adipose tissue mass 

(Hansen et al., 2010). In agreement with this finding, we did not find any 

differences in plasma levels of CRP between BMI matched postmenopausal 

women with T2DM, while in contrast, CRP levels were greater in the group of 

postmenopausal women with T2DM in comparison to their non-diabetic 

counterparts (not matched by BMI).

Recent work conducted on cultured adipocytes indicates that visfatin synthesis is 

activated from adipose tissue in a hyperglycaemic environjnent, it increases NF- 

k B transcriptional activity, and it leads to activation of pro-inflammatory 

cytokines (Kang et a i,  2010). Furthermore, plasma levels of visfatin were 

elevated in individuals with T2DM in comparison to non-diabetics matched by 

age but not BMI, a finding that persisted irrespective o f the severity of 

microalbuminuria (Kang et a i,  2010). In agreement with these findings we found 

that visfatin mRNA expression was greater in the group of postmenopausal 

women with T2DM than their non-diabetic counterparts. In addition, there was a 

trend for greater visfatin mRNA expression in BMI matched postmenopausal 

women with T2DM.

Endothelial dysfunction is a common feature of T2DM and it is frequently 

associated with increased circulating levels of pro-inflammatory cytokines and 

soluble adhesion molecules as well as atherosclerosis. Recent evidence suggests 

that in normotensive individuals with T2DM, plasma levels o f both ICAM-1 and 

VCAM-1 are associated with the severity of atherosclerosis (Rubio-Guerra et ai, 

2009). An earlier investigation found positive associations between markers of 

endothelial activation (ICAM-1 and VCAM-1) and insulin resistance in men and 

women with T2DM (Leinonen et ai,  2003). The authors suggested that as the 

association between insulin resistance and inflammation is weaker after adjusting 

for BMI, other factors must contribute to the inflammatory milieu (Leinonen et 

ai,  2003). In the current investigation there were no differences between women
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with and without T2DM with respect to plasma levels o f SAA, sICAM or 

sVCAM. These findings are not altogether that surprising considering that total 

cholesterol levels were lower in women with T2DM than non-diabetic women and 

no differences were reported in ankle brachial index between women with and 

without T2DM (see chapter 3, sections 3.4.1.1 and 3.4.1.2). Furthermore, arm 

reactive hyperaemic responses were similar in women with and without T2DM 

(see chapter 3, section 4.4.5), suggesting similar systemic endothelial function (at 

least in the forearm) between women with uncomplicated T2DM and non-diabetic 

controls.

Effect o f  exercise intervention

The anti-inflammatory effect o f exercise has received much debate but the results 

are somewhat conflicting. Data from a number o f intervention studies have 

reported reductions in IL-6, CRP, and ICAM-1 concentrations in individuals with 

T2DM (Roberts et a i ,  2006; Zoppini et al., 2006; Dekker et al., 2007), indicating 

that exercise may suppress systemic low-grade inflammation. In contrast, other 

exercise investigations have found no effects on levels o f IL-6 or 'FNF-a (Jorge et 

a i ,  2011). In the current investigation, exercise intervention over a 7-month 

period did not affect plasma levels o f lL-6, IL-10, TN F-a, CRP, SAA, sICAM-1, 

or sVCAM-1 and similarly, no effects were found in lL-6, T N F-a, resistin, or 

visfatin whole blood mRNA expression in women with or without T2DM. While 

we did not measure adiposity, we did not find any improvement in either BMl or 

body mass in exercising women with and without T2DM, a fact that might 

explain the lack o f improvement in the inflammatory and endothelial biomarkers.

Previous investigations in this area indicate that weight loss or loss o f visceral 

adipose tissue is an important requirement for any improvements to take place in 

inflammatory markers. In older individuals with T2DM, a 6-month period o f 

supervised aerobic exercise induced reductions in plasma concentrations of 

ICAM-1 but not hs-CRP or soluble TN F-a receptors (Zoppini et a i ,  2006). It is 

possible that the lack o f significant improvement in body composition in the 

individuals in the study by Zoppini et a i, (2006) may account for the lack of 

improvement in markers o f inflammation and therefore, more intensive training
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may have been required to affect change in concentrations o f  hs-CRP and soluble 

T N F -a receptors (Zoppini et al., 2006). In support o f  these results, others have 

also failed to find any improvements in plasma concentrations o f  CRP and 

plasminogen activator inhibitor-1 (PAI-1) in men with T2DM  and both lean and 

obese non-diabetic controls following 12-wk o f  combined dietary and exercise 

(60 min o f  aerobic exercise per day at 60% o f  VO2 peak) intervention (Dekker et 

al., 2007). However, Dekker et a l ,  (2007) observed that IL-6 concentrations 

were lower in all groups, a factor that was attributed to the reduction in visceral 

adiposity and waist circumference in these men and thus, highlights the potential 

role that excess adiposity plays in contributing to the inflammatory process. The 

authors o f  the study suggested that CRP may be more closely aligned to insulin 

sensitivity, which was unchanged following intervention, rather than visceral 

adiposity and thus, improvements may be required in insulin sensitivity in order to 

reduce CRP levels (Dekker et al., 2007).

In contrast, it has been shown that a combination o f  diet and exercise intervention 

over a 21-d period was effective in lowering serum levels o f  CRP along with 

sICAM-1 and sE-selectin in a group o f  overweight and obese men with T2DM  

(Roberts et al., 2006). However, the more intensive intervention (45-60 min o f  

exercise per day at 70-85% o f  peak HR) in the former investigation by Roberts et 

al., (2006) resulted in a reduction in BMI (11.1% ), which is likely to have 

accounted for the differences in results compared with previous investigations 

where body composition was unaffected (Zoppini et al., 2006; Dekker et a l ,  

2007).

The research on plasma levels o f  visfatin following exercise intervention in 

individuals with T2DM  is limited and somewhat conflicting. A recent 

investigation reported increased levels o f  plasma levels o f  visfatin in middle-aged 

individuals with T2DM  follow ing a 12-wk period o f  either aerobic, resistance, or 

combined (aerobic & resistance) exercise (Jorge et al., 2011) while in contrast, 

others have reported reduced plasma levels o f  visfatin follow ing 3-months o f  

aerobic training in a young group with T2DM  (Brema et al., 2008). The 

mechanism underpinning the reduction in visfatin levels observed by Brema et al.,
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(2008) is unclear as apart from a reduction in waist circumference, no 

improvements were observed in insulin sensitivity, percentage body fat, or lipid 

profile following intervention.

On the other hand, Katsuki et al,  (1998) investigated the effect of a dietary and 

exercise intervention programme of a 4-week duration on serum levels of TNF-a 

in both lean and obese men and women with T2DM. Visceral adiposity was 

reduced (similar magnitude) in both lean and obese groups following intervention 

(Katsuki et a l ,  1998). However, serum levels of TNF-a were reduced in the 

obese group only and not in the lean group, a finding that might be explained by 

the greater level of visceral fat in the obese group at baseline (Katsuki et a l ,  

1998). In contrast, Giannopoulou et al, (2005) reported no changes in plasma 

levels o f TNF-a, adiponectin, resistin, and IL-6 in postmenopausal women with 

T2DM assigned to a diet and/or exercise interventions over a 14-wk period. It is 

likely that the increase in visceral fat in two of the groups (diet plus exercise and 

exercise) in the former investigation by Giannopoulou et al, (2005) might 

account for the lack of effect in TNF-a levels. However, reductions were 

observed in plasma levels of CRP across all intervention groups, which might 

indicate that modest improvements in body mass rather than visceral fat are 

sufficient to affect changes in CRP levels at least in postmenopausal women with 

T2DM (Giannopoulou et a l ,  2005).

Limitations

The majority of women with T2DM were receiving lipid-lowering therapy in the 

current investigation. This is likely to have accounted for the similarities between 

women with and without T2DM in relation to markers of endothelial dysfunction 

as lipid-lowering therapy has been known to lower circulating levels of adhesion 

molecules. Furthermore, the women in this investigation had well-controlled 

T2DM and it is possible that more advanced T2DM may be required to emphasise 

any differences in circulating levels of inflammatory cytokines and markers of 

endothelial dysfunction.
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Conclusions

In summary, plasma levels of IL-6, IL-10, and CRP as well as visfatin mRNA 

expression were greater in the group of postmenopausal women with T2DM in 

comparison to non-diabetic women (not matched by BMI) at baseline. However, 

no differences were found in markers of inflammation or endothelial activation in 

the subgroups of BMI matched postmenopausal women with or without T2DM, 

implicating the potential negative impact that increasing levels of adiposity have 

on the inflammatory process. In addition, no improvements were found in markers 

of inflammation or endothelial activation in either exercising group following the 

supervised and unsupervised exercise interventions. It is possible that the lack of 

significant improvement in body composition following exercise training might 

explain the lack o f differences in the levels o f the biomarkers. Thus, the results 

indicate that a more intensive exercise intervention and/or a combination of 

exercise and diet might be required to affect change in body composition and pro- 

inflammatory cytokines and markers of endothelial function in women with 

T2DM.
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Chapter 7: General discussion and conclusion

7.1 Discussion

Individuals with T2DM exhibit impaired peak exercise performance 

(Regensteiner et a l ,  1995; Regensteiner et a l ,  1998; Brandenburg et a l ,  1999; 

Baldi et a l ,  2003; Mac Ananey et a l ,  2011a; Wilkerson et a l ,  2011), a finding 

that has been previously linked with increased mortality (Wei et a l ,  2000). 

Despite the increased rates o f morbidity and mortality among diabetic populations 

(Stamler et al ,  1993; Gu et al ,  1998; Haffner et al ,  1998), individuals with 

T2DM do not engage in sufficient regular exercise and adherence to exercise 

programmes is poor (Krug et a l ,  1991; Morrato et a l ,  2007). Numerous studies 

have confirmed the beneficial effects o f regular exercise in diabetic populations 

promoting improvements in glycaemic control (Okada et a l ,  2010), inflammatory 

markers (Roberts et a l ,  2006), endothelial function (Maiorana et a l ,  2001a), lipid 

profile (Sixt et a l ,  2010), body composition (Cuff et a l ,  2003), and blood 

pressure (Loimaala et a l ,  2003). However, women with T2DM perceive exercise 

as being more difficult than their non-diabetic counterparts (Huebschmann et a l ,  

2009), which could be related to the exercise intolerance observed in individuals 

with T2DM during both maximal and sub-maximal exercise (Regensteiner et al ,  

1998; Brandenburg et al ,  1999; Bauer et al ,  2007; Mac Ananey et al ,  201 la).

In agreement with previous investigations (Regensteiner et a l ,  1995; 

Regensteiner et a l ,  1998; Brandenburg et a l ,  1999; Baldi et a l ,  2003), we found 

a reduction in VO2 peak (ml.kg''.min‘') in postmenopausal women with T2DM in 

comparison to age and activity matched controls, the magnitude o f which was 

approximately 20%. While VO2 peak (ml.kg''.min‘') was reduced in age and BMI 

matched postmenopausal women with T2DM, the magnitude o f difference in V O2 

peak was somewhat smaller (-12%).
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V 02  kinetics

Current research in this field indicates that the rate o f  adaptation in the VO2 

response during the on-transient o f  exercise is slowed in individuals with T2DM  

during low and moderate intensity exercise premenopausal wom en, combined 

groups o f  pre and postmenopausal women, and combined groups o f  men and 

wom en with T2DM  (Regensteiner et a l ,  1998; Brandenburg et a l ,  1999; Bauer et 

a l ,  2007; Mac Ananey et a l ,  2011 a) but not in older men with T2DM  (Wilkerson 

et a l ,  2011). The ‘lack o f  significance’ in VO2 kinetic responses between older 

men with and without T2DM  has been attributed to an age-related defect in v O2 

kinetic responses in non-diabetic men (Wilkerson et al., 2011).

In the first experiment, we sought to establish if  the slowed V O2 kinetic responses 

observed elsewhere in premenopausal wom en (Regensteiner et a l ,  1998; 

Brandenburg et a l ,  1999) and combined groups o f  pre and postmenopausal 

wom en (Mac Ananey et a l ,  2011a) are applicable to a population o f  

postmenopausal wom en with T2DM. In addition, we wanted to establish if  the 

findings persist in BMI matched postmenopausal wom en with and without 

T2DM.

For all group comparisons, a slowing in the rate o f  adaptation o f  the VO2 response 

was observed in wom en with T2DM  in comparison to non-diabetic women, 

indicating that the impairment is a function o f  diabetes rather than BMI. This is 

the first study to report a slow ing in VO2 kinetic responses in postmenopausal 

wom en with T2DM . The slow ing o f  the VO2 response in wom en with T2DM , 

evident by the greater MRT, was attributed to the slower rate o f  adaptation in the 

time constant o f  phase 2. The rate o f  adjustment o f  phase 2 o f  the VO2 kinetic 

response closely reflects adjustment in oxidative metabolism at the level o f  the 

skeletal m uscle. A slow ing in the rate o f  adjustment in VO2 results in a greater 

oxygen deficit and subsequently increased reliance on substrate-level 

phosphorylation to provide ATP to enable exercise to be sustained. In contrast, 

the time constant o f  phase 1 o f  the V O2 kinetic response, where phase 1 represents 

the oxygen exchange associated with the initial increase in CO and pulmonary 

blood flow , was not different between wom en with and without T2DM . This
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suggests that the underlying control mechanisms responsible for the increase in 

VO2 during phase 1 (rapid vasodilation, m uscle pump effect, and neural control o f  

heart rate) remain intact in T2DM.

As left ventricular diastolic dysfunction (LVD D) is prevalent in diabetic 

populations (Poirier et a i ,  2001; Baldi et a l ,  2006) and has previously been 

associated with reduced exercise performance (Poirier et a l ,  2000; Ha et a l ,  

2008), it is possible that central factors may contribute to the slowed rate o f  

adaptation in VO2 responses in individuals with T2DM  seen in this experiment 

and previous investigations (Regensteiner et a l ,  1998; Brandenburg et al., 1999; 

Bauer et a l ,  2007; Mac Ananey et a l ,  201 la).

To gain insight into the possible mechanistic basis for the impaired VO2 kinetic 

responses in wom en with T2DM , we measured CO responses during exercise (30 

s and 240 s). Confirming reports o f  a prior investigation (Mac Ananey et a l ,  

201 la), we failed to find any differences in CO responses between wom en with or 

without T2DM , therefore suggesting that CO is not a limiting factor in the rate o f  

adaptation o f  the VO2 response during exercise onset. However, due to the 

required inter-measurement timing-related limitations in the inert gas rebreathing 

technique, we were unable to continuously measure CO during exercise. The 

findings o f  impaired heart rate kinetic responses for all group comparisons in 

wom en with T2DM  indicate a possible impairment in oxygen delivery. 

Furthermore, the similarities in oxygen extraction between wom en with and 

without T2DM  in the current investigation together with the overshoot in [HHb] 

responses (reflective o f  tissue oxygen extraction) above that required in steady 

state exercise in individuals with T2DM  at the onset o f  exercise observed by 

others (Bauer et a l ,  2007), indicate that oxygen extraction might not be a limiting 

factor in VO2 kinetic response in individuals with uncomplicated T2DM . Thus, an 

increased reliance for oxygen extraction during the on-transient o f  exercise in 

disease states such as T2DM  (Bauer et a l ,  2007), is possibly reflective o f  a 

compensatory mechanism for impairments in microvascular blood flow.
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LVC kinetics

In the absence o f  any cardiac dysfunction or Hmitations in oxygen extraction in 

the present experiment, it would appear that the slowed rate o f  adaptation in V O2 

responses are associated with an impaired blood flow  response or maldistribution 

o f  blood flow. Thus, in the second experiment, LVC kinetic responses were 

determined during 30% and 70% MVC plantar flexion exercise in the supine 

posture. The LVC data were resolved by fitting biphasic ‘growth only’ (70%  

M VC) and triphasic ‘growth and decay’ (30% MVC) m odels to the data on the 

basis that biphasic ‘growth only’ and triphasic ‘growth and decay’ responses were 

more prevalent in each respective case. Prior investigations conducted on blood 

flow  responses during low  intensity knee extension exercise (Shoemaker et a l ,  

1996; M acDonald et a l ,  1998) indicate the presence o f  fast decay follow ing the 

initial increase in blood flow  during phase 1.

The rate o f  adjustment in LVC responses were similar between wom en with and 

without T2DM at 30% MVC irrespective o f  BMI. This suggests that low  

intensity exercise may be ineffective in emphasising any differences in LVC 

kinetic responses between wom en with and without T2DM. The elevated heart 

rate responses and similar MAP responses during exercise in wom en with T2DM  

might be a compensatory mechanism to maintain blood flow  and hence LVC 

responses during exercise at 30% MVC. In keeping with the results o f  a prior 

investigation (Mac Ananey et a l ,  2011b), wom en with T2DM  displayed a 

slow ing in the rate o f  adjustment in LVC responses during plantar flexion at 70% 

MVC and this occurred independent o f  BMI. As the second growth phase is a 

flow-mediated, endothelium-dependent phase (Tschakovsky et a l ,  2006), the 

slowed adjustment in vasodilatory responses observed at 70% MVC in women 

with T2DM  indicate a failure in endothelial-dependent vasodilatory mechanisms 

in adjusting the rate o f  adaptation in LVC during exercise onset to meet the 

exercise stimulus. In addition, the preserved MAP and heart rate responses during 

exercise at 70% MVC in women with T2DM  add further weight to the argument 

that the impairment is not due to central cardiac function but suggests an 

abnormality in vascular function. Interestingly, the End A was not different
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between wom en with and without T2DM  indicating that the capacity to vasodilate 

during high intensity exercise is preserved in wom en with T2DM.

To investigate i f  endothelial dysfunction plays a role in contributing to the 

impaired LVC kinetic responses observed in wom en with T2DM during high 

intensity exercise, reactive hyperaemia o f  the forearm was performed. W hile we  

did not observe any differences in the vasodilatory responses between women 

with and without T2DM , it is possible that vascular function may be limb specific  

and that endothelial dysfunction might be more pronounced in the lower limbs o f  

wom en with T2DM.

The presence o f  endothelial dysfunction is clinically significant as impaired 

endothelial-dependent vasodilatory responses are thought to precede 

atherosclerosis (Celermajer et a l ,  1994). Extensive research indicates that 

individuals with T2DM have impaired vasodilatory responses to endothelium- 

dependent agonists such as ACh (M cVeigh et a l ,  1992) and metacholine 

(W illiams et al., 1996). Thus, it would appear that the pathogenesis o f  endothelial 

dysfunction in T2DM  involves some defect in endothelial-derived NO. A s ACh 

mediates vasodilation through the release o f  NO and vasodilator prostanoids via 

interaction with M 3 muscarinic receptors, it would appear that either the release o f  

these substances or arterial smooth muscle reactivity to these substances is 

reduced in T2DM . Others have found an association between reduced leg blood 

flow  observed during exercise in men with T2DM  and fasting plasma glucose  

(Kingwell et al., 2003). The mechanistic basis by which hyperglycaemia 

contributes to impaired endothelial-dependent vasodilation is multi-factorial and 

includes increased formation o f  oxygen derived free radicals, activation o f  protein 

kinase C, activation o f  the polyol pathway, and formation o f  AGEs (Matsubara & 

Ziff, 1986; Bucala et a/., 1991; Chung et a l ,  2003; Kelly et a l ,  2003).

In experiment 1, we reported a slowing in the rate o f  adaptation o f  the VO2 

response during moderate intensity exercise in wom en with T2DM  and it appears 

that CO does not contribute to the impaired VO2 kinetic responses. In the second 

experiment, we found an impaired rate o f  adaptation in LVC responses during
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high intensity but not low intensity plantar flexion exercise in wom en with 

T2DM; this finding was again apparent after controlling for BMI. Due to the 

close temporal alignment o f  V O2  and blood flow , it is possible that the slowed rate 

o f  adaptation in LVC observed during high intensity plantar flexion exercise 

contributes to the slowed VO2  kinetic responses seen during cycle exercise in 

wom en with T2DM.

Exercise intervention

A slow ing in the dynamic response o f  VO2  seen in the current investigation in 

women with T2DM  at exercise onset has important implications in terms o f  

exercise performance and adherence. If the capacity to exercise even at low  

intensities is reduced in T2DM , then individuals with T2DM  may perceive 

exercise as more challenging than non-diabetics and may therefore, be 

discouraged from engaging in regular exercise. Therefore, strategies that reduce 

or alleviate the exercise intolerance in T2DM are o f  great importance as they may 

result in greater participation in physical activity. The third experiment, 

therefore, aimed to investigate the effect o f  supervised exercise (combined aerobic 

plus resistance) over 3 months on VO2  and LVC kinetic responses in wom en with 

T2DM. In addition, subjects completed a further period o f  unsupervised exercise 

(4 months) to investigate i f  the benefits acquired during the supervised phase 

could be maintained during the unsupervised exercise.

The initial 3-month period o f  supervised exercise was sufficient to induce changes 

in both relative (ml.kg‘’.min'') and absolute (L.min'') VO2  peak in exercising 

diabetics and non-diabetics. The magnitude o f  increase in VO2  peak (13%) in 

T2DM Ex observed in the present experiment was consistent with previous 

investigations reporting improvements in V O 2  peak following an exercise training 

intervention (Brandenburg et al., 1999; Loimaala et a l ,  2007; Okada et a l ,  2010). 

However, the benefits acquired in V O 2  peak at SE were not maintained during UE. 

Prior research in this area is limited in T2DM , but recent evidence suggests that 

‘unsupervised exercise’ training is sufficient to maintain improvements in V0 2 peak 

when it is performed in the gymnasium (Mac Ananey, 2010). In the current 

investigation, most subjects carried out the unsupervised exercise intervention in
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their homes or in the vicinities o f  their homes, which led to an important reduction 

in training compliance, and this most likely contributed to the reduction in VO2 

peak in both exercise groups between S E  and U E . The reduction in maximal 

aerobic performance and decrease in training compliance in the current 

investigation has particular implications in terms o f  exercise prescription for 

individuals with T2DM . As shown by others (Dunstan et a l ,  2005; Dunstan et 

a l ,  2006), when unsupervised exercise is carried out exclusively in a gym-based 

setting, the subsequent benefits are greater than when the unsupervised exercise is 

performed ‘hom e-based’ or in a combination o f  both. Thus, from the exercise 

prescription point o f  view , gym-based unsupervised exercise programmes should 

be encouraged (which include some form o f  supervision) for individuals with 

T2DM.

In the current experiment, exercise intervention (either SE or UE) did not enhance 

the speed o f  the VO2 kinetic response at the beginning o f  moderate intensity cycle 

exercise in either exercise group. This finding appears contradictory to previous 

research where faster VO2 kinetics responses (shorter time constant) have been 

observed in men and wom en with T2DM during low and moderate intensity cycle  

exercise (Brandenburg et al ,  1999; Mac Ananey, 2010). The improvements in 

the rate o f  adaptation in VO2 in the former investigations (Brandenburg et a l ,  

1999) could reflect improvements in either oxygen delivery and/or oxygen  

utilisation. Consistent with the study by Mac Ananey (2010), we did not find any 

change in CO during exercise following the training intervention. However, there 

is an important point to take into consideration with the ‘lack’ o f  significant 

improvement in VO2 kinetic responses or CO follow ing exercise intervention in 

the current investigation. The increase in workload at VT follow ing SE resulted 

in both exercising groups exercising at greater absolute workloads than at BS and 

thus, the resulting increase in oxygen consumption during exercise would  

necessitate a longer rate o f  adaptation in VO2 before steady state was achieved. 

As the adjustment in VO2 kinetic responses were similar at BS and SE in both 

exercise groups, it is not unreasonable to suggest that some form o f  adaptation has 

taken place in the V O2 kinetic response follow ing exercise intervention.
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Mirroring the findings in VO2 kinetic responses, w e failed to find any changes in 

LVC kinetic responses during low  intensity plantar flexion exercise following  

either SE or UE. This conflicts with a prior investigation where faster LVC 

kinetic responses were observed in wom en with T2DM  following SE exercise 

during high intensity plantar flexion exercise (Mac Ananey, 2010). The increase 

in M VC at SE and at UE from BS in both T2DM  and N D  Ex resulted in greater 

absolute workloads during constant load plantar flexion exercise and it could be 

argued that som e improvement in endothelial-dependent vasodilation did take 

place.

The speeding o f  the VO2 kinetic responses during cycle exercise observed 

elsewhere (Mac Ananey, 2010) in men and women with T2DM  following an 

exercise intervention have been attributed at least in part to the faster rate o f  

adaptation in LVC kinetic responses during high intensity plantar flexion exercise. 

In the current investigation, heart rate kinetic responses were not enhanced by 

exercise intervention. However, the increase in absolute workload and 

similarities in heart rate kinetic responses between BS and SE could be indicative 

o f  improvements in the redistribution o f  blood flow  and subsequent rate o f  

adaptation in blood flow  responses during exercise. The training induced 

adaptations in vascular function observed in individuals with T2DM  (Maiorana et 

a l ,  2001a) appear to be endothelial-dependent and could be mediated through an 

increase in shear stress mechanism via increased NO production. Alternatively, 

improvements in mitochondrial density, mitochondrial size, and oxidative 

capacity which have been observed in individuals with T2DM  following exercise 

intervention (Toledo et a l ,  2007) may contribute to an enhanced rate o f  

adaptation in the VO2 response.

Markers o f  inflammation and endothelial function at baseline 

It has been well established that concentrations o f  several pro-inflammatory 

cytokines such as IL-6, CRP, and T N F-a are increased in T2DM  (Muller et al., 

2002; Bruun et al., 2003; Verma et al., 2003; Giannopoulou et a l ,  2005; Wood et 

a l ,  2005; Plomgaard et a l ,  2007). However, some investigations have failed to 

find any differences in plasma concentrations o f  IL-6 and T N F-a between age and
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BMI matched individuals with and without T2DM (Carey et al,  2004). As 

positive associations have been found between IL-6 and BMI in individuals with 

T2DM in previous investigations (Leinonen et al,  2003; Carey et a l,  2004), it 

would appear that obesity is an important contributor to the inflammatory process.

In the current investigation, plasma levels of IL-6, IL-10, and CRP as well as 

visfatin mRNA expression were increased in the group of postmenopausal women 

with T2DM but not BMI matched postmenopausal women with T2DM in 

comparison to non-diabetic controls. The ‘lack’ of a significant finding in markers 

of inflammation and endothelial activation between age and BMI matched 

postmenopausal women with and without T2DM in the current investigation, 

suggests that obesity may be more influential in contributing to the inflammatory 

milieu than hyperglycaemia per se.

Support for an obesity-related role in the inflammatory process can be found in a 

recent investigation by Hansen ei al., (2010), where plasma levels of both hs-CRP 

and lL-6 were increased in obese men with T2DM but not non-obese men with 

T2DM in comparison to respective BMI-matched non-diabetic men. In 

agreement with these findings, Plomgaard et al, (2007) reported elevated plasma 

levels of TNF-a, CRP, and IL-6 in men and women with T2DM in comparison to 

non-diabetic age and BMI matched controls. Others have also reported elevated 

plasma levels of visfatin in individuals with T2DM in comparison to non-diabetic 

controls (Kang et al, 2010). As in the current investigation where visfatin mRNA 

expression was greater in women with T2DM than non-diabetic women not 

matched by BMI, in the former investigation by Kang et al, (2010), BMI was 

greater in individuals with T2DM, a finding that may account for the increased 

levels of visfatin in T2DM. Furthermore, in individuals with T2DM, positive 

associations have been found between TNF-a and BMI (Plomgaard et al, 2007) 

and between IL-6 and BMI (Leinonen et al, 2003), which implicates obesity as a 

possible contributor to the inflammatory process in individuals with T2DM.

Consistent with the findings of a previous investigation where similarities were 

reported in plasma levels of IL-6 and TNF-a between individuals with and
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without T2DM matched for age and BMI (Carey et a l, 2004), we did not find any 

differences in IL-6, TN F-a, or resistin mRNA expression between women and 

without T2DM, irrespective o f  BMI. However, it is possible that the method o f 

determining cytokine mRNA expression in the current investigation (whole blood 

rather than peripheral mononuclear cells (PBMCs), might explain the ‘lack’ o f 

significance in cytokine expression between women with and without T2DM. A 

recent investigation compared expression profiles from PBMCs and from whole 

blood samples demonstrated that the quantity o f present microRNA (miRNA), 

overall signal intensity, and intragroup correlation yielded similar results (Gaarz 

et a l ,  2010). However, miRNA profiles obtained from whole blood exhibited a 

greater variance and results in miRNAs were differentially expressed in 

comparison to the PBMC-derived profile, a finding that might be attributed to the 

differences in cells types between whole blood and PBMCs (Gaarz et a l ,  2010).

Furthermore, in the current investigation, plasma levels o f 'FNE-a, SAA, sICAM, 

or sVCAM were not different between women with and without T2DM. 

However, these findings are not unusual considering the lower total cholesterol 

levels in women with T2DM and similar ankle brachial index between women 

with and without T2DM (see chapter 3, sections 3.4.1.1 and 3.4.1.2). In addition, 

arm reactive hyperaemic responses were not different between women with and 

without T2DM (see chapter 4, section 4.4.5), suggesting endothelial function is 

preserved (at least in the forearm) in women with uncomplicated T2DM.

Effect exercise intervention on markers o f  inflammation and endothelial function  

In the current investigation, exercise intervention (supervised and unsupervised) 

did not affect plasma levels o f IL-6, IL-10, TN F-a, CRP, SAA, sICAM-1, or 

sVCAM-1 and similarly, no changes were found in IL-6, T N F-a, resistin, or 

visfatin mRNA expression in women with and without T2DM. While visceral 

adiposity was not measured in the current investigation, no improvements were 

found in either BMI or body mass, a finding that might account for the Tack’ o f 

improvement in markers o f inflammation and endothelial activation.
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Improvements in body composition, and in particular loss o f  visceral adipose 

tissue appears to be an important prerequisite for reducing subclinical, low-grade 

inflammation and markers o f  endothelial activation. In support o f  this theory, 

Dekker et al., (2007) reported reductions in plasma concentrations o f  IL-6 in men 

with T2DM  and in lean and obese non-diabetic controls following a 12-wk period 

o f  diet and exercise (60 min o f  aerobic exercise per day at 60% o f  VO2 peak)- It is 

likely that the reduction in visceral adiposity observed in all groups in the former 

investigation (Dekker et a l ,  2007) contributed to the reductions in IL-6 

concentrations and therefore, highlights the potential negative role played by 

visceral adiposity in contributing to the inflammatory process. In contrast, a study 

conducted by Zoppini et al, (2006), showed that 6 months o f  supervised aerobic 

exercise was effective in lowering plasma levels o f  ICAM-1 but not hs-CRP or 

soluble TN F-a receptors in older individuals with T2DM. As body composition 

was unchanged follow ing exercise intervention in the study by Zoppini et al, 

(2006), it is possible that a more intensive exercise intervention may have been 

required to reduce body mass and subsequently improve inflammation.

However, other investigations have reported reductions in plasma levels o f  CRP, 

along with sICAM-1 and sE-selectin in overweight and obese men with T2DM  

following 21 days o f  diet and exercise intervention (Roberts et al., 2006). It 

would appear that the more intense exercise intervention (45-60 min o f  exercise 

per day at 70-85% o f  peak HR), which resulted in a subsequent reduction in BMI 

(11%) in the former study by Roberts et a l ,  (2006), might account for the 

disparities in results between the current and previous investigations (Zoppini et 

al., 2006). The effectiveness o f  a diet and exercise intervention has also been 

confirmed by Katsuki et al., (1998), who reported reduced serum levels o f  TN F-a  

in obese but not lean men with T2DM following a 4-wk intervention o f  diet and 

exercise, a finding that the authors attributed to the greater degree o f  visceral fat 

in the obese group at baseline as visceral fat was reduced to a similar degree in 

both groups following intervention.

As no improvements were found in markers o f  inflammation or endothelial 

activation following both supervised and unsupervised exercise intervention in the
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current investigation, it would therefore appear that a more intensive exercise 

intervention and/or combination o f  diet and exercise is required to improve body 

com position and therefore, pro-inflammatory cytokines and markers o f  

endothelial function.

Conclusion

In summary, the impaired VO2 kinetic responses observed in women with T2DM  

during moderate intensity cycle exercise (experiment 1) appear to reflect a 

diabetes-associated defect rather than being associated with. CO measured 

simultaneously during constant load cycle exercise revealed no differences in 

responses between wom en with and without T2DM  and seem to suggest that CO 

does not contribute to a slow ing in the adjustment o f  VO2 response from exercise 

onset to steady state and suggests a peripheral rather than central factor in the 

exercise abnormality probably together with a mitochondrial defect in T2DM. 

The slowed rate o f  adjustment in LVC kinetic responses in wom en with T2DM  

during high intensity plantar flexion exercise appears to confirm this notion. As 

the second growth phase o f  the LVC response is endothelial-dependent, this 

suggests a diabetes-related defect in endothelial function. In contrast, LVC 

kinetic responses were not different between wom en with and without T2DM  

during low  intensity plantar flexion exercise, which possibly indicates that 

diabetes does not impair LVC responses during low intensity exercise. 

Supervised exercise intervention consisting o f  aerobic plus resistance exercise 

improved peak cycle exercise performance in both wom en with and without 

T2DM. However, the benefits acquired during supervised exercise were not 

maintained during a follow-up period o f  unsupervised exercise. The majority o f  

individuals carried out the UE phase in their own homes or in the vicinity o f  their 

homes, which led to a reduction in training compliance in both exercise groups. 

This finding emphasises the importance o f  carrying out unsupervised exercise in a 

gym-based setting that also includes some form o f  supervision. W hile exercise 

intervention did not enhance the speed o f  either the VO2 or LVC kinetic response 

in either wom en with or without T2DM , the increased workloads during both 

constant load cycle exercise and plantar flexion following SE in both exercise 

groups may have obscured any improvements in either parameter. Thus, it is
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possible that some adaptations have taken place in response to exercise 

intervention with respect to enhancing the rate o f  adaptation o f  VO2 and LVC 

responses.

In experiment 4, increased plasma levels o f  IL-6, IL-10, and CRP as well as 

visfatin m RNA expression were found in the group o f  postmenopausal wom en  

with T2DM. The increased expression o f  these cytokines appears to be a function 

o f  obesity rather than diabetes pe r  se, as no differences were found in markers o f  

inflammation or endothelial activation between BMI matched wom en with and 

without T2DM. Furthermore, no improvements were found in markers o f  

inflammation or endothelial activation following supervised and unsupervised 

exercise intervention. As body composition was unchanged follow ing the 

intervention, it is likely that a more intense exercise intervention and/or 

combination or diet and exercise may be required to improve subclinical low- 

grade inflammation and markers o f  endothelial activation, at least in wom en with 

uncomplicated T2DM.
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6.2 Future work

In summary, the resuUs o f  this investigation confirm that V O2 kinetic responses 

are slowed in postmenopausal women with T2DM . In the absence o f  any 

differences in CO responses, a slowed rate o f  adjustment in LVC kinetic 

responses at the onset o f  low intensity exercise appear to contribute to the slowed  

rate o f  adjustment in VO2 during the exercise transient. However, in the current 

investigation CO measurements were made at specific time points during the 

exercise protocol (30 and 240 s) and as such, steady-state measurements do not 

provide any indication as to the rate o f  adjustment in CO responses at exercise 

onset. Therefore, future studies should look at the adjustment in CO during the 

initial stages o f  exercise.

The individuals with T2DM in the current investigation were postmenopausal 

wom en with well-controlled T2DM. It would be interesting to investigate the 

impact o f  more advanced T2DM  on VO2 kinetic responses and CO responses 

during exercise onset. In addition, the effects o f  chronic hyperglycaemia on 

vascular function have been well documented. Therefore, the mechanisms 

responsible for the slowed rate o f  increase in VO2 kinetic responses in this and 

prior investigations may be different in more advanced T2DM  and may be related 

to central rather than peripheral factors. Thus, the potential mechanisms 

responsible for the slowed rate o f  increase in VO2 kinetic responses should be 

explored in individuals with more advanced T2DM .

To date, only one former study has examined the effect o f  supervised exercise 

training on VO2 kinetic responses over a 3-month period. As yet no study has 

looked at the effect o f  long-term (>7 months) exercise training (either supervised 

or unsupervised) on VO2 or LVC kinetic responses in individuals with T2DM. As 

regular exercise is a cornerstone in the treatment o f  T2DM , this is an area 

warrants further investigation in both individuals with well-controlled and 

advanced T2DM.
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Appendix 1: Low level physical activity recall (LO PA R ) questionnaire

L O W -L E V E L  P H Y S IC A L  A C T IV IT Y  R E C A L L  (L O -P A R )

In stru c tio n s  for A d m in is tra lio n : D e te rm in e  fo r each  m ajo r c a te g o ry  (sleep , w o rk , h o u se  o r y a rd , rec re a tio n  o r le isu re) the e s tim a ted  n u m b er 
o f  h o u rs/w eek  sp en t w ith in  th at c a te g o ry  d u r in g  the p re c e d in g  w eek . T h en  usin g  the  c a rd s  as p ro m p ts , ask  ab o u t sp ec if ic  a c tiv itie s  w ith in  
each  in ten sity  o f a c t iv i ty  (h ea v y  to v ery  ligh t). It is no t e x p cc ted  that e v e ry  h o u r o f  the  w eek  can  b e  a c co u n te d  for. H o w ev er, a sk in g  the  
su b jec t to  e s tim a te  th e ir  to ta l s leep  h o u rs, an d  the to ta l e x p ec tcd  h o u rs  w ith in  each  m a jo r  c a te g o ry  o f  ac tiv ity  (1 6 8  h o u rs /w e e k ), as  c o m p ared  
to  the  b reak -d o w n  o f  a c tiv itie s  w ith in  each  m ajo r ca teg o ry  o f  ac tiv ity , h e lp s  the su b jec t m o re  re liab ly  rem e m b e r th e ir  a c tiv itie s . In stru c tio n s  
for q u estio n  2 perta in  to  all th ree  m a jo r  c a te g o r ie s  o fa c t iv i ty .

S c o r in g : F or each  ac tiv ity  (h eav y  to very  ligh t), ca lc u la te  the n u m b er  o f  h o u rs/w eek  spen t in th at ac tiv ity  (d ay s/w eek  x h o u rs/d ay ). Sum  
hours/w  eek  in each  ca teg o ry  to d e te rm in e  to ta l h o u rs  p e r  w eek . T h e  a m o u n t o f  en e rg y  ex p e n d itu re  fo r  each  ac tiv ity  is ex p re sse d  as  m etab o lic  
eq u iv a le n ts  (M E T s). O n e  M E T  e q u a ls  3 .5 m l/k g /m in  o r o x y g en  co n su m p tio n . A c tiv itie s  a re  c la ss if ied  acco rd in g  to the  fo llo w in g  scale ; very  
ligh t (0 .9 -2 .0  M H T s), ligh t (2 .1 -3 .0  M E T s), m o d era te  (3 .1 -5 .0  M E T s) and  h eav y  (5 .1 -7 .0  M E T s). D ata  a rc  rep o rted  in M E T  h o u rs/w eek  
(h o u rs /w eek  x the M E T  v a lu e  o f  the  ac tiv ity ).

1. i lo w  m any h o u rs  do  you s leep  a n ig h t, on  a v e r a g e ? __________ h o u rs  x 7 S le ep  h o u r s /w c c k  = ________

2. E x p la in  to su b je c t that you  a re  g o in g  to ask  ab o u t ty p ica l W O R K  a c tiv itie s  p e rfo rm e d  d u r in g  the  p ast w eek  (in c lu d es  w o rk  for pay  or 
reg u la r  v o lu n tee r ac tiv itie s ) . I f  su b je c t not em p lo y e d , g o  to q u es tio n  #3.
H ow  m an y  to ta l h o u rs  d id  you w o rk  p e r w 'cek on  av e ra g e ?  W o rk  h o u r s /w e e k  = __________

H ere is a lis tin g  o f  ty p ica l w ork  a c tiv itie s  (S h o w  p a r t i c ip a n t  C a r d  A ) A c tiv itie s  a re  c la ss if ied  as  h eav y , m o d era te , ligh t an d  v ery  
ligh t d e p e n d in g  on  th e ir  av e ra g e  en e rg y  d em an d s . W ith  y o u r jo b , tim e  m ay  b e  spen t in m o re  than  one  ca teg o ry  o f  ac tiv ity . Let's s ta rt w ith 
h eav y  a c tiv itie s  and  then  go  on  to  m o d era te , ligh t, and  then  ver>' ligh t a c tiv itie s , a) P lease  tell m e the  av e ra g e  n u m b er o f  d a y s  d u rin g  the  last 
w eek  y o u  p e rfo rm e d  heavy  a c tiv itie s  at w o rk , b ) P lease  tell m e the  a v e ra g e  leng th  o f  tim e  yo u  p e rfo rm e d  h eav y  a c tiv itie s  in a day . T h en , 
rep ea t a b o v e  d irec tio n s  for all in ten s itie s  o f  acMvity.

IN T E N S IT Y  O F  A C T IV IT Y D A Y S  W E E K  
(0 .5  to  7.0)

H O U R S /D A Y  
(n earest 0 .5  hr)

H O U R S /W E E K M E T  H O U R S  PE R  W E E K

H E A V Y  (5 .1 -7 .0  M E T s)

M O D E R A T E  (3 .1 -5 .0  M E T s)

L IG H T  (2 .1 -3 .0  M E T s)

V E R Y  L IG H T  (0 .9 -2 .0  M E T s)

T O T A L

3. D id you p e rfo rm  I IO U S E II O L I )  C H O R E S  O R  Y A R D  W O R K  a ro u n d  the  h o m e  d u r in g  the p ast w eek  (F o llo w  in s t r u c t io n s  g iv en  
a b o v e , e x c e p t  r e f e r  to  C a r d  B )? I f  y es . h o w  m an y  to ta l hours d id  yo u  sp en d  in h o u seh o ld  ch o res?

H o u se h o ld  o r  y a r d  h o u r s /w e e k  = ____________

IN T E N S IT Y  O F  A C T IV IT Y D A Y S /W E H K  
(0 .5  to  7 .0)

H O U R S /D A Y  
(n ea rest 0 .5  hr)

H O U R S /W E E K M E T  H O U R S  PE R  W E E K

H E A V Y  (5 .1 -7  0 M E T s)

M O D E R A T E  (3 .1 -5 .0  M E T s)

L IG H T  (2 .1 -3 .0  M E T s)

V E R Y  L IG H T  (0 .9 -2 .0  M E T s)

T O T A L
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4. Did you perfo rm  R E C R E A T IO N A L  O R  L E IS U R E -T IM E  A C T IV IT IE S  during  the past w eek (rc-fc-r lo  C a rd  C )?  I f  yes, how  m any 
total hours did you spend in leisu re  ac tiv ities?  R e c rea tio n  o r  le isu re  h o u rs /w e e k  = ____________

INTH NSITY O F  A C TIV ITY D A Y S 'W E E K  
(0.5 to  7.0)

H O U R S/D A Y  
(nearest 0.5 hr)

HOURS/W EEK. M ET H O U R S PER W EEK

H EA V Y  (5 .1 -7 .0  M E T s)

M O D E R A T E (3 .1 -5 .0  M ETs)

LIG H T (2 .1-3 .0  M ET s)

V ERY  LIG H T (0 .9 -2 .0  M ET s)

TO TA L

S e lec ted  L ist o f  A c tiv itie s  w ith  M E T  V alu es  (iii p a re n th e se s )*  
C A R D  A P H Y S IC A L  A C T IV IT IE S  A T  W O R K

HEA V Y M O D ER A TE LIG H T V E R Y  LIG H T

H eavy pow er too ls (6 .0) L ocksm ith  (3.5) C ash ier (2.5) S iu in g  ( i ,5)

Coal m ining  (7.0) C a rry in s  <20 lbs. (5.0) Light assem bly  (2 5) S tand ing  (2.0)

Loading  truck  (6 .5 ) K anning (4.5) Physician  (2.5) T yp ing  (1.5)

Shoveling  (7.0) M achine too ling  (4.0) T each er (2.5) C o m p u ter w ork  (1.5)

H eavy carpen try  (7.0) Forestry , cham  saw (4.5) T ailo ring , m achine (2.5) R eceptionist (1.5)

C A R D  B H O L S E H O L D  C H O R E S  A N D  Y A R D  W O R K

HEAV Y M O D E R A TE LIG H T VE RY  LIG H T

Roofing  (6.0) Food sh opp ing  (3.5) P reparing  m eals (2.5) S itting  (1.5)

D igging  (5.0) H eavy cleanm g (4.5) Sw eep ing  (2.5) S tan d in g 'lau n d rv  (1,5)

C h opp ing  w ood (6 .0 ) Laying  carpet (4 .5) M aking  bed (2.5) Fold, hang clo thes (1.5)

S hoveling  snow  (6.0) W eeding  (4,5) Fertiliz ing  (2.5) S ew ing (1.5)

M anual lawn m o w in g  (6.0) Pow er law n m ow ing (4.5) Ironing  (2.3)

C A R D C  R E C R E A T IO N A L  A C TIV  IT IE S

HEA V Y M O D ER A TE LIG H T VE RY  LIG H T

W alk ing /h ik ing  uph ill (6.0) L ocksm ith  (3.5) C ash ier (2 .5) S ittin g  (1.5)

M oderate  canoeing  (7.0) C arry ing  <20 lbs. (5 .0) Light assem bly  (2.5) S tand ing  (2,0)

B icycling  10-12 m ph (6,0) F arm ing  (4.5) Physician  (2.5) T yp ing  (1.5)

Light sta tionary  cyc ic  (5 .5) M achine too ling  (4.0) T each er (2,5) C o m p u ter w’ork  (1.5)

A erobic dance (7.0) Forestry, chain  saw  (4.5) T ailo ring , m achine (2,5) R eceptionist (1.5)

L eisurely  sw im m ing  (6.0)

*M E T  values fo r m an y  ac tiv ities  can be o b ta in ed  from  A insw orth  B E , et al. C o m pend ium  o f  physica l ac tiv ities; c lassifica tion  
o f  ene rgy  costs  o f  hum an  physica l ac tiv ities. M ed Sci Sport Exerc 1 993 ;25 ;7 I-80 .
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Appendix 2: Partic ipant in fo rm ation  sheets

PARTICIPANT INFORM ATION FORM FOR DIABETICS

1. Title of study: The effect o f  combined treatment with exercise and thiazolidinedione 
(TZD) class drug versus exercise alone on the peripheral circulation, endothelial 
function and exercise tolerance in subjects with Type 2 Diabetes Mellitus (T2DM) and 
non-diabetic controls.

2. Introduction: The current proposal aims to investigate the effect o f  combined 
treatment with exercise and thiazolidinediones versus exercise alone on the peripheral 
circulation, endothelial function and exercise tolerance in subjects with Type 2 Diabetes 
Mellitus (T2DM) and non-diabetic controls. The short-term objectives are to measure 
blood vessel and inflammatory markers and the initial responses o f  blood flow and 
oxygen consumption during a calf-exercise and cycling-exercise before and after a 12- 
week supervised exercise programme. As a long-term objective, we will explore the 
effectiveness o f  a home-based training programme in maintaining the benefits acquired 
during the supervised training programme.

3. Procedures: You will be one o f  the 120 volunteers recruited for this study and you 
will be between 30 and 75 years old. Out o f  120, 60 will receive a thiazolidinedione 
therapy), and the other 60 will not. Before the commencement o f  the project, you will 
undergo a full medical examination and a stress test. If approved for participation in this 
study, you will be assigned into an EXERCISE or CONTRO L (non-exercise) group. 
Participants in the EXERCISE group will perform a 12-week supervised exercise- 
training programme. This will be followed by a 4-month period o f  prescribed and 
periodically monitored home-based training programme (see Table I). Participants in 
the CONTROL group will continue normal life for the following 7 months.

ALL PARTICIPANTS (both EXERCISE and CONTROL groups) will measure their 
energy consumption (by filling 3-day food diaries) and will visit the Human Laboratory 
in the Department o f  Physiology in Trinity College Dublin on 2 days (separated by 72 
hours) on 3 OCCASIONS: prior to and at completion o f  the supervised programme, as 
well as at the completion o f  the home-based training programme (see Table 1)

Visits to the laboratory (2 visits Trinity College Dublin): 

Visit 1: Cycling vO t (maximal cycling test to failure) & Calf blood flow (visit 
will last up to 180 min)
During this session you will perform low intensity exercises on the calf ergometer 
(exercise machine). Each contraction will last 2 seconds, accompanied by a 4 second 
rest. You will do this 4 times for 5-6 minutes at a time, for a total o f  50-60 contractions 
per bout, with a 10-minute rest between bouts. The ca lf  test requires you to exercise 
your right calf muscle by pushing your toes against a plate (plantar flexion). After a 
period o f  recovery (~20mins), you will then perform an incremental test on the calf 
ergometer. During this test, the force o f  contraction will be increased every 2 minutes, 
requiring you to increase your level o f  effort until you reach and cannot sustain a 
maximum effort. While performing these tests, the investigator will be monitoring your 
blood pressure, heart rate, and leg blood circulatoiy data. In addition, prior to the calf 
incremental test, we will cut o ff  the circulation to your forearm and calf muscle by 
inflating a cuff to a high pressure around your upper arm and your thigh. After a 5-
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minute period, the cuff will be released, and blood flow will be measured by observing 
changes in the girth o f  the forearm and ca lf  muscle respectively (reactive hyperaemia).

You will have your height and weight recorded and you will be familiarised with the 
cycle ergometer. You will then complete an incremental cycling exercise test to failure 
in the upright position. During the exercise test you will be required to increase your 
level o f  effort in a stepwise manner until you reach, and cannot sustain a maximum 
effort. The level o f  effort will increase by approximately 40 watts every 3 minutes.

Visit 2: Subm aximal cycling trials (session will last up to 180 min)
You will perform four 6-minute sub-maximal trials o f  constant-load cycling exercise, 
with a 15-minute rest between bouts. After a sufficient recovery period, you will 
perform an additional 2 bouts o f  6 minute constant force cycling. Recordings o f  cardiac 
output will be made at rest, and after the first and fourth minute o f  cycling.

Supervised exercise training program me (exercise group only):
You will be asked to perform a 12 week supervised exercise programme, training three 
times per week for 1 hour. The programme will include a combination o f  progressive 
aerobic and resistance training exercises. The supervised training programme will be 
carried out in Monkstown Pool & Fitness Centre. During the training sessions you will 
wear a heart rate monitor to adhere to the target intensity o f  training. Blood pressure 
will be monitored before and after the exercise sessions.

Home-based training programme:
When the 12-week supervised training programme has been completed, you will be 
asked to attend a workshop with the investigators o f  the study and Dr Mikel Egafia 
based on creating a home-based exercise programme. Then you will be prescribed a 
programme that incorporates your own exercise preferences and you will perform all 
exercises without supervision at your home, outdoor track, or in a fitness club. The 
same guidelines for exercise will be applied to all subjects as follows: a) at least 3 
exercise sessions per week (either aerobic, resistance or combined sessions including 
aerobic and resistance training) b) at least 2 aerobic exercise sessions per week c) at 
least 2 resistance training session per week and d) at least 25 min o f  exercise (excluding 
rest periods) should be performed. You will be given a training diaiy and instructed on 
how to record your training mode, frequency, duration, intensity and comfort.

4. Benefits:
Lack o f  exercise and general physical inactivity can frequently incapacitate inactive 
people with and without diabetics to the point where they become socially isolated and 
depressed. Consequently, improving exercise tolerance following the exercise 
intervention, can increase physical activity, and lessen social isolation and depression. 
Understanding the magnitude and causes o f  the cardiovascular effects to exercise 
training is very important to potentially target appropriate treatment interventions, such 
as optimal exercise prescriptions and pharmacological agents. An optimal exercise 
prescription will help to improve exercise performance (even at very low workloads) 
and thereby prevent increasing disability and improve quality o f  life in inactive men and 
w om en with and without diabetes. This study should also help to provide greater insight 
into the mechanisms o f  thiazolidinedione’s effect on treating diabetes. In addition, it is 
expected that we will gain insights into the effectiveness o f  a prescribed, home-based 
exercise programme in maintaining any benefits acquired during a supervised exercise
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p ro g ram m e ,  after intensive supervision has ceased. This will help in educating  and 
m o tiva ting  partic ipants  to take grea ter  responsibil i ty  for the ir  ow n exercise.

5. Risks:
R eactive  hyperem ia;  Endothelia l  function will be de te rm ined  using  forearm  and c a l f  
m u sc le  reac tive  hyperem ic  b lood  flow by V enous  O cclusion  P le thysm ography . An arm 
o r  th igh  c u f f  will be  inflated at a pressure  o f  200  m m H g  for 5 min. A fter  this arterial 
occ lus ion , changes  in girth o f  the forearm  and  c a l f  will be  m easured  respectively . The  
test  m ay  crea te  a feeling  o f  num bness  during  arterial occlusion  a lthough it is very well 
to lerated . So far, over 1000 tests have  been  p e r fo n n e d  both  in y o ung  and  older  
ind iv idua ls  in our lab with no adverse  ou tcom es.

VO2 max and constant  load cycle  test: The s tudy involves both a VO2 „,ax test and a 
cons tan t  load cycling  test to de term ine  VO2 max, VO2 kinetics, and cardiac output both 
p r io r  to  and  fo llow ing  the intervention. Due to its nature , there will be  physical stress 
ex p er ien ced  by  all subjects. W ith  a VO2 max test there is a lw ays  a very  slight risk that 
part ic ipan ts  m ay suffer  a co ronary  attack (approx im ate ly  one occun 'ence  per  5 ,000 
tests). All VO2 max tests will be  p receded  by a stress test using 12-lead E C G  and blood  
p ressure  m easu rem en ts  and will be  superv ised  by an exerc ise  physiologist .  A qualified 
m edica l  do c to r  will deem  the subject suitable to com ple te  an exerc ise  test to exhaustion.

E xerc ise  train ing: Exercise  tra in ing m ay result in m usc le  tightness, soreness, fatigue 
and  rarely  a pulled  m uscle . T h o u g h  the m odera te  intensity  o f  exerc ise  will be closely 
m o n ito red  and  an exerc ise  physio logis t  will superv ise  each session, the risk o f  a 
co ro n ary  event, a l though very  m inor, does  exist.

Blood  sa m p lin g  m ay m ake  som e  volunteers  feel uneasy , or p rove painful to some. 
S om e  m ay  experience  slight b ru is ing  or d iscom fort  around  the sam pling  area. All 
co n tam in a ted  m ateria ls  will be  d isposed  o f  in Sharps conta iners  in line w ith  college/ 
faculty  po licy  and best labora tory  practices.

ThiazoH dinediones:  O ne recent study has h igh ligh ted  an increased  risk o f  coronary  
heart fa ilure  w ith  use o f  th iazoH dinediones in som e subjects. A qualif ied  m edica l doctor 
will d e e m  the subject su itable  for p rescrip tion  o f  th iazoH dinediones p rio r  to testing. In 
som e cases ,  p ro longed  use has been  associa ted  with sm all increases in bodyw eigh t,  due 
to  an increase  in subcu taneous  body  fat and increased fluid retention.

6. E xclu sion  from  partic ipation:
Inclusion  criteria: Y ou will be included  in this s tudy i f  you  are 30  to 75 years  old the
length o f  t im e  since d iagnosis  o f  yo u r  d iabetes  is less than 10 years, you r  g lycosy la ted  
hem o g lo b in  levels (HbAic) are < 1 0 %  (adequate  control on therapy), you  are sedentary 
(< 1 b o u t  o f  exercise  per  w eek  and  have  not partic ipated  in a con tinuous  exercise 
p ro g ram  for the last 6 m onths) ,  and i f  you r  d iabetes  is treated  by diet o r  oral agents 
(hy p o g ly caem ic  and an ti-p late le ts  will be  allowed).

E xclu sion  criteria: Y ou will be  excluded  i f  y o u r  d iabetes  is treated  with an 
an tid iabetic  d rug  o f  the th iazo lid ined ione  (T Z D ) fam ily  at the start o f  the testing period; 
or by insulin  (suggests  m ore  advanced  diabetes). Y ou will also be excluded  if  you 
suffer from  persistent p ro te inuria  (urine protein  > 200m g/d l)  o r  have  high creatinine 
levels (suggestive  o f  renal d isease ,  w hich  can alter exerc ise  perfo rm ance);  i f  your
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systolic b lood  p ressure  is h igher than 170m m Hg at rest or 220m m H g with exercise; or 
i f  your diastolic  b lood pressure is h igher than 95m m H g at rest or 105m m H g with 
exercise. I f  you  are a controlled hypertensive you can still be admitted to the study. 
Additional g rounds  for your exclusion include the presence o f  a com orbid condition 
and/or d iabetes com plications. A bsence o f  com orbid  conditions will be established and 
confirmed by  history, physical examination and laboratory testing. To confirm  coronary  
arterial d isease and established peripheral arterial disease (PAD), you will undergo  a 
stress test in e ither  St. C o lu m cil le ’s Hospital, St. V incen t’s Hospital or the H um an 
Laboratory o f  the D epartm ent o f  Physiology T C D  with a 12-lead electrocardiogram  and 
b lood pressure  m easurem ents  and the resting ankle:brachial index will be m easured.

I f  you are a woman o f  childbearing age, you may participate in this study only i f  you 
are surgically sterilised or are using an effective contraceptive method. You must not he 
pregnant or lactating and you must have a negative pregnancy test before the study 
begins. The effects o f  exercise on the foetus or child may he harmful. The effects o f  
thiazolidinediones on a foetus are unknown but may he harmful. I f  you should become 
pregnant, in spite o f  all the precautions, please notify your doctor immediately.

7. Confidentiality:
Y our identity will rem ain  confidential. Y our  nam e will not be published and will not be 
disclosed to anyone  outside the study group. The data or material will be retained after 
the study is com pleted. This material will not be used in future unrelated studies without 
further specific permission being obtained.

8. C om pensation:
This study is covered by standard institutional indemnity insurance. N othing in this 
docum ent restricts or curtails your rights.

9. V oluntary Participation:
You have volunteered to participate in this study. You may quit at any time. I f  you 
decide not to participate, o r  i f  you quit, you will not be penalised and will not g ive up 
any benefits that you had before  entering the study.

10. S topping the study:
You understand that the investigators m ay stop your participation in the study at any 
time without your consent.

11. Permission:
This trial has Research Ethics C om m ittee  approval from Trinity College Dublin and 
from St. V in cen t’s Hospital, Dublin.

12. Further information:
You can get m ore information or answers to your questions about the study, your 
participation in the study, and your rights, from any o f  the investigators (M r Eamonn 
O ’C onnor (0 8 7 -9 6 3 1348/oconnoeg@ tcd .ie ), Ms. Catherine Kiely (087-9837055/ 
k ielvc@ tcd .ie), or Dr Mikel Egana, (01 -8963728/m egana@ tcd .ie ')~). I f  the study team 
learns o f  important new  inform ation that might affect your desire to remain in the study, 
you will be informed at once. All travel expenses to attend all lab sessions in Trinity 
College (i.e. car petrol/parking or bus/train/taxi fares) will be covered  by the research 
team.
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PAR TICIPA NT IN FO R M A TIO N  FORM FOR N O N -D IA B E T IC S

1. Title of  study: The effect o f  combined treatment with exercise and thiazolidinedione 
(TZD) class drug versus exercise alone on the peripheral circulation, endothelial 
function and exercise tolerance in subjects with Type 2 Diabetes M ellitus (T2DM) and 
non-diabetic controls.

2. Introduction: The current proposal aims to investigate the effect o f  combined 
treatment with exercise and thiazolidinediones versus exercise alone on the peripheral 
circulation, endothelial function and exercise tolerance in subjects with Type 2 Diabetes 
Mellitus (T2D1VI) and non-diabetic controls. The short-term objectives are to measure 
blood vessel and inflammatory markers and the initial responses o f  blood flow and 
oxygen consumption during a calf-exercise and cycling-exercise before and after a 12- 
week supervised exercise programme. As a long-term objective, we will explore the 
effectiveness o f  a home-based training programme in maintaining the benefits acquired 
during the supervised training programme.

3. Procedures: You will be one o f  the 60 non-diabetic participants recruited for this 
study and you will be between 30 and 75 years old. Before the com m encem ent o f  the 
project, you will undergo a full medical examination. If approved for participation in 
this study, you will be assigned into an EXERCISE or C O N T R O L  (non-exercise) 
group. Participants in the EXERCISE group will perform a 12-week supervised 
exercise-training programme. This will be followed by a 4-month period o f  prescribed 
and periodically monitored home-based training programme. Participants in the 
CO N TRO L group will continue normal life for the following 7 months.

ALL PARTICIPANTS (both EXERCISE and C O N TR O L groups) will measure energy 
consumption (by filling 3-day food diaries) and will visit the H um an Laboratoi'y in the 
Department o f  Physiology in Trinity College Dublin on 2 days (separated by 72 hours) 
on 3 OCCASIONS: prior to and at completion o f  the supervised programme, as well as 
at the completion o f  the home-based training programme.

Visits to the laboratory (2 visits Trinity College Dublin):

Visit 1: Cycling vOt ,„ax (maximal cycling test to failure) & C alf blood flow (visit 
will last up to 180 min)
During this session you will perform low intensity exercises on the calf  ergometer 
(exercise machine). Each contraction will last 2 seconds, accompanied by a 4 second 
rest. You will do this 4 times for 5-6 minutes at a time, for a total o f  50-60 contractions 
per bout, with a 10-minute rest between bouts. The ca lf  test requires you to exercise 
your right ca lf  muscle by pushing your toes against a plate (plantar flexion). After a 
period o f  recovery (~20mins), you will then perform an incremental test on the calf 
ergometer. During this test, the force o f  contraction will be increased every 2 minutes, 
requiring you to increase your level o f  effort until you reach and cannot sustain a 
maximum effort. While performing these tests, the investigator will be monitoring your 
blood pressure, heart rate, and leg blood circulatory data. In addition, prior to the calf 
incremental test, we will cut o ff  the circulation to your forearm and ca lf  muscle by 
inflating a cu ff  to a high pressure around your upper arm and your thigh. After a 5-
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m inute  period, the c u f f  will be released, and b lood  flow will be m easured  by observ ing  
changes  in the girth o f  the forearm and c a l f  m usc le  respectively  (R eactive  hyperaem ia).  
Y ou  will have  you r  he ight and w eight recorded  and you will be fam iliarised  w ith  the 
cycle  ergom eter . Y ou  will then com ple te  an increm enta l cycling  exerc ise  test to  failure 
in the upright position. D uring  the exerc ise  test you will be required to  increase your  
level o f  effort in a stepw ise  m anner  until you  reach, and cannot sustain a m ax im u m  
effort. T he  level o f  effort will increase by approx im ate ly  40w atts  every  3 minutes.

Visit 2: Submaximal cycling trials (session will last up to 180 min)
Y ou will perfo rm  four 6 -m inu te  sub-m axim al trials o f  constan t-force  cyc ling  exercise , 
with a 15-minute rest be tw een  bouts. The intensity  o f  the exercise  bouts  will be  set at 
80%  o f  the su b jec t’s ventila tory  threshold , de te rm ined  from  Visit #1. R ecord ings  o f  
VO2 k inetics will be  m ad e  during these bouts. A fte r  a suffic ient recovery  period, you 
will perform  an additional 2 bouts o f  6 m inu te  constant force cycling. R eco rd ings  o f  
cardiac output will be m ade  at rest, and after the first and fourth m inute  o f  cycling.

Supervised exercise training program me (Exercise group only):
Y o u  will be  asked  to perfo rm  a 12 w eek  superv ised  exerc ise  p rog ram m e, tra in ing  three 
t im es per w eek  for 1 hour. The p rog ram m e will include a com bina tion  o f  p rogress ive  
aerobic  and resistance tra in ing exercises. The  superv ised  tra in ing  p ro g ram m e  will be 
carried  out in M onks tow n  Pool & Fitness Centre. D uring the  tra in ing sessions you  will 
w ear  a heart rate m on ito r  to adhere  to the target intensity o f  training. B lood  pressure  
will be  m onito red  before  and after the exerc ise  sessions.

Home-based training programme:
W hen the 12-week superv ised  training p ro g ram m e has been  com ple ted , you  will be 
asked  to a ttend a w orkshop  with the investigators o f  the study and D r M ikel Egaiia 
based  on crea ting  a hom e-based  exerc ise  program m e. T hen  you will be prescribed  a 
p ro g ram m e  that incorpora tes  you r  ow n exerc ise  p re ferences and you will perfo rm  all 
exerc ises  w ithout superv is ion  at you r  hom e, ou tdoor track, o r  in a fitness club. T he  
sam e guidelines  for exercise  will be  applied  to all subjects  as follows: a) at least 3 
exerc ise  sessions per w eek  (either  aerobic , resistance or  com bined  sessions inc lud ing  
aerobic  and resistance tra in ing) b) at least 2 aerobic exerc ise  sessions per w eek  c) at 
least 2 resistance tra in ing session p e r  w eek  and d) at least 25 m inutes  o f  exerc ise  
(exc lud ing  rest periods) should  be perform ed. Y ou  will be  g iven  a tra in ing diary and 
instructed on how  to record  your  tra in ing  m ode , frequency, duration , intensity  and 
com fort.

4. Benefits:
Lack o f  exercise  and general physical inactivity  can frequently  incapacitate  inactive 
peop le  to the point w h ere  they  b ecom e socially  isolated and depressed. C onsequen tly ,  
im prov ing  exerc ise  tolerance  fo llow ing  the exerc ise  in tervention, can  increase  physica l 
activity, and lessen social isolation and depression. A n  optim al exercise  p rescr ip t ion  
will help to im prove exercise  pe rfo rm ance  (even at ve ry  low w ork loads)  and  thereby  
im prove  quality  o f  life in inactive m en and w om en . In addition , it is expec ted  that w e  
will gain insights into the effec tiveness  o f  a prescribed , h om e-based  exerc ise  
p ro g ram m e  in m ain ta in ing  any benefits  acquired  during  a superv ised  exerc ise  
p rog ram m e, after in tensive superv is ion  has ceased. T h is  will help in educa ting  and  
m otiva ting  partic ipants  to take g reater  responsib ili ty  for the ir  ow n exercise .
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5. Risks:
Reactive hyperemia: Endothelial function will be determined using forearm and calf 
muscle reactive hyperemic blood flow by Venous Occlusion Plethysmography. An arm 
or thigh cuff will be inflated at a pressure o f  200 m m Hg for 5 minutes. After this arterial 
occlusion, changes in girth o f  the forearm and ca lf  will be measured respectively. The 
test may create a feeling o f  numbness during arterial occlusion although it is very well 
tolerated. So far, over 1000 tests have been performed both in young and older 
individuals in our lab with no adverse outcomes.

VO2 max and constant load cycle test: The study involves both a VO2 max test and a 
constant load cycling test to determine VO2 max, VO2 kinetics, and cardiac output both 
prior to and following the intervention. Due to its nature, there will be physical stress 
experienced by all subjects. With a VO2 max test there is always a very slight risk that 
participants may suffer a coronary attack (approximately one occurrence per 5,000 
tests). All VO2 max tests will be preceded by a stress test using 12-lead ECG and blood 
pressure measurements and will be supervised by an exercise physiologist. A qualified 
medical doctor will deem the subject suitable to complete an exercise test to exhaustion.

Exercise training: Exercise training may result in muscle tightness, soreness, fatigue 
and rarely a pulled muscle. Though the moderate intensity o f  exercise will be closely 
monitored and an exercise physiologist will supervise each session, the risk o f  a 
coronary event, although very minor, does exist.

Blood sampling may make some volunteers feel uneasy, or prove painful to some. 
Some may experience slight bruising or discomfort around the sampling area. All 
contaminated materials will be disposed o f  in Sharps containers in line with college / 
faculty policy and best laboratory practices.

6. Exclusion from participation:
Inclusion criteria: You will be included in this study if  you are 30 to 75 years old.
Additionally, you must be sedentary (< 1 bout o f  exercise per week and have not 
participated in a continuous exercise program for the last 6 months), not be taking any 
medications, and have normal HbAicto be considered for inclusion.

Exclusion criteria: You must be free o f  any active medical problems.

I f  you  are a woman o f  childbearing age, you  m ay participa te in this study only i f  you  
are surgically sterilised  or are using an effective contraceptive method. You m ust not he 
pregnant or lactating and you  m ust have a negative pregnancy test before the study  
begins. The effects o f  exercise on the foetus or child  m ay be harm ful. I f  yo u  should  
becom e pregnant, in spite o f  all the precautions, p lease notify yo u r doctor immediately.

1. Confidentiality:
Your identity will remain confidential. Your name will not be published and will not be 
disclosed to anyone outside the study group. The data or material will be retained after 
the study is completed. This material will not be used in future unrelated studies without 
further specific permission being obtained.
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8. Compensation:
This study is covered by standard institutional indemnity insurance. Nothing in this 
document restricts or curtails your rights.

9. Voluntary Participation:
You have volunteered to participate in this study. You may quit at any time. If  you 
decide not to participate, or i f  you quit, you will not be penalised and will not give up 
any benefits that you had before entering the study.

10. Stopping the study:
You understand that the investigators may stop your participation in the study at any 
time without your consent.

11. Permission:
This trial has Research Ethics Committee approval from Trinity College Dublin and 
from St. V incent’s Hospital (Irishtown, Dublin).

12. Further information;
You can get more information or answers to your questions about the study, your 
participation in the study, and your rights, from any o f  the investigators (Mr Eamonn 
O ’Connor (087-9631348/ oconnoeg@ tcd.ie), Ms. Catherine Kiely (087-9837055/ 
kielvc@ tcd.ie).') or Dr Mikel Egafia, (01-8963728 / m egana@ tcd.ie). If  the study team 
learns o f  important new information that might affect your desire to remain in the study, 
you will be informed at once. All travel expenses to attend all lab sessions in Trinity 
College (i.e. car petrol/parking or bus/train/taxi fares) will be covered by the research 
team
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A p p e n d ix  3: C on sen t form s

IN F O R M E D  C O N S E N T  FOF^M (E X E R C IS IN G  D IA B E T IC S )

P R O J E C T  T IT L E : T he effect o f  co m bined  trea tm ent with exercise and 
T h iazohd ined ione  (T Z D ) class drug vs. exerc ise  a lone  on the peripheral circulation, 
endothelial function, and exercise  tolerance in subjects  w ith  Type 2 D iabetes M ellitus 
(T 2 D M ) and non-d iabetic  controls.

P R IN C IP A L  IN V E S T IG A T O R S : Eam onn  O ’C o n n o r  (Student)
C atherine  K iely  (Student)
M ikel Egaiia (Supervisor)

S U M M A R Y : H aving received clearance from the doctor, I will undergo tw o testing days 
at the  hum an laboratory in the D epartm ent o f  Physio logy  (Trinity  College Dublin) at least 
72 hours apart, w here  1 will perform  the necessary  c a l f  e rgom eter  and cycling testing. 
A fte r  this I will begin  the 12-week training program  at the M onkstow n pool &  fitness 
centre, attending for 1 hour at least 3 days a w eek, keep ing  a record o f  heart rate and 
b lood  pressure values. At the conclusion  o f  the 12 w eeks , I will return to  Trin ity  College  
to  repeat the initial tw o-day  testing again, before  beg inn ing  the 4 -m onth  hom e-based  
tra in ing  program . I will con tinue  to record heart rate and blood  pressure  readings from  
the  3 w orkouts  per w eek, and at the conclusion o f  the 4 m onths I w'ill return to Trin ity  to 
perfo rm  the last testing bout com pleting  m y partic ipation in the study.

D E C L A R A T IO N :

1 have read, or had read to me, the information leaflet for this project and 1 understand  the 
contents. I have had the opportunity  to ask questions and all m y questions have been 
answ ered  to m y satisfaction. 1 freely and voluntarily  agree to be part o f  this research 
study, though w ithout p rejudice to m y legal and ethical rights. 1 understand  that I m ay 
w ithd raw  from the study at any tim e and I have received  a copy o f  this agreem ent.

P A R T IC IP A N T 'S  N A M E : ...........................................................................................................

C O N T A C T  D E T A IL S: ...........................................................................................................

P A R T IC IP A N T 'S  S I G N A T U R E :...............................................................................................

D a te : ...................................................

S ta tem ent o f  investigator's responsibility: I have explained the nature and purpose o f  
this research study, the procedures to be undertaken and any risks that m ay be involved. 1 
have  offered to answ er any questions and fully answ ered  such questions. I believe that 
the  participant understands my explanation and has freely given informed consent.

IN V E S T IG A T O R ’S S IG N A T U R E :..........................................................................

D a te : ...................
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IN F O R M E D  C O N S E N T  FO R M  (N O N  E X E R C ISIN G  D IA B E T IC S)

P R O JE C T  T ITLE: The effect o f  com bined  treatment with exercise and 
Thiazolid inedione  (TZD ) class drug vs. exercise alone on the peripheral circulation, 
endothelial function, and exercise tolerance in subjects with Type 2 D iabetes Mellitus 
(T2D M ) and non-diabetic controls.

P R IN C IP A L  IN V E S T IG A T O R S : Eam onn O ’C onnor (Student)
Catherine Kiely (Student)
Mikel Egafia (Supervisor)

S U M M A R Y : H aving received clearance from the doctor, 1 will undergo two testing days 
at the hum an laboratory in the Department o f  Physiology (Trinity College Dublin) at least 
72 hours apart, where  I will perform  the necessary  ca lf  e rgom eter  and cycling testing. 
After this I will m aintain m y  normal lifestyle, w hile  recording m y food intake 3 days a 
week  for a tw elve-w eek  period. At the conclusion o f  the 12 weeks, 1 will return to Trinity 
College to repeat the initial tw o-day testing again. Again, I will m aintain  a normal 
lifestyle, recording food intake, and at the conclusion o f  the 4 m onths  I will return to 
Trinity  to perform  the last testing bout com pleting my participation in the study.

D E C L A R A T IO N :

I have read, or had read to me, the information leaflet for this project and 1 understand the 
contents. 1 have had the opportunity  to ask questions and all m y  questions have been 
answ ered to m y  satisfaction. I freely and voluntarily agree to be part o f  this research 
study, though w ithout prejudice to my legal and ethical rights. 1 understand that I may 
w ithdraw  from the study at any time and I have received a copy o f  this agreement.

P A R T IC IP A N T 'S  N A M E : .........................................................................................................

C O N T A C T  D E T A IL S: .........................................................................................................

P A R T IC IP A N T 'S  S IG N A T U R E : ..............................................................................................

D ate : ...................................................

S tatem ent o f  investigator's responsibility: 1 have explained the nature and purpose o f  
this research study, the procedures to be undertaken and any risks that may be involved. I 
have offered to answ er any questions and fully answered such questions. 1 believe that 
the participant understands my explanation and has freely given informed consent.

IN V E S T IG A T O R ’S S IG N A T U R E :.........................................................................

D ate: .......................
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I N F O R M E D  C O N S E N T  F O R M  ( E X E R C I S I N G  N O N -D L A B E T IC S )

P R O J E C T  T I T L E :  The effect o f  com bined  trea tm ent w ith  exercise  and 
thiazoHdinedione (TZD ) class drug vs. exercise  a lone on the  peripheral c irculation, 
endothelial function, and exercise tolerance in subjects with  T ype  2 D iabetes M ellitus 
(T 2D M ) and non-diabetic  controls.

P R I N C I P A L  I N V E S T I G A T O R S :  Eam onn O ’C onnor (S tudent)
Catherine  Kiely (Student)
M ikel Egaiia (Supervisor)

S U M M A R Y :  H aving  received clearance from the doctor, I will undergo  two testing  days 
at the hum an laboratory in the D epartm ent o f  Physio logy  (Trin ity  C o llege  D ublin) at least 
72 hours apart, w here  I will perform  the necessary  c a l f  e rgom ete r  and cycling  testing. 
A fte r  this I w ill begin the 12-week training p rogram  at the M onkstow n  pool & fitness 
centre, a ttending for 1 hour at least 3 days a w eek , keep ing  a record o f  heart rate and 
b lood  pressure  values. After  recording one w eek  o f  food intake for 3 days out o f  a week, 
I will return to  Trinity College to repeat the initial tw o-day  testing  again, before 
beginning  the 4-m onth  hom e-based  training program. I will continue  to record heart rate 
and blood  pressure  readings from the 3 w orkou ts  per w eek, and  at the conclusion  o f  the 4 
m onths  1 will return to Trinity  to perform  the last testing bou t com ple ting  m y 
partic ipation in the study.

D E C L A R A T I O N :

I have read, o r  had read to me, the information leaflet for this project and 1 understand  the 
contents. 1 have  had the opportunity  to ask questions and all my questions have been 
answ ered  to m y satisfaction. 1 freely and voluntarily  agree to be part o f  this research 
study, though  without prejudice to my legal and ethical rights. I understand  that I m ay 
w ithdraw  from the study at any time and 1 have received a copy  o f  this agreem ent.

P A R T I C I P A N T 'S  N A M E :  ...........................................................................................................

C O N T A C T  D E T A IL S :  ...........................................................................................................

P A R T I C I P A N T 'S  S I G N A T U R E : ................................................................................................

D a te : ....................................................

S t a te m e n t  o f  in v e s t ig a to r 's  r e sp o n s ib i l i ty :  I have expla ined  the nature  and purpose  o f  
this research study, the procedures  to be undertaken and any risks that m ay be involved. I 
have  offered  to  answ er any questions and fully answ ered  such questions. I be lieve  that 
the partic ipan t understands m y explanation and has freely g iven  inform ed consent.

I N V E S T I G A T O R ’S S I G N A T U R E : ..........................................................................

D a te : ..............
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IN F O R M E D  C O N S E N T  FO R M  (E X E R C IS IN G  N O N -D IA B E T IC S )

P R O JE C T  TITLE: The effect o f  com bined  treatment with exercise and 
thiazoHdinedione (TZD) class drug vs. exercise alone on the peripheral circulation, 
endothelial function, and exercise tolerance in subjects with Type 2 Diabetes Mellitus 
(T2D M ) and non-diabetic controls.

P R IN C IP A L  IN V E S T IG A T O R S : Eam onn O ’C onnor (Student)
Catherine Kiely (Student)
Mikel Egafia (Supervisor)

S U M M A R Y : Having received clearance from the doctor, I will undergo two testing days 
at the hum an laboratory in the Department o f  Physiology (Trinity College Dublin) at least 
72 hours apart, where 1 will perform  the necessary ca lf  e rgom eter  and cycling testing. 
After this 1 will begin the 12-week training program  at the M onkstow n pool & fitness 
centre, attending for 1 hour at least 3 days a week, keeping a record o f  heart rate and 
blood pressure values. A fter  recording one w eek  o f  food intake for 3 days out o f  a week, 
I will return to Trinity College to repeat the initial two-day testing again, before 
beginning the 4-month hom e-based training program. 1 will continue to record heart rate 
and blood pressure readings from the 3 w orkouts  per week, and at the conclusion o f  the 4 
m onths 1 will return to Trinity to perform  the last testing bout com pleting my 
participation in the study.

D E C L A R A T IO N :

1 have read, or had read to me, the information leaflet for this project and 1 understand the 
contents. 1 have had the opportunity  to ask questions and all my questions have been 
answered to my satisfaction. 1 freely and voluntarily  agree to be part o f  this research 
study, though without prejudice to my legal and ethical rights. 1 understand that I may 
withdraw from the study at any time and 1 have received a copy o f  this agreement.

P A R T IC IP A N T 'S  N A M E : .........................................................................................................

C O N T A C T  DETAILS: .........................................................................................................

P A R T IC IP A N T 'S  S IG N A T U R E :..............................................................................................

D ate: ...................................................

Statem ent o f  investigator's responsibility: 1 have explained the nature and purpose o f  
this research study, the procedures to be undertaken and any risks that m ay be involved. 1 
have offered to answ er any questions and fully answ ered such questions. I believe that 
the participant understands m y explanation and has freely given informed consent.

IN V E S T IG A T O R ’S S IG N A T U R E :.........................................................................

D ate: .............
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Appendix 4: Medical form for non-diabetics

Pre-participation M edical Q uestionnaire & Exam ination Form

Personal Details

Date /  /

N am e;......................................... Tel No. Home:

A g e :............................................ Mob-

Date of Birth: ............................. Email: ...................

O ccupation:................................ G.P’s name: .........

Address: ...................................... G.P’s address: ......

For Type I I  Diabetic Subjects only For Non-Diabetic Subjects only

(Please Circle) (Please Circle)

Diagnosis (yr) < 5 > 5 Heart disease Y N

Treatment: Stroke Y N

Diet only Y N Diabetes Y N

Diet/ oral medication Y N Asthma Y N

Insulin Y N Epilepsy Y N

Heart disease Y N Smoking Y N

Stroke Y N Alcohol Y N

Asthma Y N Tea Y N

Epilepsy Y N Coffee Y N

Smoking Y N

Alcohol Y N

Tea Y N

Coffee Y N
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Family History State details and any other fam ily illnesses

(Please Circle)

Heart disease Y N

Stroke Y N

Diabetes Y N

Asthm a Y N

Epilepsy Y N

D rug H istory__________________  State Details
Medication Y N

Over The Counter Meds Y N

Allergies Y N

Vitamins Y N

Current m edical problem s in the last 3 months
Recent Illnesses: Recent Injuries

Last 7 days Circle A t any time...______ Circle Details
Flu Symptoms Y N Hospital Y N

Sore Throat Y N adm issions Y N

Cough Y N Operations Y N

Wheeze Y N Fractures Y N

Chest Pains Y N Sports Injuries Y N

Palpitations Y N Diabetes Y N

Nausea Y N Astlima Y N

Vomiting Y N Epilepsy Y N

Diarrhoea Y N Jaundice Y N

Headaches Y N Kidney problem Y N

Fits or Faints Y N H eart M urmur Y N

Others Y N Eye Problems 

O ther Illness

Y N
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General Examination (Doctors Use Only)

Obs: Pulse.............

BP ..........

Head: Nose 

Neck: Nodes

.beats.min’‘ Reg./Irreg. - - -  

mmHg

Throat FBC Result: ..................

Thyroid ..................................»...

CVS: Apex beat 

RS; Exp"

Heart Sounds PFT Result:....................

Perc. / Ausc. .......................................

Medical Sumniflrj

Fit for Exercise Test to Exhaustion Y N Signature: ................................................
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Appendix 5: Blood lactate levels prior to each bout o f 6 min cycling

N o n - d ia b e t i c  P re  1 P re  2
1 0.3
2 0 .92
3 0.41
4  0.42
5 1.34
6 0.52

M ean  0 .7
SD 0 .4

T2DM P re  1 P re  2
1 1.2
2 1.52
3 0.94
4  1.51
5 1.24
6  1.11
7 0.73
8 3.02
9 0 .69

10 1.16
11 1.19

M ean  1 .3
SD 0 .6

P re  3 P r e  4
1.57 0.77 1.85
1.57 0 .87 1.15
0.51 0 .54 0.35
1.01 0.72 0.61
2.35 2.78 2.92
1.41 0.52 1.15

1 .4  1 .0  1.3
0 .6  0 .9  0 .9

P re  3 P re  4
2.27 2.2 1.92
1.47 1.57 2.23
1.22 1.02 0.85
1.94 1.87 1.62
1.76 1.61
1.59 2.01 1.55
1.83 2.02 1.92
2.42 2.24 2.2

2 1.74 1.89
2.2 1.92 2.04

1,53 1.87
1 .8 ^  1 .8 ^  1.8
0 . 4 ^  0 . 4 ^  0 .4
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Appendix 6: C alf ergometer calibrations. Corresponding mV for 20 kg and 80kg 
are shown. Coefficient o f variation (CV) is also shown.

Test day 20kg
mV

80kg
mV

Test day 20kg
mV

80kg
mV

Test day 20kg
mV

80kg
mV

1 735.551 2769.951 41 771,745 2931,745 81 770,6695 2897.67
2 723.001 2823.012 42 755,34 2915.34 82 789 0035 2988.004
3 720.632 2823.015 43 807,625 3087,625 83 810,561 3036.561
4 769.23 2809.221 44 729,69 264.969 84 813.603 3075,063
5 757.11 2857 103 45 773,21 2873.21 85 801.591 3024.591
6 741.725 2781.15 46 744.245 2814,245 86 804.6 3000.6
7 766.652 2896.665 47 654,34 2214.32 87 859,5825 3274.583
8 892.302 3172.31 48 667,223 2287.23 88 855.248 3246.248
9 765.624 2865.62 49 756.145 2925,145 89 794.405 3008,405

10 901.724 3421.72 50 695,57 2615,57 90
11 897.117 3417.872 51 722.44 2702.44 91
12 742.637 2752.054 52 734,65 2774.65 92
13 701.602 2681.662 53 753 605 2853.605 93
14 797.312 2807.341 54 731,96 2711.96 94
15 674.745 2504.742 55 743,615 2753.615 95
16 734.195 2624 196 56 760,445 2860.445 96
17 763.815 2893.815 57 794,565 3059,505 97
18 758.655 2918.655 58 825 213 3156.214 98
19 727.545 2677.545 59 762,197 2937,194 99
20 714.65 2694.65 60 762,807 2853.803 100
21 715.835 2755 835 61 733,935 2749.935 101
22 727,88 2779,788 62 767,551 2891.552 102
23 735.79 2835.99 63 745.897 2785.898 103
24 342 351 2714 235 64 790.531 2980.531 104
25 755.257 2735,275 65 784,585 2953.585 105
26 772.45 2992,45 66 786,8275 2973,828 106
27 753.645 2883.645 67 764.983 2831.983 107
28 701.97 2501.971 68 784 9775 3007,978 108
29 753.29 2823.29 69 771,198 2865,198 109
30 754.093 2854.095 70 789,8035 2958,804 110
31 748.045 2908,453 71 789 7485 2982,749 111
32 717.587 2697.582 72 750.5265 2784.527 112
33 723.965 2733,965 73 779,0015 2912.002 113
34 733.535 2893,535 74 819,1565 3120.157 114
35 710.385 2750,385 75 752,9555 2864.956 115
36 724.235 2750 385 76 800.563 3056.563 116
37 737.115 2777.115 77 815,1755 3071.176 117
38 734.33 2834,33 78 819,48 2976,48 118
39 800.31 3020,31 79 750,032 2784.032 119
40 741.39 2841,39 80 773,2165 2894.217 120

Mean 758.26 2841.20
SD 63.39 335.15
CV 8.36 11.80
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Appendix 7: MAP responses during incremental plantar flexion exercise 
measured simultaneously using applanation tonometry (COLIN) and ‘volume 
clamp’ method (Finapres).

Subject
a b
Colin Finapres a-b {a*b)2

1 REST 83 79 5 21
1 Onset 83 82 1 1
1 Min 1 91 88 2 4
1 Min 2 92 89 3 7
1 Min 3 97 95 2 5
1 Min 4 79 81 -1 2
1 Min 5 68 69 -1 2
1 Min 6 90 85 5 26
1 Min 7 94 93 0 0
1 Min 8 88 89 -1 0
1 Min 9 98 101 3 7
1 Min 10 101 102 -2 3
1 Min 11 97 91 5 30
1 Min 12 98 94 4 19
2 REST 74 77 3 9
2 Onset 100 96 4 14
2 Min 1 95 91 4 17
2 Min 2 98 96 2 5
2 Min 3 101 97 4 16
2 Min 4 104 100 4 19
2 Min 5 95 93 1 2
2 Min 6 100 95 6 31
2 Min 7 100 96 4 18
2 Min 8 100 96 4 19
2 Min 9 100 96 4 13
2 Min 10 99 99 0 0
2 Min 11 100 99 1 1
2 Min 12 101 100 1 0
3 REST 83 85 -3 6
3 Onset 99 97 2 3
3 Min 1 109 96 13 181
3 Min 2 104 88 16 258
3 Min 3 112 104 8 70
3 Min 4 109 100 8 69
3 Min 5 113 99 13 180
3 Min 6 105 95 10 104
3 Min 7 110 104 6 41
3 Min 8 105 98 8 62
3 Min 9 107 103 4 20
3 Min 10 105 100 5 27
3 Min 11 105 111 •7 46
3 Min 12 106 110 -4 17
4 REST 86 83 3 9
4 Onset 90 92 -2 5
4 Min 1 89 91 -2 4
4 Min 2 92 91 0 0
4 Min 3 87 92 -6 31
4 Min 4 96 90 5 28
4 Min 5 98 98 0 0
4 Min 6 96 99 -3 9
4 Min 7 95 96 -1 1
4 Min 8 96 98 -2 3
4 Min 9 99 98 2 3
4 Min 10 107 105 2 5
4 Min 11 108 109 -1 0
4 Min 12 111 113 -2 3
5 REST 83 85 -3 6
5 Onset 99 97 2 3
5 Min 1 109 96 13 181
5 Min 2 104 88 16 258
S Min 3 112 104 8 70
5 Min 4 101 100 1 0
5 Min 5 113 99 13 180
5 Min 6 105 104 1 2
5 Min 7 97 96 1 1
5 Min 8 105 102 3 11
5 Min 9 107 106 1 2
5 Min 10 105 100 5 27
5 Min 11 112 111 1 0
5 Min 12 106 110 -4 17

MEAN 99 96 3 SUM 2235.1
SD 10 8 5 SUM /2n 

10 Square roo t
18.6
4.3
4.4

ICC = 0.8

TEM
%TEM
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A ppendix 8: Physical characteristics and activity levels

T 2 D M  (pos tm enopausa l  1-20, BMI matched postm enopausal  9-20) 
N on-d iabe t ic  (pos tm enopausa l  1-21, BMI matched postm enopausa l  13-21)

T2DM Age Body m a ss H eight BMI WHR

(y r) (k g) (m ) (k g .m ^ )
1 54 108.1 1.56 44.4 1.01
2 53 89.75 1.59 35.5 0.96
3 56 84.9 1.48 38.8 1.00
4 59 98.4 1.67 35.3 0.95
5 56 109.5 1.58 43.8 1.01
6 53 98,8 1.58 39.6 0.93
7 59 106.3 1.56 43.7 1,01
8 57 72.5 1.51 31.8 0.98
9 56 60.25 1.53 25.7 0.96

10 55 82.35 1.57 33.4 0.86
11 60 69 1.56 28.4 0.99
12 67 78.3 1,63 29.5 0.97
13 52 84.1 1.61 32,4 1.01
14 56 94.3 1,66 34.2 0.95
15 64 68.7 1,58 27.5 0.99
16 57 81.1 1.66 29.4 0.93
17 57 81.6 1,54 34,4 0.90
18 58 72.2 1,58 28,9 0.89
19 49 88,9 1.66 32,3 0.87
20 56 82 5 1,57 33.5

Mean 5 6 .7 8 8 .1 1 .58 3 4 .1  ^ 0 .9 6
SD 4 .0 ^ 1 3 .8 0 .0 5 5.5 0 .0 5

N on -d iab etic Age Body m a ss H eight BMI WHR

(y r) (k g) (m )
1 60 61,9 1.59 24,5 0.91
2 66 48.3 1.36 26.1 1.00
3 55 64.7 1.61 24.9 0.95
4 53 61.9 1.63 23.3 0.84
5 62 53-4 1.60 20.8 0.87
6 50 54.1 1.58 21.7 0.79
7 47 53.9 1.60 21.0 0.75
8 60 74.1 1.68 26.1 0.98
9 58 64,0 1,63 24.1 0.83

10 64 56.0 1.62 21.3 0.90
11 45 60.2 1.59 23.8 0.90
12 50 64,6 1.62 24.6 0.98
13 62 72.9 1.56 30.1 0.98
14 56 69.5 1.55 29.1 0.77
15 53 83.6 1.64 31.1 0,94
16 62 74.6 1.60 29.1 0.99
17 56 72.5 1.62 27.6 0.83
18 54 69.4 1.59 27.4 0.88
19 54 93.3 1.65 34.3 0.91
20 54 74.6 1.58 29.9 0.90
21 55 8S.0 1.60 33.2 0,95

Mean 5 6 .0 6 7 .2 1 .6 0 2 6 .4 0 .9 0
SD 5 .5 1 1 .5 0 .0 6 3 .9 0 .0 7

ABI LOPAR In active light M oderate V igorou
(M et h.wk'^) (hr) (hr) (hr) (h r)

1.00 65
1.04 199.75 16.82 5.65 1,25 0,28
1.13 180.35 23.67 0.33 0 0
1.13 111.15 17.88 5.30 0.65 0,16
1.10 79.75 18.17 5.32 0.48 0,03
1.34 125.4 20,53 2.88 0.45 0,13
1.03 91.4
1.02 103.5 21,41 2.59 0 0
0.95 109.6 16,23 6.61 1 0,16
1.00 68 23,69 0.31 0 0
1.19 97.3 18,43 5.15 0.41 0
1.03 85.15 17,77 5,71 0.52 0.003
1,05 106 18.22 5,26 0 49 0.02
1.14 28.94 16,49 5.53 1.55 0.42
1.03 48.5 23,87 0.13 0.00 0.00
1.03 57.35 23,60 0.39 0.00 0.00
1.11 166.45 16,26 6.24 1.13 0.36
1.06 171.4 22,99 1,00 0.00 0.00
1.10 78.97
0.79 106.25
1 .06 112 ^ 2 4 .8  ^ 3 .7 ^ 0 .5 ^ 0 .1
0 .1 0 49 ^ 2 1 .2  ^ 2 .5 ^  0 .5 0 .1

ABI LOPAR In active light M oderate V igorou
(M et h.w k ‘) (hr) (hr) (hr) (h r)

0.82 56.3 19,76 2.98 0.71 0,55
1.11 44.6 18.35 4.83 0.6 0.2
1.10 95.3 15.16 7.73 0,71 0.4
1.06 104.1 16,2 5.91 1,28 0.51
1.02 57.9 13.24 8.52 1,94 0.29
1.21 114.1 16.05 5.77 1.75 0.41
0.87 130.3 19.31 4.23 0,36 0.08
1.15 84.8 16.88 5.41 1,41 0.28
1.42 163.8 14.40 6.51 1,59 1.50
1,12 142.4 17,16 5,56 1.05 0,23
1.11 143.9
1.03
1.20 37.0 18,91 4,87 0.2 0.006
1.08 101.5 16,29 6,47 1.09 0.14
0.92 122.0 17,31 5,36 1.09 0.22
1.18 83.0 15,18 7,15 0.68 0.98
1.10 219.9
1.22 129.3
1.11 82.2
1.04 96.8
1.05 201.5
1 .09 111 1 6 .7 5 .8 1.0 0 .4
0 .1 0 48 1.9 1.4 0 .5 0 .4
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Appendix 9: Haematology.

T 2D M  (pos tm enopausal 1-20, BM l matched postm enopausal 9-20) 
N on-diabetic  (pos tm enopausa l  1-21, BM l matchcd postm enopausal 13-21)

T2DM FPG HbAlC H bAlc TCL LDL HDL Tri
(m m o l .L * ) (%) ( m m o l . m o l ‘ ) (mmol.L" ') (m mol.L " ') ( m m o l . L ' ) ( m m o l .L ' )

1 6.3 6.1 43.2 5.1 3.5 1.3 1.4
2 6.1 6.4 46.4 5 3.3 1.7 1.4
3 7,6 7.9 62.8 4.8 3.5 1.2 1.0
4 5.1 5.2 33.3 3.4 2.3 0.8 2.4
5 9.9 7.3 56.3 4.7 3.8 1.1 1.7
6 5.2 5.5 36.6 4.8 3.3 1.5 1.2
7 6.5 6.8 50.8 3.1 2.0 1.0 1.9
8 13.4 9.4 79.0 3.4 1.4 1.3 1.7
9 7.2 6.4 46.4 3.4 2.2 1.2 1.2

10 8.4 6.5 47.5 4.9 3.0 1.5 2.8
11 7 6.8 50.8 4.4 2.6 1.9 1.4
12 6.7 6.7 50.0 5.3 3.2 1.5 1.3
13 7.2 6 42.0 4,1 2.1 1.5 1.3
14 7.7 6.6 48.6 3.8 2.5 1.4 1.0
15 8.1 6.2 44.3 4,8 3.4 1.4 1.1
16 13.1 5.3 34.4 4,6 3.2 1.4 2.3
17 9 7 53.0 5,1 2.1
18 8.3 7.5 58.0 4,9 3.3 1.2 1.0
19 10.3 7.2 55.2 6,3 4.4 1.6 1,4
20 12.9 8.1 65.0 4,5 3.0 1.2 2,5

Mean 8.3 6.7 50.2 4.5 ^  2.9 ' '  1.3 1.6
SD 2.5 1.0 10.9 0.8 ^  0 .7 ^  0.3 0.6

-diabetic FPG H bAlc H bAlc TCL LDL HDL Tri
(m mol.L" ') ( %) ( m m o l . m o l ' ) (m m o l .L ‘‘) ( m m o l . L ' ) ( m m o l . L ' ) (m m o l .L ' ' )

1 3.8 5.3 34.4 5.7 3.4 2.5 0,7
2 4.5 5.1 32.2 5.3 3,2 2,0 1,7
3 4.5 5.7 38.8 8.6 6,4 2,3 1,1
4 4.9 5.6 37.7 8.5 5,7 2,6 1,2
5 5.7 5.4 35.5 5,6 3,9 1,9 0,9
6 4.4
7 4.8 5.4 35.5 5,2 3,2 2,1 0.7
8 4 5.3 34.4 3,9 2,4 1,4 0.7
9 4.6 5.5 36.6 4,5 2.7 1,7 0.8

10 3.5 6,4 4.1 2,0 0.8
11 4.1 5.3 34.0 5,3 3.1 1,9 0.9
12 4.3 6,2 3.6 2,2 0.9
13 4.8 3.2 1,4 1.4
14 4 5.5 36.6 6.1 4.1 2,2 0.5
15 5 5.6 37.7 5.2 3.5 1,7 1.2
16 5.2 5.7 38.8 6.7 5.0 1.4 1.3
17 5.4 5.4 35.5 8.3 5.7 2.4 1.5
IS 4.1 5.6 37.7 5.6 3.7 2,1 0.8
19
20 4.5 5,6 2,9 2,33 0,82
21 4.8

Mean 4.5 5.5 35.4 5.7 3.7 1.8 1.0
SD 0.6 0 .2 1.9 1.3 1.1 0 .4 0.3
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Appendix  10: Peak cycling data.

T 2 D M  (pos tm enopausa l 1-20, BMI matched postm enopausa l  9-20) 
N on-d iabe t ic  (pos tm enopausa l 1-21, BMI matched postm enopausa l 13-21)

T2DM
P e a k  MR P e a k  HR VOi VO2 RER Ve T im e P e a k  w o r k lo a d W ork load  a t VT VO2 a t  VT VO2 a t  VT

(b e a t s .m in * ; ) % (m l.k g  ^ m in  ‘ ) ( L m in ' ‘ ]1 ( L m in * ) (m in ) W W (m l.k g '‘ .m in '; 1 ( % V O i p , , , )

1 123 74.1 1.02 40 9 80 80
2 147 88.0 17.3 1,55 1.06 103,5 14 120 100 13,6 78.6
3 165 100.6 17.5 1.43 1.16 64,5 11.5 100 80 13.6 77.7
4 124 77.0 14.8 1,47 1.13 64,4 12 100 80 11.3 76,4
5 149 90,9 14.8 1,61 1.09 51,8 15 120 80 10.3 69.6
6 156 93.4 18.5 1.96 1.01 72,2 13 120 100 13.8 74,6
7 159 98.1 15.1 1,34 1.14 53,9 12 100 80 10.2 67.5
8 95 58.3 19.2 1,38 1.10 46,9 9 80 60 13.3 69.3
9 139 84.8 24 1,43 1.01 45.3 10 100 80 18.8 78.3

1 0 165 100.0 18.8 1.54 1.16 58.7 12 100 80 12.9 68.6
1 1 150 93.8 18.5 1,27 1.1 56.2 7 80 60 12.7 68.6
1 2 163 101.9 19.2 1.5 54.5 12.5 120 80 14.3 74.5
1 3 174 103.6 22.1 1,85 64.7 15 120 100 16.7 75.6
1 4 119 72.6 18.7 1,80 1.15 76,9 12 100 80 11.3 60.4
1 5 152 97.4 23.1 1,68 1.13 63.3 15 120 100 15.1 65.4
1 6 161 98.8 15,6 1,22 53 12 100 80 10.7 68.6
1 7 164 101.9 20,2 2.16 1.11 66.1 15 120 100 14.5 71.8
1 8 162 100,0 22,5 1.62 1.10 61.6 13 120 100 15.2 67.6
1 9 165 96.5 15.3 1.29 1.12 45.8 8 80 60 9.7 63.4
2 0 143 80.3 16,8 1.4 45.8 11 80 60 12.5 74.4

M ean 1 4 9 9 0 .5 r 1 8 .5 1 .5 5 ^ 1 .1 0 5 9 .5 1 1 .9 1 0 3 .0 8 2 .0 ^  1 3 .2 7 6 .0

SD 2 0 ^ 1 2 .3 f 2 .9 ^ 0 .2 5 ^ 0 .0 5 1 4 .2 2 .4 1 6 .3 1 4 .4 ^  2 .3 2 0 .7

Non-diabetic
N o P e a k  HR P ea k  HR VOj VO2 RER Vi T im e P e a k  w o r k lo a d W ork load  a t VT VO 2 a t  VT VOj a t  VT

(b e a t s .m in '* ) »/o ( m l.k g ‘‘ .m in ’‘)1 (L .m in * ) (L .m in * ) (m in ) W W ( m l .k g ‘ . m i n ‘ ’ < p

1 164 102.5 29.3 1.82 1.11 76,9 13 120 100 21.6 7 3 .7

2 174 113.0 17,7 0.87 1.20 42 9 80 80 13,7 77.4
3 173 104.8 23,3 1.52 1.07 58 14 120 100 17,9 76.8
4 150 89.8 35.7 2,23 1.08 61.9 19.5 160 140 28.3 79.3
5 148 93.7 22.1 1,22 1,14 60.8 10 100 80 16.7 75.6
6 155 91.2 33.8 1.92 1,09 64.4 18 140 120 19,8 58.6
7 170 98.3 23.8 1.27 1,13 43.9 10 100 80 18.7 78.6
8 164 102.5 21.6 1.62 1,12 60.2 12 100 100 16,5 76.4
9 163 100.6 24.7 1.56 1,01 55.7 11 100 80 19.4 78.5

1 0 166 106.4 19.1 1.05 1,10 48,3 10 100 60 13,5 70.7
11 180 108.4 22.5 1,35 1.12 51,6 10 100 60 14,5 64.4
1 2 156 91.8 23.2 1,48 1.06 64.1 12 100 100 19.9 85.8
1 3 148 93.7 18.01 1,27 1,04 41 9 80 60 12,1 67.2
1 4 152 92.7 22.8 1,55 1.08 49,9 13 120 100 14,8 64.9
15 148 88.6 22.5 1.9 1.11 31.1 15 120 120 18,8 83.6
1 6 138 87.3 24.7 1,86 70.3 18 140 120 18,5 74.9
17 155 94.5 22.2 1,63 1.06 68.8 18 140 140 12 54.1
IB 152 91.6 26.5 1,82 1.19 78.8 16 140 120 19,9 75.1
1 9 143 85.6 21.3 1,84 1.01 55.7 16 140 120 16,8 78.9
2 0 147 88.6 23.8 1,42 1.14 48.9 14 120 80 11,7 49.2
21 133 80.6 18.3 1.52 1.05 64,8 12 100 100 14,2 77.6

M ean 1 5 6 9 5 .5 2 3 .7 1 .5 6 ^ 1 .1 0 5 9 .7 1 3 .3 1 1 5 .2 9 8 .1 1 7 .1 7 3 .2

SD 1 2 8 .3 4 .6 0 .3 2 0 .0 6 1 2 .0 3 .3 2 1 .8 2 4 .4 3 .9 7 .6
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Appendix 11: VO2 kinetic responses.

T 2 D M  (pos tm enopausal 1-20, BMI matched postm enopausal  9-20) 
N on-d iabet ic  (pos tm enopausa l 1-21, BMI matched postm enopausal  13-21)

T2DM a A1 TD l r l A2 TD2 r2 End A MRT gain  12

{ L .m in ‘) (L m in * ) (s) (s) (L.min ‘) (s) (s) (L .m in ‘) (s) (m Lm in ‘.W’*)
1 0.41 0.10 6,2 5,6 0.33 28.0 36,2 0.84 52.0 7.96
2 0.51 0.21 2,9 8.2 0.34 32.8 61.9 1.06 62.80 8.32
3 0.70 0.26 6.0 14.2 0.30 28.6 54.3 1.26 53.8 10.36
4 0.70 0.12 3.4 6.6 0.27 19.6 50.0 1.09 51.2 7.22
5 0.74 0.20 0.8 11.9 0.56 23.6 47.0 1.50 55.3 14.07
6 0.63 0.19 2.1 12.5 0.45 23.5 40.7 1.27 49.4 9.14
7 0.90 0.28 6.3 8.2 0.50 24.6 39.0 1.68 45.9 14.44
8 0.46 0.10 15.0 7.7 0.35 30.7 71.9 0.92 84.2 12.01
9 0.37 0.22 10.4 12.5 0.33 33.7 43.0 0.92 55.2 10.18

10 0.55 0.17 9.5 15.0 0.41 30.8 49.9 1.13 64.3 10.71
11 0.60 0.13 8.0 6.3 0.32 20.1 38.1 1.05 45.5 11.84
12 0.61 0.21 12.5 18.0 0.43 32.2 50.8 1.25 65.7 11.84
13 0.60 0.23 5.9 15.0 0.60 33.7 45.6 1.42 62.8 11.84
14 0.70 0.33 0.9 15.0 0.55 41.7 53.4 1.58 65.1 16.25
15 0.51 0.25 4.8 7.7 0.59 21.4 56.4 1,45 61.7 13.34
16 0.57 0.16 7.1 16.4 0.27 40.0 55.7 1,00 68.7 8.09
17 0.57 0.34 3.5 12.1 0.30 37.2 54.0 1,32 55.0 10.68
18 0.56 0.26 13.0 12.0 0.57 30.9 47.5 1,39 61.6 11.85
19 0.72 0.22 0.0 7.9 0.25 13.3 26.2 1,19 25.0 6.67
20 0.47 0.15 1.6 14.6 0.28 29.0 74.4 0,90 72.4 8.59

Mean 0.59 0.21 6.0 11.4 0.40 28.8 49.8 1.21 57.9 10.8
SD 0.13 0.07 4.3 3.8 0.12 7.2 11.5 0.24 12.2 2.6

1-d iabetic a A1 TDl r l A2 TD2 r2 End A MRT V02 gain
(L .m in*) (L m in * ) (s ) (s) (L .m in*) (s) (s) (L.min'*) (s ) (m l .m in ‘ .W *)

1 0.55 0.32 4.6 12.8 0.15 39.8 38.0 1.02 36.7 9.43
2 0.53 0.50 8.3 12.9 0.23 38.3 56.0 1.34 37.1 11.60
3 0.46 0.26 8.0 12.7 0.31 31.9 30.9 1.03 43.6 10.56
4 0.43 0.38 4.0 17.9 0.30 39.8 33,0 1.11 44.4 9.71
5 0.53 0.33 3.5 9.1 0.97 29.7 31.0 1.83 48.5 12.74
6 0.44 0.23 1.9 3.7 0.25 24.3 17.9 0,92 24.6 8.89
7 0.40 0.31 5.1 15.0 0.63 26.1 36.1 1.34 48.3 10.93
8 0.44 0.10 1.1 5.4 0.36 24.0 40.3 0.90 51.7 12.27
9 0.50 0.25 5.6 4.7 0.53 20.6 47.0 1.32 43.4 8.52

10 0.46 0.14 7,9 13.3 0.46 28.0 45.5 1.06 61.3 11.86
11 0.50 0.08 7.7 16.0 0.28 29.5 41,0 0.86 60.1 10.93
12 0.46 0.14 4.9 15.0 0.28 41.0 30.0 0.88 54.0 9.47
13 0.53 0.40 8.1 6.1 0.45 23.7 46,0 1.38 43.6 9.29
14 0.48 0.31 2.2 14.8 0.17 26.5 30,0 0.96 31.0 12.63
15 0.51 0.57 0.7 16.4 0.23 35.0 30,6 1.42 35.6 12.98
16 0.53 0.55 7.6 14.6 0.48 49.0 48,9 1.56 57.4 11.96
17 0.55 0.36 2.1 9.1 0.62 18.2 40,0 1.53 40.9 11.39
18 0.52 0.48 7.8 8.4 0.80 37.0 43,0 1.80 56.1 12,56
19 0.58 0.29 0.8 6.7 0.60 33.0 41,5 1.46 52.7 10,30
20 0.65 0.20 3.8 15.8 0.74 40.5 31,0 1.59 60.5 11.11
21 0.39 0.15 3.5 8.9 0.53 23.4 36,0 1.08 49.0 10.27
22 0.51 0.245 4.1 7.5 0.59 25.9 23,0 1.35 37.9 9.40

Mean 0.50 0.30 4.7 11.2 0.45 31.1 37.1 1.26 46.3 10.9
SD 0.06 0.14 2.6 4.3 0 .22 8.0 8.9 0 .30 10.0 1.6
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Appendix 12: Heart rate kinetic responses.

T2DM

Mean
SD

Non-d iabe t i c

Mean
SD

a A1 T Dl T a u l
(b ea t s .m in '* )  (bea t s .min" ' ) ( s ) ( s )

1 98.5 21.4 3.8 57.0
2 93.0 21.4 1.5 68 .4
3 119.5 21.5 12.1 85.1
4 83.0 9.1 4.1 51.4
5 116.8 22.2 3.0 71.2
6 108.5 29.0 0.5 57.8
7 76.0 13.0 2.1 50.0
8 114.0 23.0 6.0 85.6
9 94.4 34.5 0.1 143.7

10 114.8 24.5 7.7 79.8
11 105.6 33.1 0.5 69.7
12 114.0 28.9 0.1 76.3
13 108.1 34.0 0.1 98 .4
14 134.9 12.9 2.0 68.0
15 86.0 41 .9 0.1 66.0

1 0 4 25 2.9 7 5 .2
16 9 3 . 4 23 .2

a A1 T Dl T a u l
( b ea t s .m in '* )  (be a t s .min '* ) ( s ) ( s )

1 103.1 47 .5 7.6 44 .8
2 78.1 48.2 9.8 55.9
3 80.5 38.8 8.6 60.0
4 84.2 43 .5 2.0 49.3
5 97 .0 39.7 15.7 76.0
6 99.0 47.2 6.4 56.0
7 81 .0 32.1 2.4 68.1
8 96.5 42 .5 6.9 72.0
9 83 .0 28.5 3.2 76.2

10 88 .9 40 .9 1.2 51.0
11 83 .0 33.3 4 .0 59.2
12 91.3 39.6 2.9 61.6
13 83.5 27.9 2.6 48 .0

8 8 39 5.6 5 9 . 8
8 7 4 .1 10 .5

End A
( b e a t s . m i n ' )

119.9
114.3
140.6 

92.1
138.8
137.4 

88 .9
136.6 
126,1
138.9
138.5
142.6
141.2 
147,8
127.7 

129
18

End A
( b e a t s . m i n * )

150.6
126.2
119.2
127.6
136.2
146.1 
113.0
138.6
111.2
129.8 
116.2
130.7 
111.3

12 7
13
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Appendix 13: Cardiovascular responses at rest and during cycle exercise at 80% 
VT.

CO, Cl, SV, SV l, and HR responses at rest and during cycle  exercise at 80% VT

T2DM  (postmenopausal 1-20, BM l matched postmenopausal 9-20)
Non-diabetic (postmenopausal 1-21, BMl matched postmenopausal 13-21)

CO (L rn in  ') Cl (L m in  ‘ .m ' ‘ ) SV (m l) SVI ( m l .m ') H R { b e a ts .m in ‘ )

T2DM Os 30s 2 4 0s Os 3 0 s 2 4 0s Os 30 s 2 40s Os 3 0 s 240s Os iOs 2 4 0s
1 6,0 9,2 11.3 3,0 4,5 5.5 66 84 89 32.3 41.1 43.5 90 110 127
2 5.3 6,5 9.4 2,7 3,4 4.8 61 74 88 31.8 38.6 45.9 99 106 124
3 5.2 8,2 10.5 2,9 4,6 5.9 49 67 76 27.6 37.7 42.8 106 125 140
4 4,7 5,6 7.9 2,3 2,7 3.3 72 75 84 34.9 36.3 40.7 66 84 93
5 4,0 8.5 7.8 2,0 4,1 3.7 44 73 56 21.2 35.2 27.0 98 116 139
6 5,1 6.8 11.7 2,5 3.4 5.9 52 62 88 25.9 31.0 44.3 97 110 136
7 4,8 10.3 13.0 2,4 5.1 6.4 46 84 85 22.7 41.4 41.9 104 123 153
8 3,2 5.6 8.2 1,9 3.3 4.8 53 77 93 31.4 45.7 55.2 61 73 88
9 2.8 6.2 6.3 1,8 4.0 4.0 42 68 53 26.7 43.2 33.4 72 95 120

10 3.6 6.6 8.6 2.0 3.7 4.7 42 58 66 22.9 31.7 36.1 92 113 133
11 3.9 7.2 7.8 2.3 4.3 4.6 50 72 64 29.3 42.3 37.9 79 101 123
12 3.8 6.9 7.8 2.1 3.8 4.6 38 59 64 20.6 32.0 34.8 100 116 131
13 4.0 7.5 10.0 2.1 4.1 5.3 41 70 74 21.8 37.2 39.3 97 111 135
14 5.3 10.2 11.3 2.6 5.1 5.2 55 89 77 27.0 44.1 38.1 97 114 143
15 3.0 7.1 10.4 3.3 5.2 61 74 35.8 43.5 111 117 141
16 3.6 8.6 5.9 1.9 4.6 5.1 39 78 42 20.6 40.9 21.9 91 118 137
17 4.4 7.8 13.1 2.4 4.3 7.3 39 63 91 21.7 35.0 50.6 112 123 144
18 2.1 6.0 8.9 1.2 3.4 5.1 26 67 71 15.0 38.5 40,8 83 123 153
19 4.5 7.1 9.8 2.3 3.6 5.0 46 57 72 23.4 28.9 36,6 99 123 136
20 4.1 4.4 6.3 2.2 2.4 3.4 47 40 51 25.7 21.8 27,8 97 111 123

M ean 4.2 7.3 9,3 2.2 3,9 5.0 '■ 47.7 68.8 72.9 ^ 25.4 36.9 39,1 92.4 110.5 130.8
SD 1.0 1.5 2,1 r 0.4 0,7 1.0 '  10.7 11.3 14.7 '  5,0 5.8 7.8 13.8 13.5 16.6

CO (L .m in ‘) Cl (L .m in '.m ' SV (m l) SVI ( m l .m ') HR ( b e a t s .m in 'j

N on -d iab e tic Os 3Qs 2 4 0s Os 3 0 s 2 4 0s Os 3 0 s 24 0s Os 3 0 s 2 4 0s Os 30 s 2 4 0s

1 3.8 7,8 10.1 2.3 4.8 6.2 50.0 74.0 75,5 30,6 45.2 46.2 76 105 135
2 2,8 5,9 6.9 1,6 4.5 5.3 31.0 45.5 41,5 23,6 34.6 31.6 111 128 164
3 5,2 8,7 10.8 3,1 5.2 6.4 60.0 79.0 80,0 35,7 47.0 47.6 77 116 136
4 69 98 123
5 4,2 5,5 8.2 2,8 3.6 4.5 51.0 59.5 69,0 33,1 38.6 44.7 82 93 120
6 72 94 126
7 4,5 7,1 8.3 1,0 4.5 5.2 66.0 64.5 63,5 42.6 41.6 41.0 85 109 131
8 4,1 6.3 9.0 2,2 3.4 4.9 50.0 57.0 60,0 27.2 31.0 32.6 84 111 150
9 4,4 6.5 7,9 2,6 3.9 4.7 61.0 66.5 73,5 36.1 39.4 43.5 74 91 109

10 3,8 5.3 7,0 2,4 3.4 4.4 40.0 47.0 59,0 25.2 29.6 37.1 95 114 120
11 3,9 6.7 7,5 2,4 4.2 4.7 52.0 62.0 56,0 32.2 38.4 34.6 76 108 135
12 4,7 7.4 10,1 2,8 4,4 6.0 72.8 80.3 67,0 43.1 47.5 39.7 72 98 124
13 3,0 5.9 6.8 1,7 3,4 4.0 38.0 60.0 64,0 22.0 34.7 37.0 78 92 117
14 3.7 8.1 9.1 2.6 4.8 5.5 57.0 67.0 78,0 33.9 39.8 46.3 76 111 124
15 3.6 8.2 10.7 1.3 4.4 5.6 61.0 71.5 84,0 32.1 37.6 44.2 76 102 127
16 3.9 6.5 8.8 3.7 4.9 3.9 52.0 69.0 77.5 29.2 38.8 43.6 73 94 113
17 4.5 7.7 9.9 4.7 4.3 5.5 60.0 71.0 71.0 33.8 40.0 40.0 75 108 138
18 3.6 6.9 11.3 2.4 5.2 7.0 53.0 84.0 92.0 30.9 48.9 53.6 87 106 130
19 4.7 9.0 10.0 2.4 4.5 5.0 64.0 92.0 80.0 32.0 46.0 40.0 74 98 125
20 4.5 6.0 8.3 2.6 3.2 4.7 59.0 60.0 73.5 33.5 34.0 41.7 72 103 114
21 3.9 6.8 8.7 2.1 3,6 4.7 50.0 67.0 67,0 26.6 35.6 35.6 77 103 130

M ean 4 .0 ^ 6 .9 ^ 8.9 '  2 .5 '’ 4 ,2 ^ 5.2 '  5 4 .1 ' 6 7 .2 ^ 70,1 ^ 3 1 .7 '’ 3 9 .4 '’ 41.1 78.8 103.6 127.9
SD r 0 .6 ^ 1 .1 ^ 1.4 '  0 .8 ^ 0 ,6 ^ 0.8 '  10.1 f 1 1 .7 ^ 11,5 '  5 .6 ' ’ 5 . 6 ' ’ 5.6 9,5 9.4 12.6
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A -v0 2  diff, M A P, T P R  responses at rest and during  cycle exercise at 80%  VT. CO, C l,  and SV 
betw een rest and 30 s and betw een 30 s and 240 s.

T 2 D M  (pos tm enopausal 1-20, BMI matched postm enopausal 9-20) 
N on-d iabe t ic  (pos tm enopausal  1-21, BMI matched postm enopausal 13-21)

T2DM CO (L.m in'‘) Cl (L m in '.m SV (ml)
A-VO; DIFF(ml.lOOml MAP (mmHg) TPR (m m H g/L/m in) 30S-0S 240s-30s 30s-0s 240S-30: 30s-0s 240s-30s

Os 30s 240s Os 30s 240s Os 30s 240s BS BS BS BS BS BS
4.5 8.0 8.9 113.3 127.0 143.3 18 9 13.8 12.7 3.2 2.1 1.6 1.0 18.0 5.0
4.7 9.8 13.2 111.0 127.0 133.3 20.9 19.5 14.3 1.2 2.9 0.7 1.4 13.0 14.0
4.4 10.6 12.2 113.3 131.7 131.7 21.8 16.1 12.5 3,0 2.3 1.7 1.3 18.0 9.0
6.8 11.4 14.7 99.0 112.0 115.0 21.1 20.0 14.6 0,9 2.3 0.4 0.6 3.0 9.0
8.1 10.6 18.0 95.0 128.3 130.3 23.8 15.2 16.7 4,5 -0.6 2.1 -0.4 29.0 -17.0

6 6.3 11.2 11.4 117.3 139.0 148.7 23.2 20.4 12.7 1,8 4.9 0.9 2.5 10.0 26.5
7 6.4 10.1 13.4 99.5 138.7 141.3 20.9 13.5 10.9 5,6 2.7 2.8 1.3 38.0 1.0
8 6.9 10.3 12.1 99.3 102.3 106.7 31.0 18.3 13.0 2,4 2.6 1,4 1.5 24.0 16.0
9 7.7 9.7 16.9 89.7 110.7 115.7 32.0 17.8 18.5 3,4 0.0 2,2 0.0 26.0 -15.5

10 7.7 11.7 13.6 107.3 120.3 124.0 30.2 18.4 14.4 3,0 2.1 1,8 1.0 16.0 8.0
11 6.4 9.0 15.9 103.3 120.0 126.7 26.5 16.7 16.2 3,3 0.6 2,0 0.4 22.0 -7.5
12 6.7 11.3 15.9 98.7 106.7 110.0 26.0 15.5 14.1 3.1 0.9 1,7 0.8 21.0 5.0
13 7.7 10.9 13.0 105.3 112.7 130.0 26.3 15.0 13.0 3.5 2.5 2,0 1.2 29.0 4.0
14 5.4 9.5 14.2 117.3 121,8 147.7 22.3 11.9 13.1 5.0 1.1 2,5 0.1 34.5 -12.0
15 7.0 9.7 12.7 92.0 128.0 131.7 30.7 18.0 12.7 4.1 3.3 3,1 2.0 r 61.0 13.0
16 6.8 8.8 17.1 99.0 120.0 136.0 27.9 14.0 23.1 5.1 -2.7 2,8 0.5 38.5 -36.0
17 4.7 10.9 11.0 116.7 130.0 145.0 26.5 16.7 11.1 3.4 5,3 1,9 3.0 24.0 28.0
18 10.1 12.6 15.5 85.7 93.3 96.7 40.8 15.6 10.9 3.9 2.9 2,2 1.7 41.0 4.0
19 7.1 9.2 11.1 88.2 109.9 126.5 19.6 15.6 12.9 2.6 2.8 1,3 1.4 11.0 15.0
20 5.9 11.4 13.3 103.2 113.2 117.2 25.2 25.7 18.6 0.3 1.9 0,2 1.0 -7.0 11.0

Mean 6.6 10.3 13.7 102.7 119.6 127.9 25.8 16,9 14.3 3.2 2.0 1,7 1.1 23.5 4.0
SD 1.4 1.1 2.3 9.9 12.0 14,3 5.3 3,1 3.0 1.4 1.8 0.8 0.8 15.0 15.3

N on-d iabetic CO (L.min ‘) Cl (L .m m ‘.m '“) SV (ml)
A-VOj DIFF (m l.lO O m l') MAP (mmHg) TPR (m m H g/L/m in) 30s-0s 240S-30S 30S-0S 240S-30: 30S-0S 240S-30S
Os 30s 240s Os 30s 240s Os 30s 240s BS BS BS BS BS BS

6.8 9.6 13.3 92.5 113.3 121.7 24.3 14,6 12.0 4.0 2.4 2.5 1.5 24.0 1.5
7.5 11.3 13.9 100.7 118.3 124.3 36.0 20,2 18.0 3.1 1.1 2.9 0.8 14.5 -4.0
5.8 8.8 12.4 91.0 120.0 118.3 17.5 13,8 11.0 3.5 2.1 2.1 1.2 19.0 1.0

6.2 11.3 11.1 81.7 83.8 101.3 19.4 15,2 12.4 1.3 2.7 0.8 1.0 8.5 9.5
e 103.0 122.3 133.3
7 5.8 9.9 11.6 100.2 115.3 127.0 22.5 16,4 15.3 2.6 1.3 3.5 0.8 -1.5 -1.0
8 6.5 11.3 15.0 96.7 116.0 117.7 23.6 18,4 13.1 2.2 2.7 1.2 1.5 7.0 3.0
9 5.9 10.2 13.5 90.3 102.7 113.3 20.5 15,8 14.3 2.1 1.4 1.3 0.8 5.5 7.0

10 6.6 11.6 12.8 98.7 116.7 124.7 26.0 22,0 17.8 1.5 1.7 1.0 1.0 7.0 12.0
11 5.8 9.5 12.9 90.0 99.3 102.7 23.1 14,8 13.7 2.8 0.8 1.8 0.5 10.0 -6.0
12 7.7 11.6 12.5 96.0 97.7 108.7 20.6 13,3 10.8 2.7 2.8 1.6 1.6 7.5 -13.3
13 8.2 11.9 15.0 96.7 108.5 111.7 32.2 18,5 16.4 2.9 1.0 1.7 0.6 22.0 4.0
14 7.1 10.6 14.8 96.7 110.0 116.7 26.1 13,7 12.8 4.4 1.1 2.2 0.7 10.0 11.0
15 7.3 10.2 14.3 84.3 111,7 113.3 23.4 13,7 10.6 4.6 2.5 3.1 1.2 10.5 12.5
16 6.4 13.7 17.0 90.8 111.2 112.0 23.3 17,2 12.8 2.6 2.3 1.3 -1,0 17.0 8.5
17 7.1 10.1 17.3 87.7 106,3 116.0 19,5 13,9 11.7 3.2 2.3 -0.4 1,2 11.0 0.0
18 7.5 9.6 12.0 106.3 120,0 133.3 29.5 17.4 11.8 3.3 4.4 2.8 1,8 31.0 8.0
19 4.8 11.3 15.6 95.7 117,3 123.3 20.4 13.0 12.3 4.3 1.0 2.1 0,5 28.0 -12.0
20 5.2 11.7 12.9 101.3 112,7 122.7 22.5 18.8 14.9 1.5 2.3 0.6 1,6 1.0 13.5
21 7.4 12.9 91.0 103,0 118.7 23.3 15.1 13.6 2.9 1.9 1.5 1,1 17.0 0.0

Mean f 6 .6 ^ 1 0 .6 ^ 13.7 ’ 94.6 '  110,3 '  118.0 r 23 .9 '" 1 6 .1 ^ 13.4 f 2 .9 ^ 2.0 1 .8 ' ’ 0.9 1 3 .1 ' 2.9
SD r 0 .9 ' ' 1 .4 '' 1.7 '  6.3 '  9.4 '  8.7 r 4 . 6 ' 2 .6 ^ 2.2 r 1 . 0 ' 0.9 r 1 . 0 ' 0.6 r 8 . 8 ' 7.9
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SVI, HR, and a-vO i d i f f  between rest and 30 s and between 30 s and 240 s during cycle exercise at 
80% VT. Percentage steady state CO, C l, and a-vO i d i f f

T2D M  (postmenopausal 1-20, B M I matched postmenopausal 9-20)
Non-diabetic (postmenopausal 1-21, B M I matched postmenopausal 13-21)

T2DM

SVI (ml.m'^) 

30S-0S 240S-30S 

BS BS

HR (beats.min ') 

30S-OS 240S-30S 

BS BS

A-V02 DIFF (ml.lOOmi ’ blood) 

30s-0s 240s-30s 

BS BS

CO Cl 

steady state Steady state
%  %

a-vOi diff 

Steady state 

%

1 8 .8 2.4 20 ,0 17.0 3 .6  0.9 60 .4 60.8 79.9

2 6 .8 7.3 7.5 18.0 5.1  3.4 29 .6 33.3 60.3

3 10.1 5.1 19,0 15.5 6 .3  1.6 56 .6 56.7 79.8

4 1.5 4 .4 18,0 9.0 4 .6  3.3 28.1 42.1 58.5

5 14.0 - 8.2 17,5 23.5 2 .5  7.4 117.1 120.0 25.5

6 5.0 13.3 13,0 26 .0 5.0  0.2 26.3 26.5 96.3

7 18.7 0.5 19,5 30.0 3 .7  3.2 67 .3 67.9 53.4

8 14.2 9.5 12,0 15.0 3.4  1.9 4 8 .0 48 .3 64.5

9 16.5 - 9.9 22 ,5 25 .0 2 .1  7.1 9 8 .6 100.0 22.4

10 8 .7 4 .4 21 ,5 19.5 4 .1  1.9 59 .4 63.6 68.6

11 13.0 - 4 .4 2 2 ,0 22.0 2 .7  6 .9 84 .6 84.8 27.9

12 11.4 2.7 16,0 15.0 4 .6  4 .6 77.5 68.0 50.2

13 15.4 2.1 14,0 24 .0 3.2  2.1 58.3 62.5 60.7

14 17.1 - 5.9 17.0 28 .5 4 .1  4 .7 8 1 .8 96.1 46 .3

15 ^  35.8 7.6 6 .0 24.0 2.8  2.9 5 5 .4 ' ' 62.5 48 .3

16 20.3 - 19.0 27 .5 18.5 2 .0  8.3 214 .9 84 .6 19.6

17 13.3 15.6 11.0 21.0 6 .2  0,2 39.1 38.8 97.2

18 2 3 .6 2.3 4 0 .0 30.0 2.5  2.9 57.4 56.4 4 6 .3

19 5.6 7.6 24 .0 13.0 2.1  1.9 48.1 48.1 52.6

20 - 3.8 6.0 14.0 12.0 5.5  2.0 13.6 13.6 73.7

Mean 12.8 2.2 18.1 20.3 3 .8  3.4 66.1 61.7 56.6

SD 8.5 8.2 7.5 6.1 1.3  2.4 43 .2 26.0 22.4

SVI (ml.m'^) HR (beats.min'■) A-VO2DIFF(ml.l00ml' blood) CO Cl a-vO; diff

30s-0s 240s-30s 30s-0s 240s-30s 30s-0s 240s-30s Steady state Steady state Steady state
Non-diabetic BS BS BS BS BS BS % % %

1 14.7 0.9 2 9 .0 30.0 2.7 3.7 62.7 6 2 .8  4 2.3

2 11.0 - 3.0 17.5 36 .0 3.8 2.7 74.4 79 .5  58.6

3 11.3 0.6 38 .5 20 .0 3.0 3.6 62 .5 6 3 .6  4 5.0

4 28.5 25 .5

5 5.5 6.2 10.5 27 .0 5.1 - 0.2 32.5 4 5 .7  104.4

6 21.5 32 .0

7 - 1.0 - 0 .6 24 .0 22 .0 4.1 1.7 67 .5 82.1  70.0

8 3.8 1.6 27 .5 38.5 4 .8 3.7 4 5 .4 4 5 .3  56.3

9 3.3 4.1 17,0 18,0 4.3 3.3 60 .0 61 .9  56.9

10 4 .4 7.6 19.0 6,0 5.0 1.2 4 6 .9 5 0 .0  8 0.3

11 6.2 - 3.7 3 2 .0 27 ,0 3.7 3.5 77.8 78 .3  5 1.4

12 4 .4 - 7.8 26 .5 2 5 ,5 3.8 0.9 49 .5 4 9 .5  8 0.8

13 12.7 2.3 14.0 2 5 .0 3 .7 3.1 75.0 75 .6  5 4.8

14 5.9 6.5 3 5 .0 13.0 3 .4 4.2 80 .6 7 5 .9  4 4 .8

15 5,5 6.6 26 .5 25,0 2.9 4.1 64.5 71 .8  4 1 .8

16 9 .6 4 .8 21 .0 19.0 7.3 3.3 52 .6 500 .0  69.1

17 6.2 0.0 33 .0 3 0 .5 3 .0 7.2 58.3 - 50.0  2 9.3

18 18.1 4 .7 19.0 23 .5 2.1 2 .4 4 2 .9 61 .5  4 6 .9

19 14.0 - 6.0 2 4 .0 27 .0 6.5 4 .3 81.1 8 0 .8  6 0.3

20 0 .6 7.7 30 .5 11.5 6,5 1.1 40 .0 26 .2  8 5.2

21 9.0 0.0 2 6 .5 26 .5 r 7.4 5.6 6 0 .4 5 8 .8 '  5 7.0

Mean ^  7.6 1.7 2 4 .8 24 .2 f 4 .4 ' ’ 3.1 5 9 .7 ' ' 8 0 .0 '  5 9.7

SD '  5 .0 ' ' 4 .6 7.1 7 .8 r 1 .6 ' ' 1.7 r 1 4 .4 ' 106.0  '  18.2
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Appendix 14: Physical characteristics and activity  levels.

T 2 D M  (pos tm enopausal 1-22, BM I matched postm enopausal  11-22) 
N on-d iabet ic  (pos tm enopausal 1-22, BM I matched postm enopausa l  13-22)

T2DM Age B ody m a s s H e ig h t
(yr) (k g ) (m )

1 54 108.1 1.56
2 53 89.75 1.59
3 56 84.9 1.48
4 59 98.4 1.67
5 56 109.5 1.58
6 53 98.8 1.58
7 59 106.3 1.56
8 57 72.5 1.51
9 66 93.1 1.52

10 56 104.0 1.63
11 56 60.25 1.53
12 55 82.35 1.57
13 60 69 1.56
14 67 78.3 1.63
15 52 84.1 1.61
16 56 94.3 1.66
17 64 68.7 1.58
18 57 81.1 1.66
19 57 81.6 1.54
20 58 72.2 1.58
21 49 88.9 1.66
22 56 82.5 1.57

M ean 5 7 .1 8 6 .7 1 .58
SD 4.3 13 .8 0 .0 5

N o n -d ia b e tic Age B ody m a s s H e ig h t
(Vr) (k g ) (m )

1 60 61.9 1.59
2 66 48.3 1.36
3 55 64.7 1.61
4 53 61.9 1.63
5 62 53.4 1.60
6 50 54.1 1.58
7 47 53.9 1.60
8 60 74.1 1.68
9 58 64.0 1.63

10 64 56.0 1.62
11 45 60.2 1.59
12 50 64.6 1.62
13 62 72.9 1.56
14 56 69.5 1.55
15 53 83.6 1.64
16 62 74.6 1.60
17 56 72.5 1.62
18 54 69.4 1.59
19 54 93.3 1.65
20 54 74.6 1.58
21 55 85.0 1.60
22 58 67.8 1.57

M ean 5 6 .1 6 7 .3 1 .59
SD 5.4 11 .2 0 .0 6

BMI WHR ABI LOPAR
(k g .rn ’^) (M et h .w k "‘ )

44.4 1.01 1.00 65
35.5 0.96 1.04 199.75
38.8 1.00 1.13 180.35
35,3 0.95 1.13 111.15
43.8 1.01 1.10 79.75
39.6 0.93 1.34 125.4
43.7 1.01 1.03 91.4
31.8 0.98 1.02 103.5
40.3 0.96 1.15
39.1 1.01 1.23
25.7 0.96 0.95 109.6
33.4 0.86 1.00 68
28.4 0.99 1.19 97.3
29.5 0.97 1.03 85.15
32.4 1.01 1.05 106
34.2 0.95 1.14 28.94
27.5 0.99 1.03 48.5
29.4 0.93 1.03 57.35
34.4 0.90 1.11 166,45
28.9 0.89 1.06 171.4
32.3 0.87 1.10 78.97
33.5 0.79
3 4 .6 ^ 0 .9 6 1.07 ^ 1 0 4
5.5 ^ 0 .0 5 0 .11 47

BMI WHR ABI LOPAR
(k g .m '^ ) (M et h .w k  ‘ )

24.5 0.91 0.82 56.3
26.1 1.00 1.11 44 .6
24.9 0.95 1.10 95.3
23.3 0.84 1.06 104.1
20.8 0.87 1.02 57.9
21.7 0.79 1.21 114.1
21.0 0.75 0.87 130.3
26.1 0.98 1.15 84.8
24.1 0.83 1.42 163.8
21.3 0.90 1.12 142.4
23.8 0.90 1.11 143.9
24.6 0.98 1.03
30.1 0.98 1.20 37.0
29.1 0.77 1.08 101.5
31.1 0.94 0.92 122.0
29.1 0.99 1.18 83.0
27.6 0.83 1.10 219.9
27.4 0.88 1.22 129.3
34.3 0.91 1.11 82.2
29.9 0.90 1.04 96.8
33.2 0.95 1.05 201.5
27.5 1.04 1.00 130.4
2 6 .4 0 .9 1 1 .09 111
3.9 0 .0 8 0 .1 3 47
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Appendix 15: Haem atology.

T 2D M  (postm enopausal 1-22, BMI matched postm enopausa l 11-22) 
Non-diabetic  (pos tm enopausal 1-22, BM I matched postm enopausal 13-21)

FPG HbAlc HbAlc TCL LDL HDL Tri
(mm ol.L'‘) (%) (m m ol.m or‘) (mmol.L"') (m m ol.L ') (m m ol.L ') (mmol.L

1 6.3 6.1 43.2 5.1 3.5 1.3 1.4
2 6.1 6.4 46.4 5 3.3 1.7 1.4
3 7.6 7.9 62.8 4.8 3.5 1.2 1.0
4 5.1 5.2 33,3 3.4 2.3 0.8 2.4
5 9.9 7.3 56,3 4.7 3.8 1.1 1.7
6 5.2 5.5 36,6 4.8 3.3 1.5 1.2
7 6.5 6.8 50,8 3.1 2.0 1.0 1.9
8
Q

13.4 9.4 79.0 3.4 1.4 1.3 1.7

lU
11 7.2 6.4 46.4 3.4 2.2 1.2 1.2
12 8.4 6.5 47.5 4.9 3.0 1,5 2.8
13 7 6.8 50.8 4.4 2.6 1,9 1.4
14 6.7 6.7 50.0 5.3 3.2 1,5 1.3
15 7.2 6 42.0 4.1 2.1 1.5 1.3
16 7.7 6.6 48.6 3.8 2.5 1.4 1.0
17 8.1 6.2 44.3 4.8 3.4 1.4 1,1
18 13.1 5.3 34.4 4.6 3.2 1.4 2.3
19 9 7 53.0 5.1 2.1
20 8.3 7.5 58.0 4.9 3.3 1.2 1.0
21 10.3 7.2 55.2 6.3 4.4 1,6 1.4
22 12.9 8.1 65,0 4.5 3.0 1,2 2.5

r 8.3 r 6.7 ^  50.2 r 4.5 r 2.9 '■ 1.3 r 1.6
r 2.5 r 1.0 '' 10.9 T 0.8 r 0.7 0.3 F 0.6

FPG HbAlc HbAlc TCL LDL HDL Tri
(mmol.L ‘) (% ) (m m ol.m ol')1 (mmol.L‘‘) (mmol.L ') (m m ol.L '') (mmol.L

1 3,8 5.3 34,4 5.7 3.4 2.5 0.7
2 4,5 5.1 32.2 5.3 3.2 2.0 1.7
3 4,5 5.7 38.8 8.6 6.4 2.3 1,1
4 4.9 5.6 37.7 8.5 5.7 2.6 1.2
5 5.7 5.4 35.5 5.6 3.9 1.9 0,9
6 4.4
7 4.8 5.4 35,5 5.2 3.2 2.1 0,7
8 4 5.3 34,4 3.9 2.4 1.4 0.7
9 4.6 5.5 36,6 4.5 2.7 1.7 0.8

10 3,5 6,4 4.1 2.0 0.8
11 4,1 5.3 34.0 5,3 3.1 1.9 0.9
12 4,3 6,2 3.6 2.2 0.9
13 4,8 3.2 1.4 1.4
14 4 5.5 36.6 6,1 4.1 2.2 0.5
15 5 5.6 y i j 5.2 3.5 1.7 1.2
16 5.2 5.7 38.8 6.7 5.0 1.4 1.3
17 5.4 5.4 35.5 8.3 5.7 2.4 1.5
18 4.1 5.6 37.7 5.6 3.7 2.1 0.8
19
20 4.5 5.6 2.9 2.33 0.82
21 4.8

r 4.5 r 5.5 35.4 5.7 3.7 1.8 r 1.0
r 0.6 r 0.2 ^  1.9 r 1.3 r 1.1 ^  0.4 r 0.3
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Appendix 16: Peak calf performance.

T2DM (postmenopausal 1-22, BMI matched postmenopausal 11-22) 
Non-diabetic (postmenopausal 1-22, BMI matched postmenopausal 13-21)

T2DM

Mean 
SD

N o n -d ia b e t ic

Mean
SD

(N ) ( s ) (N ) (o/o)
1 270 240 250 92.6
2 500 360 400 80.0
3 470 240 250 53.2
4 885 480 550 62.1
5 794 360 400 50.4
6 776 360 400 51.5
7 785 510 550 70.1
8 629 360 400 63.6
9 513 240 250 48.7

1 0 536 360 400 74.6
11 569 360 400 70.3
1 2 844 480 550 65.2
13 609 360 400 65.7
1 4 750 240 250 33.3
15 606 360 400 66.0
16 368 240 250 67.9
17 457 360 400 87.5
1 8 660 480 550 83.3
19 715 360 400 55.9
2 0 714 360 400 56.0
21 224 120 100 44.6
2 2 390 240 250 64.1

5 9 4 3 4 0 3 7 3 6 3 .9
1 8 3 9 8 1 1 9 1 4 .4

tic MVC Time Peak force Pk/MVC
(N ) (s ) (N ) (%)

1 488 360 400 82.0
2 160 240 250 156.3
3 520 360 400 76.9
4 651 360 400 61.4
5 660 360 400 60.6
6 355 240 250 70.4
7 530 360 400 75.5
8 392 240 250 63.8
9 361 360 400 110.8

10 698 240 250 35.8
11 661 480 550 83.2
12 703 360 400 56.9
13 598 480 550 92.0
14 703 480 550 78.2
15 533 360 400 75.0
16 688 480 550 79.9
17 655 480 550 84.0
18 361 240 250 69.3
19 958 480 550 57.4
2 0 517 360 400 77.4
21 597 480 550 92.1
2 2 165 240 250 151.5

5 4 3 3 6 5 4 0 7 8 1 .4
1 8 8 9 4 1 1 8 2 8 .0
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Appendix 17: Increm ental plantar flexion exercise.

T 2 D M  (pos tm enopausal 1-22, BM I m atched  postm enopausa l I 1-22) 
N on-d iabe t ic  (pos tm enopausal 1-22, BM I matched p ostm enopausa l  13-21)

T2DH S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

No. Leg vol LBF ( m l .m i n ') LVC ( m l . tn in '.m m H g * ) (m l.m in '' ,m n iH g  *) (m l.m in  *) (m l.m in  '.m m H g '* )  (m l.m in  ' ) r e s t  LBF r e s t  LV P k  LBF P k LVC

{ m i) 1 0 0 2 5 0 4 0 0 5 5 0 100 2 5 0 4 0 0  5 5 0 v s  fo r c e  (N ) v s  fo r c e  (N ) v s  %  m a x VS %  m a x (m l.m in  .m m H g  ) (m l.m in (m l.m in ' ,m m H g ')  ( m l . m i n ')

1 353S 64,9 196.6 0.635 1.66 0 .0 0 6  0.88 1.71 220 68.8 2 0 8 .9  1,74
2 2797 186.9 343 537.3 1.313 2 .671 4.367 O.OI 1.17 4 .07 4 67 47.3 65 5 .4  5.23

3 2810 232 .4 371.9 2.152 2 ,9 8 0 .0 0 5  0.92 1.38 233 25.4 4 4 6 .5  3.61
4 3307 182.2 225.2 407 758 1.904 2-065 3,503  8.466 0 .0 1 4  1.27 7.75 700 55.5 8 64  11,95
5 332S 185.1 289.8 603 .8 2.139 3.175 6.159 0 .0 1 3  1.40 5.36 558 89.4 69 9 .7  6 .57

6 3272 354 .5 4 00 481 .9 3.216 3.693 4.176 0 .0 0 3  0.42 1.28 170 69.7 5 4 0 ,8  5.32
7 3395 162 513 .7 593.2 1.609 4.8 6 5.229 0 .0121  1.44 4 .83 575 86.6 7 5 8 .6  5.3
8 2233 212 .7 350 .6 557.6 3 4 4 4 5.599 7,95 0 .0 1 5  1.15 6.01 460 50.8 756 .3  10.68

9 2534 303.1 331 .7 2.236 2.97 0 .0 0 4  0.19 1.22 48 48.9 4 6 8  3.59
10 3903 178.7 571.1 731 .4 1.15 3.13 4.064 0 ,0 0 9  1.84 3.89 764 145.6 8 6 9 .6  5.18
11 1897 148 257.4 488.4 1.549 2.889 4.719 0 .01 1.13 4 ,23 454 32.3 524 .3  6.38
12 2835 64.3 311.2 496,2 642.7 0.586 2.109 4 .2 7 4  5.381 0.011  1.28 6 .07 704 49.2 7 4 4 .5  6.85
13 2103 123.4 255 417 .5 1.317 2.957 4.991 0 .0 1 2  0 .98 4 .9 0 392 34.9 5 3 9 .6  5.69
14 2574 123.1 218.5 1,074 2.247 0.007  0 .64 1.96 159 37.3 3 7 3 .4  3-11

IS 3009 106.5 213 276 .6 0,966 1.805 2.233 0.004  0 .69 1,69 227 41 .7 3 3 2 .5  2,62
16 2754 143,1 311.4 1.243 3,068 0.012  1.12 3-04 281 62.2 41 6 .5  3 ,78
17 2364 224 .3 311.2 400 2.429 3.43 4.349 0 .0 0 6  0 .59 2,56 234 46.1 4 3 3 .9  4 .86
18 2574 134,9 329 .6 447 .5 491 1.875 4.025 5.035  5.667 0 .0 0 8  0 .79 4.54 435 31.5 5 7 1 .5  6 .76
19 2216 208,1 391.8 455 .4 1.899 3.282 3.83 0 .0 0 6  0 .82 2.57 330 36.7 5 0 9 .8  4.8
20 2417 121,5 200 .7 360.2 1.291 1.817 3.016 0 .0 0 5  0 .80 2 .30 318 44.6 4 4 4 .9  3,76
21 2699 159,9 1.328 27 182 1,41
22 2803 61,8 158.3 0 .58 1.33 0 .0 0 5  0 .64 1,25 161 47.4 223 ,1  1.39

M ean 2789 '  16 7 .3  ^ 312 ,0 ^ 4 8 3 .6  ^ 630 .6  ̂ 1 . 6 ' 2 .9 ^  4 .5  6.5 0 .0 0 8  ' '  0 .9 6 ^ 3 ,4 6 ^ 376 53.6 5 2 5 .6  5.0
SD 507 ^  7 2 ,3 ^ 1 0 2 .7 ^ 1 1 1 .4 ^ 133.9 '  0 .8 ^ 1.0 '  U ' ’ 1.7 f O .O M '' 0 .3 8 ^ 1 .9 0 ^ 201 26.9 2 0 0 .6  2.6

N o n -d ia b e t ic s S lo p e  LVC S fo p eL B F  S io p e  LVC S lo p e  LBF 

(m i.m in '^ .m rn H g '* )  (m l.m in ‘‘ ) (m l,m in ‘'.m m H g  ‘ ) (m l.m in  *) 

v s  f o r c e  (N ) v s  fo r c e  (N ) v s  %  m a x  v s  %  m a x

No. Leg v o l

(m l)

LBF (m l.m in '* )  

1 0 0  2 5 0 4 0 0 5 5 0

LVC (m i.m in '.m m H g '* )  

1 0 0  2 5 0  4 0 0 5 5 0

r e s t  LBF 
(m l.m in '‘.m m H

r e s t  LVC P k  LBF P k  LVC 
(m l.m in  ' )  (m l .m in '' .m m H g '')  (m l.m in

2308 73.6 208,3 354.4 0 .9  2,3 4.2 0,011 0.94 4 .45 374 Q.28 501 .7
283 .7 295.0 2.5 3.0 0.003 0.92 19 0.52 346 .5

3150 225 .5 485 .4 938 ,0 2.3 4,9 9.3 0.023 9 .40 950 0 .55 958-4
172.4 460 .4 771-7 1.8 4.8 8.2 0.021 8.5 9 799 0.49 846 .8

2511 224.1 381.4 774,9 2.8 5.0 10.2 0.024 9.7 6 734 0,68 990 .8
84 .6 155.6 0.9 1.5 0.004 1.03 118 0,43 169.1
43 .8 122.1 175,2 0.4 1,3 1-7 0.004 1.77 175 0,22 2 46
79,8 326.5 0.9 3,1 0.01 3.74 411 0 ,69 395 .3

2170 138.5 233 .4 405.7 1.4 2.5 4.3 0.009 3 .87 356 0,6 47 8 .3
101.5 203 .5 0 .7  1.3 0.004 1.15 170 0 .47 298 .7

75 6 229 .6 595,7 664.1 0 .8  2.1 5.8 5 .9 0.012 6 .9 5 782 0.4 729 .2
209 .7 326 .3 499,1 2.6 5.1 8.2 0.018 7.44 386 0.91 685 .3

2494 205 .6 48 5 .4 694.2 1109.3 2.0 4.9 6.1 9 .6 0.016 8 .8 6 1071 0 .5 9 1252,3
2389 222 .2 285.3 316.9 519.5 2.5 3.0 3.3 5,4 0,006 3.31 339 0.31 551 .4

205 .6 444.2 750.3 1.6 3,6 5.7 0.012 5.46 727 0 .6 4 1069
2720 117.2 149.6 335.9 480.2 1,0 1,3 2.9 3.3 0.005 3,13 468 0 .6 4 523
2624 154.0 484 .4 765.9 918.3 2 ,0  6.5 10.8 11,2 0.021 U .6 6 944 1 1.34 1040 .2  I
2550 163.7 290.1 1.6 3.5 0.031 3.26 211 0.51 332 .9
3018 99.5 366.5 734.2 776.3 0 ,6  1.9 3.6 3 .8 0.007 4.10 879 0.81 988 .2

8 7.0 186.0 303.5 0 ,6  1,0 1.7 0 .003 1.49 289 0 .3 7 322 .5
3218 83.2 237.6 573,7 1,0 2,8 6.8 0.019 7,73 654 0.54 670 .9
1611 133.4 446 .2 2,4 5.1 0,017 4,45 521 0.34 509 .3

M ean 2438 144.7 309.2 561,8 744.6 1.5 3.2 5.8 6.5 0,013 5,11 517 0 .5 6 632.1
SO 441 65,8 119.7 224.4 241.3 0.8 1.6 2.9 3.2 0,008 3.20 306 0 .2 4 311 .3
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Appendix 18: LVC kinetic responses at 30% MVC.

T 2 D M  (pos tm enopausa l 1-22, BMI matched postm enopausal 11-22) 
N on-d iabet ic  (pos tm enopausa l  1-22, BMI matched postm enopausal 13-21)

Mean
SD

Mean 
SD

a A1 TDl Taul A2 TD2 tau2 A3 TD3 tau3
* * (s) (s) * (s) (s) • (s) (s)

1 0.75 0.97 4.35 9,6 0.38 4.8 7.0 0.30 35.2 14.7

2 0.71 1.94 1.04 4,2 0.30 9.0 7.9 0.35 27.2 14.0

3 0.40 1.19 5.60 4.9 0.94 7.4 9,3 0.50 24.1 15.0

4 0.66 2.79 1.07 3,2 0.11 2.3 9.0 0.49 19.0 4.9

5 0.71 2.68 1.00 2,0 1.01 11.0 6,0 1.82 18,0 17,1

6 0.91 2.69 1.08 2,0 0.57 11.0 5,9 1.84 17,0 12.2

7 1.02 2.60 1.46 4,0 0.95 7.0 7.1 0.90 23.3 25.0

8 0.47 5.29 0.00 2,0 4.01 5.2 8.5 2.89 12.8 10,4

9 0,45 3.10 0.94 2.6 0.55 5.3 38.9 0,25 14,3 16.0

10 1.20 2.17 1.14 3,1 1.80 7.4 7,1 2,71 22.7 44,0

11 0.50 1.13 0.00 3,2 0.37 14.9 6.2 0,73 19.0 14.2

12 0.49 2.27 1,08 1,5 0.37 6.2 5.9 0,67 17.2 9.0

13 0.41 1.99 3.59 10,5 0.41 22.1 6.2 0,25 34.3 8.8

14 0.44 2.20 0,00 2,7 0.99 10.1 6.0 1,39 24.2 7.5

15 0.30 2.25 0.99 2,0 1.02 7.0 6.0 1,15 24.1 16.2

16 0.45 0.31 0.93 3,2 0.10 3.3 8.8 0,40 18.8 18.0

17 0.50 1.66 1.01 2.0 0.97 6.0 5,9 1,93 12.1 9.2

18 0.56 3.85 0.88 2.0 0.90 8.0 5,9 1,10 17.1 8.6

19 0.41 2.70 1.03 4.0 0.80 0.9 4,9 1.60 17.4 29.6

20 0.46 3.25 099 2.0 1.32 5.0 6.0 0.81 20.0 14.2

21 0.30 0.86 0.99 3.0 0.55 5.0 9,5 0.50 15.0 16.0

22 0.37 0.39 0.00 1.9 0.56 5.4 8.1 0.29 17.3 12.2
0.57 2.19 1.3 3.4 0.86 7.7 8.5 1.04 20.5 15.3
0.24 1.10 1.0 2.3 0.81 5.5 6.6 0.74 6.1 9.4

‘.mmHg ‘)
:ics a A1 TDl Taul A2 TD2 tau2 A3 TD3 tau3

* ♦ (s) (s) * (S) (s) * (s) (s)
1 0.29 1.16 0-52 4.8 0.07 7.3 3.5 0,24 21.6 8,0
2 0.61 1,56 1.47 3.8 0.65 15.4 14,8 1,40 23.8 12.0
3 0.60 2.97 0.73 U .8 0.20 1.9 9,5 0.83 30.S 7.0
4 0.46 2.01 0,50 5.0 0.19 2.3 5,1 0.65 16.1 7.0
5 0.73 4.28 0.95 3.7 1.22 3.1 8.2 3.01 19.4 21.1
6 0,41 3.30 0.67 4.8 3.10 1.0 8.1 0.52 24.1 13.0
7 0,23 1.00 1.77 8.5 0.75 8.4 8.5 0.50 20.0 8.1
8 0.49 0.47 1.55 7.1 0.42 36.0 11.0 0.80 41.0 23.5
9 0.62 1,17 1,68 6.6 0.02 6.4 0.4 0.49 12.8 15.2

10 0,75 2.48 1.22 4.3 0.40 3.6 8.0 0.28 6.2 11.9
11 0.37 0,80 1.31 1.9 0.43 7.8 4,5 1.57 14.0 15.0
12 0.69 1.25 2.79 2.8 0.41 8.0 4,8 1.94 13.3 16.0
13 0.46 1.44 1.97 1.3 0.20 16.8 7.4 1.00 19.8 24.1
14 2.24 0.14 1.37 3.8 0.23 14.4 4,4 0.80 17.3 25.0
15 1,00 2,60 1.64 8.5 1.55 14.3 44,3 1-64 41.0 35.4
16 0,43 0.76 1.53 6.4 0.18 20.9 10,5 0.51 28.0 9.5
17 0,98 1,95 3.04 1.4 0.07 10.0 3.6 1.15 14.3 9.4
18 0,55 1.05 1.50 3.0 0.30 21.0 11.0 0.29 41.0 9.3
19 0,66 4,53 0.82 2.2 1.00 10.8 1.5 0.87 18.1 6.3
20 0.20 0,45 1.27 1.2 0.19 14.1 4.6 0.38 18.0 8.6
21 0,70 1,78 4.00 12.2 0.16 30.9 0.8 0,15 31.2 2.3
22 0,39 0.48 1.50 7.0 0.12 27.0 11.0 0.26 41.0 18.3

r 0.64 1.92 ^ 1.5'' 5.1 0.55 12,1 8.7 0.88 23.6 13.0
0.37 r 1.21 ^ 0.9 3.5 0.61 9.3 8.1 0.66 9.5 ^ 8.0

2.02

3.00

2.09 

3.95 

5.21 

5.44 

4.52 

8.66

3.80 

6.08 

2.36 

3-43

2.65 

4.03

3.70 

1.16

4.09

5.51

4.71

4.52

1.65 

1.06
3.80 
1.68

1.69 
3.57
4.40
3.12 
8.02  
4.22 
1.72 
1.76 
2.28 
3.50 
2,74 
3,87 
2,90 
3,19 
5,24
1.70 
4,08 
1,89 
6,06 
1.03 
2.63
1.13
3.40 
1.92
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Appendix 19: HR and MAP responses during plantar tlexion at 30% MVC.

T 2 D M  (pos tm enopausa l 1-22, B M l m atched postm enopausal I 1-22) 
N on-d iabet ic  (pos tm enopausa l 1-22, B M l matched postm enopausal 13-21)

30«/o MVC 
T2DM

Mean
SD

HR (beats.min'*) MAP (mmHg)
Rest 30s 180s 3 6 0 s Rest 30 s 180s 360 s

1 62.0 62.0 66.0 64.5 116.6 115.8 118.0 118.0
2 67.0 73.0 75.0 77.5 99.8 116.9 120.0 120.0
3 79.0 80.0 81.0 80.0 109.4 116.0 116.0 116.0
4 66.3 69.0 68.3 70.5 90.6 93.0 95.0 96.0
5 72.0 73.0 75.6 76.3 95.1 93.5 94.8 93.5
6 68.0 69.0 70.0 71.0 87.8 89,0 89.8 88.0
7 57.0 61.0 62.3 65.0 99.7 90.0 104.3 104.0
8 48.0 49.0 51.5 51.5 59.7 62.3 62.0 68.0
9 39.0 90.0 90.0 91.0 103.0 106.0 108.0 107.0

10 55.0 57.3 67.7 67.0 126.6 133.3 130.2 141.7
H 48.0 49.0 48.0 48.0 80.1 81.8 83.9 85.4
12 89.0 90.0 90.0 91.0 97.5 98.9 101.4 107.5
13 67.0 67.0 69.0 67.0 89.9 91.5 91.0 90.0
14 81.0 80.0 82.0 83.0 90.4 92.2 94.0 95.0
15 73.0 74.0 74.0 75.0 104.0 108.0 107.0 108.0
16 63.0 63.0 64.7 64.3 105.2 111.2 115.9 112.0
17 72.0 74.0 77.0 75.0 93.1 99.6 102.5 101.0
18 75.0 76.0 76.0 77.6 69.9 76.8 79.6 80.0
19 73.6 74.0 81.0 77.3 104.4 106.0 105.0 107.0
20 68.0 69.0 70.0 71.0 87.4 92.0 94.0 95.6
21 78.0 78.0 82.0 80.0 102.0 102.7 106.9 108.5
22 73.0 76.3 74.3 74.3 113.5 118.2 121.4 121.6

69.3 70.6 72.5 72.6 96.6 99.8 101.8 102.9
11.0 10.8 10.5 10.5 14.9 15.9 15.7 16.1

30®/o MVC 
Non-diabetic

Mean
SD

HR (beats .m in‘‘ ) MAP (mmHg)
Rest 30s 180s  3 6 0 s Rest 30 s 180s 360 s

1 63.0 66.0 66.3 67.7 82.8 104.0 106.0 105.0
2 70.0 72.0 76.3 61.7 95.4 83.0 87.5 88.0
3 54.6 55.0 57.5 77.4 92.1 96.5 98.0 99.6
4 51.3 52.0 54.0 55.7 84.8 83.6 84.6 83.0
5 56.6 57.0 62.7 66.6 75.0 76.9 81.0 81.0
6 59.0 60.0 61.0 60.0 85.5 91.1 95.0 92.0
7 71.0 71.0 72.3 75.0 95.2 100.0 101.3 101.5
8 53.0 55.0 57.3 59.0 90.9 100.6 100.0 101.5
9 61.0 61.0 63.0 65.5 84.4 92.5 93.3 93.6

10 78.5 80.0 80.0 79.0 81.0 88.3 87.0 88.0
11 65.0 67.0 67.0 73.0 98.2 109.0 110.7 110.7
12 56.0 56.5 59.0 59.5 81.5 81.5 81.7 82.0
13 64.6 65.0 67.0 72.3 90.0 94.0 98.3 103.0
14 63.0 64.0 67.0 65.0 92.7 92.3 93.9 93.0
15 50.0 56.0 56.0 60.3 82.4 82.0 82.0 81.3
16 58.0 63.0 65.0 64.0 93.0 110.9 116.0 116.0
17 55.0 55.9 56.7 58.6 79.2 77.0 81.0 81.0
18 63.7 63.3 65.1 65.6 95.7 99.4 101.0 103.0
19 56.0 57.0 59.0 58.0 94.0 95.8 95.0 95.6
20 103.7 109.7 109.7 109.3
21 56.0 56.5 59.0 61.0 82.6 84.5 86.6 87.0
22 68.0 68.0 67.0 69.0 97.0 100.0 99.0 102.0

r 60 .6  ^ 62.0  ^ 6 3 .7 ' ' 65.4 89.0 93.3 94 .9 95.3
r 7.2  ^ 7.0  ^ 6.7'" 6.7 7.4 10.3 10.2 10.6
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Appendix 20: LVC kinetic parameters at 70% MVC.

T2DM a A1 T D l r l A2 TD2 r2 End A MRT
* * ( s ) ( s ) * ( s ) ( s ) * ( s )

1 0.47 0.87 0.10 3.03 1.91 16.22 31.76 3.25 33.96
2 0.42 3.56 1.21 2.04 4.20 11.10 40.00 8.17 29.16
3 0.96 3.20 1.90 7.26 2.84 26,00 42.62 6.99 37.16
4 0.66 2.20 0.94 5.95 2.65 19.73 71.00 5.48 52.70
5 0.30 2.00 0.10 3.15 1.25 16.21 22.51 3.54 16.88
6 0.83 2.59 1.24 3.53 2.09 15.82 42.00 5.51 28.45
7 0.57 3.57 1.15 3.50 2.17 16.71 16.00 6.31 15.26

Mean 0 . 6 0 2 .5 7 0 .9 4 .1 2 .4 4 1 7 .4 3 8 . 0 5 .6 1 3 0 . 5
SD 0 .2 3 0 . 9 8 0 .7 1 .8 0 .9 3 4 .6 1 7 .8 1 .7 7 1 2 .7

Non-diabetic a A1 T D l r l A2 TD2 r2 End A MRT
♦ * ( s ) ( s ) * ( s ) ( s ) ♦ ( s )

1 0.63 1.80 0.10 1.69 1.10 10.92 12.68 3.52 10.06
2 0.64 2.36 0.05 4.37 2.74 18.98 27.87 5.74 27.22
3 0.64 7.38 0.10 1.46 0.88 9.11 4.60 8.90 2.85
4 0.27 2.02 1.31 4.15 3.93 16.00 20.00 6.21 25.64
5 0.28 0.93 1.57 3.80 1.05 17.12 22.99 2.26 23.79

Mean 0 .4 9 2 .9 0 0 .6 3 .1 1 .9 4 1 4 .4 1 7 .6 5 .3 3 1 7 .9
SD 0 . 2 0 2 .5 6 0 .7 1 .4 1 .3 4 4 .2 9 .1 2 .5 7 1 0 .8
(m l .m in " * .m m H g ‘ )

Appendix 21: HR and MAP responses at 70% MVC.

HR (b e a t s .m in  ‘ ) MAP (m m H g )
T2DM R est 3 0 s 1 8 0 s 3 6 0 s R est  3 0 s ISOs 3 6 0 s

1 2 .0 8 0 .0 8 3 .0 8 6 .0 1 4 4 .0 1 5 2 .0 1 5 6 .4 1 5 6 .6
2 6 2 .0 6 7 .0 7 3 .0 7 3 .0 1 0 2 .0 1 0 4 .0 1 0 6 .0 1 0 6 .0
3 7 7 .5 8 0 .0 8 4 .5 8 4 .5 8 3 .0 8 8 .0 9 3 .0 9 4 .0
4 7 5 .0 7 5 .0 8 0 .0 8 0 .0 1 0 1 .0 1 1 1 .2 1 2 1 .0 1 2 1 .0
5 6 7 .0 7 1 .0 7 5 .0 8 1 .0 1 1 4 .0 1 1 8 .0 1 2 5 .0 1 3 2 .0
6 7 5 .0 7 5 .0 8 0 .0 8 0 .0 7 1 .0 9 5 .0 9 6 .3 9 5 .5
7 4 9 .0 5 1 .5 5 4 .0 5 5 .0 6 6 .0 6 8 .0 7 2 .0 7 2 .0

Mean 5 8 .2 7 1 .4 7 5 .6 7 7 .1 9 7 .3  ^ 1 1 3 .8 1 1 0 .0 1 1 1 .0
SD 2 6 .7 9 .9 1 0 .4 1 0 .6 2 7 .0  ^ 2 7 .2 2 7 .2 2 8 .0

HR (b ea ts .m in '* ) MAP (m m H g )
N o n -d ia b e t ic R est 3 0 s 1 8 0 s 3 6 0 s R est  3 0 s 1 8 0 s 3 6 0 s

1 7 5 .0 7 6 .0 7 6 .0 7 6 .5 9 6 .0 1 0 3 .0 1 1 5 .0 1 1 8 .0
2 5 6 .0 5 7 .0 5 7 .0 6 0 .0 8 1 .0 8 4 .9 8 6 .0 8 7 .0
3 6 5 .0 6 5 .0 7 7 .0 7 7 .0 8 5 .0 1 0 2 .3 1 2 0 .0 1 2 1 .0
4 6 7 .0 7 4 .0 8 1 .5 8 1 .5 1 0 3 .4 1 1 3 .0 1 1 5 .5 1 1 5 .6
5 1 1 5 .2 1 1 7 .0 1 1 7 .0 1 1 8 .0

Mean 6 5 .8 6 8 .0 7 2 .9 7 3 .8 ^  8 7 .3  ^ 9 6 .7 ^ 1 0 7 .0 ^ 1 0 8 .7
SD 7 .8 8 .8 1 0 .9 9 .4 ^  7 . 8 ' ' 1 0 .3 ^ 1 8 .4 ^ 1 8 .8
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Appendix 22: Reactive hyperaemic responses.

T 2DM  (1-19 postmenopausal, 9-19 BMI matched postmenopausal)  
Non-diabetic ( I-18 postmenopausal, 12-18 BMI matched postmenopausal)

T2DM resting vc a A
* *  *

1 1.5 2,0
2 6.1 4.6
3 1.7 3,0
4  1.7 3,9
5 2,0
6 6.1 3,6
7 1.9 0,8
8 2.1 1,9
9 1.2 0,5

1 0 1.6 2,7
11 2.1 1,1
1 2 2.7 1,3
13 1.9 1,5
1 4 1.6 2,0
1 5 1.2 1,0
1 6  2.1 2,1
1 7 0,7 1,4
1 8 2,5 1,3
1 9 1.3 2,1

Mean ^ 2 .2  2 .0
SD ^ 1 .5  1.1
* ( m l . l 0 0 m r * . m i n ' ‘ .m m H g '‘ . 1 0 ' ‘ )
N o n -d ia b e t ic  resting vc a A

* »  *

1 9,4 4,4
2 2.2 2,2
3 2,1 0,1
4 2,7 1,3
5 1,9 0.9
6 2,0 2,0
7 1.8 1,3
8 1.3 1,1
9 0.9 1,1

10 2.2 1,9
11 2.5 1,7
12 1.9 4,0
1 3 2.0 3,0
1 4 2.2 2,1
1 5 1,0 1,6
1 6 1,3 2,0
17 1.3 1,0
1 8  0,7 1,6

Mean 2 .2  1 .8
SD 1 .9  1 .1
♦ ( m l . l 0 0 m r ‘.m in '^ .m m H g'‘ . 1 0 ‘‘ )

c a + A AUC Peak VC
* *

15.3 0.07 17.4 905 17,7
20,4 0.06 25.0 1923 25,6
20.3 0.02 23.4 1643 23,2
12.0 0,10 15.9 1379 15,8
12.7 0.06 14.7 864 14,6
18.5 0,02 22.1 1933 22,1
9.4 0.01 10.2 916 8.2
8.0 0.05 9.9 749 9.8
15.5 0,09 16.0 326 15,7
14.8 0.03 17,5 1240 17.4
17.4 0.06 18.5 663 18,5
15.8 0,03 17,1 881 17,0
15.8 0,05 17,2 760 16,8
10.0 0,07 12,0 810 12,2
20.6 0,05 21,6 694 21,3
11.1 0,01 13,3 1255 13,3
21.0 0,03 22,4 1047 22,9
17.0 0.04 18.2 904 18,0
25.9 0,09 26,0 1009 27,7
1 5 .9 0 .0 5 1 7 .8 1 0 4 7 1 7 .8

4 .6 0 .0 3 4 .7 4 2 4 5.1

c a + A .AUC P eak VC
* *

11,8 0.01 16,2 2181 13,3
24.1 0.02 26,3 1965 26,4
10.9 0.06 11,1 250 11.1
43,6 0.03 44,9 1556 44,3
8.5 0.03 9.4 431 9.3
23.8 0.08 25,8 961 25,6
13.9 0.03 15.2 876 15.5
20.3 0,07 21.5 668 21,8
13.4 0.08 14.5 543 14,8
13.5 0,04 15.4 925 15,4
23.9 0,04 25.6 1153 27,1
20.5 0,07 24.4 1366 24,8
34.8 0,08 37.8 1500 38,4
21.0 0,19 23.1 878 23,1
23.0 0,04 24.6 858 24,4
25.4 0,04 27.4 1263 32,6
11.1 0.05 12.2 508 12.3
19.6 0.03 21.2 1184 19.7

2 0 .2 0 .0 5 2 2 .0 1 0 5 9 2 2 .2
8 .9 0 .0 4 9.1 5 1 9 9 .5
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A ppendix  23: Physical characteristics at BS, SE, and UE.

NDEx Baseline SE UE

Code Age Height Leg vol Body m ass Height BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

(m ) ml (kg) (m) { k g ,m ') (M eth .w k*) (kg. (M eth.w k'*) (kg) (kg ( M e th .w k ‘)

60 1.59 2308 61.9 1,59 0.91 0.82 56 62.3 0,91 1,15 S3 61,9 0.91 0.99 85

33 1.64 2616 59,7 1,64 0,82 141 60.5 0,83 1,15 132 61.5 0.79 1.08 204

62 1,56 2494 72.9 1,56 0,98 1.20 37 70.8 0,99 1,08 56 70.8 0.99 0.90 79

56 1.55 2389 69.5 1.55 0,77 1.08 101 66.3 0,78 1.08 95 68,4 0.77 1.06 105

53 1.64 2974 83.6 1,64 0.94 0.92 122 82.2 0.94 1,14 121 81,4 0.94 1.18 145

6 56 1.38 1465 48,3 1.35 1,00 45 46.5 1,00 1,01 65 46.9 l.OO 1.01 52

7 56 1.62 2624 72.5 1,62 0,83 1.10 220 71.1 0,84 1.08 220 71.8 0.84 1.09 188

8 S3 1.63 2135 61,9 1,63 0,84 104 61,4 0,84 1,19 142 61.7 0.86 1.09 121

9 54 1.59 2550 69,4 1.59 0,88 129 67,5 0.87 1.15 118 67,4 0.86 1.09 141

10 62 1,60 2511 53,4 1.60 20.6 0,87 58 54,2 0.88 1.04 59 53,4 0.87 1.06 70

Mean 55.5 1.58 2407 65.3 1.58 0.89 101 64.3 0.89 1.11 109 64.5 0.88 1.05 119

SD 9.0 0.08 397 10.4 0.08 0.07 0.12 56 9.8 0.07 0.06 50 9.8 0.08 0.08 50

Baseline SE UE

N DCon Height Leg vol Body m ass Height BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR AS! LOPAR

Code Age (m ) ml (kg) (m ) (kg. (Met h .w k ‘) (kg) (kg. ( M e th .w k ‘) (kg) (kg (Met h .w k ‘)

58 1,57 1981 67,8 1.57 1,04 1.00 130 66,8 1,06 0.91 140 69,4 1.06 1.00 120

50 1,58 1611 54,1 1.58 0,79 1.21 114 53,0 0,78 1,39 100 52,8 0.79 1.15 162

47 1.60 2272 53.9 1,60 0.75 0.87 130 53.5 0,76 1.12 124 53,8 0.76 1.03 104

58 1.63 2170 64,0 1.63 0.83 1.42 164 63,8 0,83 1.02 185 65,3 0.84 1.19 189

54 1.65 3018 93,3 1.65 0.91 I . l l 82 92,6 0,91 1.07 206 91.5 0.92 0,95 155

&4 1.62 2257 56.0 1.62 0.90 1.12 142 57.0 0,92 1.27 150 56.3 0.89 I.Ol 167

42 1.65 3215 72.9 1,65 0,90 1.05 118 71,4 0,93 0,99 113 71.1 0,93 1,09 118

8 54 1.58 2287 74.6 1,58 0.90 1,04 97 75,3 0,87 1.01 117 74,6 0.88 1.00 117

9 42 1.66 3462 90.6 1.66 0,90 1,08 139 91.0 0,95 1.03 105 89,4 0.95 1.00 101

Mean 52.1 1.62 2475 69,7 1.62 0.88 1.10 126 69.3 0 .89 1.09 137 69.3 0.89 1.05 123

SD 7.5 0.03 615 14.8 0.03 0.08 0.15 24 14.8 0.09 0 .15 35 14.2 0.09 0.08 53

Baseline SE UE

T2DM Ex Height Leg vol Body m ass Height BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

Code Age (m ) ml (kg) (m ) (kg .m ^) (Met h.w k’*) (kg) (kg.m '^) (M et h .w fc ') (kg) ( k g .m ’) (Met h .w k ‘)

1 56 1,53 1897 60,25 1.53 0.96 0,95 110 58.45 25,0 0.96 0,93 105 56.0 24,78 0,95 1.05 107

2 56 1,6 2626 71.8 1.6 28.0 0,89 1,12 111 71,4 0,93 1.17 141 27,81 0,91 1,21 63

3 56 148 2810 84,9 1,48 36,8 1,00 1,13 180 62,95 37,9 1.02 1,01 194 81,2 37,07 0,98 1.11 240

4 55 1.57 2835 82.35 1.57 0.86 1.00 68 80,25 32.6 0.85 1.04 145 82,5 33.90 0,64 1,20 119

5 60 1.56 2103 69 1,56 0,99 1.19 97 69,95 0.97 1,03 155 69,5 28.56 0,97 1,26 132

S 67 \,63 2574 7B.3 l.W 29,S 0.97 1.03 85 7ft,CS 29.0 0,97 i.ac 237 29.07 O.W 0,99 i n
7 52 1,61 3009 84,1 1.61 1.01 1,05 106 81,1 1,02 1,05 149 81,3 31.36 1.01 1,12 130

6 56 1,66 2754 94,3 1.66 0,95 1,14 29 90,2 0,95 1,22 65 67,8 31.86 0.96 1,14 91

Mean 57.3 1.58 2576 78.1 1.58 0.95 1 .0 8 ^ 98 76.5 30.6 0.96 1 .0 6 ^ 149 30.6 0.95 1.13 126

SD 4.5 0.06 383 10.7 0.06 0.05 0 .0 8 ^ 43 9.7 0.05 0 .0 9 ^ 52 3.8 0.05 0.09 49

Baseline SE UE

T2DM Con Height Leg vol Body m ass Height BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

Code Age (m ) ml ( k g ) (m ) (M e th .w k ‘) (kg) ( k g (M et h.wk'*) ( k g ) (k g (Met h .w h '‘)

64 1.58 2364 68,7 1.58 0,99 1.03 49 67,4 1,01 1.12 127 69.0 1.01 1.04 210

59 1.67 3307 98.4 1,67 0.95 111 96,1 0,95 1.04 95 0.94 1.01 222

56 1.58 3325 109,5 1.58 1,01 1,10 80 108.7 1,01 1,14 64 109.9 1.00 1.01 43

44 1,59 2298 83.5 1.59 1.00 1,06 238 83.5 1.01 1.17 183 81,4 0.98 1,00 137

57 1.66 2574 81.1 1,66 0.93 57 80,8 0,94 1.00 68 0.94 1.02 99

53 1.58 3272 98.8 1.58 0,93 125 99,4 0,92 0,96 103 104.1 0.92 1.13 119

57 1.54 2216 81.6 1,54 0.90 166 79,5 0,90 0.91 188 79.3 0.91 0.98 309

8 58 1,58 2417 72.2 1,58 0,89 171 71,7 0,89 1,10 146 70,5 0.88 1.04 192

Mean 56.0 1,60 2722 86,7 1.60 0.95 125 85.9 0.95 1.06 122 86.6 0,95 1.03 166

SD 5.8 0.04 491 14.2 0.04 0.05 0.10 65 14.2 0.05 0.09 48 15.4 0.05 0.05 84
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Appendix 24: Haematology at BS, SE, and UE.

Baseline Supervised Exercise Unsupervised Exercise

FPG HbAlc HbAlc TCL LDL HDL Triglycerides FPG TCL LDL HDL Triglycerides FPG T a LDL HDL Triglycendes

ND Ex (m m ol.L *) % (m m ol.inor*) (m mol.L '}  (mmol. (m m ol.L '‘ (m m ol.L '*} (m mol.L ' )  (m m ol.L '‘ ] (mmol (mmol (m m ol.L '') (m mol.L *) (m m ol.L *) (mmol. 1i

3,8 5.3 34,4 5.7 0.7 5.1 5.3 0,9 4.1 5.3 2.4 0.8

4.4 3.4 4.3 3.7 0,4 4.9 3.6 1.8 0.4

4,8 5.3 S.4 1.1 4.7 4.B 1,5 1.3

4.0 5,5 36.6 6.1 4.8 5,7 0.5 4.7 5.9 1,8 0.8

5.6 37.7 S.2 5.2 6,5 1.3 5.6 4.7 1.2 2.8

4,5 5.1 32.2 5.3 4.3 5,9 1.1 4.5 5.0 2.1 1.0

5,4 5,4 35.5 8.3 5.2 6,4 0 .9

4,9 5.6 37.7 8.5 4.8 6.S 0 ,8 S .l 7,4 2.3 0-8

4,1 5-6 37.7 5,6 4.5 5,2 0,8 5,1 5.8 1.8 0.7

10 5,7 5.4 35.5 5.6 4.0 5,3 0,9 5,3 6,0

Hean 4 5 ^ 5 .4 ^ 35.9 5.9 4,e 5.6 0.9  ̂ 4 .9 ^ 5.4 1.9 1.1
SD f  D ^ r 0 .2 ^ 1.9 l.S 0.5 0 .8 ^ 0 .3 ^  0 . 4 ' 1 . 1 ' '  0 . 4 '  0.7

Baseline Supervised Exercise Unsupervised Exercise

FPG HbAlc HbAlc TCL LDL HDL Triglycerides FPG TCL LDL HDL Triglyceridcs rpG T a LDL HDL Triglycerides

NO Con (m m o l.L ')  % (fflmol.mol *) (m m ol.L‘‘ ) (m m oLL‘‘ ) (m m ol.L '*) (m m ol.L '*) (m m ol.L’’ )  (m m ol.L '‘ )  (m mol.L *) (m m ol.L '‘ ) (m mol.L *) (m m ol.L '*) (m mol.L *) (m m o l.L '') (m mol.L *) (m m ol.L *)
5-9 41 .0 4.0 2.9 1.0 1.7

5,5

4,8 3.4 1.2 2.1 5.2

4,6 7.1 4.2 2-4 1.0

5,4 35.5 5,2 3.2 2.1 0.7 4 .8 4,8 2,9 2,1 0.6 5.1 4.7  2.7

5 .5 36,6 4.5 2.7 1.7 0.8 4.7 4.1 2.2 1,5 0,8
6 .4 4.1 2.0 0.8 4.6 6.1 3.8 1.5 1.6 4.9 6.1 3,5
6.4 4,2 1.6 1.2 4 ,6 6,1 4.1 1.7 0 .7 4 .0 6,4 4,3

5,6 2.9 2.3 0.8 5-2 5,2 2.4 M 1,5 S.O 5.0  2,6

4 ,7  28.0 4,7 3.3 1.2 1.0 4.5 4.9 3.4 1,3 0.6

Hean 7 5 . 4 '  3 5 . 3 ' 5 .3 ^ 3 .3 ^ 1 .7 ^ 1.0 '  4 .9 ^ 5 .4 ^ 3 .3 ^ 1 .7 ' 1.3 4 . 8 ' 5 . 5 '  3 . 3 ' 1 9 '  0 9
SD r 0 . 5 '  5 . 4 ' 0 . 9 ' 0 . 6 ' 0 . 5 ' 0.4 '  0 . 4 ' 0 . 7 ' 0 , 7 ' 0 . 4 ' 0 .6 0 . 4 ' 1 . 1 '  0.8 0 3 '  0 2

Baseline Supervised Exercise Unsupervised Exercise

FPG H bA lc HbAlc TCL LDL HDL Triglycerides FPG TCL LDL HDL Triglycerides FPG T a LDL HDL Triglycerides

T2DH Ex (m m ol.L* %  (m m ol.m ol'') (m m o LL*) (mmol (m m o l.L '') (m m ol.L '*) (m m o l.L '') (m m ol.L *) (m m o l.L '') (m m o l.L '') (m m ol.L '*) (m m ol.L '*) (m m o l.L '*) (m m ol.L '*) (m m oLL'*) (m m ol.L *)
f>A ^6 .4 3.4 1.2 1.2 5.8 3.3 1.9 I . l 1.4 6,6 3,4 2.2 1.1 1.1

6 ,6  48,6 4,5 1.7 1.4 7.5 4.1 2,4 1.6 1.4 8,1 3,8 2.3 1.5 0.9

7,9  62 ,8 4,8 1.2 1.0 9.4

6 .5  47 .5 4,9 1.5 2.8 7.9 3,5 2,2 1.2 2.1 8,3 3,4 2.0 1.2 1.7

6 .8 50 .8 4,4 1.9 1.4 6.7 4.3 2.7 1,7 l.S 3.9 2.2 1.8 1.2

6 .7  50.0 5.3 1.5 1.3 7,4 5.1 2,7 1,6 1.8 8,0 4-7 2.3 1.7 1-4

6 ,0  42,0 4,1 1.5 1.3 7.0 4.1 1,9 l.S 1.5 7-9 4,6 2.1 1.8 : .6

6.6 48.6 3,8 1,4 I.O 6,6 4.9 3.1 1.5 : 7

Hean 6.7 49.6 4.4 1.5 1.4 7 7 . 4 ' 4 . 1 ' 2.3 1 .5 ^ 1.6  ̂ 7 . 6 ^ 4 .1 ^ 2 .3 ^ 1 . 5 '  1.4
SO 0.5 6.0 0.6 0.2 0 . 6 ' 1 .1 ' 0 . 6 ' 0 . 3 ' 0 , 2 ' 0 . 3 '  0 . 8 ' 0 . 6 ' 0 4 ' 0 . 3 '  0.3

Baseline_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Supervised Exercise_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Unsupervised Exercise

FPG HbAlc HbAlc TCL LDL HDL Triglycerides FPG T a LDL HDL Triglycerides FPG T a LDL HDL Triglycerides

T2DH Con (m m ol.L '*) %  (mmol.mo (m m ol.L '*) (m moLL ‘ ) (m m ol.L '*) (m m ol.L '*) (m m o l.L '') (m m ol.L '*) (m m ol.L '*) (m m ol.L '*) (m m ol.L '*) (m m o l.L '') (m m ol.L *) (m m ol.L '‘ )  (m m ol.L '*) (m m ol.L '*)
8.1 6.2 4.8 3.4 1.4 1,1 8,9 4,4 2,6 1.2 1.5 10,3 3.4 1-8 1.2 0.8

5.1 5.2 3,4 2.3 0.8 2,4 5-3 3.8 2.6 0.9 2.3 5,7 4.0 1.8

9.9 7.3 4.7 3.8 1.1 1,7

8,4 6,3 10.2 4,3 3.1 l . I 1,5 7,8 5,0 3.4 1.2 2.7

13.1 5.3 4,6 3.2 1-4 2,3 6,5 3,8 2.2 1.3 1.4

5.2 5.5 4,8 3.3 1.5 1,2 5.3 5,7 4.1 1.5 1,4 5,7 5.7 4.1 l.S  1.1

9 .0  7.0 5.1 2,1

8.3 7.5 4.9 3.3 1.2 1,0 6.8 7,3

Hean 8.4 6.3 '  4 . 6 ' 3 .2 ^ 1.2 '  1.7  ̂ 7 .3 ^ 4 , 6 ' 3.1 1 .2 ' 1.7 f 7.2' 4 .4 ' 2 .9 ' ’ 1 . 3 '  1.5
SD 1 6  0.9 '  0 . 6 ' 0 . 5 ' 0.2 '  0.6 '  2 . 2 ' 0 . 8 ' 0 . 7 ' 0 . 2 ' 0 . 4 ' 1 . 7 ' 0 . 9 ' 1 .0 ' 0 . 2 '  0.7
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Appendix 25: Peak cycling performance at BS, SE, and UE.

NO Ex 

No

Mean
SO

NDCon

No

Mean
SD

T2DM Ex 

No

Mean
SO

T2DM Con 

No

Mean
SD

Baseline

P k  HR Pk HR VO: V02 RER VE Time Pk workload Load VT VOi at VT VOi a t VT

(beats.min'^) % (m l.k g ‘.min’‘) (Lmin ') (Lmin ') (min (W) (W) (ml.kg ^m jn‘‘) (% V 0 2 pk)
164 103 29.3 1.82 1.11 76.9 13 120 100 21.6 73.7

169 90 1.81 66,4 19 160 120 20.9 68.5

148 94 18.01 1.27 1,04 41 9 80 60 12.1 67.2
152 93 22.8 1.55 1.08 49,9 13 120 100 14.8 64.9
148 89 1.9 1.11 31.1 15 120 120 18.8 83.6
174 113 0.87 1.20 42 9 80 80 13.7 77.4
155 95 22.2 1.63 1.06 68.8 18 140 140 12 54.1

150 90 35.7 2.23 1.08 61.9 19.5 160 140 28.3 79.3
152 92 1.82 1.19 78.8 16 140 120 19.9 75.1
148 94 1.22 1.14 60.8 10 100 80 16.7 75.6

156 95 1.61^ 1,11 57.8 14,2 122.0 106.0 17.9 71.9
10 7 0.40^ 0.06 16.1 4,0 29.0 26.7 5.1 8.5

PkHR PkHR VO2 V02 RER VE Time Pk workload Load VT VO2 at VT VO2 a t VT

(beats.min ‘) % (ml.kg '.m ln’ )̂ (L.mln (Lmin (min (W) (W) (ml.kg'Vmin'^) (% V 0 2 pi,)
155 91 33.8 1.92 1.09 64.4 140 120 9,8 58.6
170 98 23.8 1.27 1.13 43.9 100 80 8.7 78.6
163 101 24.72 1.56 1.01 55.7 100 80 9.4 78.5

143 86 21.3 1.84 1.01 55.7 140 120 6.8 78.9
165 106 19.1 1.05 1.10 48.3 100 60 3.5 70.7
178 100 25.8 1,86 1,11 74.1 140 100 9,5 75.6
147 89 23.8 1.42 1,14 48.9 120 80 1.7 49.2
162 91 14.3 1.28 1,00 54.5 140 100 0.8 75.5

161 95 23.3 1.53 1.07 55.7 1 122,5 92.5 6.3 70.7
12 7 5.6 0.32 0,06 9.7 19.8 21,2 3.7 11.0

PkHR PkHR VO2 V02 RER VE Time Pk workload Load VT VO jatVT VOzatVT

(beats.min'*) % (m l.kg '.m in* (L.min*) (L.min ‘) (min (W) { W ) (ml.kg'Vmin'') (%  VO2 pn)
1 139 85 1.43 1,01 45.3 10 100 80 18,8 78.3
2 140 85 2.23 1,06 65.9 19 160 140 25,6 82.1
3 165 101 1.43 1,16 64.5 11,5 100 80 13,6 77.7
X 165 100 1.54 1.16 58,7 12 100 80 12.9 68.6
5 150 94 1.27 1,1 56,2 7 80 60 12.7 68.6
6 163 102 1.5 54,5 12.5 120 80 14.3 74.5
7 174 104 1.85 64,7 15 120 100 16.7 75.6
8 119 73 1.8 1.15 76.9 12 100 80 11.3 60,4

152 93 1.63^ 1.11 60,8 12.4 110.0 87.5 15.7 73.2
18 11 0.31^ 0.06 9,4 3.5 23.9 23.8 4.6 6.9

Pk HR PkHR VO2 V02 RER VE Time Pk workload Load VT VO2 at VT VO2 atVT

(beats.min'^) % (m l.kg '.m in*) (L.min ‘) (L.min (min (W) (W) (ml.kg \m in  ‘) (“/oVOzpi,)
152 97 23.1 1.68 1,13 63,3 15 120 100 15.1 65.4
124 77 14.8 1.47 1,13 64,4 12 100 80 11.3 76.4
149 91 14.8 1.61 1,09 51,8 15 120 80 10.3 69.6
160 91 18.1 1.5 42,2 9 80 60 12.4 68.5
161 99 15.6 1.22 53 12 100 80 10.7 68.6
156 93 18.5 1.96 1.01 72.2 13 120 100 13.8 74.6
159 98 15.1 1.34 1.14 53.9 12 100 80 10.2 67.5
162 100 22.5 1.62 1.10 61.6 13 120 100 15.2 67.6

153 93 17.8 1.55^ 1.10 57.8 12.6 107.5 85.0 12.4 69.8
13 8 3.4 0 ,2 3 '’ 0.05 9,4 1.9 14,9 14,1 2.1 3.8
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Peak cycling performance

ND Ex 

N o

6
7

8 
9

10

M ean

SD

ND Con

N o

1
2
3

4

5

6
7

8
M ean

SO

T2DM  Ex P k H R Pk HR VO^ V 0 2 RER VE T im e P k  w o r k lo a d  L o ad  VT V O : a t  VT VO 2 a t  VT

No { b e a ts .m in * % (m l.k g 'V m in * ) (L .m in ') (L .m in ■) (m in (W ) (W ) ( m l .k g ‘’ .m in  ‘ )  ( % V O ip k )

1 134 82 24.5 1.46 1.01 51 .2 12 100 80 18.7 76,3

2 146 89 34.5 2.44 1,06 72.5 22 180 140 25 .6 74,2

3 159 97 21 1.74 57 15 120 100 16.6 79 .0

4 164 99 21.6 1.72 1.06 64 .3 15 120 100 15.3 70 ,8

5 150 94 22.1 1.52 1.11 58 .5 11 100 80 14.6 66.1

6 166 104 20 .9 1.6 1.05 60 15 120 100 15.1 72 ,2

7 171 102 26 2.25 1.10 69 ,5 18 140 120 16,9 65 ,0

8 115 70 20.7 1.94 1.21 71 ,8 15 120 100 14 67 .6

M ean 151 92 23.9 1 .8 3 ^ 1,09 63.1 15 .4 1 25 .0 102.5 17,1 71 .4

SO 19 11 4 .7 0 .3 5 ^ 0 ,06 7.7 3 .4 2 5 ,6 19 .8 3 ,7 5.0

T 2 0 M  C on 

No

6
7

8
M ean

SD

P k H R P k H R VO i V 0 2  RER VE T im e P k  w o r k lo a d  L o ad  VT VO2 a t  VT VO2 a t  VT

( b e a t s . m i n ’ % ( m l . k g ‘ . m i n ‘ ) ( L .m in * ) (L .m in (m in (W ) (W ) ( m l .k g ‘' . m i n ‘ ) ( % V O i  p*)

152 97 22,1 1.5 54 12 120 80 14.6 66.1

129 80 13,2 1.31 1.12 51 10 100 80 9 ,8 74 .2

152 93 14,3 1.55 1.04 4 8 ,8 15 .5 140 80 7 .5 52 .4

184 105 20.2 1.67 1.02 58,4 13 120 80 13 .5 66 .8

160 98 19.9 1.61 1.12 66 ,4 12 100 80 14.1 70 .9

162 97 21 .8 2.13 1.13 75 .6 14 .5 120 100 15 .6 71 .6

166 102 15.9 1.25 1.06 65 10 100 80 10.4 65 .4

159 98 22 .7 1.61 1.10 51 .9 13 120 80 15 .3 67 .4

158 96 18.8 1 .5 8 '’ 1.08 58.9 12 .5 115 ,0 82 .5 12 .6 66 .9

16 8 3 .7 0 ,2 7 ^ 0.04 9 .3 1.9 14.1 7.1 3 .0 6 .6

P k H R Pk HR V 0 2 V 0 2 RER VE T im e P k  w o r k lo a d  L o a d  VT V 0 2  a t  VT V 0 2  a t  VT

(b e a ts .m in * % (m l .k g ‘‘ .m in ‘‘) (L .m in ') (L .m in ’ ) (m in (W ) (W ) ( m l .k g * l .m in - l  ( %  V 0 2  p k )

153 90 34,3 1.85 55.6 15,5 140 120 23,1 67 ,3

169 98 22.3 1,21 1,04 39.8 9 ,5 100 80 17,4 78 ,0

162 100 25.1 1,89 1,07 72.9 12 100 80 18,3 72,9

143 86 21.5 1.97 4 7 .3 16 140 120 17 79.1

153 98 21.6 1,12 4 4 .2 10 100 60 13,7 63 .4

183 103 27.4 1,94 1,10 91 .6 17 140 100 19,8 72.3

153 92 19.1 1,78 1,07 86 .8 15 120 100 15,2 79 .6

160 90 20 .8 1,87 1,07 79.9 18 140 100 12,3 59.1

160 95 24 .0 1,70 1,07 64 .8 14,1 122.5 9 5 .0 17,1 71 .5

12 6 4.9 0 .3 4 ^ 0 ,02 20 .5 3 .2 19 .8 2 0 .7 3 ,4 7.6

S u p e r v is e d  E x e rc is e

P k  HR Pk HR VO2 V 0 2 RER VE T im e P k  w o r k lo a d  L o a d  VT V O i a t  VT V Oi a t  VT

( b e a t s .m i n *  % ( m l .k g '* .m in ‘ ) (L .m in ') (L .m in *) (m in (W ) (W ) ( m l.k g  * .m in  *) ( ‘V oV O ipk)

164 103 31 .6 1.99 1.11 68 .6 17 140 100 24.1 76.3

171 91 27 1.71 1.08 61.5 2 3 .33 180 160 20 .5 75 .9

153 97 27 ,7 2.1 1.14 85 ,6 13 120 100 20 .2 72 .9

174 106 38,8 2.56 1,09 99 ,2 18 160 120 25.1 64 .7

147 88 26,1 2.2 1,00 64,4 18 140 120 20 .7 79 .3

176 114 28,3 1.32 1,08 39 12 100 80 19.4 68 .6

170 104 33,3 2.38 1,13 79,8 21 160 140 23 .6 70 .9

157 94 44 ,4 2.76 1,12 72.2 21 ,5 180 160 36 .6 82 .4

152 92 33,3 2.29 1.16 89 .9 21 .5 180 140 26 .2 78.7

153 97 28,2 1.48 1,08 60 .2 12 100 80 19.7 69 .9

162 99 31,9 2 . 1 ' ' 1,10 72 .0 17 .7 146,0 120,0 23 .6 72.2

11 8 5.9 0 . 5 ^ 0 ,05 17.4 4 .2 31 .3 29 .8 5.2 8 .4
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Peak cycling performance

ND Ex U n a u p erv ised  E xerc ise

No Pk HR Pk HR VOj V 02 RER VE Tim e Pk w ork load  Load VT VOi a t  VT VOj a t  VT

(b e a ts .m in  ' % (m l.kg  ‘.m in ‘) (L.m in ') (L.min (m in (W ) (W ) ( m l .k g ’ .m ln '') (%  VO: pk)
1 164 103 22.7 1.41 1.14 58.5 18 140 120 16.4 72.2

2 174 93 32.1 1.95 1.07 90,8 19.5 160 120 22.4 69.8
3 148 94 20.1 1.46 1.06 47,6 12 100 80 12.9 64,2
4 170 104 29.1 1.91 1.03 65.9 18 140 120 21,2 72,9

5 150 90 26.2 2.16 1.01 74.4 18 140 120 21,8 83,2

6 168 109 26.1 1.19 1.10 45-5 9 80 60 15.9 60,9

7 170 104 27.7 1.96 1.10 76.8 16 140 120 20 72,2

8 155 93 37.5 2.44 1.06 65 23 180 160 31.9 85,1
9 155 93 29.4 1.96 1.12 80.1 16 140 100 22.8 77,6

10 155 98 27.1 1.43 1.11 62 12 100 80 18.1 66,8

M ean 161 98 27.8 1.79 1,08 66.7 16.2 132.0 108.0 20.3 72.5
SD 9 6 4.8 0.39 0.04 14,3 4.1 30.1 28.6 5.2 7,8

N D C on Pk HR Pk HR VO2 V 02 RER VE Tim e Pk w ork load  Load VT VO2 a t  VT VO2 a t  VT

No ( b e a t s .m in ' “/o (m Lkg '.m ln '^ ) (L.min *) (L.m in (m in (W ) (W ) (m l.k g '.m in ’*) ("/oVO: pO
1 155 91 34.3 1,85 60,1 16 140 120? 24.4 71.1
2 169 98 26.9 1.42 1.02 49,2 9.5 100 80 20.2 75.1

3 162 100 24.9 1,56 1,11 63.3 12 100 80 18.4 73.9
4 142 85 21 1.77 1,00 47.3 16 140 120 16.9 80.5
5 153 98 19.6 1.11 1,10 44,1 10.5 100 60 12.1 61.7

6 178 100 28.5 2.02 1,04 76.4 17 140 100 21 73.7
7 147 89 22.6 1.69 1,13 78.4 14 120 100 16 70.8
8 172 97 21.5 1.93 1,04 84 17 140 100 16,8 78,1

M ean 160 95 24.9 1 .6 7 ^ 1,06 62.9 14.0 122.5 91.4 18,2 73.1
SD 13 6 4.9 0 .3 0 ^ 0.05 15.4 3.0 19.8 19.5 3,7 5.6

T2DM Ex Pk HR Pk HR VO2 V02 RER VE Tim e Pk w ork load  Load VT VO2 a t  VT VO2 a t  VT

No (b e a ts .m in  ' % (m l.kg  '.m ln '^ ) (L.min *) (L.m in ' )  (m in (W ) (W ) (m l .k g ‘.m in'*) (V0 VO2 pk)
1 144 88 27.1 1.62 52,8 10.5 100 80 20.6 76.0
2 137 84 30.5 2.13 1.11 67,6 20 160 140 22.7 74,4

3 157 96 17.6 1.39 1.18 55.7 12 100 80 12.4 70.5
4 162 98 19.2 1.53 1,10 63,4 13 120 80 14.6 76,0

5 157 98 23.5 1.61 1.11 52,4 12 100 80 14 59.6
6 159 99 21,2 1.65 1.04 40,2 13 120 80 15,8 74,5
7 165 98 22.8 1.91 1.10 55 13 120 80 13 57,0
8 121 74 22.3 1.94 1.07 74,1 15 120 100 16,2 72.6

Mean 150 92 23.0 1 .7 2 ^ 1.10 57.7 13,6 117.5 90.0 16.2 70,1

SD 15 9 4.2 0 .2 5 ^ 0.04 10,5 2,9 19.8 21.4 3.7 7,5

T2DM Con Pk HR Pk HR VOj V 02 RER VE Tim e Pk w ork load  Load VT VO2 a t  VT VO2 a t  VT

No (b e a ts .m in  * % (m l.kg  '.m ln '^ ) (L.m in ‘) (L.min ' )  (m in (W ) (W ) (m l.k g '.m in  ') (% V 0 2  pk)
1 150 96 20.3 1.61 1.09 61.5 10 100 60 13.1 64,5
2 122 76 15,6 1.52 1,06 63.1 10 100 80 9.6 61,5
3 153 93 13.9 1.52 1.02 62,6 15 120 80 9.9 71.2
4 174 99 22,4 1.81 1.04 67.4 12 100 80 16.2 72.3

5 150 92 21.5 1.73 1,14 70.4 11.5 100 80 15.7 73.0

6 158 95 19 1-97 1,03 61.5 15 120 100 14 73.7
7 162 100 15.6 1.23 1.04 52.1 9 80 60 11.8 75.6
8 157 97 21.1 1.48 1.12 54.3 14 120 100 16.1 76.3

Mean 153 93 18.7 1.61 1.07 61.6 12.1 105.0 80,0 13.3 71.0
SD 15 8 3.2 0.23 0.04 6.1 2.4 14.1 15,1 2.7 5.3
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Appendix 26: VO2 kinetics responses at BS, SE, and UE.

ND Ex a A1 T D l r l A 2 TD 2 r2 End A MRT V 0 2  g a i n
(L .m in '* ) (L. m i n * ) ( s ) ( s ) (L .m in  *) ( s ) ( s ) ( L . m i n * ) ( s ) ( m l . m i n '*.W *)

1 0.53 0.50 8.29 12.91 0.23 38.25 56,00 1.34 37,14 11.60
2 0.53 0.64 2.08 14.61 0.26 37.99 39,53 1.43 34,26 11.84
3 0,48 0.31 2.22 14,80 0.17 26,50 29,99 0.96 31,00 12.63
4 0.51 0.57 0.67 16,40 0.23 35.00 30.58 1.42 35,61 12.98
5 0,53 0.55 7.55 14.64 0.48 48,98 48.92 1.56 57.43 11.85
6 0.46 0.26 7.99 12.70 0.31 31,87 30,92 1.03 43.59 10.56
7 0.52 0.48 7.75 8.39 0.80 36.99 43,00 1.80 56.08 11.86
8 0.53 0.33 3.50 9.13 0.97 29.68 30.99 1.83 48.48 12.74
9 0.58 0,29 0.83 6.72 0.60 33.00 41,46 1.46 52.71 9.98

1 0 0.44 0.23 1.86 3.66 0.25 24.32 17.91 0.92 24.64 8.89
MEAN O .S l 0 . 4 2 4 . 3 1 1 . 4 0 . 4 3 3 4 . 3 3 6 . 9 1 . 3 8 4 2 . 1 1 1 . 5
SD 0 . 0 4 0 . 1 5 3 . 2 4 . 2 0 . 2 8 7 .0 1 1 . 0 0 . 3 2 1 1 . 3 1 .3

ND Con a A1 T D l r l A2 TD 2 r2 End A MRT V 0 2  g a i n
(L .m in '* ) ( L . m i n * ) ( s ) ( s ) (L .m in  *) ( s ) ( s ) ( L . m i n * ) ( s ) ( m l . m i n ' *.W *)

1 0.40 0.31 5.05 14.99 0.63 26,12 36,06 1.34 48.28 12.63
2 0,44 0.10 1.06 5,40 0.36 23,99 40.33 0.90 51.74 10.93
3 0.46 0.14 7.92 13,28 0.46 27.99 45.53 1.06 61.31 8.52
4 0,65 0.20 3.80 15,82 0.74 40.52 30.99 1.59 60.47 9.37
5 0,50 0,08 7.66 15,99 0.28 29,48 40.98 0.86 60.06 11.70
6 0,68 0.28 3.65 15,82 0.44 35.76 30.00 1.40 47.79 9.47
7 0.39 0.15 3.47 8.88 0.53 23.39 36.00 1.08 48.95 10.27
8 0,46 0.22 5.39 9.64 0.44 36.50 43.00 1.12 58.04 12.20

MEAN 0 . 5 0 0 . 1 9 4 . 7 1 2 . 5 0 . 4 9 3 0 . 5 3 7 . 9 1 . 1 7 5 4 . 6 9 . 4 0
SD 0 . 1 1 0 . 0 8 2 .3 4 . 0 0 . 1 5 6 . 4 5 .6 0 . 2 5 5 . 9 1 .5

T2DM Ex a A1 T D l r l A2 TD 2 r2 End A MRT V 0 2  g a i n
(L.min**) ( L . m i n * ) ( s ) ( s ) (L. m in '* ) (S) ( s ) ( L . m i n * ) ( s ) ( m l . m i n ' *.W**)

1 0.37 0.22 10.44 12.50 0.33 33.72 42.99 0.92 55.20 10.18
2 0,52 0.12 3.63 4.14 1.07 16.47 42,50 1.71 53.81 8.32
3 0,70 0.26 5,99 14.21 0.30 28.56 54,29 1.26 53.76 10.36
4 0.55 0.17 9,55 15.00 0.41 30.79 49,85 1.13 64.26 10.36
5 0.60 0.13 7,99 6.33 0.32 20.07 38,07 1.05 45.48 11.84
6 0.61 0.21 12.52 17.99 0.43 32.18 50,75 1.25 65.73 11.84
7 0,60 0.23 5,85 14.99 0.60 33.73 45.57 1.42 62.80 10.14
8 0,70 0.33 0.90 15.00 0.55 41.74 53.40 1.58 65.12 16.44

MEAN 0 . 5 8 0 . 2 1 7 .1 1 2 . 5 0 . 5 0 2 9 . 7 4 7 , 2 1 . 2 9 5 8 . 3 1 1 . 2
SD 0 . 1 1 0 . 0 7 3 . 8 4 . 8 0 . 2 5 8 .1 5 .8 0 . 2 7 7 .3 2 . 4

T2DM Con a A1 T D l r l A2 TD 2 r2 End A MRT V 0 2  g a i n
( L . m i n * ) ( L . m i n * ) ( s ) ( s ) ( L . m i n * ) ( S) ( s ) ( L . m i n * ) ( s ) ( m l .m in * *.W *)

1 0.51 0.25 4.78 7.67 0.59 21.38 56.39 1.45 61.74 13.34
2 0.70 0.12 3.42 6.57 0.27 19,62 49.96 1.09 51.24 7.22
3 0.74 0.20 0.76 11.91 0.56 23.57 47.00 1.50 55.33 14.07
4 0,41 0.27 3.96 17,64 0.16 32.03 53.00 0.84 45.20 11.57
5 0.57 0.16 7.12 16.35 0.27 40.00 55,73 1.00 68.67 8.26
6 0,63 0.19 2,10 12,48 0.45 23.49 40,68 1.27 49.45 9.14
7 0.57 0.34 3,53 12.12 0.30 37.18 54,00 1.32 55.03 10.68
8 0,56 0.26 12,99 12.00 0.57 30.87 47,49 1.39 61.64 11.85

MEAN 0 . 5 9 0 . 2 2 4 . 8 1 2 . 1 0 . 4 0 2 8 . 5 5 0 . 5 1 . 2 3 5 6 . 0 1 0 . 8
SD 0 . 1 0 0 . 0 7 3 . 8 3 . 8 0 . 1 7 7 .6 5 .3 0 . 2 3 7 . 6 2 . 4
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v 0 2  kinetic responses

NiD Ex a A1 TDl r l A2 TD2 r2 End A MRT V 0 2  g a in
(L .m in '^) ( L .m in * ) ( s ) (s ) (L .m in '* ) ( s ) (s) (L .m in * ) (S) (ml .m in '* .W '*)

1 0.53 0.27 7.17 15.95 0.49 24.36 40.99 2.17 76,27 23.43
2 0.48 0.55 2.64 18,49 0.52 22.99 24.65 1.55 34.01 9,07
3 0.70 0,41 3.66 13.97 1.07 27.75 70.99 2.17 76,27 21.00
4 0.55 0.46 2.35 14.74 0.61 23.08 46.99 1.62 47.29 12,44
5 0.37 0.34 4.19 17.39 0.53 32.20 38.99 1.24 51,80 10.11
6 0.42 0.30 7.01 8.05 0.28 27.23 33.99 1.00 37,34 10.74
7 0.48 0.64 7.99 11.21 0.49 39.61 46.99 1.61 48.43 11.07
8 0.59 0,44 8.55 14.69 0,92 27.40 31.30 1.95 47.23 11.53
9 0.52 0.48 7.85 16.35 0.65 28.47 29.99 1.65 43,91 11.08

10 0.53 0.27 5.03 13.14 0.37 28.53 33.99 1.17 43.81 11.85
MEAN 0 .5 2 0 .4 2 5.6 14.4 0 .5 9 28 .2 3 9 .9 1.61 5 0 .6 13 .2
SD 0 .0 9 0 .1 2 2.3 3.1 0 .2 4 4 .9 13.1 0 .4 0 14.5 4 .9

ND Con a A1 TD l r l A2 TD2 r2 End A MRT V 0 2  g a in
( L . m i n ‘) (L .m in '* ) (s ) ( s ) (L .m in * ) ( s ) (s ) (L .m in * ) ( s ) ( m l . m i n * . W * )

1 0.43 0.34 2,32 17.44 0.71 29.98 32.99 1.48 48.98 12.63
2 0.43 0,12 1,78 16.95 0.35 24.99 42.66 0.90 55.16 12.21
3 0.45 0.12 12.33 6.15 0.45 28.84 49.99 1.02 66.12 8.70
4 0.56 0.21 6.86 10.90 0.72 31.18 37.99 1.49 57.56 8.90
5 0.35 0.11 2.35 12.87 0.25 39.99 42.12 0.71 61.75 10.81
6 0.62 0.23 10.61 14.49 0.52 30.63 43.00 1.37 58.77 9.42
7 0.52 0.24 4.64 20.00 0.56 33.83 50.86 1.31 66.76 10.73
8 0.64 0.26 3.68 13.14 0.46 34.14 36.00 1.35 50.95 11.37

MEAN 0 .5 0 0 .2 0 5.6 14.0 0 .5 0 3 1 .7 4 2 .0 1.20 5 8 .3 10 .2
SD 0 .1 0 0 .08 4.0 4.3 0 .1 6 4 .4 6.3 0 .2 9 6.5 1.5

T2DM Ex a A1 TDl r l A2 TD2 r2 End A MRT V 0 2  g a in
(L . m in ' ‘ ) ( L .m in * ) (s ) (s ) (L .m in * ) ( s ) (s ) (L .m in '* ) (s ) (m l .m in  *.W ‘ )

1 0.51 0.12 14.98 3.29 0.52 24.73 32.70 1.15 50.09 11.85
2 0.57 0.51 8.69 14.99 0.66 33.32 42.15 1.74 52.89 11.47
3 0.69 0.30 10.47 14.99 0.40 35.65 57.78 1.39 64.30 9.98
4 0.66 0.34 8.07 13.69 0.46 27.78 51.99 1.46 55.12 11.42
5 0.58 0.19 8.08 13,81 0,40 35.26 40.99 1.17 58.74 10.92
6 0.51 0.39 7.80 18.30 0,43 33.38 40.99 1.33 51.41 11.71
7 0.57 0.21 2,35 8,57 0.80 20.09 39.56 1.58 49,52 11.74
8 0.67 0.20 11.91 13.74 0.55 27.31 40.99 1.42 56,93 10.71

MEAN 0 .60 0 .28 9 .0 12 .7 0 .5 3 29 .7 4 3 .4 1 .4 0 54 .9 11 .2
SD 0.07 0 .13 3.7 4.6 0 .1 4 5 .6 7.8 0 .2 0 5.0 0 .6

T2DM Con a A1 TD l r l A2 TD2 r2 End A MRT V 0 2  g a in
( L .m in * ) ( L .m in * ) (s ) ( s ) (L .m in  *) (s ) (s ) ( L .m in * ) (S) (m l .m in '* .W * )

1 0.56 0.10 0,28 11,99 0.56 34.07 57.00 1.22 79.13 12.19
2 0.65 0.38 0.47 17.99 0.32 24.39 57.99 1.35 47,68 12.94
3 0.90 0.08 0,40 7,16 0.78 15.99 47.87 1.76 58,62 15.91
4 0.47 0,14 0.33 11.42 0.26 16.96 32.00 0.87 35.94 7.41
5 0.61 0.08 1,05 8,75 0,41 11.40 43.00 1.10 47.12 9.07
6 0.67 0,19 0.78 11,99 0.51 27.90 62.79 1.37 69.54 9.96
7 0.59 0.23 6.25 9.91 0,45 26.60 62.00 1.27 64,10 12.55
8 0.55 0,15 13,29 7,49 0.39 24.99 44.87 1.09 56,23 10.00

MEAN 0.63 0 .1 7 2.9 10 .8 0 .4 6 2 2 .8 5 0 .9 1.25 57 .3 11.3
SD 0.13 0 .1 0 4.7 3.5 0 .1 6 7 .4 10 .8 0 .2 6 13 .8 2.7
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v02  kinetic responses

UE
ND Ex

MEAN
SD

a A1 TDl r l A2 TD2 r2 End A MRT V 0 2  gain
(L.min'^) (L.min'*) ( s ) ( s ) (L.min'*) ( s ) (s ) (L.min'*) ( s ) (m Lm in 'W '*'

1 0.53 0.25 3.84 15.35 0.68 31.99 32,47 1,46 52.29 D.81
2 0.60 0.31 3.82 14.13 0.91 29.45 39.99 1.82 56.36 U.18
3 0.51 0.10 6.10 9.69 0.49 25.99 37.36 1,10 55.29 D.92
4 0.61 0.26 12.83 9.17 0.48 38.99 32.08 1,35 53.83 3.60
5 0.60 0.21 6.14 9.24 0.75 29.99 41.74 1.56 59.40 U.16
6 0.60 0.12 1.34 4.83 0.35 20.99 22,71 1,07 34.12 il.37
7 0.48 0.24 3.70 8.00 0.87 23.99 44.35 1.59 56.09 11.90
8 0.61 0.41 9.15 6.94 1.36 28.92 43,99 2.38 59.75 U.99
9 0.45 0.26 6.88 9.43 0.54 25.96 43.99 1.25 52.52 li.42

10 0.51 0.19 11.25 17.71 0.32 36.03 31,99 1.02 53.47 9.44
0 .5 5 0 .2 4 6.5 1 0 .4 0 .6 8 2 9 .2 37 .1 1 .4 6 5 3 .3 11.7
0 . 0 6 0 .0 9 3.8 4 .0 0 .3 1 5.4 7.1 0 .4 1 7 .2 2.0

V 0 2  gain

MEAN
SD

(L.min'*) (L.min *) ( s ) (S) (L.min *) ( s ) ( s ) (L .m in * )  ( s ) (m L m in ' W'*;
1 0.57 0.34 9.30 19,96 0.62 28.85 33,06 1.53 50.35 D.26
2 0.54 0.13 6,99 17.71 0.40 31.02 38,00 1.07 58.15 U.16
3 0.50 0.23 8,18 14,72 0.39 35.99 45,84 1.12 59.97 9.81
4 0.58 0.17 4,20 15.03 0.78 29.56 33.99 1.53 55.62 9.68
5 0.39 0.15 2,70 18,07 0.27 39.99 41.93 0.81 60.16 11.05
6 0.62 0.14 11.00 12.30 0.59 29.53 39.37 1,34 60.36 D.94
7 0.55 0.19 2,40 17.51 0.39 33.65 41.44 1,13 57.05 15.30
8 0.64 0.15 3,51 9.99 0.48 22.68 39.99 1,27 51.00 3.21

0 .5 5 0 .1 9 6.0 15 .7 0 .4 9  ^ 3 1 .4 3 9 . 2  ^ 1 .2 2 5 6 .6 3.97
0 .0 8 0 .0 7 3.3 3 .3 0 .1 6 5.2 4 .2 0 .2 5 4 .0 1.0

V 0 2  gain
( L .m in *) (L. min ■*) ( s ) ( s ) (L. min'*) ( s ) (s ) (L .m in * ) (s ) (m l .m in '  W* ^

1 0.48 0.28 7.52 18.25 0.33 29.99 33.42 1.09 46.13 11.30
2 0.56 0.29 4.82 13.00 0,79 22.14 31.99 1.64 44.38 13.59
3 0,71 0.13 4.90 11.05 0,42 27.56 45.99 1.26 59.94 ID.18
4 0.68 0.32 8,66 19.99 0,26 42.66 33.00 1.25 49.72 13.70
5 0.57 0.22 1.99 12.84 0,54 37.59 60.99 1.33 74,34 n .0 2
6 0.58 0.20 4,90 19.13 0.37 35.09 37.32 1.15 55.23 U.59
7 0,58 0.26 12.08 17.10 0.26 46.05 32.09 1.09 53.66 9.59
8 0,62 0.27 10.61 12.66 0.36 32.55 30.00 1.25 45.74 9.01

MEAN 0 .6 0 0 .2 5 6.9 15 .5 0 .4 2 3 4 .2 38 .1 1 .2 6 5 3 .6 10.7
SD 0 .07 0 .0 6 3.4 3 .5 0 .1 8 7.9 10 .5 0 . 1 8 9 .9 1.5

T2DM Con a A1 T D l r l A2 TD2 r2 End A MRT V 0 2  gair
(L.min'*) (L.min'*) ( s ) ( s ) (L.min'*) ( s ) ( s ) (L.min'*) ( s ) ( m L m i n . W *

1 0.50 0.15 14.39 16,46 0.22 35.23 44.00 0.87 59.62 D.27
2 0.71 0.08 10.65 13,95 0.53 28.76 47.98 1.32 69.90 11.29
3 0.80 0.26 4.85 18.61 0.53 31.99 50.03 1.59 62.75 n .S 2
4 0.69 0.22 16.31 14.99 0.34 35.13 58.10 1.25 68.90 D.35
5 0.60 0.10 7.86 9,36 0.45 24.99 58,96 1.15 71.82 D.16
6 0.63 0.15 6,34 5.72 0.78 21.27 54.99 1.56 65.91 17.19
7 0.55 0.21 12.64 14.99 0.48 35.02 70.22 1.24 81.62 2 .6 9
8 0.58 0.24 9.70 13.60 0.43 31.45 50.00 1.25 60.62 9.56

MEAN 0 .6 3 0 .1 8 10 .3 1 3 .5 0 .4 7 30 .5 5 4 .3 1 .2 8 6 7 .6 L2.0
SD 0 . 1 0 0 .07 4.0 4 .1 0 .1 6 5.2 8 .2 0 .2 3 7 .2 2.7
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Appendix 27: Heart rate kinetic responses at BS, SE, and UE.

B asetine Supervised  exerc ise U nsupervised  ex erc ise
a A1 TO tau End A a A1 TO tau End A a A1 TO tau End A

NO Ex (b e a ts .m in ')  (beats.m n ')  (s) (s) (beats.m in'*) (beats min'*) (beats.m in'*) (s) (s) (beats.m in*) (beats.m in*) (b e a ts .m in ')  (s) (s) (beats.m in'*)
92.0 43.3 0.6 53.6 135.3 107,5 28.7 1.6 56.7 136.1

83.0 26.7 9,2 53,0 109.7 89.9 44.2 0.1 64.5 133.9 89,31 49.3 0.1 73.3 138.2
83.0 28.5 3,2 75,2 111.2 89,3 47.8 0.5 68,1 136,9 83,5 35.1 2.1 64.5 118.4

88.9 40,9 1,2 51,0 129.8 81.0 42.4 13.0 55.6 123.3 82,62 42,5 7,9 58.6 125.0
108.9 22.4 66,3 131.2 114.21 19.4 0.1 56.8 133.6
94,6 69.8 6,3 70,0 163.9 82,25 57.6 1,8 63.4 139.5

78.1 48,2 9.8 55,9 126,2 * 77.8 52.4 40,5 130,2 77,62 60.3 3,0 55.3 137.8
91.3 39.6 2.9 61.6 130.7 83,0 40,1 36,7 123,2 74,68 37.1 18.4 54.5 111.7

10 80.5 38,8 8,6 60,0 119,2 80,7 30.9 1.7 47,6 111,5
MEAN ^ 8 4 ^ 3 7 ^ 5 .8 '’ 59,6^ 121 8 9 ^ 44 f 55.9^ 132  ̂ 8 9 ^ 41 4.4 ' 60.4 ^ 130

SD ^ 5 ^ 8 ^ 3 .8 '’ 9.1^ 9 f 1 0 ^ 13^ 4gr 12.3^ 14 f  14 r 1 4 ^ 6 .2 ^ 6.4 ^ 10

NO Con a A1 TD tau End A a A1 TD tau End A a A1 TD tau End A
ID (beats.m in *) (beats.m n '*) (s) (s) (beats.m in*) (beats.m in *) (beats.m in ')  (s) (s) (beats.m in*) (beats.m in*) (beats.m in*) (s) (s) (beats.m in*)

84.2 43.5 2,0 49,3 127-6 87.2 40,3 13,4 28.0 127.4 81.3 50.0 9,4 34.2 131.2
97.0 39,7 15,7 76,0 136,2 95.4 47,0 9.0 91.0 141.4 115.5 31.4 3,0 86.7 146.3
81.0 32,1 2,4 68,1 113.0 82.0 30,0 9.0 60.6 111.9 92,8 32.7 3.5 63.2 125.4

86.0 41,5 5.5 32.0 127.5 84,8 36.7 4.0 51.1 121.5

97.0 51.1 8.6 68.0 147-7 78.3 66.5 5.1 61.0 144.6 99.3 26.3 5.3 37.0 125.5
83.5 27,9 2.6 48.0 111,3 83.9 60,9 6,4 61.0 144.6 94.0 15.0 3S.8 81.0 108.7
98.0 28,6 0.8 67,0 126,4 107.6 27.4 5.3 61.0 134.9 84.4 64.5 4.3 50.0 148.8

MEAN 9 0 ' 3 7 ' 5 .3 ^ 6 2 .7 ^ 127 r  8 9 ' 4 5 ' 7.7 5 6 . 4 ' 133 V 9 3 ^ 3 7 ^ 9 . 3 ' 5 7 . 6 ' 130
SD r 8 ' 9 ' 5 . 8 ' 1 1 .4 ' 14 '  1 0 ' 1 5 ' 3.0 2 1 . 0 ' 12 r 1 2 ' 16 1 2 . 0 ' 20.4 ' 14

T2DMEX a A1 TD tau End A a «1 TD tau End A 3 A1 TO tau End A
ID (beats.m in *) (bea ts .m n  *) (s) (s) (beats.m in*) (beats.m in'*) (beats.m in *) (s) (s) (beats.m in*) (beats.m in*) (bea ts .m in '')  (s) (s) (beats.m in'*)

88.5 30.24 0.4 58.3 118.7 83.0 38.2 3.1 42.6 121.2
79.7 38,6 2.3 27.7 118,2 90.3 29.9 0.4 35.3 120.1 78.9 34.9 0.5 29.9 113.8

119.5 21.5 12.1 85,1 140,6 116.0 10.0 9,0 101.5 125.6 117,0 22.0 5.2 65.0 138.9
114.0 23,0 6.0 85.6 136,6 112.7 31.0 0,1 67.1 143.5 120.1 22.5 21.9 47.0 142.6

94,4 34.5 0.1 143,7 126.1 110.4 39.0 11.2 85.0 148.7
114,8 24,5 7.7 79.8 138.9 103.0 19.2 9,0 112.5 121,3 103.9 33.4 10.4 62.0 137,2
105,6 33,1 0,5 69.7 138.5 95,5 47.4 7,0 62,0 142,8 87.9 24.9 6.8 39.0 112,9

8 80.0 19-0 13,7 43.0 98,9 73.3 29.6 0.0 13.1 102,9
MEAN 1 0 5 ^ 2 9 ' 4 , 8 ' 8 1 . 9 ' 133 '  9 8 ' 2 7 ^ 5 .6 ^ 6 8 .5 ' 124 97 31 7.4 47.9 127
SD f 1 5 ' 7 ' 4 . 7 ' 3 7 . 2 ' 9 '  1 3 ' 1 2 ' 5.4 2 8 . 7 ' 15 18 7 7.2 22.4 17

T2DM Con a A1 TD tau End A a A1 TD tau End A a A1 TD tau End A
10 (beats.m in ')  (beats.min ')  (s) (s) (b ea ts .m in ’) (beats.m in *) (beats.m in *) (s) (s) (b ea ts .m in ') (beats.m in*) (b e a ts .m in ')  (s) (s) (b e a ts .m in ')

114,0 28,9 0,1 76.3 142.6 126.3 9.8 2,9 82.4 135.9 100.7 9.5 20.0 190.1 108.5
83.0 9,1 4,1 51.4 92.1 89.5 20.0 0,1 138.3 108.0

116,8 22,2 3.0 71.2 138.8 96.4 31.4 3.0 84.2 127.4
135,9 17,0 3.0 152,7 126,2 12.1 0,1 57,3 138.3 118.3 26,3 0,4 90.0 144.1
108,1 34,0 0.1 98,4 141,2 123,2 19.3 0.1 164.1 140.3 110.9 21,6 0.5 79,3 132.3
108,5 29,0 0.5 57.8 137,4 114,4 19.1 0.1 94.4 133.0
134,9 12,9 2.0 147,8 129,8 16.2 0.1 91.5 145.7 112.6 33,1 7.1 100.0 144.7

8 86.0 41,9 0,1 66.0 127,7 82,3 27,5 8.8 40.6 109.8
MEAN 111 24 1.6 71.2 135 '  113 1 7 ^ 1 .7 ^ 9 5 . 5 ' 130 V 1 0 8 ' 2 4 ' 6.2 ' 1 0 8 ,7 ' 131
so 20 11 1.6 14.4 19 '  1 9 ' 6 ' 3 , 3 ' 4 3 . 2 ' 15 r 9 ' 9 ' 8.2 ' 4 6 . 2 ' 15

256



Appendix 28: Cardiovascular responses during cycle exercise at 80% VT at BS, 
SE, and UE.

NO Ex CO (L.min *) Cl (L.min’’.m' )
BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

1 3.8 7.8 10.1 4,0 6.7 8,9 4.1 7.6 9.2 2.3 4,8 6.2 2.5 4,1 5,2 2.5 4,7 5.6
2 4.7 8.5 9.1 4.5 8.1 10,2 4.9 7.7 9.3 2.8 5,2 6.0 2.7 3,4 4,8 2.9 4,6 5,6
3 3.0 S.9 6.8 3.3 S.7 8.5 3.1 6.4 7.6 1.7 3.4 4.0 1.6 3,4 4,9 1.8 3.7 4.4
4 3.7 8.1 9.1 4.7 5.7 10.2 1.8 7.1 8.0 2.6 4,8 5.5 2.9 3.4 6.2 1.1 4.3 4,9
5 3.6 8.2 10.7 4.8 8,7 10,6 5.2 8.8 10.7 1.3 4,4 5.6 2.5 4.2 5.4 2.8 4.8 5,7
6 2.8 5.9 6.9 2.0 4.0 6.2 3.9 5,4 5.6 1.6 4,5 5.3 1.5 3.1 4.8 3.0 4.2 4.3
7 4.S 7.7 9.9 5.0 8.4 11.1 4.4 8.0 10.5 4.7 4,3 5.5 2.4 4.7 5.8 2.5 4.5 5,9
8 5.2 9.9 4.0 9.8 11.7 3.2 5.9 2.3 5.7 6,9
9 3.6 6.9 11.3 4.5 8.4 11.2 3.9 7.4 10.2 2.4 5,2 7.0 2.2 4.9 6.6 2.0 4.0 5,7

10 4.2 5.5 8.2 2.9 6.5 7.0 4.9 6.6 2.8 3,6 4,5 1.9 4.2 4.6 3.2 4.3
MEAN 3 .8 '’ 7.1 '  9.1 4.1 7.2 9.3 4.0 7.5 9.2 2,5 ' 4,4 ^ 5.5 2.3 4,1^ 5.3 2.4 4.5^ 5.4

50 f 0.6^ 1.1 ^ 1.6 1.0 1.8 1.8 1.0 1.3 1,9 f 1.0 ' ' 0.6*' 0.9 0,5 0,9 ' ’ 0.7 0.6 0.5 '' 0.8

NO Con CO (Lmin ’) CI(L )
BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

1
2 4,5 7.1 8,3 4.9 7.0 8.5 3.8 6.6 7,7 1.0 4,5 5.2 3,1 4,4 5.4 2.1 4,2 4.9
3 4,4 6,5 7,9 3.3 5.0 5.2 3.2 7.0 8,0 2,6 3,9 4.7 1,9 3.0 2,9 2.1 4,1 4.7
4 4,7 9,0 10,0 5.2 8.8 10.4 4.9 9.9 12,1 2,4 4,5 5,0 2,6 4.4 5.2 2.1 5.0 6,1
S 3,8 5,3 7.0 4.8 5,1 6.7 4.6 5,2 6,5 2,4 3,4 4.4 3,0 2.2 4,2 2.9 3,3 4,2
6 5,9 7,9 10.9 5.5 8.5 9.5 5.1 5.3 10,0 3.3 4,4 6,0 3.1 4.8 5,3 2.9 3,0 5.6
7 4,5 6,0 8.3 3.8 6.1 9.7 4,1 7,0 8,9 2,6 3,2 4,7 2.2 3.5 5,5 2.3 4,0 5.0
S 5,7 7,1 8.4 5.7 7,9 8.5 4,2 9,8 2,9 3.6 4,2 2.9 4,0 4,3 2,1 4.9

MEAN 4,8^ 7,0 ^  8.7 4.7^ 6,9 ' 8,4 6,8 ^  9,0 2,5^ 3,9^ 4,9 2.7^ 3 ,8^  4,7 2.4^ 3.9^ 5.1
SO

r
0.8^ 1.2 "  1.3 r 0.9^ 1,6^ 1.8 f 0.7 '' 1,7 ' '  1,8 0.7 '' 0,5 '' 0,6 r o s ' ' 0 .9^ 1.0 r 0,4 ^ 0.7 '' 0.6

T20M Ex CO (L.min *) Cl (L.mio'’.m‘ )
BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s
1 2.8 6.2 6.3 3,3 9,1 7.5 2.7 56 6.1 1.8 4,0 4,0 2.1 5.8 4,8 1.7 3.6 3.5
2 J.6 8.8 10.6 4,3 9.8 11.7 i.3 y.i 12,1 2.1 5,1 b.l 2,4 5.6 6,7 1.9 b.2 7.0
3 5.2 8.2 10.5 5,6 9.0 13.5 4.8 9.3 10,3 2.9 4,6 5.9 3.2 5,1 7.1 2.8 5,4 5.9
4 3.6 6.6 8.6 3,7 6.5 9.4 5,2 9,1 2.0 3,7 4.7 2,0 3,6 5.2 2.9 5,0
5 3,9 7.2 7,8 5,9 7.0 8.0 4.7 5 7 8,0 2.3 4.3 4.6 3.5 4,1 4.7 2.8 3.3 4.7
6 3,8 6.9 7,8 3.9 7.3 9.6 3.3 6.2 7,5 2.1 3,8 4.6 2.1 4,0 5.2 1.8 3.4 4,1
7 4,0 7.5 10,0 3,9 7.8 6.1 4.2 6.9 8,6 2,1 4,1 5.3 2.1 4,2 3.3 2.2 3.7 4,6
8 5,3 10.2 11,3 5,1 7.6 8.7 6.5 7.9 10.2 2.6 5.1 5.2 2.5 4,5 43 3,3 4.0 5,2

MEAN 4,0 7.7 9,1 4,5 8.0 9.3 4 .3 '’ 7.2 9,0 2.2 4,3 5.0 2.5 4,6 5.2 2.4^ 4,1 5,0
SO 0.8 1.3 1,8 0.9 1.1 2,4 1,2^ 1.5 1,9 0,4 0,5 0.7 0.6 0.8 1.2 O .b ' 0.9 1.1

T2DM Con CO (L.mm-‘) Cl (L.min '.m )
BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

1 3.0 7,1 10,4 3.0 5.3 6.1 3.3 5.2 1.7 3.1 3,6
2 4,7 5,6 7.9 5.0 8,0 9.7 4.5 8.6 9.9 2.3 2.7 3.3 2,4 3.9 4.7 2.2 4,2 4,6
3 4.0 8.5 7.8 4.6 8,9 10.4 4.5 9.0 10.6 2.0 4.1 3.7 2.2 4,5 5.0 2.1 4,3 5,1
4 3,9 6,7 8.5 4.8 8,6 9,3 4.2 8.1 8.0 2.1 3.6 4.6 2.6 4.6 5.6 2.3 4,4 5,4
S 3.6 8.6 5,9 3.8 4,0 8.3 3.6 7.5 6.6 1.9 4.6 5,1 2.0 2.1 4.4 1,9 4,0 4,1
6 5.1 6.8 11,7 5.7 9.0 10.5 5.7 8.6 9.4 2.5 3.4 5.9 3.0 4,5 5,4 1.0 4,2 4,6
7 4,4 7,8 13,1 3.5 7,1 9.0 2.6 5.6 5.3 2.4 4.3 7.3 1.9 4,0 5.1 1.5 3.1 3.0
8 2.1 6.0 8,9 2.0 7.0 8.0 2,6 7.0 9.1 1.2 3.4 5.1 4,1 4.6 1.5 4.1 5,3

MEAN 3.8 7.1 9,3 4,2 7.5 9,3 3.8 7.5 8.1 2,0 3.7 5.0 2.3 4.0 5.0 1,8 3.9 4,5
SO 1.0 1.1 2.3 1.2 1.7 1.0 1.1 1.4 1.9 0,4 0.6 1.3 0,4 0.9 0.4 0.4 0.5 0,9
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Cardiovascular responses during cycle exercise at 80% VT

NO Ex S V (m l) S V I(m l.m '^ )

BS SE UE BS SE UE

No Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s  2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s  2 4 0 s Os 3 0 s  2 4 0 s

50.0 74.0 75.5 50 .5 62.5 65,5 50.0 72 .0 67 .5 30 .6 45.2 4 6 .2 30 .8 38.1 39.9 30 .6 44 .0 41 .3
6 1 .0 68 .0 75.0 60 .0 80,5 81,0 68,0 95 ,0 71.0 37 .0 41.3 4 5 .5 36 .2 4 8 .6 48 .9 4 0 .8 56.9 42 ,6
38.0 6 0 .0 6 4 .0 39 .0 57.5 63,5 37,0 67,5 63 .0 22 ,0 34.7 37 .0 22 .7 33 .5 3 7 .0 2 1 .6 39.3 36 ,7

57.0 67 .0 78.0 59.0 51.0 85,0 24,0 66 .0 71 .5 33 ,9 39 ,8 4 6 .3 3 5 ,7 30 ,8 5 1 .4 14.3 39,4 42 .7

6 1 .0 71.5 84 .0 60 .5 72,0 83,5 68 ,0 87 ,5 84 .5 32,1 37 ,6 44 .2 31 ,9 3 8 .0 44 .0 36 .2 46 .6 45 .0
31.0 45 .5 41 .5 20 .0 30,0 41.0 47 ,0 46 ,5 39.0 23 ,6 34 .6 31 .6 15,5 23.2 31.7 36 .4 36 .0 30 ,2
6 0 .0 71.0 71.0 57.0 64,5 68 .0 62 ,0 85 ,0 73.0 33 ,8 40 ,0 40 .0 32 ,4 36,7 38.7 35.1 48 .1 41 .3

8 78.0 96 ,0 55,0 90 ,0 86 .0 4 7 ,0 57,8 33.1 54.1 51 .7

9 53.0 84 .0 92 .0 51.0 97 ,5 94.5 48 ,0 82 ,0 91 ,0 30 ,9 48 ,9 53.6 30 ,0 57,4 55 .7 28 .2 48 .1 53 .4

10 51.0 59,5 69.0 60 .0 70,5 63 ,0 59,0 73 ,0 33.1 38 ,6 44 .7 38 ,8 45 .6 40 .8 38,4 4 7 .5

MEAN 51 .3 ^ 6 6 .7 ^  72.2 53.5 68,2 ^  71.7 51,8 7 6 ,5 ^ 71,8 30 ,8 ^ 4 0 .1 ^ 4 3 .2 32,1 4 1 .0 ^ 43.1 31 .5 4 6 ,0 ^ 42 .8
5D r 10 .5 ^ 10,9 ^  14.2 15.4 20,3 ^  16.0 13,8 14 ,4 ^ 15,4 r 4 ,9 ^ 4 ,7 ^ 6.3 8 ,6 11 .3 ^ 7 .6 8,2 6 ,6 ^ 7 .0

ND Con S V (m l) S V I(m l.m '^ }

BS SE UE BS SE UE

No Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s

6 6 .0 64 ,5 63.5 55.0 65 ,0 65,0 39,5 59.0 55 .5 42 .6 41,6 4 1 .0 35 .6 42.1 42.1 2 5 ,5 38.1 35 ,8
6 1 .0 66 ,5 73.5 41 .5 58,0 48,0 37,0 74,0 70 .0 36.1 39,4 4 3 ,5 24 .5 34 .2 28,3 2 1 .7 43 .4 41 ,1

6 4 .0 92 .0 80 .0 69 .0 94 ,0 87,0 69 ,0 105.0 103.0 32 .0 46 ,0 4 0 ,0 34,6 47.1 43 ,6 34 .8 52.9 51 ,9
4 0 .0 4 7 ,0 59.0 64 .0 38,0 46,0 84 .0 109.0 118,0 25.2 29.6 37.1 4 0 .0 23 .8 28.8 52 .7 68 .4 74.1

6 9 .0 6 7 .0 72.0 66 .0 72-0 63-0 61 ,5 49 .0 69,0 38.3 37.2 4 0 .0 37 .0 4 0 ,3 35.3 34.5 27.5 38 .7

59.0 60 ,0 73.5 45 ,0 48 ,0 74,0 60 .0 80 .0 8 0 .0 33.5 34.0 4 1 .7 25 .4 27,1 41 ,8 3 4 .0 4 5 .4 45 .4

8 6 2 .0 65 .0 61 .0 52.0 61.0 61.0 47 .0 80 .0 31.2 32.8 3 0 ,7 26 .2 3 0 ,7 30 .7 2 3 .8 0.0 40 .5

MEAN 6 0 .1 ' ' 6 6 .0 '  68.9 5 6 .1 ^ 6 2 ,3 ^ 63,4 56.9 ^  79.3 82.2 3 4 ,1 ^ 3 7 .2 ^ 39.1 3 1 .9 ^ 3 5 ,0 ^ 35.8 3 2 .4 *' 39.4 46 ,8
SD

r 9 ,5 ^ 13,4 ' '  7.8 r 1 0 ,7 ^ 1 7 ,9 ^ 14 .2 ^ 16.9 ^  24.1 21.4 r 5 ,6 ^ 5 .6 ^ 4 ,2 ^ 6 ,4 ^ 8 .5 ^ 6 .7 ^ 10 .5 ^ 21.5 13,1

T2DM Ex S V { m l) SV I{m l.m '^ )

BS SE UE BS SE UE

No Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s

42,0 68.0 52,5 50,0 99 .0 62 .0 40,0 58 .0 54.5 26 .7 43 .2 33.4 32,2 63 .8 39.9 25 .8 37.5 35.2
53.5 84.5 87 ,5 63 .5 104.5 100,5 50.0 93 .0 107.0 30 .6 48 .3 50.0 36.4 59.8 57.5 28 .9 53.8 62 .0
49,0 67.0 76,0 64 .0 75.0 93 ,0 46.0 76 .0 73.0 27.6 37.7 42 .8 36.4 42 .6 52.9 2 6 .4 4 3 .6 41 .9
42.0 58.0 66 .0 37,0 56.0 67 .0 52.0 66 .0 22.9 31.7 36.1 19.4 29.4 35.2 28 .5 36.2
49,5 71.5 64 .0 83 .0 76,0 64 .0 48 .0 49 .0 56.0 29.3 42-3 37.9 48 .8 44 ,7 37.6 28 .3 28.9 33 .0
38,0 59.0 64.0 39,0 61.0 71.0 35.0 57 ,0 55 .0 20 ,6 32,0 34 ,8 21.1 33 .0 38.4 18.9 30.8 2 9 .8
41 ,0 70 .0 74.0 4 0 .0 68.5 42 .0 50,0 68 ,0 76 ,0 21 .8 37,2 39 ,3 21 .6 37 .0 22.7 27 .0 36.7 4 1 .0
54.5 89 ,0 77.0 73 .0 86.5 86.0 101.0 93 .0 99.0 27 .0 44.1 38.1 36 .8 43 .7 43 ,4 51 .6 47 ,5 50 .5

MEAN 46,2 70,9 70-1 56.2 78.3 73.2 52 .8 ^ 70,6 73.3 25 .8 39.6 39 .0 31 .6 44 .3 41 ,0 2 9 ,4 ^ 39.8 4 1 .2
SD 6.2 11,0 10.7 17.2 17.3 19.0 2 0 .3 ^ 17.6 20.2 3.6 5.9 5.3 10,2 12.1 10.7 9 .5 ^ 9 .0 10.5

T2DM Con S V (m l) S V I(m l.m '^ )

BS SE UE BS SE UE

No Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s Os 3 0 s 2 4 0 s

1 61 .0 74 .0 36.0 48 ,0 53 .0 35.8 43 .5 21,2 28.3 3 1 .2
2 72.0 75.0 84 .0 77 .0 94 .0 88 .5 54.0 87 .0 82 .0 34.9 36.3 4 0 .7 37 .7 46 ,0 43 .3 26.2 42 ,2 39 .8
3 44 .0 73.0 56 .0 51.5 81.0 78.0 55.0 82 .0 82 .0 21 .2 35.2 27 .0 24 .8 39 .0 37.5 26 ,3 39,3 39 .3
4 32.0 46 .0 53 .0 49 .5 64.0 73.5 44 .0 64 .5 52.0 17.2 24.8 28.5 26 .9 34.8 39,9 24,2 35,4 2 8 .5
5 39.0 77 .5 41 .5 40 .0 34 .0 62 .0 40.0 67 .0 62.0 20 .6 40.9 21 .9 21 .2 18.0 32,8 21,2 35,5 32 ,8
6 51.5 61 .5 88 .0 60 .0 87.0 87 .0 26,0 90 ,0 75.0 25 ,9 31.0 44 .3 30.1 43 .7 43 ,7 12,8 44 .3 3 6 .9
7 39.0 63 .0 91 .0 36 .0 64,0 60 .5 28,0 50 .0 37.0 21 .7 35.0 50 .6 20 ,3 36 .0 34,0 15,8 28.1 20 .8
8 26.0 67 .0 71 .0 77.0 74.0 33.0 75 .0 85 .0 15.0 38.5 4 0 .8 44.4 42 .7 19,1 43 .4 4 9 .2

MEAN 43 .4 65.5 69,8 f 5 2 .3 ^ 71.6 ^  74.8 39.5 70 .4 66 .0 22-4 34.7 37.2 2 6 .8 ^ 3 7 .4 ^ 39.1 20 ,8 37.1 34 .8
SD r 15.0 10.1 18.0 f 14 .8 ^ 19.9 ^  10.9 11.0 15.9 17.6 r 6.5 4.9 10.1 f 6 .5 ' ' 9.6 4,5 4 .8 6.4 8 .5
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Cardiovascular responses during cycle exercise at 80% VT

NDEx HR (b ea ts .m in  ’) A -V O iD IFFfm I.lO O m r' blood)

BS SE UE 8S SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s 05 30s 240s Os 30s 240s Os 3 0 s 240s

1 75.5 104.5 134.5 78.5 106.5 129.0 82.0 105.5 135,0 6,8 9.6 13.3 7.3 11.0 14.0 7.1 10.6 15.2

2 78.0 109.0 129.5 78.0 101.0 131.0 72.0 101.0 132,0 7,1 10.4 14.6 6.0 9.9 16.2 6.3 11.3 20.7

3 77.5 91.5 116.5 84.5 100.0 130.5 79.5 94.0 123,0 8.2 11.9 15.0 8.3 17.5 25.5 7.1 11.0 14.9

4 75.5 110.5 123.5 80.5 108.0 121.0 78.0 107.0 111,5 7.1 10.6 14.8 6.8 14.2 15.9 17.2 11.6 17.7

5 75.5 102.0 127.0 79.0 111.0 120.5 73.0 102.5 125,5 7.3 10.2 14.3 4.6 7.5 11.7 5.7 10.4 14.8

6 110,5 128.0 164.0 96.5 134.5 152.5 81.5 114.5 140,0 7.5 11.3 13.9 10.7 18.0 20.5 5.5 14.9 19.4

7 74.5 107.5 138.0 85.5 129.0 165.5 71.0 94.0 144,0 7.1 10.1 17.3 4.2 8,6 13.1 6.8 10.0 16.0

8 69.0 97.5 123.0 66.5 103.5 133.0 72.0 109,0 138,0 6.4 10.4 7.4 9.8 20.2

9 87.0 106.0 129.5 75.0 86.0 119.0 70.5 91.5 113,0 7.5 9.6 12.0 6.6 13.6 15.0 6.7 8.7 12.3

10 82.0 92.5 119.5 74.5 92.0 114.0 83.0 93,0 128,0 6.2 11.3 11.1 7.4 11.8 18.0 5.9 9.8

MEAN 80.5 104.9 130.5 79.9 107.2 131.6 76.3 101.2 129.0 7 .2 ^ 1 0 .5^ 14.0 6.8 12.3 ^  16.7 7.6 1 0 .8 ' 16.8

SD 11.6 10.5 13.5 7.9 15.0 16.0 5.0 7,9 11,0 r 0 .5 ^ 0 .8 ^ 1.8 1.8 3.6 ^  4.2 3.4 1 . 6 ' 2.9

ND Con HR (b ea ts m in ‘) A-VO 2 O IF F (tn l.l0 0 m l '  blood)

BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

72.0 93,5 12S.5 71,5 107.5 130.0 74.0 99.0 130.0

84.5 108,5 130,5 89,0 108,5 130.5 93.5 112.0 139.0 5.8 9.9 11.6 5,8 8.7 10,6 6.1 9.8 14.0

73.5 90,5 108.5 79,0 86.0 108.5 87.0 94.0 114.0 5.9 10,2 13,5 6,6 12.4 19.1 15.5 10.5 14.7

74.0 98.0 125.0 75,0 94.0 87.0 72.0 94.0 118,0 4,8 11,3 15.6 5,2 8.8 14.7 4.9 9.2 13.1

95,0 114,0 120,0 74,0 135.0 145.0 84.0 109.0 118,0 6,6 11,6 12.8 5.0 10,4 11.0 5.1 10.2 12.7

6 85,0 118,0 152,0 84,0 118,0 151.0 81.0 108,0 144.0 5,2 10,5 12.5 5.5 10,0 14.4 5.7 13.1 13.8

7 72,0 102,5 114,0 84,0 125.0 131.0 67.0 88.0 111.0 5.2 11.7 12.9 6.3 10.6 13.4 6.9 10.0 12.8

6 92.0 104,0 138,0 110,0 130,0 138.0 89,0 108.0 122.0 3,9 8.8 11.1 5,1 10.3 15.8 6.9

MEAN 81.0 103,6 126,7 83,3 113.0 127.6 80.9 101.5 124.5 5 .3 ^ 1 0 ,6 ' 12.9 5 .7 ^ 10.2 '  14.1 7.3 '^ 1 0 . 5 ' 13.5

SD 9,4 9,6 13,8 12,3 17,2 20.7 9.2 8.9 12,0 r 0 . 9 ' 1 , 1 ' 1.4 r 0 . 6 ' 1.3 '  2,9 F 3 . 7 ' 1 . 4 '  0,7

T2DMEX HR (b ea ts .m ln  *) A-VOz D IF F (m l.l00m l ‘ blood)

BS SE UE BS SE UE

No Os 30s 24Cs Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s 0$ 30s 240$

1 72.0 94.5 119.5 66.0 92.0 122.0 72,5 97,5 112.0 7.7 9.7 16,9 7.9 8,6 16.0 8.8 11.1 17.1

2 67.5 104.0 121.5 66.5 93.0 116.5 65,0 97.0 113.0 6.4 12.0 16.2 6,6 10.0 15,4 6.6 9.8 14.3

3 105.5 124.5 140,0 102.0 120.5 146,5 106.0 123.0 140.0 4,4 10.6 12,2 6,7 9,7 10.9 5.4 9.8 11,9

4 91.5 113,0 132.5 100.0 117,0 140,0 90.0 100.0 138.0 7.7 11.7 13,6 5,6 13.3 15.7 4.4

5 79.0 101.0 123.0 71.0 92.0 125,0 78.0 116.0 144.0 6.4 9.0 15,9 4,1 11.4 16.5 5.6 11.5 16,9

6 100.0 116.0 131.0 100.0 119.0 136,0 95.0 116.0 138.0 6.7 11.3 15.9 5.9 11.7 14,2 6.3 10,7 15,0

7 97.0 lU .O 135.0 97.0 114,0 145.5 85.0 101.0 114.0 7.7 10.9 13,0 7.5 11.7 28.0 6.4 10,3 13,7

8 97.0 114,0 142.5 69,5 88.5 101,0 64.0 85.0 103.0 5.4 9.5 14,2 4,6 9.4 16.9 5.1 9,8 13.1

MEAN 88.7 109,8 130.6 84,0 104,5 129.1 81.9 104.4 125.3 6.5 10.6 14,7 6,1 10.7 16.7 6 .1 ^ 10,4 14,4

SD 14.0 9,5 8.6 17,0 14,2 15.8 14.8 12.7 16.2 1.2 1.1 1.7 1,3 1,5 5.0 1 . 3 ' 0,7 1.9

T2DM Con HR (b ea ts .m in  ‘) A-VO: D IF F (m l.l0 0 m r‘ blood)

BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 3 0 s  240s Os 30s 240s Os 30s 240s

110.5 116.5 140.5 95.0 118,0 136,0 83.0 111.0 114.0 7,0 9.7 12.7 6,7 11.3 14.3

66.0 84.0 93.0 63.5 85.0 109.0 83.0 99.0 121,0 6.8 11.4 14.7 4.6 8.4 14.6 6,4 9.5 13.7

98.0 115.5 139.0 87.5 110.5 135.0 81.0 109.0 129.0 8.1 10.6 18.0 6,1 11.8 16.8 5,6 10.6 14,9

116.5 145.5 157.5 97.0 132.5 141.0 96.0 124,5 152.5 6.1 8.7 10.9 6,3 8.2 11.4 7.1 10.9 15,9

90.5 118.0 136.5 93.0 116.5 134.0 89.5 111.5 130.5 6.8 8.8 17.1 6,6 17.6 13.7 6,7 10.1 16,3

97.0 110,0 136.0 83.0 104,5 125.5 79.0 96.0 126.0 6.3 11.2 11,4 8.8 9.3 13,0 5,5 12.0 16,8

112,0 123.0 144,0 95,5 111,5 148,5 93.0 111.0 144.0 4.7 10.9 11.0 6.7 9.7 15,0 8,4 12.2 22,3

8 83,0 123.0 153.0 72.5 91.0 108.0 81.0 93.0 107.0 10.1 12,6 15,5 12,6 10.4 14,0 9,0 10.5 13,2

MEAN 96,7 116.9 137,4 85,9 108.7 129.6 85.7 106.9 128.0 7.0 10.5 13.9 7 . 4 ' 1 0 .8 ' 14,1 6,9 10.9 15,9

SD 16,8 17.0 19,6 12,2 15,2 14.6 6.3 10.3 14.9 1.6 1.4 2.8 f 2 . 6 ' 3 . 2 ' 1,7 1,3 0.9 2,9
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Cardiovascular responses during cycle exercise at 80% VT

N D Ex M A P (m m H 9 ) TPR (m m H g.L  *.m in ‘

BS se UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

92.5 113.3 121.7 91,3 116,7 129.3 96.7 123.3 133.3 24,3 14.6 12.0 23.1 17.5 14,5 23.6 16.3 14.6

76,2 86.3 87.0 76.8 80,0 83.7 83,3 90.0 91.7 16,2 10.2 9.6 17.1 9.9 8.2 17.0 11.7 9.9

96.7 108.5 111.7 108.7 115,0 126.7 99.3 126.7 140.0 32.2 18.5 16.4 32.9 20.2 14,9 32.0 19.9 18.4

96.7 110.0 116,7 98.7 117,0 119,8 78,7 90.0 100.0 26,1 13.7 12.8 21.0 20.5 11.7 43.7 12.8 12.5

84,3 111.7 113.3 85.8 108.3 121,3 86.0 101,7 1150 23.4 13.7 10.6 181 12.5 11.4 16.5 11.6 lO.S

100,7 118.3 124.3 107,0 131,0 133,7 81.7 111.7 116.7 36.0 20.2 18.0 53.5 32.8 21.6 20.9 20.9 20.8

87.7 106.3 116.0 86.3 99,0 110.3 86.7 100.0 106,7 19.5 13.9 11.7 17.3 11.9 9.9 19.7 12.5 10.2

79.3 103,3 120.0 87,3 106.7 113.3 15.3 10.5 21.8 10.9 9.7

106,3 120.0 133.3 76.7 125,7 129.7 90.7 120,0 122,7 29.5 17.4 11.8 17.0 15.0 11.6 23.2 16.2 12.0

10 81.7 83.8 101.3 88.8 95.0 95.0 74.7 97.3 102,7 19.4 15.2 12.4 30.6 14.6 13.6 15.2 14.7

MEAN ’’ 9 1 .4 ^ 106.5 ^  113.9 90.0 109,1 117.0 86.5 106.7 114,2 2 5 .2 '’ 15 .3^ 12.8 24.6 16 .5 ^ 13.1 23.4 14.8 ^  13.2

SD ^ 9 .7 ^ 12.9 ^  13.4 11.6 15,2 16,2 7.6 13.3 14,9 r 6 .5 ^ 3 .0 ^ 2.7 11.8 6 .8 ^ 3.8 8.6 3.5 ^  4.0

N D Con M A P (m m H g ) TPR (m m H g.L ■’ .m in ‘

BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

103.0 122.3 133.3 93.7 117.0 126.7 93.3 113.3 126,7

100.2 115.3 127.0 92.3 112.7 124.3 94.3 114,2 122.3 22.5 16.4 15.3 18.8 16.1 14.6 25.2 17.4 15.9

90.3 102.7 113.3 90.2 109.0 116.3 82.0 94,3 103.3 20.5 15.8 14.3 27.7 21.8 22.4 25.6 13.5 12.9

95.7 117.3 123.3 84,0 108.0 111.3 81.3 97,3 108.0 20.4 13.0 12.3 16.2 12.3 10.7 16.6 9.8 8.9

98,7 116.7 124.7 92.7 116.7 121.3 95.3 112,7 120.0 26.0 22.0 17.8 19-3 22.9 18.1 20.7 21.7 18.5

91.3 112.0 111.3 93.0 106.3 112.0 82.3 96,0 100.0 15.5 14.2 10.2 16.9 12.5 11.8 16.1 18.1 10.0

101.3 112.7 122.7 96.7 100.0 119.3 100.3 110,0 114.7 22.5 18.8 14.9 25.4 16.4 12.3 24.5 15.7 12.9

88.0 93.3 103.3 92.3 94.7 94.0 84.0 90.0 91.3 15.4 13.1 12.3 16.2 12.0 11.1 20.0 9.3

MEAN 96.1 111.5 119.9 91.9 108.0 115.7 89.1 103,5 110.8 2 0 .4 ^ 16 .2^ 13.9 2 0 .1 ^ 16.3 ^  14.4 ^  21 .2 ^ 16.0 ^  12.6

SD 5.6 9.3 9.7 3.7 7.8 10.3 7.5 10.0 12.2 r 3 .8 ^ 3 .3 ^ 2 .5 ^ 4 .7 ^ 4.5 ^  4 .3 ^  4 .0 ^ 4,1 ^  3.6

T2DM Ex M A P (m m H g ) TPR (m m H g.L ‘ .m in ’ )

BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

1 89.7 110.7 115.7 98.0 103.3 110.0 82.0 94.0 102.0 32.0 17.8 18,5 29.7 11.4 14.7 30.9 16.8 16.7

2 90.0 122.3 123.7 86.7 113.3 116.7 99-3 116.7 120.0 25.0 13.9 11.7 20.4 11.6 10.0 30.1 12.8 9.9

3 113.3 131.7 131.7 120.0 130.0 133.3 103.3 130.0 133.3 21.8 16.1 12.5 21.6 14.4 9.9 21.5 14.0 12,9

4 107.3 120.3 124.0 104.3 U 8 .0 136.7 99.3 126.7 130.0 30.2 18.4 14.4 28.2 18.2 14.5 19.1 14.3

5 103.3 120.0 126.7 101.3 113.3 123.3 97.3 109.3 116.7 26.5 16.7 16.2 17.2 16.2 15.4 20.7 19.2 14.6

6 98.7 106.7 110.0 92.7 106.7 112.0 91.3 102.7 109.3 26.0 15.5 14.1 23.8 14.6 11.7 27.7 16.6 14.6

7 105.3 112.7 130.0 113.3 130.0 136.7 107.3 119.3 126.7 26.3 15.0 13.0 29.1 16.7 22.4 25.6 17.3 14.7

8 117.3 121,8 147.7 109.3 116.7 120.0 100.0 108.7 115.3 22.3 11,9 13.1 21.4 15.4 13.8 15.4 13.8 11.3

MEAN 103.1 118.3 126.2 103.2 116.4 123.6 97.5 113.4 119.2 26.3 15.7 14.2 23.9 14.8 14.0 23 .9 ^ 15.8 13.6

SO 10.0 7.9 11.3 10.9 9.7 10.8 7.8 12.1 10.6 3.5 2.1 2.2 4.6 2.4 4.0 5.6 2.3 2,2

T2DM Con M A P (m m H g ) TPR (m m H g.L ■‘ .m in ‘ )

BS SE UE BS SE UE

No Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s Os 30s 240s

92,0 128.0 131.7 95.3 116,7 120.0 96.7 112.7 115.3 30.7 18.0 12.7 32.2 21.3 18.9

99,0 112.0 115.0 98,2 106,7 118.3 96,0 109.3 113.3 21.1 20.0 14.6 19.6 13,3 12.2 21.3 12.7 11.4

95,0 128.3 130.3 90,0 126.7 126.7 92,3 98.3 109.0 23.8 15.2 16,7 19,8 14,2 12.2 20.5 10.9 10.3

109,7 118.2 128.0 118,0 135,0 136.7 98.0 114.0 116.0 28.1 17-6 15,1 24.6 15,8 14.7 23.3 14-2 14.6

99,0 120.0 136.0 87,3 106,7 106.7 95,0 113.3 116.7 27.9 14.0 23,1 23.3 26,7 12.9 26.4 15.2 17.7

117,3 139.0 148.7 106,7 126,7 133.3 96,7 126.7 137,0 23.2 20.4 12.7 18.7 14,1 12.7 17.0 14.7 14.6

116,7 130.0 145.0 96,3 116,7 133.3 91.0 112.0 115.0 26.5 16,7 11,1 27.9 16,4 14-8 35.0 20-0 21.7

8 85,7 93.3 96.7 90,3 103,3 111.7 80.7 98.0 100.0 40.8 15.6 10.9 45,2 14,9 14.0 31.0 14.0 11.0

MEAN 101.8 121.1 128.9 97.8 117,3 123.3 93.3 110.5 115.3 27.8 17.2 14.6 2 5 ,6 ' 1 6 ,5 ' 13.3 25.8 15.4 15.0

SD 11.6 14.0 16.7 10,2 11.4 10.9 5.6 9.2 10.4 6.1 2.3 4.0 r 9 ,2 ^ 4 ,6 ^ 1.1 6.4 3.5 4.1
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Appendix 29: Percentage steady state CO, Cl, and a-v02 d iff at BS, SE, and UE

ND Ex 

No
° /o  S tead y  s t a t e  CO 
BS SE UE

<Vo s te a d y  s ta t e  Cl 
BS SE UE

/̂o s te a d y  s ta t e  a -v 0 2  

BS SE UE
jiff

1 62.7 54.5 68.3 62.8 61.1 69.4 42.3 55.0 43.1
2 86.4 63.2 63.6 73.4 33.3 63.0 43.7 38.8 34.8
3 75.0 46.2 72.2 75.6 53.0 73.1 54.8 53.8 49.6
4 80.6 18.2 84.7 75.9 15.2 85.3 44.8 81.8
5 64.5 67.5 66.1 71.8 59.6 68.4 41.8 41.0 51.0
6 74.4 47.6 85.3 79.5 48.5 88.5 58.6 74.7 67.4
7 58.3 54.9 59.0 - 50.0 69.1 58.8 29.3 49.0 35.1
8 75.3 73.9 18.8
9 42.9 58.2 55.6 61.5 62.1 54.8 46.9 83.8 35.5

lO 32.5 87.8 45.7 85.2 104.4 41.7

MEAN r 64.1 ^ 55.3 ^ 70.0 ^ 55. 1 ^ 54.1 ^ 70.6 ^ 51.9 ^ 57. 7 ^ 41.9
SD r 17.6 ^ 18.7 ^ 10.4 ^ 40.8 ^ 20.4 ^ 11.2 ^ 21.4 ^ 17.8 ^ 14.5

ND Con 

No
"/o s te a d y  s t a t e  CO 
BS SE UE

*Vo s te a d y  s ta t e  Cl 
BS SE UE

®/o s te a d y  s ta t e  a -v 0  2 

BS SE UE
Jiff

1
2 67.5 58.3 70.9 82.1 57.8 74.5 70.0 60.7 46.8
3 60.0 89.7 79.2 61.9 110.5 76.9 56.9 46.5
•4 81.1 69.2 69.4 80.8 69.2 72.5 60.3 37.6 53.1
5 46.9 15.8 31.6 50.0 - 66.7 30.8 80.3 91.0 66.9
6 40.0 75.0 4.1 40.7 77.3 5.5 71.7 50.4 91.8
7 40.0 39.0 60.4 26.2 39.4 63.0 85.2 61.6 52.6
8 51.9 78.6 53.8 78.6 68.3 48.1

MEAN 55. 3 ^ 60.8 ^ 52.6 ^ 56. 5 ^ 52.3 ^ 53.9 ^ 70.4 ^ 56.6 ^ 62.2
SD r 15.2 ^ 25.6 ^ 28.9 ^ 20.4 ^ 56.8 ^ 29.2 ^ 10.1 ^ 17.3 ^ 18.1

T2DM Ex
**/o s te a d y  s t a t e  CO °/o s te a d y  s ta t e  Cl *Vb S tea d y  s ta t e  a -vO j diff

No BS SE UE BS SE UE BS SE UE
1 98.6 138.1 85.5 100.0 137.0 105.6 22.4 9.4 28.1
2 74.3 73.8 65.9 75.0 73.3 64.7 56.7 38.7 40.7
3 56.6 43.4 81.8 56.7 49.4 83.9 79.8 71.3 68.0
4 59.4 49.1 63.6 50.0 68.6 76.0
5 84.6 52.4 30.3 84.8 50.0 26.3 27.9 58.7 52.2
6 77.5 59.6 69.0 68.0 61.3 69.6 50.2 69.5 51.0
7 58.3 177.3 61.4 62.5 179.2 62.5 60.7 20.1 53.8
8 81.8 69.4 37.8 96.1 111.1 36.8 46.3 39.2 58.1

MEAN 73.9 82.9 ^ 61.7 75.8 88.9 ^ 64.2 51.6 47.9 ^ 50.3
SD 14.9 48.4 ^ 20.8 16.2 48.6 ^ 26.8 19.4 24.9 ^ 12.8

T2DM Con
°/o s te a d y  s t a t e  CO <Vo s te a d y  s ta t e  Cl °/o s te a d y  s ta t e  a -vO j diff

No BS SE UE BS SE UE BS SE UE
1 55.4 74.2 ^  62.5 73.7 48.3 60.1
2 28.1 63.8 75.9 42.1 65.2 76.9 58.5 37.9 43.2
3 117.1 74.4 73.8 120.0 82.5 73.3 25.5 53.7 53.9
4 60.9 83.3 102.7 60.0 67.8 67.7 52.5 38.5 42.9
5 214.9 5.5 128.3 84.6 4.2 93.2 19.6 154.3 36.1
6 26.3 68.8 78.4 26.5 62.5 88.9 96.3 11.6 57.4
7 39.1 65.8 111.1 38.8 66.7 106.7 97.2 36.0 27.7
8 57.4 82.5 67.7 56.4 ^ 88.0 68.4 46.3 35.2

MEAN 74.9 ^ 63.4 89.0 61.4 ^ 62.4 81.1 55.5 ^ 55.3 44.6
SD 63.4 ^ 26.7 22.1 29.5 ^ 27.4 13.8 28.6 ^ 50.4 11.6
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Appendix 30: Peak calf performance at BS, SE, and UE.

BS SE UE

ND Ex
MVC
(N)

Time
(s)

Pk fo rce
(N)

Pk/MVC
(% )

MVC
(N)

Time
(s )

Pk fo rce  
(N)

Pk/MVC
(% )

MVC
(N)

Time
(s)

Pk fo rce  
(N)

Pk/MVC
{% )

1 488 360 400 82.0 951 600 700 73.6 422 240 250 59.2
2 1015 480 550 54.2 1108 600 700 63.2 1242 600 700 56.4
3 598 480 550 92.0 686 480 550 80.2 970 600 700 72.2
4 703 480 550 78,2 825 480 550 66.7 422 480 550 130.3
5 533 360 400 75.0 781 540 700 89.6 967 600 700 72.4
6 160 240 250 156.3 425 360 400 94.1 472 360 400 84.7
7 655 480 550 84.0 1040 600 700 67.3 870 480 550 63.2
8 651 360 400 61.4 1146 480 550 48.0 848 480 550 64.9
9 361 240 250 69.3 620 360 400 64.5 570 360 400 70.2

10 660 360 400 60.6 710 480 550 77.5 655 196 400 61.1
Mean 582 384 430 81.3 829 498 580 72.5 744 440 520 73.5
SD 225 95 118 28.8 231 90 118 13.6 278 147 155 21.6

BS SE UE
MVC Time Pk force Pk/MVC MVC Time Pk fo rce Pk/MVC MVC Time Pk fo rce Pk/MVC

ND Con (N) (s) (N) {%) (N) (s) (N) (O/o) (N) (S) (N) (% )
1 165 240 250 151.5 474 240 250 52.7 416 240 250 60.1
2 355 240 250 70.4 534 240 250 46.8 372 240 250 67.2
3 530 360 400 75.5 358 240 250 69.8 480 360 400 83.3
4 361 360 400 110.8 649 480 550 84.7 620 360 400 64.5
5 958 480 550 57.4 1079 522 550 51.0 1041 600 700 67.2
6 698 240 250 35.8 706 360 400 56.7 700 210 400 57.1
7 977 480 550 56.3 892 480 550 61.7 965 600 700 72.5
8 517 360 400 77.4 465 360 400 86.0 534 360 400 74.9
9 1090 480 550 50.5 990 480 550 55.6 860 480 550 64.0

Mean 511 320 350 83.6 633 347 375 60.3 586 360 400 68.5
SD 283 98 122 41.4 251 129 147 14.3 271 147 184 8.8

BS SE UE
MVC Time Pk fo rce Pk/MVC MVC Time Pk fo rce Pk/MVC MVC Time Pk fo rce Pk/MVC

T2DM Ex (N) (s) (N) ( % ) (N) (s ) (N) ( % ) (N) (s ) (N) ( % )
1 569 360 400 70.3 682 480 550 80.6 534 360 400 74.9
2 725 360 400 55.2 770 480 550 71.4 733 480 550 75.0
3 470 240 250 53.2 633 360 400 63.2 770 360 400 51.9
4 844 480 550 65.2 1050 480 550 52.4 794 480 550 69.3
5 609 360 400 65.7 772 480 550 71.2 736 440 550 74.7
6 750 240 250 33.3 880 240 250 28.4 716 360 400 55.9
7 606 360 400 66.0 850 480 550 64.7 737 480 550 74.6
8 368 240 250 67.9 886 480 550 62.1 885 480 550 62.1

Mean 618 330 363 59.6 815 435 494 61.8 738 430 494 67.3
SD 154 85 106 12.2 131 89 112 15.8 98 60 78 9.4

BS SE UE
MVC Time Pk force Pk/MVC MVC Time Pk fo rce Pk/MVC MVC Time Pk force Pk/MVC

T2DM Con (N) (s) (N) (o/o) (N) is) (N) (o/o) (N) (s ) (N) (O/o)
1 457 360 400 87.5 730 402 550 75.3 702 360 400 57.0
2 885 480 550 62.1 902 480 550 61.0 1233 600 700 56.8
3 794 360 400 50.4 850 480 550 64.7 740 360 400 54.1
4 643 360 400 62.2 455 360 400 87.9 750 360 400 53.3
5 660 480 550 83.3 357 240 250 70.0 704 480 550 78.1
6 776 360 400 51.5 758 480 550 72.6 676 480 550 81.4
7 715 360 400 55.9 837 360 400 47.8 715 360 400 55.9
8 714 360 400 56.0 682 360 400 58.7 835 480 550 65.9

Mean 706 390 438 63.6 696 395 456 67.2 794 435 494 62.8
SD 127 56 69 14.2 194 84 112 12.1 184 89 112 11.2
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Appendix 31: LVC kinetic responses at BS, SE, and UE.

Baseline
ND Ex

MEAN
SD

NDCon

MEAN
SD

T20M Ex

MEAN
SD

T2DM Con

MEAN
SD

* (m l.m in '^

a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 E nd A
* * ( s ) « * ( s ) ( s ) * ( s ) ( s ) «

1 0 .29 1.16 0.52 4 .83 0.07 7.28 3.50 0.24 21 .57 8.00 1.69
2 0 .73 3.15 0.73 5.02 0.87 7.92 9 .90 0.83 26 .87 8.20 4 .70
3 0 .46 1.44 1.97 1.29 0.20 16.75 7.36 1.00 19.78 24.07 2.90
4 2.24 0 .14 1.37 3.82 0.23 14.35 4 .36 0.80 17.30 24.99 3.19
5 1.00 2 .60 1.64 8.52 1.55 14.31 44.35 1.64 40 .99 35.40 5.24
6 0.61 1.56 1.47 3.78 0.65 15.41 14.80 1.40 23.78 11.99 3.57
7 0 .98 1.95 3.04 1.44 0.07 10.01 3.65 1.15 14.33 9 .36 4.08
8 0 .46 2.01 0.50 5.03 0.19 2.26 5.08 0.65 16.06 7.00 3.12
9 0.55 1.05 1.50 3.00 0 .30 21.00 11.00 0.29 40 .99 9 .32 1.89

LO 0.73 4 .28 0.95 3 .66 1.22 3.08 8.24 3.01 19.38 21.10 8.02
0.81 1.93 1.4 4.0 0.53 11.2 11.2 1,10 24.1 15.9 3.84
0.55 1.17 0.7 2.1 0.52 6.1 12.2 0.80 9.6 9.8 1.84

a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 E nd A
« « ( s ) * * ( s ) ( s ) * (S) ( s ) *

1 0.39 0 .48 1.50 7.00 0.12 27.00 11.00 0.26 40 ,9 9 18.32 1.13
2 0.41 3.30 0,67 4 .76 3.10 1.05 8.06 0.52 24.11 13.00 4.22
3 0.23 1.00 1.77 8.50 0.75 8.36 8.52 0.50 19.96 8.05 1.72
4 0.62 1.17 1.68 6.58 0.02 6.37 0.35 0.49 12.77 15.17 2.28
S 0 .66 4 .53 0 .82 2.20 1.00 10.82 1.52 0 .87 18.05 6.29 6 .06
6 0 .75 2.48 1.22 4 .26 0.40 3.61 7.98 0 .28 6,18 11.93 3 .50
7 0 .50 6.67 0 .00 15.68 1.23 28.88 6.25 1.62 35.30 5.39 8 .79
8 0 .20 0.45 1.27 1.19 0.19 14.06 4.57 0 .38 18.00 8.62 1.03
9 0.77 2.06 1.06 2.02 0 .17 12.89 5.82 1.95 28 .29 22.88 4 .78

0.50 2.46 1.1 5.8 0.78 12.6 6.0 0.76 22.6 12.2 3.72
0.21 2.08 0.6 4.5 0.97 9.7 3.4 0.81 10.7 5.8 2.56

a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 E nd  A
* * ( s ) * * (S) ( s ) « ( s ) ( s ) *

1 0 .50 1.13 0.00 3.21 0.37 14.89 6 ,18 0.73 19.03 14.16 2 .36
2 0 .75 3.98 0 .28 1.95 0.54 11.57 0 .39 0 ,94 17.61 2.78 5 .67
3 0 .40 1.20 5.61 4 .94 0.94 7.39 9.34 O.bO 24 .07 15.00 2 .09
4 0 .49 2.27 1.08 1.52 0 .37 6.18 5.87 0.67 17.19 8,99 3 .43
5 0.41 1.99 3.59 10.51 0.41 22.15 6.23 0.25 34.30 8.81 2 .65
6 0 .44 2 .20 0.00 2.74 0.99 10.12 5.97 1.39 24.21 7 .48 4 .03
7 0.30 2.25 0.99 1.99 1.02 7.02 6.02 1.15 24 ,08 16.19 3 .70
8 0.45 0.31 0,93 3.16 0.10 3.31 8.77 0.40 18.81 18.00 1.16

0.47 1.92 1.6 3.8 0.59 10.3 6.1 0.75 22.4 11.4 3.14
0.13 1.09 2.0 2.9 0.35 6.0 2.7 0.39 5.7 5.2 1.39

a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 E nd A
♦ * ( s ) * ( s ) ( s ) * (S) ( s ) *

1 0 .50 1.66 1.01 2 .00 0 .97 5.99 5.95 1.93 12.05 9 .19 4 .0 9
2 0 .66 2.79 1.07 3.23 0.11 2.33 9.00 0.49 18.95 4 .94 3 .95
3 0.71 2.68 1.00 2.00 1.01 11.00 6.00 1.82 18.00 17.10 5.21
4 0.51 2.34 1.29 3.07 0.41 23.01 5.97 0.51 29.01 8.19 3 .36
5 0 .56 3.85 0 .88 1.95 0.90 8.02 5.92 1.10 17.08 8.57 5.51
6 0.91 2.69 1.08 2.03 0 .57 11.00 5.90 1.84 17.03 12.19 5 .44
7 0.41 2 .70 1.03 4.02 0.80 0.90 4 .93 1.60 17.39 29.55 4 .71
8 0 .46 3.25 0,99 1.99 1.32 5.00 6.00 0.81 20.04 14.19 4 .52

0.59 2.75 1.0 2.5 0.76 8.4 6.2 1.26 18.7 13.0 4.60
0.16 0.64 0.1 0.8 0.38 7.0 1.2 0.61 4.8 7.7 0.77
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LVC responses

S uperv ised  exerc ise
ND Ex a A1 T D l T a u l  A2 TD2 ta u 2  A3 TD3 ta u 3 E nd A

* « ( s ) * * (S) ( s ) ( s ) ( s ) »
1 1.20 3.02 1E+00 1.59 0.01 24.20 0.41 1.65 9 .96 16.44 5.86
2 0.45 3.87 1E+00 1.60 0.00 30.31 6.00 2.45 6.97 11.96 6.76
3 0.37 2.29 IE-03 1.31 2.56 7.98 1.84 2.29 9.23 15.62 4.96
4 0.60 3.35 6E-01 2.00 0.06 2.00 1.81 1.00 10.53 6.85 4.95
5 0.85 3.45 IE-03 0.90 0.84 5.03 3.01 1.51 11.73 7.16 5.80
6 0.44 0.74 lE-01 0.91 0.32 5.05 6.00 1.26 16.73 18.93 2.45
7 0.90 3.95 5E-01 0.98 0.51 4.65 19.17 2.77 18.00 28.49 7.61
8 0.49 4.00 3E+00 2.01 0.68 3.72 5.51 2.18 23.40 15.50 6.67
9 0.56 1.24 3E+00 4.17 0.02 34.68 0.04 0.57 28.38 12.15 2.37

10 0.58 4.57 4E+00 2.34 1.57 8.00 8.90 2.31 17.61 23.85 7.46
MEAN 0.64 3.05 1.3 1.8 0.65 12.6 5.3 1.80 16.3 15.7 5.49
SD 0.26 1.25 1.4 1.0 0.83 12.2 5.9 0.71 6.9 6.8 1.86

ND Con a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 End A
♦ * (s) * * (s) ( s ) ♦ ( s ) ( s ) *

1 0.24 3.59 2.55 1.67 2.46 2.87 7.99 1.48 12.20 13.00 5.30
2 0.29 1.51 0.99 1.69 0.01 4.10 5.95 0.22 12.67 13.00 2.02
3 0.32 2.91 3.88 3.08 1.99 4.28 7.08 0.41 24.04 2.08 3.65
4 0.43 4.10 1.87 3.71 0.83 4.50 10.00 0.55 16.94 6.37 5.08
5 0.79 11.00 3.85 1.87 6.38 6.01 5.98 2.88 17.62 10.25 14.67
6 0.71 2.88 2.13 2.21 0.71 13.95 13.00 0.49 40.88 5.90 4.08
7 0.43 3.34 0.00 0.70 0.52 6.31 3.63 2.06 13.56 5.53 5.83
8 0.32 1.08 0.01 0.68 0.52 6.88 11.38 0.13 22.38 1.91 1.52
9 0.61 2.77 1.05 2.83 0.05 0.00 7.49 0.62 21.49 19.34 3.99

MEAN 0.46 3.69 1.8 2.1 1.50 5.4 8.1 0.98 20.2 8.6 5.13
SD 0.20 2.90 1.5 ^ 1.0 2.01 3.8 2.9 0.95 8.9 5.8 3.85

T2DM Ex a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 End A
* « ( s )  * * ( s ) ( s ) * ( s ) ( s ) *

1 0.28 1.62 0.78 2.10 0.63 3.21 6.87 0.49 17.22 8.00 2.39
2 0.52 2.33 1.61 5.13 0.96 18.01 3.41 2.04 23.44 5.66 4.89
3 0.25 2.10 0.50 5.26 0.59 18.34 5.85 1.06 23.49 7.87 3.41
4 0.48 2.96 1.30 1.00 0.01 0.10 56.00 0.18 12.00 7.40 3.62
5 0.43 1.84 0.01 2.84 0.10 23.05 2.51 0.46 26.22 4.36 2.73
6 0.31 3.25 1.58 1.90 1.33 9.67 2.06 1.78 18.18 10.00 5.33
7 0.35 2.41 1.28 1.78 1.00 7.61 1.52 0.90 24.00 15.90 3.66
8 0.90 3.39 0.94 1.98 0.71 5.04 2.06 0.62 16.03 9.00 4.90

MEAN 0.44 2.49 1.0 2.8 0.67 10.6 10.0 0.94 20.1 8.5 3.87
SD 0.21 0.65 0.6 ^ 1.6 0.45 8.2 18.7 0.66 4.9 3.5 1.07

T2DM Con a A1 T D l T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 E nd A
* * (s )  * * ( s ) ( s ) * ( s ) ( s ) «

1 0.35 1.56 4.15 1.27 0.30 5.27 2.24 0.37 28.52 10.75 2.28
2 0.57 1.35 2.29 5.39 0.30 2.00 2.05 0.98 27.07 20.44 2.90
3 0.66 1.66 2.29 1.40 0.01 2.45 2.15 1.46 19.25 25.00 3.77
4 0.53 1.59 1.36 1.39 0.16 7.08 2.11 1.02 19.12 25.00 3.13
5 0.43 2.15 1.74 1.51 0.19 11.83 2.13 1.18 27.31 38.00 3.76
6 0.37 1.58 0.00 3.43 0.03 59.51 0.72 0.90 31.55 26.35 2.84
7 0.47 1.78 0.33 0.88 0.50 9.23 2.16 1.01 17.31 12.00 3.24
8 0.53 5.46 0.80 5.58 2.13 4.85 10.99 0.75 29.55 9.46 6.74

MEAN 0.49 2.14 1.6 2.6 0.45 12.8 3.1 0.96 25.0 20.9 3.58
SD 0.11 1.36 1.3 1.9 0.70 19,2 3.2 r 0.32 5.5 9.8 1.37

* (m l.m in '^ .m m H g '^ )
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LVC responses

Unsupervised exerc ise
ND Ex a A1 TDl T a u l  A2 TD2 ta u 2  A3 TD3 ta u 3 End A

» * (s ) * * (s ) (s) (s) (s ) *
1 0.51 2.45 1.00 1.80 0.10 9.60 9.20 1.14 23.00 12.40 4.10
2 0.41 6.08 1.02 2.42 0.31 14.21 10.00 0.71 24,36 5.69 7.20
3 0.29 2.30 0.99 1.80 0.01 9.16 0.15 1.50 13.23 9.94 4.09
4 0.44 3.47 2.34 2.26 0.63 11.36 3.58 1.15 14.30 12.27 5.06
5 0.70 4.30 0.96 1.79 0.79 7.13 9.98 1.78 19.76 17.00 6.78
6 0.50 1.05 1.12 1.84 0.10 2.77 9.40 0.41 40.00 17.61 1.95
7 0.84 3.39 0.00 1.50 1.63 4.29 13.82 1.96 30,92 20.14 6.19
8 0.45 3.90 1.01 1.80 0.60 9.81 4.98 2.28 17.06 19.00 6.62
9 0.40 0.70 0.92 1.77 0.32 5.21 4.64 0.78 13.58 14.00 1.87

10 0.64 4.29 0.66 1.67 2.70 5.10 5.61 2.23 15.39 14.00 7.16
MEAN 0.52 3.19 1.0 1.9 0.72 7.9 7.1 1.39 21.2 14.2 5.10
SD 0.17 1.62 0.6 0.3 0.84 3.6 4.0 0.66 8.7 4.4 2.04

ND Con a A1 TDl T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 End A
« « (s) « * (s ) (s) * (s) (s ) «

1 0.36 2.15 3.25 1.74 0.65 8.86 9.43 0.95 30.40 22.00 3.45
2 0.47 1.82 0.02 0.59 1.48 3.32 8.30 0.81 23.05 7.22 3.09
3 0.19 0.60 4.04 0.92 0.23 9.65 24.79 0.44 22.56 11.00 1.23
4 0.70 1.41 3.00 1.60 0.01 1.00 1.00 1.36 16.00 11.00 3.47
5 0.66 4.99 0.59 1.46 2.21 7.06 7.84 2.23 21.30 11.00 7.87
6 0.35 0.81 0.07 2.02 0.11 8.05 5.25 0.49 14.75 14.21 1.65
7 0.70 4.37 0.40 2.19 1.68 9.83 5.52 2.04 21.31 10.21 7.11
8 0.31 1.50 0.95 1.58 0.63 5.01 3.02 0.80 12.08 13.00 2.60
9 0.64 3.20 3.53 1.62 1.26 6.12 6.00 1.12 17.04 13.00 4.95

MEAN 0.49 2.31 1.8 1.5 0.92 6.5 7.9 1.14 19.8 12.5 3.94
SD 0.19 1.55 1.7 0.5 0.77 3.0 6.9 0.63 5.5 4.1 2.29

T2DM Ex a A1 TDl T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 End A
« * (s) * « (s ) (s) « i s ) (s ) *

1 0.19 3.90 1.93 1.57 3.00 7.89 9.92 1.76 21.05 13.30 5.85
2 0.41 1.71 3.07 1.75 0.24 4.73 2.62 0.33 30.00 5.94 2.45
3 0.24 2.24 2.09 2.54 0.26 4.76 1.71 0.31 18.84 10.00 2.79
4 0.56 2.74 0.06 2.14 1.12 10.79 1.94 1.64 23.00 15.66 4.94
5 0.54 1.95 1.24 2.06 0.56 11.18 4.67 1.27 18.41 8.47 3.76
6 0.39 3.38 0.97 1.93 0.77 15.67 4.04 0.68 29.28 6.41 4.45
7 0.70 2.01 0.00 2.10 1.19 5.79 1.75 1.78 17.60 18.99 4.49
8 0.39 1.90 0.99 2.50 0.85 7.01 2.00 0.44 19.01 17.00 2.72

MEAN 0.43 2.48 1.3 2.1 1.00 8.5 3.6 1.02 22.2 12.0 3.93
SD 0.17 0.79 1.0 0.3 0.85 3.8 2.8 0.66 ^  4.9 5.0 1.21

T2DM Con a A1 TDl T a u l A2 TD2 ta u 2 A3 TD3 ta u 3 End A
* « (s ) * * (s ) (s) * (s) (s ) «

1 0.29 2.13 0.50 5.48 1.01 5.04 9.73 1.63 15.63 11.99 4.05
2 0.44 3.5 1 2.5 0.85 7 6 2.44 30.8 31.9 8.30
3 0.75 4.85 0.71 5.50 3.90 5.00 11.10 2.70 17.40 15.08 5.67
4 0.54 3.79 0.73 5.54 3.20 4.96 10.95 1.34 17.49 11.99 5.67
5 0.28 1.99 0.10 2.24 0.41 1.56 8.55 0.55 44.88 13.37 2.82
6 0.62 4.39 0.69 5.50 3.90 4.99 9.87 2.34 12.77 11.99 7.35
7 0.44 2.30 0.98 2.49 0.90 8.09 6.07 0.48 34.81 9.00 3.21
8 0.51 1.80 0.78 2.42 0.65 5.05 5.21 1.00 16.41 25.00 3.30

MEAN 0.48 3.09 0.7 4.0 1.85 5.2 8.4 1.56 23.8 16.3 5.05
SD 0.16 1.19 0.3 1.7 1.53 1.9 2.4 0.86 11.6 7.9 2.04

• (m l.m in ' ‘.m m H g'^)
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Appendix 32: HR and MAP responses during plantar tlexion exercise at 30% 

MVC at BS, SE, and UE.

Baseline_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Supervised exercise_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ U nsupervised exercise

NDEx
Heart r a t e (b e a ts .m in ')  
Rest 30s 160s 360s

MAP (mmHg) 
Rest 30s 180s 360s

Heart ra te  (b e a ts .n iin ')  
Rest 30s 180s 360s

HAP(mmHg] 
Rest 30s 180s 360s

Heart ra te (b e a ts .m in ')  
Rest 30s 180s 360s

MAP [inmHg) 
Rest 30s 180s 360s

63.0 66.0 66.3 67,7 82.8 1 04.0 106,0 105.0 69.7 70,1 76.0 89.1 93.3 96.6 54,3 55.3 S7.6 60,0 90,0 94,6 103.3 105.6
62.0 63.0 62.3 60,7 71.4 71,0 78.0 76,0 51.1 52.6 S2.2 66.5 73.0 71,3 45,3 46.3 SO.O 51,0 62,0 68,6 67,3
64.6 6S.0 67,0 72.3 9B.3 103.0 63.8 65,6 70,6 90,D 1 105.0 105,0 63,0 64,6 69,0 66,3 98.0 104,6 105,0 106.0
63.0 64.0 67,0 65.0 92,7 92,3 93.9 93,0 71.4 72,2 73.5 88.9 91,3 92.0 59,0 60,6 59,6 63,0 70,0 78,0 87,3
50.0 56.0 56.0 60.3 82.4 82,0 82.0 81.3 59.2 60,4 62.6 79.0 85,3 84.0 55,0 60.6 58,0 63,0 75,0 77,6 78,0
70.0 72.0 76,3 61,7 95.4 83.0 87.5 88.0 63.6 63.6 64.4 98.2 1 102.0 103,0 57,0 69,5 73.0 76,5 90,0 92,0 95,0
55.0 55.9 56.7 58.6 79,2 77,0 81,0 81.0 50.7 51.6 58.0 80.0 84,9 84.0 55,0 55.6 57,6 57,3 77,0 81,0 80,0
51.3 52.0 54-0 55,7 84,6 83,0 48.6 49.1 56.8 78.3 80,3 81.0 46,6 50.0 51,0 53,5 75,0 79,3 80,0
63.7 63.3 65-1 65.6 95.7 99,4 101.0 103.0 55.2 56,1 59,1 79.6 85.0 89,6 56,0 58.0 57,0 57,0 91,8 101,0 99,0 104.0

10 56,6 57,0 62-7 66.6 75.0 76.9 81.0 81,0 61.2 62,2 64.8 78.5 86.0 86,6 60,0 60,0 60.0 60,0 79,0 83,0 84,0
Mean 59.9 61,4 63.3 63.4 89,3 89.4 59.5 60.4 63.8 82.8 88.6 89,3 55,1 58,1 59,3 60.8 80,8 86,0 87,9
SD 6.4 6,0 6-6 4,9 10.8 S.0 7,7 9,6 10,3 5,5 6,7 7.1 7,2 11,5 12,3

Heart r a te (b e a ts .n iin '‘) HAP (mmHg) Heart rate (beats-injn '] HAP (mmHg) Heart ra te  (beats.m in '') MAP [niiiiHg
NDCofl Rest 30s 180s 360s Rest 30s 160s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s

68.0 68,0 67.0 69,0 97,0 lOO.O 99,0 102.0 57,4 58.0 60.7 59.0 81,1 82.0 83.0 83,0 67,0 68,3 68.6 65,3 77,0 87.0 85.9 86,0
59,0 60,0 61.0 60,0 85,5 911 95,0 92.0 66,8 68.1 67,7 67.2 101.6 106,0 104.0 lOS.O 63,0 65.0 66.0 67,0 66,0 68,0 76.0 75,0
71.0 71,0 72.3 75,0 95,2 100.0 101.3 70,4 70.9 69.9 70.4 83,3 84,3 85.0 86,0 68.6 69,3 71,0 71.6 95,0 99,0 100.0 101.0
61,0 61,0 63.0 65,5 84,4 925 93,3 59,5 64,0 R 7 63.9 78.5 80,4 86.0 85,0 56.0 56.0 58,0 58.0 70,0 72.0 74.0 74,0
56,0 57,0 59,0 58,0 94,0 95,8 95,0 63,0 63,0 63.0 63.0 80.C 84,0 88.0 89,0 61.0 62.0 61,0 61.0 93,0 95.0 99,0 102.0
78.5 80,0 80.0 79.0 81,0 88.3 87,0 88.0 74,3 75.0 75,0 75.0 83.6 83,2 88,7 90,5 69.0 69,7 71,7 71.0 101,6 05.0 110,3 112,1
76.0 76,0 79,0 79,0 93,0 102.0 111.3 65,7 67,0 69,7 71.7 84.8 88,0 91,5 93.4 63.3 67.6 74,3 73.0 87,2 90,0 H 2  97.5

103,7 109.7 1097 99.3 100.0 102.7 102.8 93.0 %.7 102.2 101,7
80,0 80,0 80,0 81,5 85,5 86.6 86.9 86.2 73.0 75.0 76,7 76,0 94.8 98,5 98,5 100.3 74,3 75.0 76,3 77.3 97.0 98,8 101,4 100,4

Mean '  65 .6^ 66 ,2^ 67.1 ^  67,8 '  8 9 .5 ' 94 ,6^ 95.1^ '  65 .2^ 6 5 ,3 ' 6 5 ,8 ' 65,1 '  K 7 ' 8 6 ,7 ' 8 9 ,1 ' 89,7 '  6 3 ,1 ' 64 ,1^ 6 4 ,9 ' 64.6 '  8 0 .2 ' 84,2^ 8 7 .0 ' 87.6
SD '  8 .5 ^ 8 ,6 ' 7,9 '  8,3 '  6 , 7 ' 4 ,8 ' 5 .0 ' '  6 . 5 ' 5 ,6 ' 4 , 0 ' 4.9 '  8 ,5 ' 9 6 ' 7 ,6 ' 7.9  ̂ 5 , 0 ' 5 ,4 ' 5 ,4 ' 5,3 ’ 1 3 .2 ' 1 3 .7 ' 1 2 .3 ' 13,5

Heart rate (beats.m in  ') MAP Mean Rate HAP H eart Rate MAP
T2DH El Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s i8 0 s  360s Rest 30s 180s 360s

48.0 49.0 48,0 48,0 81.8 83.9 854 44,3 45,0 45.0 48.3 102.0 103,5 105.0 103.0 57,0 58,0 61,0 62.0 81.3 85.0 86.0 88.3
5S,D 61,0 65.0 65.5 106,6 108.1 lOB.O 112.0 61,3 62,3 59.6 5B.6 1M,0 102,0 102.0 103.0 56,0 56.0 56,0 56.0 126.0 140.0 141.0 141.0
79,0 80,0 81.0 80,0 109.4 116.0 116.0 116.0 84,0 87,0 87.0 88.0 102,0 106,5 111.0 110.0 71,0 71.6 73,0 73.0 111,3 115.0 116.0 117.0
89.0 90,0 90.0 91.0 101.4 107.5 73.0 74,0 75,0 75.0 99.2 104.0 108.0 106.0 73.0 74.3 76.7 77,0 103,4 106,4 111,6 115.6
67,0 67,0 69,0 67.0 91.5 91,0 90.0 61.0 61.0 62.0 62.0 85.0 85.0 88.0 88.0 62.0 63,0 63.6 63.3 96,4 98,0 99,3 98.5
81.0 80,0 82,0 83.0 94,0 95.0 93.0 96.0 100.0 101.0 115.3
73.0 74.0 74.0 75,0 104.0 108.0 107.0 108.0 78.3 79.0 78.3 78.0 111.2 114.3 116,0 123.0 86.0 87.5 89.0 89.0 89,t 89,2 88,6 90.2
63.0 63,0 64.7 64.3 105.2 111.2 115.9 112.0 61.0 63.0 63.0 64.0 88,3 89.0 93,3 94.0 62,0 62.0 62.0 62,3 144.1 157,1 154.1 157.8

Hean 69.8 70.5 71,7 71,7 101,0 102.2 103.2 '  6 6 .1 ' 67 .3^ 67, l ' 67,7 98,1 100.0 102,9 103.5 '  66 ,7^ 6 7 .5 ' 6 8 ,8 ' 68.9 108.4^ 1 1 3 .0 ' 1 1 3 .8 ' 115.5
SD 13.4 13.1 13,1 13.4 11,8 11,7 11,5 '  1 3 .3 ' 1 3 .8 ' 1 4 .0 ' 13,4 8.7 9.2 10.5 '  1 0 ,7 ' 1 1 .1 ' 1 1 ,4 ' 11.4 2 0 .4 ' 2 6 .8 ' 2 5 .8 ' 26.2

Heart rate(l>eate.m ir)'‘) MAP Heart Rate MAP Heart Rate HAP
llD M C ofl Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s 180s 360s Rest 30s ISOs 360s

72,0 77,0 75,0 99.6 102.5 to i .o 81.3 83.0 85,0 85,0 92.0 94.6 99,0 99.0 78,5 80.0 80,0 80,0 119,4 125.0 131,0 131,0
66,3 68,3 70,5 95,0 96,0 62.0 65-0 66,3 65,6 86.0 88.0 90,0 91.6 62.0 64.0 64,0 64,0 94,0 95.0 96,5
72,0 75,6 76,3 94.8 66.3 67,6 70.0 70,0 100.0 103,0 105,0 106.0 72,0 78.0 78.5 77,0 85,0 92.0 97,0
93,6 96.9 97,6 91.3 90,0 84,0 86.0 87,0 89,0 89,0 97,3 98.0 75.5 76.5 81.0 81,0 83,0 88.0 88,0
75,0 76,0 77.6 80,0 71.3 73,0 77,0 77.5 92,0 92.0 93.0 67,0 67.0 71.0 70.0 101.0 102,5 102,0
68,0 70.0 71.0 89.8 88,0 66,3 70.0 75,5 72.0 iOO.O 103,0 104,0 105.0 73,0 75.0 76.0 76.0 103.0 103.0 103.0 105,0
73.6 81.0 77.3 104 106,0 lOS.O 107,0 70.3 72,0 76,6 75.0 99,0 107.2 112,0 112.6 72.0 72.0 72.0 74,0 106.0 113.0 114.0 117.0
68.0 70.0 71.0 94,0 76.0 76,0 75,0 77.5 73,0 73,0 74.0 77.5 64.3 67,0 69,0 68.0 101.5 108.S 111.5 109.0

Hean 73.6 76,9 77.0 94,0 93.9 72.2 74.1 76,6 76.5 91.4 94,1 96.7 97.8 70,5 72,4 73,9 73,8 101,6 104,6 105.7
SD 8.6 9,2 8.8 8,2 7,7 7,3 6,9 7.7 9.1 10.8 11,6 10.8 5,6 5,9 5,9 6,0 14,2 14.0
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Appendix 33: Arm reactive hyperaemic responses at BS, SE, and UE.

Baseline resting vc a A c a+A AUC Peak VC
ND Ex • * ♦ * *

1 9.4 4 .4 11.8 0.01 16.2 2181 13.3
2 0.8 1.5 20.2 0.03 21.6 1138 21.4
3 1.9 4.0 20.5 0.07 24.4 1366 24.8
4 2.0 3.0 34.8 0.08 37.8 1500 38.4
5 2.2 2.1 21.0 0.19 23.1 878 23.1
6 2.2 2.2 24.1 0.02 26.3 1965 26.4
7 2.7 1.3 43 .6 0.03 44.9 1556 44.3
S 1.3 2.0 25.4 0 .04 27.4 1263 32.6
9 2.0 2 .0 23.8 0 .08 25.8 961 25.6

MEAN 2.7 2.5 25.0 0 .06 27.5 1423 27.8
SD 2.6 1.1 9.2 0 .05 8.7 435 9.3

resting vc a A c a+A AUC Peak VC
ND Con * * * * *

1 1.9 0 .9 8.5 0.03 9.4 431 9.3
2 1.8 1.3 13.9 0.03 15.2 876 15.5
3 0.9 1.1 13.4 0 .08 14.5 543 14.8
4 1.3 1.0 11.1 0.05 12.2 508 12.3
5 2.2 1.9 13.5 0 .04 15.4 925 15.4
6 1.2 1.3 24.7 0 .06 26.0 726 25.6
/
8 1.4 1.2 16.2 0.07 17.4 603 18.4

MEAN r 1.5 w 1.2'" 14.5 ^ 0 .05 15.7 659 15.9
SD r 0.5 r 0 .3  ^ 5 .1 ' ' 0 .02 5 .2 ' ' 189 5.1

resting vc a A c a+A AUC Peak VC
T2DM Ex * * ♦ * *

1 1.2 0.5 15.5 0.09 16.0 326 15.7
2 1.7 2.5 24.0 0 .07 26.5 1156 26.3
3 6.1 4 .6 20.4 0 .06 25.0 1923 25.6
4 1.6 2.7 14.8 0 .03 17.5 1240 17.4
5 2.1 1.1 17.4 0 .06 18.5 663 18.5
6 2.7 1.3 15.8 0.03 17.1 881 17.0
7 1.9 1.5 15.8 0.05 17.2 760 16.8

MEAN 2.5 2.0 17.7 0 .0 6 19.7 993 19.6
SO 1.7 1.4 3.3 0 .0 2 4.2 512 4.4

resting vc a A c a+A AUC Peak VC
ND Con * * * *

1 1.6 2.0 10.0 0 .07 12.0 810 12.2
2 1.7 3.0 20.3 0 .02 23.4 1643 23.2
3 1.7 3.9 12.0 0 .10 15.9 1379 15.8
4 1.8 2.3 11.9 0.02 14.2 1113 14.2
5 1.2 1.0 20.6 0.05 21.6 694 21.3
6 2.1 2.1 11.1 0.01 13.3 1255 13.3
7 0.7 1.4 21.0 0.03 22.4 1047 22.9

MEAN 1.5 2.2 15.3 0 .0 4 17.5 1134 17.6
SD 0.5 1.0 5.1 0 .03 4.8 327 4.8
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Arm reactive hyperaemic responses

SE resting vc a A c a+ A AUC P e a k  VC
ND Ex * * * ♦

1 8.1 7.3 26 .7 0.02 ' ' 34.1 3296 33.0
2 2.1 1.4 19.0 0.06 20.4 734 20.3
3 1.9 2.0 19.5 0.08 21.5 887 21.1
4 2 .6 2.6 21 .7 0.04  ' ' 24.3 1408 23.3
5 3.0 2.6 24.1 0 .03 ' ' 26.7 1353 26.5
6 1.2 0.6 8.3 0 .15  ' ' 8 .8 236 8.9
7 3.2 3.4 28 .6 0 .03 ^ 32.0 1775 31.3
8 5.6 2.1 19.2 0 .06  ^ 21.3 1025 17.3
9 1.6 2.4 16.0 0.04 ' ' 18.4 1200 18.6

MEAN 3.3 2.7 20.4 0.06 23.1 1324 22.2
SD 2.2 1.9 6.1 0.04 7.5 861 7.4

resting vc a A c a+A AUC P e a k  VC
ND Con * * ♦ *

1 1.4 2.1 18.0 0.03 20.1 1098 19.8
2 1.1 1.8 19.0 0 .06  ' ' 20.8 917 20.7
3 2.4 1.9 12.3 0.04 14.1 893 14.0
4 1.5 1.0 13.9 0.12 ' 14.8 448 14.6
5 1.5 1.8 23.8 0.07 25.6 975 25.5
6 2.4 2.4 17.4 0.05  ' ' 19.8 1165 19.4
/
8 1.4 1.1 15.9 0.07 ^ 17.0 591 16.8

MEAN r 1.7 r 1.7'' 17.2'' 0.06 18.9 '' 869 '' 18.7
SD r 0.5 r 0.5 ̂ 3.8 '' 0.03 4.0 '' 261 '' 4.0

resting vc a A c a+A AUC P e a k  VC
T2DM Ex * • *

1 6.0 1.4 19.0 0.09 '' 20.4 669 20.4
2 1.7 0.9 26 .0 0.06 ^ 26.9 722 26.9
3>1 1.5 2.9 17.6 0.04  ^ 20.4 1349 19.3

5 0 .6 1.0 16.9 0.11 17.9 330 17.9
6 3.1 3.9 25.0 0.03 '' 28.9 1992 29.4
7 3.0 1.2 16.0 0.06 17.2 635 17.3

MEAN r 2.7 r 1.9 ̂ 20.1 ̂ 0.07 '' 21.9 '' 950 '' 21.8
SD r 1.9 r 1.2^ 4.3 '' 0.03 4.8 610 ̂ 5.1

resting vc a A c a+A AUC P e a k  VC
ND Con * ♦ * *

1 1.3 1.9 13.0 0.03  '' 14.9 930 11.7
2 2.1 1.6 13.6 0.02 ^ 15.2 988 14.8
3 2.6 0.1 25 .6 0.13 25.7 304 25.8
4 2.8 2.1 23.1 0.02 '' 25.2 1452 25.1
5 0.4 0.3 19.3 0.12 19.6 277 19.7
6 2.3 3.1 17.1 0.03 20.2 1480 19.7
7 4 .5 4.9 27.9 0.02 32.7 2509 32.6

MEAN 2.3 2.0 19.9 0.05 21.9 1134 21.3
SD 1.3 1.6 5.8 0.05 6.4 774 7.1
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Arm reactive hyperaemic responses

UE resting vc a A c 3 +  A AUC P eak VC
ND Ex * ♦ * * *

1 1.4 1.1 26.7 0.08 ^ 27.8 694 28.3
2 2.7 2.1 20.2 0.04 ^ 22.2 1104 21.6
3 0.4 0.3 18.0 0.11 ^ 18.3 274 18.4
4 1.5 0.6 25.2 0.06 ^ 25.8 589 25.4
5 1.4 1.0 21.3 0.06 ^ 22.2 553 22.2
6 0.9 0.7 20.9 0.08 ^ 21.6 475 21.3
7 1.8 1.8 32.8 0.04 ^ 34.6 1408 34.2
8 1.6 0.9 24.9 0.08 ^ 25.8 559 25.8
9 0.8 2.3 24.8 0.06 ^ 27.2 1230 27.4

MEAN 1.4 1 .2 23 .9 0 .0 7 2 5 .1 7 6 5 24 .9
SD 0 .7 0 .7 4 .4 0 .0 2 4 .7 3 8 6 4 .7

resting vc a A c a + A AUC P eak VC
ND Con * ♦ * ♦ *

1 2.0 0.8 13.3 0.03 ^ 14.1 679 13.6
2 0.7 0.8 17.3 r 18.1 448 18.4
3 2.1 1.6 14.9 0.05 ^ 16.4 801 16.6
4 2.0 1.2 12.2 0.07 ^ 13.4 585 13.1
5 0.6 0.7 16.4 0.06 ^ 17.1 505 16.8
6 2.3 1.3 24.0 0.06 ^ 25.3 858 24.9
7
8 1.5 0.9 15.9 0.08 16.8 507 16.7

MEAN r 1 .6 r 1.1 f 1 6 .3 ' ' 0 .0 6  ^ 1 7 .3  ' ' 6 2 6 1 7 .2
SD r 0 .7 r 0 .3 3 .8 0 .0 2  ^ 3 .9  ^ 15 8  ^ 3 .9

resting vc a A c a + A AUC P eak VC
T2DM Ex * * * ♦

1 3.3 5.4 17.6 0.30 ^ 23.0 1874 23.0
2 3.5 3.5 18.3 0.04 ^ 21.8 1644 21.5
3 0.8 1.4 24.7 0.07 f 26.2 832 25.9
4 1.5 1.5 11.2 0.07 ^ 12.7 649 12.5
5 1.1 1.0 12.6 0.09 ' 13.6 465 13.5
6 2.1 0.9 13.3 0.06 ^ 14.2 523 14.0
7 5.0 5.9 17.9 0.06 ^ 23.8 2298 23.6

MEAN 2.5 2 .8 16 .5 0 .1 0 19 .3 1 1 8 4 19 .2
SD 1.5 2.1 4 .6 0 .0 9 5 .6 741 5 .6

resting vc a A c a + A AUC P eak VC
ND Con • * * * *

1 1.8 3.4 11.1 0.08 ^ 14.6 1293 14.1
2 1.3 1.8 17.6 0.01 ^ 19.4 1544 22.9
3 3.6 3.5 29.4 0.18 ' 32.9 1387 33.0
4 1.5 0.3 26.1 0.06 ^ 26.4 472 25.8
5 1.1 0.3 15.6 0.04 ^ 15.9 510 15.5
6 1.1 1.0 11.7 0.02 ^ 12.6 744 13.5
7 1.9 1.3 20.9 0.06 ^ 22.2 778 21.9

MEAN 1 .8 1 .7 18 .9 0 .0 6 2 0 .6 96 1 2 0 .9
SD 0.9 1 .4 7 .0 0 .0 6 7 .2 4 3 9 7.1
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Appendix 34: LBF and LVC at rest and during incremental plantar flexion 
exercise at BS, SE, and UE.

B a s e l in e S lo p e  LVC S lo p e  LBF 

( m L m in ‘‘ .m m H g ■') ( m l .m i n  ' )  

v s  f o r c e  ( N )  v s  f o r c e  (N

S lo p e  LVC S lo p e  LBF 

( f f l l ,m in ''.m m H g  ( m l , m i n ' ' )  

v s  %  m a x  v s  %  m a x

ND Ex

No.

r e s t  LBF r e s t  LVC 

( m l .m i n ‘‘ .m m H 9 ' )  ( m L m i n * )

P k  LBF

( m L m i n '‘ .m m H g '* )
P k  LVC

( m l . m i n ' )

LBF ( m l . m i n '}

100 250 400 550

LVC ( m l .m in  * ,m m H g  ' )

100 250 400 550

3 1 .3  0 ,2 8 4 ,8 7 3 .6 3 54 .4 0 ,9 2 .3 4 ,2 0 .0 11 0 .9 4 .5 3 74
4 3  0 ,5 9 9 ,9 2 0 6 .8 4 4 8 .2 6 7 6 ,8 2 ,8 4 ,7 6 ,2 8 .1 0 .0 01 1 .0 6 .3 551

6 0 .7  0 .S 9 1 2 5 2 .3 11,9 2 0 5 .6 6 9 4 .2 1 10 9 .3 2 ,0 4 .9 6 ,1 9 ,6 0 .0 1 6 1.9 8 .9 1071
2 7 .1  0 .3 1 6 ,0 2 22 .2 3 1 6 .9 5 1 9 ,5 2 ,5 3 .0 3 ,3 5 .4 0 .0 0 6 0 .6 3 .3 339

7 0  0 .6 4 8 ,1 2 05  6 4 4 4 ,2 7 50 .3 1 .6 3 ,6 5 .7 0 .0 1 2 1.7 5 .5 727
4 8 .7  0 .5 2 3 ,3 2 8 3 .7 2 9 5 .0 2 ,5 3 ,0 0-0 03 0 .2 0 .9 19

1 1 2 .7  1 ,34 1 04 0 .2 12,1 154 .0 7 6 5 .9 9 1 8 ,3 2 .0 6 .5 10,8 1 1 .2 0 .0 21 1.7 11 .7 9 44
4 2 .9  0 ,4 9 8 4 6 .8 9.1 172 .4 7 7 1 .7 1 ,8 4 .8 8 .2 0 .0 21 2 .0 8 .6 799
5 3 .7  0 .5 1 3 3 2 .9 4 ,5 163 .7 1 ,6 3,5 0 .0 31 1.4 3.3 211

10 5 1 .8  0 ,6 8 9 9 0 .8 1 2 ,9 2 24 .1 7 7 4 .9 2 ,8 5 .0 10,2 0-0 24 1 .8 9 .8 734

M e a n 5 4 .2  0 .6 0 7 6 7 .8 8 .2 ’ W I . 2 ' 3 6 9 .0  ' 6 0 9 .6  ^ 8 0 6 ,0 '  2 ,0 ^ 4 .1 ^ 6 ,8 ^ 8 .6 0 ,0 1 1 .3 6 .3 577

SO 2 4 .2  0 ,2 9 3 ,5 ’  S S . 1 ' 9 7 , 6 ^ 2 0 0 .7  ^ 2 6 0 ,4 '  0 , 6 ^ 1 .3 ^ 2 , 7 ^ 2 .5 0 ,0 1 0 .6 3 .4 3 36

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  IB F

N O C o n r e s t  LBF r e s t i v e P k  LBF P k L V C LBF ( m L m i n ‘ ) LVC ( m l . m i n ' .m m H g  ' ) ( m l . m i n ' .m m H g ■') ( m l .m i n  ' ) ( m l .m i n ' '.m m H g  ( m l .m in  ' )

N o . ( m l . m i n ' .m m H g ' ] ( m L m i n '} ( m L m i n ' . m m H g ')  ( m l .m in  ) 100.0 2SO.O 400.0 5S0.0 100.0 250.0 400,0 550.0 v s  f o r c e  (N ] v s  f o r c e  (N v s  %  m a x v s  %  m a x

3 9 .9  0 .4 3 169 .1 1 ,7 8 4 .6 1 5 5 .6 0 ,9 1 ,5 0 .0 0 4 0 .5 1 .0 118
2 7 .6  0 ,3 4 5 0 9 .3 5 ,4 133 ,4 4 4 6 ,2 2 ,4 5,1 0 .0 1 7 5 .9 4 .5 521
2 3 .7  0 ,2 2 2 46 2 ,5 4 3 .8 1 22 .1 1 75 .2 0 ,4 1 ,3 1 .7 0 .0 0 4 0 .4 1.8 175
5 6 .4  0 .6 4 7 8 .3 5 ,2 1 3 8 .5 2 3 3 ,4 4 0 5 .7 1,4 2 ,5 4 ,3 0 .0 0 9 0 .9 3 .9 356
7 9 .8  0 ,8 1 9 8 8 -2 8 ,4 9 9 .5 3 6 6 ,5 7 34 .2 7 7 6 ,3 0 ,6 1 ,9 3 .6 3 ,8 0 .0 0 7 1.6 4 .1 8 79
4 9 ,5  0 ,4 7 2 9 8 .7 2 ,9 101 .5 2 0 3 .5 0,7 1,3 0 .0 0 4 0 .7 1.2 170
6 8 .9  0 ,6 7 1 4 6 6 .6 11,7 3 4 2 .7 6 3 6 .2 9 1 4 ,9 1 11 7 ,7 3,1 5 ,6 8 .1 9 .9 0 .0 1 5 1,7 8 .5 9 55
4 4 ,9  0 ,3 7 3 2 2 .5 2 ,6 8 7 .0 1 86 .0 3 0 3 .5 0 ,6 1 .0 1 .7 0 .0 0 3 0.7 1.5 289
7 9 .5  0 ,8 1 1 05 5 .6 10,3 2 3 .6 3 0 1 .0 5 2 7 ,8 7 3 9 ,8 0 .2 2 ,9 5 .3 7 ,6 0 .0 1 6 1,6 8 .9 871

M e a n 5 2 .2  0 ,5 2 6 1 4 .9 5 .6 '  1 1 7 . 2 ' 2 9 4 ,5  ^ 5 1 0 .2  ^ 8 7 7 .9 ^ 1 . 1 ^ 2 .6 ^ 4 . 1 ^ 7 .1 0 .0 1 1 .6 3 ,9 4 82
SO 2 0 .7  0 .2 1 4 4 8 .5 3-7 ’ 9 2 . 4 ' 1 6 5 .0 ' 2 7 5 .7  ^ 2 0 8 ,4 '  1 ,0 ^ 1 .7 ^ 2 .4 ^ 3.1 0 .01 1 .7 3 .0 3 37

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

T 2 0 H  Ex r e s t  LBF r e s t  LVC P k  LBF P k L V C LBF ( m l.m in L V C ( m l.m in ' '.m m H 9 ' ' ) ( m l .m i n ' '.m m H g  ' )  ( m l . m i n ' ' ) ( m l .m in '* .m m H g  ( m l.m in  ' )

N o . ( m l.m in "  .m m H g  ) ( m L m in  )  ( m L m in  .m m H g  )  (m L m in  ) 100.0 250.0 400.0 5SO.O 100.0 250.0 400.0 550,0 v s  f o r c e  (N ) v s  f o r c e  (N v s  %  m a x v s  %  m a x

3 2-3  0 .3 8 5 2 4 .3 6 .4 1 48  0 4 8 8 .4 1-5 2 .9 4 .7 0 .0 1 1,1 4 ,2 454
4 5 .3  0 .4 3 4 8 8 .9 5 ,4 2 4 4 .2 3 6 0 .2 3 82 ,0 2 .3 3 ,8 4 .6 0 ,0 0 7 0 .5 3 .1 184
2 5 ,4  0 ,2 1 4 4 6 ,5 3 .6 2 3 2 .4 3 7 1 .9 2 .2 3 ,0 0 ,0 0 5 0 ,9 1 ,4 2 33
4 9 -2  0 .4 6 7 4 4 .5 6 .9 6 4 ,3 4 9 6 ,2 6 4 2 .7 0 .6 2.1 4 .3 5 ,4 o.on 1-3 6-1 704
3 4 .9  0 .3 9 5 3 9 .6 5 .7 1 23 .4 2 5 5 .0 4 1 7 .5 1 .3 3 ,0 5 .0 0 ,0 1 2 1 .0 4-9 392
3 7 .3  0 ,3 2 3 7 3 .4 3,1 123 ,1 1.1 2-2 0 ,0 0 7 0 .6 2 .0 159
4 1 ,7  0 .3 7 3 3 2 .5 2 ,6 1 06 ,5 2 1 3 .0 2 7 6 .6 1 .0 1 .8 2 .2 0 .0 0 4 0 .7 1 .7 227
6 2 .2  0 ,5 6 4 1 6 .5 3 .8 143 ,1 1 ,2 3 .1 0 .0 1 2 l . l 3 .0 281

M e a n 4 1 ,0  0 .3 9 4 8 3 .3 4 .7 '  1 4 8 . 1 ' 4 1 2 .1 ^ 6 4 2 .7 " 1 ,4 ^ 2 .7 ^ 4 .2 ^ 5 ,4 0 .0 1 0 ,9 3 ,3 329
SD 1 1 .4  0 .1 0 1 2 7 .5 1.6 '  6 1 . 4 ' 6 0 . 7 ^ 8 9 , 7 ^ D r v / 0 ' '  0 ,6 ^ 0 , 6 ^ 1-1 0 .0 0 3 0 .3 1.7 182

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

T2D M  Con r e s t  L 8 F r e s t  LVC P k  LBF P k L V C LBF ( m l .m in  ' ) LVC ( m L m i n ' . m m H g ') (m L m in  '.m m H g  ’ ) ( m l .m i n  ' ) ( m i .m i n  '.m m H g  ( m l .m in  ' )

N o . ( m l . m i n ' .m m H g  ) (m L m in  )  ( m L m in  .m m H g  )  (m L m in  ) 100.0 250.0 400.0 S 5 0 .0 100.0 250.0 400.0 550.0 v s  f o r c e  ( N | v s  f o r c e  (N v s  %  m a x v s  %  m a x

4 6 .1  0 .4 4 4 3 3 ,9 4 .9 2 2 4 ,3 3 1 1 .2 4 0 0 ,0 2 -4 3 ,4 4 .3 0 .0 0 6 0 .6 2.6 2 34
5 5 ,5  0 -62 8 64 12-0 1 82 .2 2 2 5 .2 4 0 7 ,0 7 5 8 ,0 1 .9 2 .1 3 .5 8 .5 0 .0 1 4 1.3 7.7 7 00
8 9 ,4  0 .9 2 6 9 9 .7 6.6 1 85 .1 2 89 -8 6 0 3 .8 2 .1 3 ,2 6.2 0 .0 1 3 1,4 5 ,4 558
3 0 .9  0 .2 9 4 55 5 .6 104 .9 3 3 4 .9 4 0 1 .8 1 .0 4 ,7 5 .6 0 .0 1 5 1 ,0 6 ,1 3 96
3 1 .5  0 -41 5 7 1 .5 6.B 134 .9 3 2 9 .6 4 4 7 .5 4 9 1 .0 1 ,9 4 .0 5 .0 5 .7 0 .0 0 8 0 ,8 4 ,5 4 35
6 9 .7  0 -7 2 5 4 0 .8 5 ,3 3 5 4 .5 4 0 0 .0 4 8 1 ,9 3-2 3 ,7 4 .2 0 .0 0 3 0 .4 1,3 170
3 6 ,7  0 -3 3 5 0 9 .8 4 .8 2 08 .1 3 91 -8 4 5 5 ,4 1 .9 3 ,3 3 .8 0 .0 0 6 0 .8 2 ,6 3 30

S 4 4 ,6  0 .4 5 4 4 4 .9 3 ,8 121-5 2 0 0 .7 3 60 ,2 1 .3 1 ,8 3 .0 0 .0 0 5 0 .8 2 .3 3 18

M e a n 5 0 ,6  0 -5 2 5 6 5 ,0 6 .2 ’ 1 8 9 .4 ^ 3 1 0 .4  ' 4 4 4 ,7  ^ 6 2 4 .5 '  2 .0 ^ 3 . 3 ' 4 ,5 ^ 7 ,1 0,01 0,9 4 1 393
SO 2 0 .3  0 -21 1 4 8 .8 2 ,5 '  7 8 . 9 ^ 7 1 . 1 ^ 7 4 . 9 ^ 1 8 8 .8 '  0 .7 ^ 0 ,9 ^ 2 ,0 0 .0 1 0 ,3 2,2 172
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LBF and LVC at rest and during incremental plantar tlexion exercise

S u p e r v i s e d  e x e r c i s e S lo p e  LVC S lo p e  LBF 

(m l .m in '‘ .m m H g ‘)  (m l.m in  ' )  
v s  fo rc e  (N ) v s  fo rc e  (N )

S io p e  LVC S lo p e  LBF 

(m l .m in '‘ .m m H g ' )  ( m l .m i n ' )  
v s  %  m a x  v s  %  m ax

ND Ex

No.

r e s t  LBF
( m l .m i n ‘ .m fnH g’' )

r e s t  LVC P k L B F  PkLV C
( m l .m i n ' ']  (m l .m j n '\m m K g '‘ ] ( m l .m i n ‘ )

LBF (m l.m in '’ )

1 0 0  25 0 40 0 5 S 0

LVC (m L m in  ‘ .m m H g ')

1 0 0  2 5 0  4 00 5 5 0
102-7 1.09 1070.2 11,0 242,2 513-2 681.4 2.3 4,9 7.1 0,013 1-2 9.1 859

18.6 0,32 721,6 8,9 258,6 400 504.1 553,3 4,0 6,2 7,7 7.4 0,006 0.6 4.2 450
S6.6 0,56 482,2 4.8 143,1 225.9 403.5 432,5 1,4 2.1 3.6 4,2 0,006 0.7 3.6 383

52 1151,8 18,5 256,7 511.5 878.9 1014,5 2,2 5,0 9,4 16,1 0,03 1.8 16.8 968
113.4 1,4 998,1 10,2 187,7 466,4 845.5 2,1 5,1 9,0 0.012 1.3 8,5 937

46.1 380.5 3.6 166 275 2,5 2,6 0,003 0,6 1,2 231
63,8 0,74 1066 10.1 128.3 327.6 596 759,9 1,7 3,3 6,3 8,9 0,016 1.4 10,2 950
52.1 0,76 830,7 12.1 115,7 461,7 589.8 2,0 6,2 8,4 0,019 1.3 10,6 734
38.7 0,38 522.8 S.2 92,5 261,3 1,0 2,6 0,007 1.0 4,2 517

10 48.S 0,61 1369,2 12.4 303.9 458,3 986 3,6 4,9 9.2 10,5 0,016 1.9 9,2 1067
M ean 59.3 0.70 859.3 9,7 '  189 i ' 390,1 ^ 685,7 ^ 590,1 ’ 2 . 3 '  4 , 3 '  7 . 6 ' 9,4 0.01 1,2 7,8 710
SD 28,5 0.32 326,0 4,4 ’ 7 1 .9 ' 108,7 ^ 201.0 ^ 255.1 '  0 . 9 '  l . S '  1 .9 ' 4,4 0,01 0.5 4,5 292

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

ND Con r e s t  LBF r e s t  LVC PkLB F PkLV C LBF (m l.m in  ' ) LVC (m L m in ‘‘ .m rn H g '') ( m U i n  '.m m H g ' )  (m L m in '* ) ( m l .m in '',m m H g '* )  (m l .m in ‘‘)
No. (m l m in  { m l.m in  ‘ ) (m L m in ‘‘ .m m H g ) ( m L m in ') 10 0 2 5 0 40 0 55 0 1 0 0 .0  2 5 0 .0  4 0 0 ,0 S 5 0 .0 v s  fo rc e  (N ) v s  fo rc e  (N ) v s  %  m a x v s  %  m ax

15,0 0-14 305.5 3.8 225,4 243 1.6 3,5 0.013 0,1 3,3 29
31,0 0,32 447,9 4.5 128,4 386,1 1.2 3,3 0.011 1,1 3,4 430
23,7 0,28 159,9 1,8 68.7 145,7 0.8 1,6 o.oos 0.5 1.3 128
23,5 0.25 864 9,9 44,3 141 488.6 0,7 2,0 5,7 0.013 1,2 7.4 661
76.3 0.76 1139,7 10,3 254 635,9 870.9 897.1 2.5 6,5 8,7 8.8 0.014 1,4 7.7  794
55.9 0,66 406,9 4,3 174,3 266,3 1,7 2.7 0.007 0,7 3,0 265
35,0 0,39 1095,4 10,5 227.9 476 ,7 537,3 821.1 2,3 4.7 5,1 8.0 0.011 1,2 6,5 675
46.2 0.44 417 3,7 107.5 210,6 329 1,0 1,9 3,0 0.006 0.8 2,7 295
55.1 0,51 815,7 7,1 70.5 177,8 570,5 695.5 0,6 1.8 5,0 5.7 0.012 1.5 6,7 831

M ean 40.2 0.42 628.00 6,2 '  1 4 4 .6 ' 298,1 ^ 559,3 ' 804.6 '  1 , 4 '  3 , 1 '  i . 5 ' 7.5 0.010 1,0 4.7 456
SD 19.7 0,32 357.11 3,3 ’ ; 8 - s ' 16 8 ,8 ^ 1 9 7 .3 ' 101.8 '  0 , 7 '  1 , 6 '  2 , 1 ' 1,6 0.003 0,5 2.4 295

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

T20M EX r e s t  LBF r e s t  LVC P kL B F PkLV C LBF (m l .m i n ‘) LVC (m l.m in  \ m m K g ') (m l .m in  '.m m H g  ‘)  (m L m in  ’ ) { m l.m in ‘’ .m m H g '')  (m l .m in  ' )
No, (m l .m in  .m n iH g  )  ( m l .m i n ' ')  { m l.m in  .m m H g ’' )  ( tn lm in  *) 10 0 2 5 0 4 0 0 5 5 0 1 0 0 ,0  2 5 0 .0  4 0 0 ,0 S 5 0 .0 v s  fo rc e  (N ) v s  fo rc e  (N ) v s  %  m a x v s  %  m a x

29.1 0.33 446.8  4.S 116,9 274.1 400,4 1,2 2 7 4.1 0.007 0.7 4.0 396
58.0 0.S6 727,6 5,9 158,5 340.8 470,7 1.6 3 1  4.1 0.008 1.1 4.9 595
29,4 0,17 668 5.1 129.7 416 1.3 3.6 0.012 1.5 5.0 607
48.7 0.66 863.9 8.0 156,7 368.7 612,4 989.4 2.2 3,7 4.6 8,0 0.012 1.8 6.6 1005
52.3 0.61 722 5.3 141.8 234.9 425,5 1 4 2 .4  4.0 0,007 1,0 3.9 561
33.0 0,34 44 4 .9  4 ,6 344 388.1 2.9 3.7 0,005 0,3 1.3  74
33.0 0,25 691,8 5,1 118.5 302.9 496,8 0.9 2.3 3.8 0,008 1,2 4.8 643
72.3 0,85 808,5 8.5 231,9 331.9 2.7 3.9 0,005 0.7 3.2 368

M ean 44.5 0.48 671.7 5.9 '  1 7 4 .8 ' 332.2 ^ 48 1 .2^ 989.4 '  1 .8 ^  3 . 1 '  4.1 0.01 1.0 4,2 531
SD 15,9 0.22 152.9 1.5 '  7 7 .6 ' 6 0 .1 ^ 82,5 '  0 . 7 '  0 , 6 '  0.3 0,003 0.5 1.6 268

S lo p e  LVC S lo p e  LBF S lo p e  LVC S lo p e  LBF

T2D H  Con r e s t  LBF r e s t i v e  P kL B F PkLV C LBF (m L m in '’ ) LVC (m l .m in '.m m H g  ') (m l .m in ' ' .m m H g '‘ ) (m l .m in ’’ ) (m l .m in '',m m H g  ' )  (m l .m in  *)
No. (m L m in ' .m m H g '} (m l .m in  ) (m t .m in  .m m H g * )  (m L m in  ') 100 2 5 0 40 0 55 0 1 0 0 .0  2 5 0 .0  4 0 0 .0 5 5 0 .0 v s  fo rc e  (N ) v s  fo rc e  (N ) v s  %  m a x v s  %  m a x

30,9 0,26 846.2 15.2 168,5 355 658,6 1.8 4.6 7.3 0,021 1,2 11,7 682
56,4 0.6 659.1 7,2 87 202,5 467,8 607,3 0-9 2 .3  4-4 6.2 0,011 1,2 6,5 670
81,8 1.13 839.7 6.4 247.4 346.5 542.4 2.0 3.1 4.3 0,007 1,0 3,9 572
37.2 0,39 716.2 8.5 173,6 283.6 517.3 1,4 3,3 6.0 0,015 1.1 6,1 458
42.S 0.46 610,6 7.3 361,3 477 4,3 5,9 0.01 0.8 2,7 193
40.1 0,4 806,3 9,5 92.3 264.1 409.4 0,7 2,1 3,3 0.013 11 7,5 603
50,5 0,49 448,7 4,5 184,8 334.4 361.2 1,3 3,7 4,3 0.01 0.6 4.1 235
77.2 0,98 716.2 7.S 176,1 389.8 514,1 2,3 4,8 5,5 0.01 1.1 4.3 451

M ean 52,1 0,59 705,4 8,3 ' 18 6 ,4^ 33 1 ,6 ^ 495.8 ^ 607.3 '  1 ,8 ^  3 ,7 ^  5 ,0 ^ 6,2 0.01 1.0 5,9 483
SD 18,7 0,31 133,8 3,2 ^  8 7 ,5^ 8 3 .5 ^ 96 ,5^D IV /0 i '  1 ,1 ^  1 ,3 ^  1,3 0.004 0.2 2.9 187
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LBF and LVC at rest and during incremental plantar flexion exercise

U n s u p e r v i s e d  e x e r c i s e S lope LVC Slope LBF 

(m l.m in'*.m m H g (m L m in*) 
v s  fo rce  (N ) v s fo rce  (N

Slope LVC Slope LBF 

(m Lm in'* .m m H g (m Lm in'* ) 
v s  %  m ax v s %  m ax

ND Ex
No.

r e s t  LBF r e s t LVC 
(m i.m in '.m m H g (m Lm in ' )

Pk L8F Pk LVC
(m L m in '‘.m mHg (m l.m in *)

LBF (m l.min'*)
100 250 40 0 S50

LVC (m L m in ''.m m H g ')  
100 250 40 0 550

59.3 0,57 1103 10,3 512.5 933-8 4.8 7,7 0.019 2 ,S 4,9 702
16.9 0,25 877,9 12,4 100.6 336.8 501,2 574.0 2,9 4,8 6.9 8,7 0,013 0,9 9.4 625
29.2 0,28 913 8,6 76,0 370.0 563,5 652.3 0,8 3,6 4.9 5,6 0.012 1.3 6.9 858
40.5 0.45 936.6 9,1 279.0 710,1 848.1 3,1 4.5 7.4 8.4 0.009 1.2 6.9 734
60.3 0.76 822,3 10.1 197.9 654.7 2,4 5.1 0.016 0.9 7.3 608
68.9 0,7 246.8 2.8 178.3 1,5 1.7 0,002 0.1 0.8 34
68,2 0,76 756.2 9.6 99.3 261.6 527.2 702,6 1,1 4.0 6.4 8,1 0.015 1.3 8,6 724
31.6 0,4 533.2 7,9 323,4 488.6 602,2 3,5 5.4 6,7 0,009 0.7 5.0 383
34.1 0.33 467,1 3,4 106.7 172.0 1,0 1.5 0,006 1.0 2.6 397

10 73,6 0,95 846.8 10,9 221.7 461.8 769,6 2,9 5.1 9,4 0.021 1.8 8.7 731
Mean 48,3 0,55 750.3 8,5 '  2 1 7 .6 ^ 618.4 ^ 694,3 '  2 ,4 ^ 4 .3 ^ 7 ,1^ 7,7 0,01 1.2 6,1 580
SD 20,0 0,24 257.6 3.1 ’ 1 2 9 .7 ' 210.7 ^ 98.2^ 115,4 ’ u ' ' 1 ,8^ 1 .4^ 1,4 0,01 0.7 2.8 243

Slope LVC Slope LBF Slope LVC Slope LBF
ND Con re s t  LBF re s t LVC Pk IBF PkLVC LBF (m L m in ') LVC (m L m in '.m m H g '* ) (m L m in '‘ .m mHg (m Lm in ') (m L m in '. mmHg (m Lm in ')
No. ( m l . f f l i n '  .m m H g  ( m l . m i n ' ) (m Lm in .m m H g (m Lm in ) 100.0 2SO.O 40 0 .0 55 0.0 100.0 2 5 0 .0  40 0 .0 550.0 vs fo rce  (N) v s fo rce  (N v s  %  m ax v s %  m ax

28.4 0.27 335.9 3,5 117.8 286,4 1,2 3.0 0.011 1.1 2,9 281
32.9 0.43 407,4 4,1 123.0 298.7 1,6 3.5 0.012 1.2 3.2 293
20.2 0,2 267,2 2,5 45.9 183.7 227,3 0.4 1.7 2,1 0.005 0.6 2.3 242
50,8 0.6 533.8 5,4 100.4 272.2 384,2 1,1 3.0 4.6 0.011 0.9 4.7 378
56,5 0.56 1047.7 7,6 137.6 395.9 732,2 986.0 1,3 3.7 5,9 7,6 0.009 1.5 6.7 1029
34,1 0,29 481-1 3,6 84,2 257.0 0,7 2.2 0.009 0.8 3.9 310
48,5 0.54 1119 10.8 247.2 456,7 717,3 977.7 2,6 4.6 7.5 9.5 0.013 1.5 9.5 1057
56.9 0,57 557.2 5.2 103.7 232.8 453,1 1,0 2.8 4,0 0.01 1.2 4.0 466
60.2 0,56 797.9 6.8 57.8 167.9 614.3 710.4 0,6 1.5 5.1 6.1 0.013 1.6 7.3 882

Mean 43.2 0,45 616.4 5.5 '  113 .1^ 283.5 ^ 521,4^ 891.4 '  1 ,2^ 2 .9^ 4 .9 ^ 7,7 0.010 1.2 4,9 549
SD 14,5 0.15 305-1 2,6 '  58.5^ 9 3 .3^ 200 ,7^ 156,8 '  0 ,6^ 1 .0^ 1 .8^ 1,7 0.003 0,3 2,4 340

Slope LVC Slope LBF Slope LVC Slope LBF
T2DH Ex re s t  LBF re s t LVC Pk LBF Pk LVC LBF (m l.m in'*) LVC (m L m in '.m m H g * ) (m l.m in *.m mHg (m l.m in *) (m l.m in'*.m m H g (m l.m in '*)
No. (m l.m in ' .mmMg (m L m in '} (m L m in ' .m m H g ( m lm ln ' ] 100.0 2SO.O 40 0 .0 S50.0 100.0 25 0 .0  40 0 .0 5S0.0 v s  force (N) v s fo rce  (n ; v s  %  max vs %  m ax

41.4 0.46 570,4 55 217.6 385,4 491,9 2.5 3.3 4,9 0.007 0,9 3,2 366
38.9 0,23 679,7 4 0 133,8 349,8 504.6 1,0 2.5 3,2 0.005 0,9 2,8 489
31,8 0.26 466,5 3.4 155.2 341.5 1,3 2.5 0.006 0,9 2,7 375
62,7 0,52 1024,2 7.3 210,6 456,5 784.6 866,1 1,7 3.9 5,9 6,7 0.011 1,5 6.2 841
45.6 0,45 603 6,1 177.6 338,3 563.0 1,8 3.4 5,8 0.012 1.1 7,0 589
611 0.53 786.4 6 6 187.6 627.1 1,7 5,9 0.014 Q.7 5,9 664
59.6 0,62 806,5 7.8 82.4 359.7 503,2 0,9 3,7 5.0 0.013 1.4 7.1 767

8 63.7 0,44 675,5 4.4 129.8 252.5 1.2 1.7 0,005 0.9 3.2 491
M ean 50,6 0,44 701,5 5.6 '  16 1 ,8 ^ 388,8 ^ 569.5 ^ 866.1 '  1 .5^ 3 .4 ^ 5-0 0,01 1.0 4.8 573
SD 12.6 0,13 171,4 1,6 '  45,6 111 ,6^ 123.4 '  0 .5^ 1 .3^ 1 -l^D iV /O ! 0,004 0,3 2.0 175

Slope LVC Slope LBF Slope LVC Slope LBF
T2DM Con re s t LBF re s t LVC Pk LBF Pk LVC LBF (m l.m in ') LVC (m Lm in '.m m H g'*) (m Lm in *.m mHg (m Lm in'* ) (m L m in ' mm Hg (m Lm in ')
No. (m l.m in ' .m mHg (m L m in ') (mLmin '.m m H g (m L m in‘‘ ) 100.0 2SO.O 40 0 .0 550.0 100.0 25 0.0  40 0 .0 5SO.O v s fo rce  (N) v s fo rce  (N v s  %  m ax v s %  m ax

54.7 0.34 566,1 3,5 129,3 449,4 522,1 0.9 2.6 3,3 0.007 1.3 3.1 524
69.2 0.66 904 7,6 133,8 485.9 578,9 734,4 1,3 4.4 5.5 6,9 0.009 1.1 6,6 786
98.9 1.13 682 6.8 266,8 384,8 562.5 2,6 4.0 6-5 0.013 1.0 5.2 394
46,5 0.5 554,9 6.3 124.1 256,9 457.1 1,4 2.9 5,0 0.011 1.1 4.8 444
43,4 0.41 573,8 5.2 124.7 270.0 460.9 499.9 1,2 2.5 4.1 4,6 0.008 0.9 4.4 483
87.4 0.77 786,6 5.7 255.0 380.8 489.6 2,2 3.4 3,9 0.006 0.9 3.3 519
40.4 0.34 464,8 4.0 136.7 331.1 426.0 1,1 2,6 3,4 0.007 1.0 3,1 386

8 43,8 0,36 720.9 5.4 132.1 311.9 515,3 1.1 2.7 4,1 0.009 1.1 5.0 625
Mean 60,5 0,56 656.6 5,6 '  162 .8^ 358.9 ^ 5 0 1 .6 ^ 617.2 '  1 .5 ^ 3 .1 ^ 4 5 ^ 5,7 0.01 1.1 4.5 520
SO 22,3 0,28 144.0 1.4 '  60.8^ 81.7^ 53.2^ 165.8 '  0 .6^ 0 .7 ^ 1 1 F 1.6 0.002 0.1 1.2 132
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Appendix 35: Physical characteristics and activity levels

T 2 D M  (1-19 postm enopausal ,  9 -19 BMl m atched  postm enopausal)  
N on-d iabet ic  (1-21 prem enopausal ,  12-21 B M l m atched  postm enopausal)

1 A ge W eig h t (k g ) H e ig h t (m ) BMl WHR ABl LOPAR

(y r) (k g ) (m ) (k g .m '" ) (M et h.wk'
1 54 108.1 1.56 44.4 1.01 1.00 65
2 53 8 9 .75 1.59 35.5 0 .96 1.04 199.75
3 56 84.9 1.48 38.8 1.00 1.13 180.35
4 59 98.4 1.67 35.3 0 .95 1.13 111.15
5 56 109.5 1.58 43.8 1.01 1.10 79.75

6 53 98.8 1.58 39.6 0 .93 1.34 125.4

7 59 106.3 1.56 43.7 1.01 1.03 91.4

8 57 72.5 1.51 31.8 0 .98 1.02 103.5
9 56 6 0 .25 1.53 25.7 0 .96 0.95 109.6

10 55 8 2 .35 1.57 33.4 0 .86 1.00 68
11 60 69 1.56 28.4 0 .99 1.19 97.3
12 67 78.3 1.63 29.5 0 .97 1.03 85.15
13 56 94.3 1.66 34.2 0 .95 1.14 28.94
14 64 68.7 1.58 27.5 0 .99 1.03 48.5
15 57 81.1 1.66 29.4 0 .93 1.03 57.35
16 57 8 1 .6 1.54 34.4 0 .90 1.11 166.45
17 58 72.2 1.58 28.9 0 .89 1.06 171.4

18 49 88.9 1.66 32.3 0 .87 1.10 78.97

19 56 82.5 1.57 33.5 0 .79
M ean 5 6 .9 8 5 .6 1 .5 8 3 4 .7 r 0 .9 5 1 .0 6 ^  1 0 4

SD 4 .0 1 4 .2 0 .0 5 5 .6 r 0 .0 5 0 .1 5 0 .0

N o n -d ia b e tic Age Body m a ss H eig h t BMl WHR ABI LOPAR

(y r) (k g ) (m ) (k g .m  *) (M et h .w k'
1 60 6 1 .9 1.59 24.5 0.91 0.82 56.3
2 66 4 8 .3 1.36 26.1 1.00 1.11 44.6
3 55 6 4 .7 1.61 24.9 0 .95 1.10 95.3
4 53 6 1 .9 1.63 23.3 0.84 1.06 104.1

5 62 5 3 .4 1 .60 20.8 0.87 1.02 57.9
6 50 54.1 1.58 21.7 0 .79 1.21 114.1

7 47 53.9 1.60 21.0 0 .75 0.87 130.3
a 60 74.1 1.68 26.1 0 .98 1.15 84.8
9 58 6 4 .0 1.63 24.1 0 .83 1.42 163.8

10 64 56.0 1.62 21.3 0 ,90 1.12 142.4

11 45 60.2 1.59 23.8 0 .90 1.11 143.9
12 50 6 4 .6 1.62 24.6 0 .98 1.03
13 62 72.9 1.56 30.1 0 .98 1.20 37.0
14 56 6 9 .5 1.55 29.1 0.77 1.08 101.5
15 53 8 3 .6 1.64 31.1 0 .94 0.92 122.0
16 62 74.6 1 .60 29.1 0 .99 1.18 83.0
17 56 7 2 .5 1.62 27.6 0 .83 1.10 219.9

18 54 6 9 .4 1.59 27.4 0.88 1.22 129.3
19 54 7 4 .6 1.58 29.9 0 .90 1.04 96.8

20 55 8 5 .0 1.60 33.2 0 .95 1.05 201.5
21 58 6 7 .8 1.57 27.5 1.04 1.00 130.4

M ean 5 1 .0 6 6 .0 1 .6 2 6 .1 0 .9 0 1 .0 9 1 1 3
SD ^ 5 .5 9 .8  ^ 0 .0 6 3 .5 r 0 .0 8 0 .1 4 8
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Appendix 36: Inflammatory and endothelial markers

T 2 D M  (1-19 pos tm enopausal ,  9-19 BMl matched postm enopausal)  
N on-d iabet ic  (1-21 prem enopausa l ,  12-21 BM l matched  postm enopausa l)

CRP
(n g /m l)

SAA
(n g /m l)

ICAM
(n g /m l)

VCAM
(n g /m l)

IL-6
(p g /m l)

IL'IO
(p g /m l)

TNF-alpha
(pg /m l)

IL-6 mRNA
Fold change

TNF-alpha mRNA Resistin mRNA Visfatin mRNA 
Fold change Fold change Fold change

Mean
SD

5411.6 2416.5 92.4 144.0 15.2 10.8 6.9 0,45 1.17 1.16 0.89
2050.0 6264.3 216.7 355-2 56.2 17.8 4,7 0.32 0.65 1.69 1.35
8287.8 6097.8 228,3 308 8 10.3 11.9 1.5 0.82 1.11 0,35 1.24
820.5 650.2 113,5 201,5 8.1 14.0 5,1 1,09 0.66 1.15 1.55

1656,4 10l6,7 209,2 320,0 18,8 13.2 9,8
618.4 1209,9 883 151,1 10,7 8.6 2,9 0,48 0.76 1.67 0,88

1425.4 1061.8 117,1 239,2 15,5 12.5 0,0 2.70 1.44 1.72 1.05
1048.3 1397,9 89.3 111,0 17,0 8.8 1,8 0.79 0.69 7.22 1.24
145.5 387,0 32,6 58.4 4.1 23.2 0.0 1.20 1.21 1.04 0.98

1103.5 1783,1 118.5 124,2 11,8 8.8 17.1 1.15 1.12 1.96 1.06
767,6 2059.1 189.3 234,6 22,2 10.1 9.8 0.78 1.26 0.74 1.03
678,8 1119.7 99,8 128,0 20.3 12.1 8.8 0.27 1.01 1.05 1.03
830.5 1747.6 162.8 305.0 23,7 27.4 12.4 0.57 0.89 1.07 1.90

3275.3 2428,3 191.0 276.0 17.7 16.2 12.0 4.03 0.77 0.70 1.49
562,4 2044.0 83.4 152,2 6.3 9.4 10.6
410.5 436.2 32,0 60,8 5.5 9.2 0.0 0.60 1.33 0.67 1.71

85.3 261.9 41,2 68,2 4.8 7.9 3.6 2.94 0.80 2.44 1.57
4942,4 67768 278,0 330,2 22.9 10.1 5,8 1.81 0.82 0.81 1.12
547.7 734,4 1163 119,7 12.6 10.5 5.8 4.66 0.89 0.44 1.33

1824.6 2099.6 131.6 194.1 15.7 19.4 5.8 1.35 0.96 1.41 1.23
2170.2 2016.3 70.4 98.9 11.0 36.0 4.7 1.24 0.24 1.43 0.31

Non-diabetic CRP SAA ICAM VCAM IL-6 IL-10 TNF-alpha IL-6 TNF-alpha Resistin Visfatin
(n g /m l) (n g /m l)  (n g /m l)  (n g /m l)  (p g /m l)  (p g /n il)  (p g /m l) Fold change Fold change Fold change Fold change

10 450,8 2873,1 171.4 223.7 1,8 6.2 0,0 1.69 1.46 1.40 1.16
11 120,1 445 8 292 50,9 6.3 8.3 1,5 0.74 0.64 0.61 0.51
12 65,3 2149 22.0 22,6 3.7 6.4 0.4 1,10 0.95 0.91 0,75
13 99,0 4586 46.2 73,1 6,7 5.9 4.0 0,93 0.81 0.78 0,64
14 94.4 2555 62,1 974 12,2 7.7 10.2
15 371.6 364 5 974 126.5 6.7 6.4 2.2 1,04 0.90 0.86 0.71
16 207.3 543 1 61.7 83.5 12.6 12.5 24,1 2.39 2.07 1.99 1.64
17 184.6 1679 21.6 38,1 8.1 10.7 4.0 3.08 2.67 2.57 2.12
18 270.9 12518 141.9 213.2 4.4 6.1 0.7 0,14 0.12 0.12 0.10
19 192.4 1560.3 109,7 200,1 5.2 8.5 3.6 0.78 0.67 0.65 0.54
20 128,6 638 4 662 138.3 7.4 6.1 7.3 0.74 0.64 0.62 0.51
21 1391,0 31722 225,3 289,1 9.2 10.1 8.4 3.43 2.97 2.86 2.36
22 943.9 572,0 101,4 132,2 14.4 7,7 4.7 0.37 0,32 0.31 0.25
23 581.1 873.0 116,6 180,2 13.3 11,8 42,3 0.63 0.54 0.52 0.43
24 520.4 8634 57,9 110.3 14.0 12.1 19.0 0.94 0.81 0.78 0.65
25 2628.3 27984 228,0 298.3 5.5 7.9 0.4 0.64 0,55 0.53 0.44
26 576,5 7594 104,0 127.6 17.0 10.3 9,1 0.29 0,25 0.25 0.20
27 338.5 811.9 127.0 172.0 8.9 7.5 1,8 1.08 0.93 0.90 0.74
28 503.1 844 1 51,3 66,6 4.8 4.0 1.5 0.75 0.65 0.63 0.52
29 2006.1 18132 202,3 274,5 8.5 7.4 4.4 0.55 0.48 0.46 0.38
30 549,2 3314 39,2 63,3 8.5 8.8 5.5 1.21 1.05 1.01 0.83

582.1 1029.2 99.2 142.0 8.5 8.2 7.4 1 .0 0 '' 0 .9 7 ^ 0 .9 4 ^ 0.77
664.7 907.5 64.2 83.1 4.0 2.3 10.1 0 .7 8 ^ 0 .7 6 ^ 0 .7 3 ^ 0.61
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Appendix 37: Physical characteristics and activity levels at BS, SE, and UE.

NO Ex B aseline SE UE
Code Age Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

(kg) (M e th .w k '') (kg) (kg. (M et h .w k '‘] (kg) (k g .m ') (Met h .w k*)

1 60 61.9 0.91 0.82 56 62.3 0,91 1,15 83 61.9 24.5 0.91 o .« 85
2 33 59.7 0.82 1.14 141 60.5 0,83 1,15 132 61.5 22.8 0.79 1.03 204
3 62 72.9 0.98 1,20 37 70.8 0,99 1.08 56 70.8 28,7 0.99 0.93 79
4 56 69.5 0.77 1.08 101 66.3 0,78 1,08 95 68,4 28,5 0.77 l.Oi 105
5 53 83.6 0.94 0.92 122 82.2 0.94 1,14 121 81.4 30,2 0,94 1,13 145
6 66 48.3 1.00 1,11 45 46.5 1.00 1.01 65 46,9 25,7 1.00 1.01 52
7 56 72.5 0.83 1.10 220 71.1 0,84 1,08 220 71,8 27,4 0,84 l.W 188
8 53 61,9 0-84 1.06 104 61,4 0,84 1.19 142 61,7 23,2 0,86 l.W 121
9 54 69.4 0.88 1.22 129 67,5 0.87 1.15 118 67,4 26,3 0.86 1.09 141

10 62 53.4 0.87 1.02 58 54,2 0.88 1.04 59 53,4 21,1 0,87 1.(6 70
Mean 55.5 65.3 0.89 1.07 101 64.3 0.89 1.11 109 64.5 25.8 0.88 l.OS 119

SD 9.0 10.4 0.07 0.12 56 9.8 2.8 0.07 0.06 50 9.8 2.9 0.08 0.08 50

NO Con
Baseline 
Body m ass BMI 
(kg) (k g .m ')

WHR ABI LOPAR 
(Met h.wk'*)

SE
Body m ass BMI
(kg) (k g .m ')

WHR ABI LOPAR
(M eth .w k * )

UE
Body m ass 

(kg)

BMI
(kg.m-^)

WHR ABI LOPAR
(M eth.w k'*)Code Age

1 58 67,8 27.5 1.04 1,00 130 66.8 27,1 1.06 0.91 140 69,4 28,5 1.06 1.03 120
2 50 54,1 21.7 0.79 1.21 114 53.0 21.2 0.78 1.39 100 52.8 21.2 0,79 1.15 162
3 47 53,9 21,0 0.75 0.87 130 53.5 20.9 0.76 1.12 124 53.8 21.0 0.76 1.03 104
4 58 64.0 24.1 0.83 1,42 164 63.8 23.7 0.83 1.02 185 65.3 24.6 0,84 1.19 189
5 64 56.0 21,3 0.90 1,12 142 57.0 21.7 0.92 1.27 150 56,3 21.5 0.89 1,01 167
6 42 72.9 26,8 0.90 1.05 118 71.4 26.2 0.93 0.99 113 71,1 26,1 0.93 1,09 118
7 54 74.6 29.9 0.90 1.04 97 75.3 30.1 0.87 1.01 117 74,6 29,9 0.88 1.00 117
8 42 90.6 32,9 0.90 1.08 139 91.0 33.0 0.95 1.03 105 89.4 32,4 0.95 1.00 101

Mean 51.9 67.4 25.4 0.88 1.09 121 67.4 25.4 0.89 1.10 119 66.6 25.4 0.89 1.07 120

SD 8.0 10.9 3.8 0 .08^ 0.16 27 11.2 3.9 0.09 0.13 31 11.7 3.9 0.09^ 0.07 55

B aseline SE UE
T2DM Ex Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

Code Age (kg) (k g .m ') (M eth.w k'^) (kg) (kg. (M et h .w k ‘) (kg) (kg.m-^) (M e th .w k ')

56 60.25 25.7 0.96 0,95 110 58.45 0,96 0.93 105 58.0 24,78 0.95 1.05 107
56 71,8 28.0 0,89 1.12 111 71.4 0,93 1.17 141 70.3 27,81 0,91 1.21 83
56 84.9 38.8 1.00 1.13 180 82.95 1,02 1.01 194 81.2 37.07 0,98 1.11 240
55 82.35 33.4 0,86 1.00 68 80.25 0.85 1,04 145 82.5 33.90 0,84 1.20 119
60 69 28,4 0.99 1.19 97 69.95 0.97 1.03 155 69,5 28.56 0,97 1.26 132

6 67 78,3 29.5 0.97 1.03 85 78.05 0-97 1,00 237 78,2 29.07 0,98 0.99 111
7 52 84.1 32,4 1.01 1.05 106 81.1 1,02 1.05 149 81.3 31.36 1,01 1.12 130
8 56 94.3 34.2 0,95 1.14 29 90.2 0,95 1.22 65 87.8 31.86 0,96 1.14 91

Mean 57.3 78.1 31.3 0.95 1.08 98 76.5 0.96 1.06 149 76.1 30.6 0.95 1.13 126
SD 4.5 10.7 4.2 0.05 0.08 43 9.7 0.05 0.09 52 9.6 3.8 0.05 0.09 49

B aseline SE UE
T2DM Con Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR Body m ass BMI WHR ABI LOPAR

Code Age (kg) (kg ( M e th .w k ‘) (kg) (kg. (M e th .w k ') (kg) (kg .m ^) (M et h.wk'^)

1 64 68.7 0,99 1,03 49 67,4 1.01 1.12 127 69,0 28,0 1,01 1,04 210
2 59 98.4 0,95 1,13 111 96.1 0.95 1.04 95 98,0 35.2 0,94 1.01 222
3 56 109.5 1,01 1.10 80 108.7 1.01 1.14 64 109,9 43.5 1,00 1,01 43
4 44 83.5 1.00 1.06 238 83.5 1.01 1.17 183 81.4 33,0 0,98 1,00 137
5 57 81.1 0.93 1.03 57 80.8 0.94 1.00 68 80,6 29,2 0,94 1.02 99
6 53 98.8 0.93 1.34 125 99.4 0.92 0.96 103 104,1 41.7 0,92 1.13 119
7 57 81.6 0.90 1.11 166 79.5 0.90 0.91 188 79.3 33.4 0,91 0.98 309
8 58 72.2 0,89 1.06 171 71.7 0.89 1.10 146 70,5 27,9 0,88 1.04 192

Mean 56.0 86.7 0.95 1.11 125 85.9 0.95 1.06 122 86.6 34.0 0.95 1.03 166
SD 5.8 14.2 0.05 0.10 65 14.2 0.05 0.09 48 15.4 5.9 0.05 O.OS 84
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Appendix 38: Plasma levels o f IL-6, IL-10, and T N F-a at BS, SE, and UE.

ND  Ex
BS
IL-6
( p g / m l )

I L - 1 0
( p g / m l )

T N F -a lp h a
( p m / m l )

SE
IL -6  I L - 1 0  T N F -a lp h a  
( p g / m l )  ( p g / m l )  ( p m / m l )

UE
IL -6  I L - 1 0  T N F -a lp h a  
( p g / m l )  ( p g / m l )  ( p m / m l )

1 1.8 6.2 0.0 1.8 8,3 0.0 11.9 10.4 0.7
2 15.2 10.3 7.7 11.5 9.6 7.3 0.4 4.5 0.0
3 14.4 7.7 4.7 10.4 10.6 5.1
4 13.3 11.8 42.3 14.8 14.7 12.0 8.9 6.5 2.6
5 14.0 12.1 19.0 22.9 15.1 15.3 14.1 10.2 12.8
6 6.3 8.3 1.5 2.6 9.9 2.6 13.4 20.3 16.1
7 17.0 10.3 9.1 17.8 8.0 9.5
8 6.7 5.9 4 .0 0.7 4.1 2.6 0.7 11.7 0.0
9 8.9 7.5 1.8 66.9 5.8 3.3 5.2 6.7 2.6

1 0 12.2 7.7 10.2 5.9 5.0 0.0 3.3 7.8 0.0
M ea n 1 1 . 0 8 . 8 1 0 . 0 r 1 6 . 1 ^ 8 . 9  ^ 5 . 8 r 7 . 6 ^ 9 . 9  ^ 4 . 4
S D 4 . 8 2 . 2 1 2 . 6 r 2 0 . 5  ^ 3 . 9  ^ 5 . 5 r 5 . 3 ^ 4 . 6  ^ 6 . 0

ND Con
BS
I L -6
( p g / m l )

I L - 1 0
( p g / m l )

T N F -a lp h a
( p m / m l )

SE
IL -6  I L - 1 0  T N F -a lp h a  
( p g / m l )  ( p g / m l )  ( p m / m l )

UE
IL-6
( p g / m l )

I L - 1 0
( p g / m l )

T N F -a lp h a
( p m / m l )

1 8.5 7.4 4.4 11.5 7.6 6.6
2 6.7 6.4 2.2 2.2 3.9 0.0 5.6 8.8 2.6
3 12.6 12.5 24.1 9.3 6.1 5.1 0.7 5.2 0.0
4 4.4 6.1 0.7 8.9 7.8 32.9
5 5.2 8.5 3.6 20.4 13.0 8.8 28.2 28.3 0.0
6 18.1 17.1 8.8 7.8 5.0 2.6 5.6 9.1 2.6
7 4.8 4.0 1.5 20.8 17.7 7.3 13.0 21.6 8.1
8 6.7 7.9 3.3 2.2 3.4 0.0

M ea n 8 . 4 8 . 7 6 .1 r 1 2 . 1 ' " 9 . 2  ^ 4 . 8 9 . 5 1 1 . 5 6 .6
S D 4 . 7 4 . 2 7 . 7 r 8 . 2  ^ 5 . 9  ^ 3 . 5 8 . 7 8 . 7 1 1 . 1

T2DM Ex
BS
I L - 6  I L - 1 0  T N F -a lp h a  
( p g / m l )  ( p g / m l )  ( p m / m l )

SE
IL-6
( p g / m l )

I L - 1 0
( p g / m l )

T N F -a lp h a
( p m / m l )

UE
IL-6
( p g / m l )

I L -1 0
( p g / m l )

T N F -a ip h a
( p m / m l )

1 4.1 23.2 0.0 1.1 9.6 0.0 25.6 10.6 2.9
2 2.2 4.6 1.8 5.2 10.1 1.8 6.7 5.2 0.0
3 10.3 11.9 1.5 5.5 9.0 0.7 3.7 6.3 2.2
4 11.8 8.8 17.1 7.0 7.5 15.0 4 .8 9.7 1.1
5 22.2 10.1 9.8 15.2 11.0 9.5 5.9 8.6 0.0
6 20.3 12.1 8.8 14.4 10.8 8.4 16.7 9.3 7.3
7 6.7 6.4 0.7 15.2 8.2 5.1
8 23.7 27.4 12.4 17.0 10.1 8.4 4.8 5.2 0.0

M ea n r 1 3 . 5 ^ 1 4 . 0  ^ 7 . 3 9 . 0 9 . 3 5 . 6 1 0 . 5 7 . 9 2 .3
S D r 8 . 7  ^ 8 . 2  ^ 6 . 4 5 . 7 1 .6 5 .5 7 . 9 2 .1 2 . 7

T2DM Con
BS
I L -6  I L - 1 0  TN F-a lp h a  
( p g / m l )  ( p g / m l )  ( p m / m l )

SE
IL-6
( p g / m l )

I L - 1 0  T N F -a lp h a  
( p g / m l )  ( p m / m l )

UE
I L -6  I L - 1 0  
( p g / m l )  ( p g / m l )

T N F -a lp h a
( p m / m l )

1 17.7 16.2 12.0 15.4 14.6 13.3 16.4 9.3 14.3
2 8.1 14.0 5.1 9.2 14.2 5.5 14.1 11.2 8.4

4 18.1 186.9 2.2 5.6 4.9 2.0 4.1 5.8 1.1
5 6.3 9.4 10.6 8.9 9.3 9.2 14.9 8.9 8.1
6 10.7 8.6 2.9
7 5.5 9.2 0.0 8.7 9,0 2.1 8.5 8.2 2.2
8 4.8 7.9 3.6 6.8 7.9 2.6 7.1 8.4 0.0

M ea n r 1 0 . 2  ^ 3 6 . 0  ^ 5 . 2 r 9 . 1  ^ 1 0 . 0  ^ 5 . 8 r 1 0 . 8  ^ 8 . 6  ^ 5 . 7
S D r 5 . 6 ^ 6 6 . 6  ^ 4 . 5 r 3 . 4  ^ 3 . 8  ^ 4 . 6 r 4 . 9  ^ 1 . 8  ^ 5 .5
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Appendix 39: IL-6, TN F-a, visfatin, and resistin mRNA expression at BS, SE, 
and UE.

IL '6  fold ch an g e 

BS SE UE

TNF-alpha fold change 

BS SE UE

R eistin fold change 

BS SE UE

Visfatin fold change 

BS SE UEND Ex

1 1.59 0.45 1.40 1.86 1.05 0,40 0.22 0.86 1,65 0,82 1.57

2 0.29 0.30 0.26 1.17 0.94 1.06 0,63 0.84 0.48 2,01 0.64 1,45

3 3.24 1.11 1,24 1.36 0.83 1.16 0,53 1,04 0.74 0,83 0.46 0.80

4 0.35 0.22 0,29 1.00 0.70 0.90 0,57 1.02 1.23 1,63 0.86 0.70

5 0.59 0.43 0.28 0.74 0.58 0.98 0,36 1.15 2.51 0,85 0,47 1.20

6 0.69 0,52 0.36 1.11 1.00 1.24 1,81 0.60 0.70 1,05 0.49 0.40

7 0.28 0.16 0.92 0.80 0,09 0.67 0,76 0.53

8 0.60 0.30 1.26 0.85 0,88 1.15 1,15 0.49

9 1.02 0.94 0.74 1.42 0.97 0.88 0,69 1.00 1.10 0.86 0.64 0.56

10 0.93 0.72 0.83 1.04 0.80 1.00 1.15 0.97

Mean 0.96 0 .5 8 ^ 0.52 I .IS 0 .94 ^ 1.02 0.66 0.82 0.S9 1.20 0.67 0.90

SD 0.9S 0.37'^ 0.33 0.23 0 .3 7 " 0.13 0.48 0.29 0.59 0.45 0.23 0.42

IL-6 fold ch an g e TNF-alpha fold change R eistin fold change Visfatin fold change

ND Con BS SE UE BS SE UE BS SE UE BS SE UE

1 1.14 0.59 1.13 1.21 1,05 1,09 2.17 1.41

2 0.88 1,06 0.88 0.94 0.75 0.94 0,80 0.61 0.77 0.92 0.91 0.63

3 0.98 0.25 0.23 1.38 1.12 1.60 0,41 0.62 0,67 1.01 0.41 0.82

4 2.91 0.90 1.12 1.41 0.09 2.76 1.07 2.78

5 0.13 0.30 0.14 0.82 0.76 1.05 0,75 0.60 0,52 0.49 0.46 0.66

6 0.36 0.03 0.35 0.89 1.03 1.06 1.41 0.90 0,88 0,79 1.16 1.14

7 0.71 1,14 0.34 0.73 0.87 0.89 1,43 1.45 1.21 0.97 1,30 1.09

8 0.37 0,41 1.26 1.31 0,73 0,52 0.78 1,25

Mean 0.93 0.59 0.39 1.03 1.06 1.11 0.83 1.07 0.81 1.03 1.21 0.87

SO 0.87 0.41 0.29 0.22 0.25 0.28 0.46 0.75 0.26 0.50 0.74 0.24

IL-6 fold ch an g e 

BS SE UE

TNF-alpha fold change 

BS SE UE

R eistin fold change 

BS SE UE

Visfatin fold change 

BS SE UET2DM EX

1 1.13 1.80 0,56 1.31 1,15 0.69 0.86 1.11 0.68 1,09 0.80 1.00

2 0.46 1.04 1.30 1.19 1,43 1.24 0.87 1.85 1.00 0,74 1.08 0.50

3 0.77 0.54 0.85 1.20 0,96 1.11 0.29 1,96 1.00 1,38 1.49 1.34

4 1.09 1.41 0.96 1.22 3.51 1.27 1.63 2.37 0.99 1.17 7.14 1.23

5 0.73 1.05 0.77 1.37 1.17 1.00 0.62 0.72 0.75 1.15 0.73 0.87

6 0.26 0.28 0.29 1.10 0.83 0.83 0.87 1.44 0.64 1.14 0.80 1.21

7 0.53 0.96 0.53 0.97 1,01 1.03 0.89 1,12 1.05 2.11 1.08 1,49

8 3.80 1.49 1.77 0.84 0.71 0.96 0,58 1,11 1.66 1.03 1,72

Mean 1.10 1.07 0.88 1.15 1.35 1.02 0.82 1.46 0.87 1.31 1.77 1.17

SD 1.13 0.50 0.47 0.18 0.90 0.19 0.39 0.55 0.18 0.42 2.18 0.38

IL-6 fold ch an g e TNF-alpha fold change R eistin fold change Visfatin fold ch a n g e

T2DM Con BS SE UE BS SE UE BS SE UE BS SE UE

1 0,56 1.28 0.87 1.45 1,85 1.33 0.55 2.13 1.55 1.90 1.22 0,97

2 1.02 0,16 0.22 0.71 1.17 0.95 0.95 0.84 0.88 1.72 1.67 0,69

3 0.33 1,36 0.54 1.06 1.34 0.77 0.54 0.91 0.49 1.02 0,72 2.09

4 0.24 1.33 0,90 0.72 0.61 1.91 1.19

5 0.45 1.62 0.51 0.82 0.95 0,91 1.39 2.42 1.49 0.98 1.00 0.70

6 2.77 0.11 0.87 0,69 2.02 1.08 1.74 0.59

7 1.71 1.83 0.69 0.89 0.84 0.82 0.67 0.57 0.63 1.24 1.91 0.91

Mean 1.14 1.25 0.45 0.97 1.25 0.91 1.02 1.27 0.96 1.43 1.41 1 .02

SD 0.94 0 .65 0.28 0.26 0.36 0.21 0.59 0.80 0.43 0.40 0.50 0.51
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Appendix 40: CRP, SAA, slCAM-1, and sVCAM-1 at BS, SE, and UE.

NDEx

BS
CRP SAA 
( n g / m l )  ( n g / m l )

ICAM
( n g / m l

VCAM
( n g / m l )

SE
CRP
(n g / m l )

SAA ICAM 
( n g / m l )  ( n g / m l )

VCAM
( n g / m l )

UE
CRP
( n g / m l )

SAA
( n g / m l )

ICAM
( n g / m l )

VCAM
(n g / m l )

1 450.8 2873.1 223.7 260.2 1631.3 104.0 158.6 198.0 1226.0 63.0 86.0
2 631.0 1595.8 255.0 1164.2 3431.9 126.6 245.0 211.3 427.3 28.8 48.5
3 943.9 572.0 132.2 453.9 345.3 55.3 97.0 512.6 352.2 62.5 77.6
4 581.1 873.0 180.2 261.9 546.4 46.5 86.7 845.4 9717 145.5 1857
5 520.4 863.4 110.3 2566 4 2101.1 215.0 356.6 539.7 578.6 36.0 53.7
6 1201 445 8 5 09 136.7 436.2 3 58 6 2 5 522.7 1439 1 1082 1712
7 576.5 759.4 127.6 124.2 230.9 36.0 43.3
8 99.0 458.6 73.1 225.1 1014.6 106.2 168.3 1319.6 4002.9 299.1 394.3
9 338.5 811.9 172.0 47.5 97.4 24.7 43.7 40.5 173.4 53.2 72.1

10 94.4 255.5 97.4 98.5 199.9 32.7 62.5 330.2 865.7 1717 244.1
Mean 435.6 950.9 142.2 533.9 1003.5 78.3 132.4 r 502.2 '  1115.2 '  107.6 '  148.1

SO 275.6 767.8 65.1 783.9 1081.4 60.1 102.1 r 388.5 '  1160.2 '  87.0 '  114.7

BS SE UE
N D C o n CRP SAA ICAM VCAM CRP SAA ICAM VCAM CRP SAA ICAM VCAM

( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l )

549.2 331.4 39.2 63.3 8528.6 3189.6 310.9 468.9
371.6 364.5 97.4 126.5 430.1 345.5 110.0 121.5 1187 403.7 119.2 148.5
207.3 543.1 61.7 83.5 236.9 812.2 44.6 73.0 266.9 1261.8 90.0 114.1
270.9 1251.8 141.9 213.2 258.3 1061.8 93.8 138.3
192.4 1560 3 109.7 200.1 429.6 1726.1 109.1 188.3 105.2 520.6 74.8 123.6

5645.7 1494 7 130.0 225.2 8940.9 2274.9 287.5 426.9 1340.5 454.2 79.4 122.7
503.1 844.1 51.3 66.6 3231.3 2265.2 111.2 146.6 1986.7 1704.3 136.5 154.9

8 368.9 708.0 76.8 105.6 114.0 396.1 35.5 53.7
Mean 1013.6 887.2 88.5 135.5 r 2653.8 '  1484.8 '  132.5 '  191.3 1589.9 1124.0 117.5 165.6

SD 1876.0 491.3 37.4 67.5 r 3728.1 '  872.1 '  91.2 '  138.2 2889.3 962.7 83.7 126.4

BS SE UE
T2DM Ex CRP SAA ICAM VCAM CRP SAA ICAM VCAM CRP SAA ICAM VCAM

( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l ) ( n g / m l )

1 145.5 387.0 32.6 58.4 89.4 259.8 45.1 73.1 1401.6 2345.4 100.7 1171
2 522.8 1346.3 110.1 169.8 800.8 1753.0 126.2 211.0 162.5 361.5 51.1 8 36
3 8287.8 6097.8 228.3 308.8 1052.5 1255.0 43.1 71.5 2094.4 2415.2 93.2 125.9
4 1103.5 1783.1 118.5 124.2 434.9 607.4 53.3 77.9 3867.4 5307.5 299.5 307.7
5 767.6 2059.1 189.3 234.6 46.3 115.5 10.3 18.0 1058.6 2707.3 233.6 286.6
6 678.8 1119.7 99.8 128.0 228.5 582.7 58.3 91.1 253.8 347.2 49.7 52.8
7 830.5 1747.6 162.8 305.0 222.9 557.1 70.9 112.6 1434.9 2768.8 410.2 555.5

Mean 1762.3 2077.2 134.5 189.8 410.8 732.9 58.2 93.6 1467.6 2321.8 176.9 218.5

SD 2892.5 1856.0 64.6 95.9 380.6 575.5 35.4 59.2 1258.4 1683.9 139.9 178.3

T2DM Con BS SE UE
CRP SAA ICAM VCAM CRP SAA ICAM VCAM CRP SAA ICAM VCAM

(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)

3275.3 2428.3 191.0 276.0 141.4 162.5 19.4 38.5 1731.2 1282.6 195.1 219.0
820.5 650.2 113.5 201.5 131.4 244.8 32.2 60.0

1228.7 313.2 49.7 77.5 3380.7 873.0 165.2 199.3 6492.4 1439.1 299.6 345.8
562.4 2D44.0 83.4 152.2 309.2 1549.5 61.7 140.9 908.2 2647.6 100.8 185.4
618.4 1209.9 88.3 151.1 471.2 2672.8 165.9 186.1 378.1 1907.0 142.1 175.9

6 410.5 436.2 32.0 60.8 3185.6 3639.8 307.0 465.6
7 85.3 261.9 41.2 68.2 48.0 195.6 34.4 65.8 303.4 1069.3 243.0 307.4

Mean 1000.2 1049.1 85.6 141.1 r 747.0 ^ 949.7 ^ 79.8^ 115.1 r 2166.5^ 1997.6 '■ 214.6 283.2
SO 1063.2 876.9 54.8 79.5 r 1299.1^ 1002.0^ 67.8^ 69.5 r 2374.6^ 981.0 '  83.8^ 112.2
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