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Summary

Dietary trans unsaturated fatty acids from hydrogenated vegetable and fish 
oils have been shown to raise plasma low density lipoprotein cholesterol and lower 
high density lipoprotein cholesterol levels at 10%, 6% and 3% o f energy intake. As 
trans fatty acid intake has not been previously assessed in Ireland a food frequency 
questionnaire (FFQ) was developed to assess fat intake with particular focus on 
trans fatty acids. A nutrient database was developed which included the fatty acid 
and total trans fatty acid composition o f foods (measured by gas chromatography 
and infra-red spectroscopy) which are sources o f fat in the Irish diet. The FFQ was 
used to assess fat intake in 105 healthy volunteers and was validated by comparison 
with results obtained in the same population using the diet history method. In 
addition the linoleic acid and total trans fatty acid intake was assessed by gas 
chromatographic analysis o f adipose tissue biopsies taken from the study group and 
this provided additional validation o f the mean TUFA intake assessed by the FFQ. 
Mean TUFA intake assessed by the FFQ was 5.4 g/day (2% energy) although 
intakes ranged from 0.3-26 g/day.

Although the chronic postprandial effects o f TUFA from hydrogenated 
vegetable and marine oils have been studied extensively, the acute postprandial 
effects remain unknown. High melting point fats such as lard and palm oil have 
been used extensively in the food industry as replacements for hydrogenated fats. 
Therefore the acute postprandial effects o f lard, palm oil and hydrogenated fish oil 
were examined in eight healthy male volunteers. Forty grams o f each fat were 
given to each volunteer as a milkshake using a latin square design. Blood samples 
were drawn before ingestion o f  the test meal and 2,4,6 and 8 hours postprandially. 
Plasma triacylglycerol (TAG), cholesterol and non-esterifled fatty acid (NEFA) 
concentrations were measured enzymatically. In addition the fatty acid composition 
o f  postprandial triacylglycerol-rich-lipoproteinTAG and NEFA samples were 
measured by gas chromatography. There was no significant difference in the 
postprandial response in plasma TAG, TRL-TAG, total cholesterol or plasma 
NEFA, measured as the area under the postprandial curve between test meals.

Although mean TUFA intake in Ireland was only 5.4 g/day, the possibility 
o f  TUFA intakes as high as 26 g/day in some men and 11.9 g/day in some women 
highlights the need for careful monitoring o f  the health risks at these high levels. In 
conclusion the effects o f  different forms o f  hydrogenated fat consumed in amounts 
reflective o f current use in Ireland must be ascertained.
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Chapter 1

General Introduction



1.1 TRANS UNSATURATED FATTY ACIDS AND CORONARY HEART

DISEASE:

Dietary trans unsaturated fatty acids (TUFA), from hydrogenated vegetable and fish 

oils affect serum lipoproteins adversely and therefore increase the risk of developing 

coronary heart disease (Almendingen e /a /. 1995; Aro et al. 1997; Mensink & Katan, 

1990). In addition, observational studies have yielded conflicting results on the 

association between dietary TUFA and coronary heart disease. The effects o f dietary 

TUFA on serum lipoproteins and CHD risk have generally focused on TUFA mainly 

derived from hydrogenated vegetable oils. Much less information has been gathered 

regarding dietary intake and effects on serum lipoproteins, of TUFA derived from 

partially hydrogenated fish oils. Extreme positions have been taken by nutritionists 

with regard to TUFA, ranging from a call for their elimination from the diet by 

avoiding specific foods, to removing them from processed foods entirely. Less 

controversial positions include labeling foods accurately to include total TUFA 

composition, and encouraging a modification of fats used in food processing and 

production, to reduce the total TUFA composition o f fats and margarines used in the 

food industry.

1.2 TRANS UNSATURATED FATTY ACID FORMATION:

Trans fatty acids are produced by industrial hydrogenation of oils with a high content 

o f unsaturated fatty acids, and by biohydrogenation o f unsaturated fatty acids in the 

rumen o f ruminant animals. The process of hydrogenation reduces the total unsaturated 

fatty acid content, increases slightly the saturated fatty acid content, and produces trans
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unsaturated fatty acids. Unlike the cis configuration, where both hydrogen atoms are 

on the same side o f  the double bond, the trans configuration has hydrogen atoms on the 

opposite side o f the double bond. This trans configuration around the double bond is 

more thermodynamically stable than a cis double bond, making trans double bonds less 

chemically reactive, and thus less susceptible to free radical auto-oxidation. This 

greater thermodynamic stability is obviously useful to increase the shelf-life o f fats 

used in the food industry. The main property conferred to oils by the process o f 

hydrogenation however, is to produce textured fats which can be used in the food 

industry, to replace hard animal fats and tropical oils, which are high in saturated fatty 

acids. The configuration o f  the trans double bond forms a fatty acid with a straighter 

configuration, compared to a fatty acid with the cis double bond. This straighter 

structure allows fatty acids to lie closer together, forming a harder fat, which is useful 

in the production o f margarine and cooking fats. The trans fatty acid content o f 

margarines produced by industrial hydrogenation o f oils with a high unsaturated fatty 

acid content can vary quite considerably. The main reasons for this variability are;

(1) Changes in the type o f hydrogenation catalyst used and the conditions used, 

such as temperature and pressure will vary the trans fatty acid content o f the 

final product.

(2) The final product may contain a blend o f hydrogenated and unhydrogenated 

oils. These unhydrogenated oils can vary depending on production costs 

and on the texture required.

(3) Changes in the proportions o f hydrogenated and unhydrogenated oils used 

will alter the total trans fatty acid content o f  the final product.

(4) Differences in the total fat content will determine also the trans fatty acid 

content o f the final product.
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Therefore the trans fatty acid content of food products containing partially 

hydrogenated oils may vary widely within the same product category, and between 

categories. The trans fatty acid content will be lower for vegetable oils that initially 

have a lower unsaturated fatty acid content . The extreme case is a fully hydrogenated 

oil that contains 0% trans fatty acids.

Biohydrogenation of unsaturated fatty acids by ruminant animals however, produces 

more constant trans fatty acid concentrations. Compared to industrial hydrogenation, 

biohydrogenation occurs in an environment with a constant, and much lower 

temperature and pressure, and an almost invariable environment o f anaerobic bacteria. 

Butter, for example contains approximately 3.4% (range 2-7%) total trans fatty acids. 

The low variability in total trans fatty acid content of butter can be accounted for by the 

differences in eating patterns over the winter and summer seasons. A higher total trans 

fatty acid content is found in summer butter as animals are grass-fed animals compared 

to winter where animals are grain-fed.

1.3 ANALYSIS OF TRANS  UNSATUTRATED FATTY ACIDS IN FOODS:

The widespread use of partially hydrogenated oils in common foods and the widely 

publicised adverse health effects of dietary trans fatty acids create a need for accurate 

determination of total trans unsaturation and detailed fatty acid composition o f foods. 

Determination o f the trans unsaturated fatty acid (TUFA) composition of foods is 

essential for nutritionists to adequately determine TUFA intake. Various methods have 

been used to determine the TUFA composition of foods, and a brief review is given 

here.
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Infrared Spectroscopy:

Infra red spectroscopy can be used to determine the total TUFA composition o f  fats and 

oils. This method however, gives no information regarding the types o f  fatty acids in 

which the unsaturation occurs. Therefore, the positions and numbers o f  trans 

unsaturated double bonds carmot be identified. Triglycerides or fatty acids are 

converted to methyl esters and isolated trans double bonds which show absorption at 

967 cm’’ are determined by measurement o f absorption intensity. Total isolated trans 

content is calculated using a calibration curve o f absorption versus trans content o f 

calibration solutions. Results are expressed in terms o f grams o f  elaidic acid per 100 g 

fatty acids. Biased values may thus be expected for fatty acids that have a longer chain 

length and/or more than one trans double bond per molecule, such as those which can 

be found in partially hydrogenated fish oils

Gas-Liquid Chromatography;

Gas-liquid chromatography (GLC) is the most common method o f estimating the 

TUFA composition o f foods. This method identifies fatty acids on the basis o f  their 

chain length and degree o f  unsaturation. To separate the various isomers, both 

geometrical and positional, formed by industrial hydrogenation o f  vegetable and marine 

oils, a suitable capillary column must be selected (usually 50-60metres) together with 

an optimal choice o f GLC working conditions (Dieffenbacher & Dysseler, 1997). 

Careful temperature programming is essential to completely separate isomers. In 

addition, analytical reference fatty acid standards must be used to determine the 

retention times o f  TUFA. However, GLC is complicated by the frequent over-lap o f 

peaks, especially o f the A7 and A6 cis with the A12 and AlO trans isomers o f  C l8:1 

(M ensink & Katan, 1993). Even the most polar capillary column cannot resolve all cis
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and trans isomers o f C l8 fatty acids present in hydrogenated vegetable oils. In 

addition, analytical reference standards are not available for all positional isomers o f 

TUFA (Dieffenbacher & Dysseler, 1997). Therefore GLC figures for trans fatty acids 

should be backed up by infra-red spectroscopy (Mensink & Katan, 1993). 

Furthermore, hydrogenation o f  fish oils produces longer chain TUFA (C20 &C22) for 

which there is only a limited number o f reference standards available. Therefore a 

correct and unambiguous identification o f all o f these peaks is impossible using GLC. 

Infra-red spectroscopy is the preferred method o f assessing total TUFA in this case.

Argentation Thin Layer Chromatography:

Argentation thin layer chromatography can be used to separate fatty acids on the basis 

o f  the number o f  double bonds and the configuration o f double bonds present. 

Therefore fatty acids in foods can be separated into saturated, cis and trans monoenes, 

and cis and trans dienes. Further identification by GLC is required to determine chain 

length. Thin layer chromatography can also be used to separate fatty acids on the basis 

o f  their chain length if  analytical standards are used. Almendingen et al. (1995) used 

thin layer chromatography to separate the fatty acids present into C l8:2, C20:2 or 

C22:2 trans isomers. Thus GLC analysis o f the C20:2 trans isomers for example can 

then be achieved without confounding the results by the presence o f  C l8:2 or C22:2 

trans isomers.

Mass Spectrometry:

Mass spectrometry may be used in conjunction with GLC. The fatty acids are 

separated by GLC and for those fatty acids for which analytical standards are
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unavailable, mass spectrometry may be used to identify their molecular weight. This 

method how^ever, does not identify the configuration of the double bonds present.

The accurate and comprehensive determination o f all fatty acid isomers in a complex 

mixture generally requires a combination of several or all o f these techniques (Gurr, 

1983).

Ratnayake (1995) recommends IR and GC/IR methods to determine the trans content 

and fatty acid composition, respectively, o f partially hydrogenated fats or such oils and 

fats isolated from food products containing >5% trans fatty acids. The GC/IR method 

is not applicable to partially hydrogenated fish oils, because these fats contain a 

complex mixture of cis and trans isomers of mono- and polyunsaturated fatty acids 

with a wider range of chain lengths (Ratnayake, 1995). For samples containing <5% 

trans fatty acids a direct GC method (American Oil Chemists Society Official Method 

Ce lc-89) is available for determination of both the trans content and the fatty acid 

composition because at lower trans levels, overlap of 18:lcis and trans isomers on GC 

with very polar capillary columns is negligible. At present, TUFA determination 

requires a skilled analyst with considerable interpretative ability and many of the 

techniques described are not suitable for routine analysis o f foods. These remarks are 

relevant to the interpretation of many of the studies described later with implications 

for interpretation of figures in food tables and consumption figures for trans 

unsaturated fatty acids.

1.4 ASSESSMENT OF FATTY ACID INTAKE WITH PARTICULAR 

FOCUS ON TRANS  UNSATURATED FATTY ACIDS:

The majority of nutritional epidemiological studies require detailed information on diet 

and nutrient intake from large numbers of subjects. Therefore, relatively inexpensive
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methods that characterise usual dietary intake are required. Several methods are 

available to assess dietary intake and these methods vary in the amount o f effort and 

time required to obtain information and the error made in the assessment (Bingham, 

1987). These methods have shown varying degrees o f  reliability and the advantages 

and disadvantages associated with each method have been extensively reviewed 

(Bingham, 1987). Investigators are agreed however, that there are shortcomings with 

all self-reported dietary intake measures (Bingham, 1987). Such shortcomings include 

under-reporting by individuals with a high body mass index (BMI) or biased reporting 

o f foods which are regarded by the individual to be more socially acceptable e.g. fruit 

and vegetables (Nelson & Bingham, 1997). In addition, difficulty with memory recall 

or reactive changes in usual eating pattern during the period o f dietary assessment can 

also give false estimates o f  habitual intake (Nelson & Bingham, 1997). Dietary 

assessment o f fat or fatty acid intake is particularly challenging for numerous reasons. 

Information regarding the type and quantity o f fat used in the preparation o f  foods is 

required. In addition, the fatty acid composition varies considerably within the same 

category o f  food and between food categories. Therefore to assess dietary fatty acid 

intake accurately information regarding the brand o f fats, oils, biscuits, cakes, pastries 

and snack foods used is required. Furthermore, margarine and cooking fat 

manufacturers may change the component oils used depending on production costs. 

The species and content o f fish oils used in margarine manufacture may change from 

season-to-season. Therefore, the use o f these fats in the production o f cakes, biscuits 

and pastries, will in-tum alter the fatty acid composition o f these foods from season-to- 

season. This continuing change in the fatty acid composition o f  foods makes dietary 

estimation o f individual fatty acid intake, which is limited to the nutrient database used, 

extremely difficult. It is essential therefore that the figures used in food tables
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indicating the fatty acid composition o f each food consumed are taken from the results 

o f analysis carried out during the same time period as dietary assessment. Results o f 

studies which have assessed trans unsaturated fatty acid intake, are subject to inherent 

inaccuracy because o f  changes in food processing, the wide variability in trans fatty 

acid content o f similar types o f foods, and differences in the analytical methods used to 

determine the trans fatty acid content o f each food item.

The diet history method used in the 1990 Irish National Nutrition Survey (Lee & 

Cunningham, 1990) has been used extensively and has been validated against the 7-day 

weighed dietary record in adolescents and children for energy intakes. Livingstone et 

al. (1992) showed that estimates o f  energy intake by the diet history compared more 

favourably with an independent measure o f total energy expenditure (doubly labelled 

water technique) than the 7-day weighed records. In addition, interview methods 

requiring a high rate o f co-operation from the interviewee have been shown to have 

lower bias associated with them, compared to non-interviewer methods (Block et al. 

1986). The diet history is a relatively cheap, but labour intensive method. In general, 

one hour per person is required to assess dietary intake depending on the complexity 

and stability o f the usual food intake pattern and the amount o f  probing required to 

facilitate recall. In order to collect the brand-name information necessary to assess 

fatty acid intake, the length o f time required to administer the diet history method is 

increased even further. Therefore, a dietary method which is quick to administer and to 

code, such as a food frequency questionnaire, is the most widely used technique for 

assessing diet in epidemiological studies.
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1.5 DEVELOPMENT OF A FOOD FREQUENCY QUESTIONNAIRE:

Food Frequency Questionnaires (FFQs) are designed to assess usual eating habits, over

recent months or years and comprise a list o f  foods most informative about the

nutrients or foods o f interest. The basic principles o f questionnaire design are outlined

by Nelson & Bingham (1997) and include:

(1) The purpose o f the questionnaire should be clearly defined. Is the aim o f the FFQ 

to assess food consumption or nutrient intake, frequency or amounts, group means 

or individual intakes, one nutrient or a range o f nutrients?

(2) The foods included in the FFQ should be the minimum number which includes the 

major sources o f the nutrient o f interest (at least 90%) for the majority o f  subjects 

(Block 1986).

(3) Questions on frequency and portion size should be closed rather than open. This 

helps to reduce the amount o f  coding time required and the introduction o f errors 

associated with transcription.

(4) Frequency categories should be continuous, for example, “never”, “once or twice 

per month”, “three to four times per month”, followed by categories indicating the 

“number o f days per week” and the “number o f  times per day” the food was 

consumed.

(5) Portion sizes used should reflect typical consumption patterns in the population. 

The FFQ should also allow for a sufficient range o f  expression o f portion size. For 

example use o f a standard portion size for all individuals will reduce sensitivity, 

whereas if  multiples o f  the standard portion size indicated are available, sensitivity 

will be increased.

(6) Aids to assessment o f portion size, such as food models, or photographs o f  portion 

sizes will increase the accuracy o f the information collected.
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(7) FFQs may be either interviewer-assisted or self-administered. Self-administered 

FFQs require more preparation and pre-testing.

Every FFQ should be rigorously pre-tested to ensure that the meanings o f the food 

names and the portion size descriptions are clear to the subjects, and the method for 

recording the responses is unambiguous. FFQs must be validated against a reference 

measure o f  known accuracy. The validation step is a critical step in the design o f a 

FFQ.

1.6 VALIDATION OF A FOOD FREQUENCY QUESTIONNAIRE:

Validity may be defined as the ability o f an instrument to measure what it is intended to 

measure. Establishing validity requires a true measure o f  usual dietary intake (an 

absolute standard) against which the measurements can be compared. Because every 

measurement o f  dietary intake includes an element o f  bias, one can only assess the 

relative validity o f  measurements by comparing the results with what are believed to be 

more accurate measures o f  food or nutrient intake. Several factors should be taken into 

account during the validation procedure. These include the sequence o f  administration 

o f  the dietary assessment methods, the frame o f reference for both dietary assessment 

methods and the information used as a basis for design o f  the FFQ.

Ideally, the test instrument (FFQ) being validated should be administered prior to the 

assessment o f the reference method (diet history). For example, the test instrument 

(FFQ) would in the normal situation be encountered independently o f  other dietary 

assessment methods. In addition, if  the reference method was administered before the 

test instrument, it would draw the respondents attention to their diet. Therefore, 

respondents may try to recreate the pattern o f diet assessed by the reference method in
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their responses. Willett et al (1985) addressed this problem in a study in which 173 

nurses recorded their dietary intake by weighed inventory for one week four times 

during the course o f one year and compared the results with a FFQ administered once 

at the beginning and once at the end o f the study. Results from the second FFQ 

correlated better with the weighed records compared to the results obtained from the 

first FFQ. For example, correlations between the first FFQ and the records, compared 

to the second FFQ and records were 0.48 vs. 0.53 for total fat, 0.49 vs. 0.59 for 

saturated fat and 0.42 vs. 0.48 for polyunsaturated fat intake. These results suggest 

that a learning process may have influenced the second set o f  responses. This effect 

was also observed by Pietinen et al (1988) where dietary intake o f 190 men was 

assessed using a FFQ before and after diet was assessed using 2-day food records 

administered 12 times over a six month period.

Factors affecting design o f validation studies:

Respondent characteristics:

Several respondent characteristics may affect the design o f  validation studies, including 

gender, age, socio-economic group, education, language and culture. For example, if  a 

measure validated in one gender is then used in the other, one cannot say that the 

relationship between the test and reference measure is necessarily the same in both 

groups. Adults between the ages o f  18-64 do not generally show any consistent 

differences according to age in their ability to complete questionnaires satisfactorily. 

Outside this range, however, factors such as memory and conceptualisation skills may 

affect the respondents ability to complete dietary assessments successfully. Validity in 

these groups therefore, should be assessed separately. In addition, validation studies
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a'e generally carried out in a population o f intelligent, highly motivated volunteers. 

Therefore, when the test measure is used in subjects from the general population, 

inportant biases may influence estimates o f  consumption. Finally, language and 

cultural differences may affect the way in which volunteers respond to a dietary 

assessment.

Disease process:

^ an y  diseases including vascular and gastro-intestinal disease affect dietary intake 

either by increased awareness o f dietary risk factors or changes in appetite and 

d:gestion. Therefore, a questionnaire which has been validated in healthy volunteers 

rray not perform in the same way when administered to patients.

Sequence and proximity o f test and reference measurements:

Tie learning process associated with dietary assessment using the reference measure 

miy influence the way in which subjects respond to dietary assessment using the test 

mjasure. As this will increase the apparent level o f agreement between the two 

m;asures, it is advised that test measures should be administered first, and the reference 

m;asure subsequently (Nelson, 1997).

Aito-correlation:

Dfficulties also arise when information used to develop the FFQ is obtained from 

reiults o f dietary assessments which have used the reference method. For example, 

sone investigators have collected information using the diet history method in the 

pcDulation in which the validation study will be carried out to assess the key foods 

wiich contribute to nutrient intakes or which feature regularly in the diet. This
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information is used to design the FFQ, which is then administered in the same 

population. This procedure leads inevitably to over-estimation o f the validity o f the 

FFQ. When FFQs which have been designed in this way are re-evaluated in similar but 

independent samples from the same population, the resulting correlation coefficients 

have always been disappointingly lower (Hankin 1970). The questionnaire therefore 

should be based upon as complete an assessment o f usual diet in the population as is 

available. The validation procedure however, should always be carried out in a sample 

which is representative o f  the population, but which is independent o f  the samples used 

to provide the initial dietary profile.

Number o f  foods listed in the FFQ;

The omission from the FFQ o f foods which are eaten frequently or which are major 

contributors to the nutrient o f interest will reduce the accuracy o f the FFQ and limit its 

validity. Therefore, it may be worthwhile to include in the questionnaire some foods 

which are not eaten frequently, but which may be important contributors to nutrient 

intake in the diets o f  relatively few individuals. This will result in fewer 

misclassifications. Block et al. (1986), in developing a food list for a FFQ included 

vegetable or tomato soup as a separate food as it was calculated that these foods, 

although eaten infrequently, provided 4% o f vitamin A consumed by 11658 

respondents in the NHANES II database.

Portion sizes used in the FFQ:

If standard portion sizes are used, where the respondent is allowed little or no 

opportunity to describe the amounts actually consumed, the observed level of 

agreement between the test and reference measure will be reduced. In addition, where
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portion size is to be assessed in different groups (e.g. male vs. female) a single set o f 

standard portions may not reflect the true variation in portion sizes. Therefore, since 

age and sex are important determinants o f portion size (Block et al. 1986), respondents 

must be given a wide range o f possible portion sizes to choose from. For example if 

multiples o f the standard portion size indicated are available, sensitivity o f  the FFQ will 

be increased. Table 1.1 shows correlation coefficients for a number o f  nutrients based 

on a variety o f  FFQs. The FFQs shown were validated by comparison with various 

reference measures. Several features stand out. There is no consistency in the strength 

o f correlation for a given nutrient. There is more consistency within studies, suggesting 

that a FFQ tended to be generally good or generally poor. For example the results 

obtained by Pietinen et al. (1988b) are better than those obtained by Rimm et al. 

(1992), even though weighed intakes were used as the reference measures in both 

studies. In addition much better results were obtained by Grootenhuis et al. (1995) 

compared to Willett et al. (1985) even though the number o f  foods listed in both FFQs 

were similar. Similar correlations were also achieved by Paisley et al. (1996) whether 

the FFQ included 92 or 180 food items. The diversity o f  these results emphasises even 

more strongly the need to validate FFQs in the population for which it was developed.

Statistical techniques required for validation studies:

The usefulness o f  the test measure (FFQ) in determining dietary intake can be assessed 

by looking at the extent to which the test measure (FFQ) and the reference measure 

(diet history) agree. This deviation o f the test measure from the reference measure can 

be expressed in a number o f  ways:

• comparison o f group means (or medians)

• differences between measurements within individuals
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Table 1.1 Correlation coefficients between FFQs (number o f foods listed in FFQ shown in brackets) and ‘standard’ estimates o f  nutrient intake,

Willett

(61)

Pietinen (a), 

(276)

Pietinen (b), 

(44)

Rimm,

(131)

Feunekes,

(104)

Grootenhuis,

(75)

Paisley (a), 

(92)

Paisley (b), 

(92)

Paisley (c), 

(180)

Energy - 0.45 0.57 0.27 0.83 0.72 0.58 0.55 0.62

Protein 0.18 - 0.53 0.22 - 0.69 - - -

Fat-Total 0.27 0.41 0.51 0.42 0.78 0.70 0.52 0.68 0.59

-SFA 0.31 0.56 0.56 0.52 0.75 0.73 - - -

-MUFA - - 0.47 0.46 0.78 0.72 - - -

-PUFA 0.31 0.60 0.65 0.29 0.61 0.68 - - -

Carbohydrate 0.48 - 0.60 0.40 - 0.72 - - -

Alcohol - - 0.80 - - 0.77 - - -

Willett et at. (1985) 173 females, 34-59 yrs.

Pietinen (a) et al. (1985) 168 males, 55-69 yrs.

Pietinen (b) et al. (1988) 190 males, 55-69 yrs.

Rimm et al. (1992) 127 males, 40-75 yrs.

Feunekes et al. (1993) 191 males and females, 30-50 yrs 

Grootenhuis et al. (1995) 74 male and female, 50-75 yrs. 

Paisley (a) et al. (1996) 80 male and female, 19-55 yrs.

Paisley (b) et al. (1996) 27 male and female, 19-55 yrs.

Paisley (c ) et al. (1996) 27 male and female, 19-55 yrs. FFQ vs

FFQ vs. 28 d weighed intake 

Food use questionnaire vs. 24 day weighed intake 

FFQ vs. 24 day weighed intake 

FFQ vs. 14 day weighed intake 

FFQ vs. diet history 

FFQ vs. modified diet history 

FFQ vs. 7 day weighed intake 

FFQ vs. 7 day weighed intake 

7 day weighed intake.



• ranking nutrient intake by thirds, fourths, fifths etc.

• correlation analysis

• regression analysis

• Bland-Altman analysis

Ranking and regression:

The most common method o f assessing the validity o f  FFQs is to test the agreement 

between the FFQ and the reference measure in ranking subjects according to nutrient 

intake. Subjects can be classified according to their position in the distribution o f a 

measurement (thirds, fourths, fifths etc.). Validation can then take the form o f a 

comparison between classifications according to the test and reference measures. 

Perfect agreement would be indicated by 100% o f subjects falling into the same 

category by both methods and 0% in opposite categories. If  there was no agreement at 

all between methods, then by chance if  the group was divided into quartiles o f  nutrient 

intake, 25% will be in identical quartiles, 37.5% in adjacent quartiles and 12.5% will 

be grossly misclassified by appearing in the highest quartile by one method and the 

lowest by the other (Garrow, 1995). It is suggested that if  results o f  all validation 

studies are described in this way, it would provide a very compact method o f reporting 

the ability o f a dietary assessment method to place individuals in the distribution of 

intake (Garrow, 1995).

Comparison o f group means:

Comparisons between test and reference measures o f nutrient intake are best examined 

using t-tests (undertaking log-transformations where appropriate). For comparisons
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between foods, the distributions are less likely to be parametric, and not necessarily 

amenable to transformation, so non-parametric tests are more likely to be appropriate.

Correlation analysis:

Correlation co-efficients describe only one aspect o f the agreement between test and 

reference measurements. Poor agreement can exist between test and reference values 

even when correlation coefficients are high (Bland & Altman, 1986). There may be a 

significant difference between means (constant bias between methods). The slope o f 

the regression line may be significantly different from unity, either the test measure 

increases as a proportion o f the reference measure (proportional bias), or because there 

is over-reporting o f low intakes and under-reporting o f high intakes. Therefore validity 

cannot be assessed by correlation co-efficients alone and other measures o f agreement 

must be used to characterise the relationship between the test and reference measures.

Bland and Altman analysis:

This method assesses the extent o f differences in measurements obtained by the test 

and reference method. The difference between each pair o f  measurements for a 

nutrient are plotted against the mean o f each pair o f measurements. This method o f 

analysis makes no assumption about which o f the measures is the better measure. The 

results plotted indicate clearly the variation around the mean difference and whether the 

method is useful in determining an individuals nutrient intake. In addition, the plot will 

indicate whether there are any trends between measurements. For example, whether 

the size o f  the difference increases as intake increases.
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Effects of measurement error on validity:

Different methods o f  dietary assessment have different types o f  error associated with 

them. Therefore “relative validation” is achieved by comparing results obtained by the 

test measure (FFQ) to results obtained using a reference measure. The reference 

measure will also have measurement errors associated with it. In general, the results 

obtained using a FFQ can be compared with results obtained from diet records, the diet 

history method or biomarkers o f  nutrient intake. The diet history and FFQ methods rely 

on the ability o f  the respondent to estimate his or her usual food intake. Therefore, if  

the diet history method is used as a reference measure to validate a FFQ (test measure) 

and the errors in the estimate o f  portion size are similar in both methods, then the 

observed correlation between the two methods will be increased. The measurement 

error associated with diet records or the 24 hour recall are mainly attributable to the 

large day-to-day variation in an individuals food intake. However, if  dietary intake is 

assessed using repeated measurements, for example 19 24 hour recalls over a two and a 

half year period (Van Staveren et al. 1986), the measurement error associated with the 

method i.e. large day-to-day variation in food intake, is decreased. It is difficult to 

achieve independence o f  errors between dietary assessment and it is therefore advised 

that an independent marker o f  nutrient intake (biomarker) should be included in 

validation studies to compare results obtained by both the test and reference measures. 

If  a suitable biomarker o f  nutrient intake, which closely agrees with habitual nutrient 

intake, it may be used as an independent reference to assess the extent o f  measurement 

error associated with different methods.
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1.7 CONSUM PTION OF TR A N S  FATTY ACIDS:

Estimation o f  trans fatty acid intake in the diet can be achieved by several methods;

• estimates based on food disappearance or market share data

• analysis o f dietary consumption data o f a representative population

• laboratory analysis o f  duplicate portions or composite diets and

• estimates based on the trans fatty acid composition o f  biological tissues.

Estimates based on food disappearance or market share data:

Data on market sizes and market shares o f food products can be obtained from 

government statistics and industry records to identify the amounts o f these food 

products which are available for human consumption in a given year. Data on per- 

capita availability o f trans fatty acids for a commodity (e.g. margarine) for a particular 

year can be calculated by dividing total trans fatty acids available for that commodity 

by the total population for that year. The trans fatty acid composition o f  a commodity 

however, is based on the “average” trans fatty acid content o f  that commodity (e.g. 

margarine). The trans fatty acid content o f  food products varies widely among brand 

names and also within a brand name due to changes in processing methods and oils 

used in the manufacturing process. Therefore, the trans fatty acid content o f a 

commodity (e.g. margarine) is a rough estimate. Estimates based on market share data 

must also be corrected for wastage which for example may be as high as 50% for fats 

used for deep frying in the food service industry (Hunter et al., 1986). Estimates of 

trans fatty acid intake using market share and food disappearance data can vary widely 

depending on the factors used to account for wastage and the “average” values assumed
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for the trans faity icid composition o f various products. The estimated total TUFA 

intake in the USbaed on this method of analysis was 7.6 g/person/day in 1986 and 8.1 

g/person/day in 19'1 (Hunter & Applew^hite, 1986, 1991). In addition these estimates 

tend to be over-estinated since these estimates represent availability in the food supply 

rather than indivduil consumption.

Analysis o f dietary onsumption of a representative population:

Fatty acid intake cai be measured retrospectively using food-frequency questionnaires 

or diet histories o' prospectively using food records either weighed or estimated. 

Average daily consmiption of a nutrient can then be calculated using food composition 

tables. A major idvantage of this method over food disappearance data, is that 

consumption by ea<h individual is assessed rather than availability to the individual. 

Food frequency questionnaires have been used to assess trans fatty acid intake in the 

US in numerous stidies (Ascherio et al. 1994; Hunter et al. 1992; London et al. 

1991; Troisi et al 1992; Willett et al. 1993). This “Willett” food frequency 

questionnaire w£s idministered to 748 men and consisted of 116 food items with 

serving sizes (Tr)is et al. 1992). The FFQ took into account the type of margarine 

and the types o f fats or oils used for frying, cooking and baking by each individual. 

Fatty acid intake WcS calculated by multiplying the frequency of consumption for the 

portion size spe(ifi;d and summing across for all foods. The database used was 

primarily based >n US Department of Agriculture tables. Trans fatty acid intake

constituted 5.5% Df otal fat and 1.6% of total energy. The mean intake of trans fatty 

acids for the population was 3.4 g/day. The use of individual consumption data
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however, has the advantage o f allowing one to determine the range o f  intake consumed 

by a single individual or among individuals in a group.

Laboratory analysis o f duplicate portion or composite dishes:

This technique involves collecting and analysing the trans fatty acid content o f an 

identical diet to that consumed. This method is very expensive and labour intensive 

and therefore only a limited number o f diets can be analysed (Van den Reek et al. 

1986). Therefore the results obtained are usually not representative o f  the total 

population. The advantage o f using this method is that trans fatty acid content o f  diets 

can be determined very accurately. The accuracy o f  results will o f course be dependant 

on the type o f  analysis used. Van den Reek et al. (1986) determined trans 18:1 fatty 

acid intake by analysis o f  duplicate portions o f diets collected from 8 Caucasian 

adolescent girls (12-15 yrs) for 7 days. The mean trans 18:1 intake analysed by 

duplicate portion was 5.33 g/lOOg fatty acids. The range o f trans 18:1 intake was 3.53- 

8.24 g/100 g fatty acids for the 8 girls. Typical “composite” diets based on dietary 

assessment methods may also be formulated and analysed. For example, in the Seven 

Countries Study, the trans fatty acid content o f the diets o f a number o f  countries has 

been determined using diet composites.

Estimates based on the trans fatty acid content o f biological tissues:

Biomarkers may be used as an independent marker o f  fatty acid intake unbiased by 

self-reporting or changes in the fatty acid composition o f  the food supply from season- 

to-season. In addition, biomarkers o f fatty acid intake can be used to validate measures
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o f self-reported dietary intake. Depending on the body compartment used, these 

biomarkers reflect different time periods o f fatty acid intake. For example, serum 

triacylglycerol reflects fatty acid intake in the last meal eaten, cholesteryl esters and 

phospholipids are more likely to reflect intake over the past few days, while erythrocyte 

membranes and adipose tissue reflect longer periods o f  intake from several weeks to 

years (Bates et al. 1997). A suitable biomarker o f  fatty acid intake can therefore be 

chosen depending on the duration o f the study and the time frame o f  interest. A long

term measure o f fatty acid intake, such as adipose tissue concentrations, is usually o f 

more importance. The half-life o f  adipose tissue in human subjects in energy balance is 

approximately 600 days and thus, its composition should reflect dietary fatty acid 

intake over the preceding 2.5 years (Hirsch et al. 1960). The effect o f  sample site, age 

and sex on the fatty acid composition o f adipose tissue has been shown to be negligible 

(Van Staveren et al. 1986; Plakke et al. 1983). Although there is no satisfactory 

marker o f  total fat intake, adipose tissue concentrations o f fatty acids reflect the type o f 

fat consumed by different populations in international comparisons (Beynen et al. 

1980) and within individuals (Van Staveren et al. 1986). Therefore estimates o f  the 

trans fatty acid intake can be extrapolated from the concentration o f  trans fatty acids 

found in biological tissues. The trans fatty acid composition o f adipose tissue from 

subjects in a number o f countries has been determined and is believed to reflect the 

amount o f  fran j'fa tty  acids in the diet (Enig et al. 1984; Aro et al. 1995; Hunter e ta l. 

1992; Roberts et al. 1995; Van Staveren et al. 1986; Wahle et al. 1991; Lemaitre et 

al. 1998; Garland et al. 1998). Caution must be observed when comparing the results 

o f trans fatty acid concentration o f  adipose tissue between countries. Differences in the 

analysis o f  adipose tissue may lead to underestimation o f trans fatty acid 

concentrations. The time frame in which these samples were collected was also quite
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different. The EURAMIC study (Aro et al. 1995), is ideal for making comparisons 

between countries as all adipose tissue samples were taken within the same time frame 

and analysis was carried out by one common laboratory. The Netherlands showed the 

highest intake (2.43% o f total fatty acids), while Spain showed the lowest intake 

(0.43% total fatty acids), indicating the relative amounts o f  hydrogenated fats available 

in these countries. The isomeric trans fatty acid distribution in adipose tissue may also 

reflect the type o f  fat in the diet. Several attempts have been made to correlate the 

relationship between adipose tissue trans unsaturated fatty acids and dietary intakes 

(Hunter et al. 1992; Hudgins et al. 1991; Garland et al. 1998; Lemaitre et al. 1998). 

Hudgins et al. (1991), assumed a 1:1 relationship between trans fatty acids in adipose 

tissue and diet, while other investigators (Kris Etherton et al. 1995) assumed a 1:2 

relationship. Other investigators (Emken et al. 1997) derived equations on the basis o f 

human studies:

Trans fatty acids in diet (g/day) = 1.52 + 2.40 (% t l8 : l  in adipose tissue)

The relationship was based on results o f studies in eight countries; Spain, Netherlands, 

Switzerland, UK, USA, Israel, Germany, and Norway (Aro et al. 1995; Hudgins et al. 

1991; Hunter et al. 1991; London et al. 1991; Roberts et al. 1995; Thomas et al. 

1987; Van Staveren et al. 1986; Wahle et al. 1991). Estimation o f  trans fatty acid 

intake on the basis o f the trans fatty acid content o f adipose tissue is subject to certain 

limitations. Use o f older analytical methods may underestimate trans fatty acid 

concentration in adipose tissue and therefore o f dietary intake. Changes in body weight 

have been shown to affect the relationship between dietary intake and adipose tissue 

concentrations o f trans fatty acids (Van Staveren et al. 1986). The relationship 

oetween trans fatty acids in the diet and adipose tissue are based upon the amount o f
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t l8 :l in adipose tissue, assuming that this is the predominant trans fatty acid isomer 

present in the diet. In certain countries, hydrogenated fish oils are used in the food 

industry supplying in addition to tl8 :l ,  a variety o f trans isomers with chain lengths 

greater than 18 carbons. Absorption o f these long chain trans unsaturated fatty acids 

may be quite different to trans fatty acids with 18 carbons. In addition, there may well 

be selective metabolism and retention of these longer chain trans unsaturated fatty 

acids in tissues other than adipose tissue. Therefore the equation may only be relevant 

for countries that use predominantly hydrogenated vegetable oils.

1.8 CONSUM PTION OF TRANS  UNSATURATED FATTY ACIDS IN THE 

UK:

Estimates of trans fatty acids in the diet of the UK have been made by a number of 

investigators (Gurr, 1983; Gurr, 1986, BNF, 1987; BNF, 1995; Bolton-Smith e? a/. 

1995). The estimate o f trans unsaturated fatty acid (TUFA) intake in 1983 (Gurr, 

1983) of 12g/person/day is greater than more recent estimates which have generally 

averaged 4-7g/person/day (Bolton-Smith et al. 1995; BNF, 1987; BNF, 1995; Gurr, 

1986). Results from these studies are detailed in the British Nutrition Foundation 

report o f 1995 (BNF, 1995) and are summarised in Table 1.2. Men in the UK have a 

greater TUFA intake expressed as g/day than women, but on an energy basis or as a 

percentage of total fat, there is little difference due to gender. There was only slight 

variation by region o f the country, therefore the overall estimate o f the average intake 

of TUFA in the UK as 4-6 g/person/day (2% of total energy, or 6% of total fat) appears 

to be representative o f the population as a whole. Bolton-Smith et al(1995) reported 

mean TUFA intakes o f 7.1 g/person/per/day for men and 6.4 g/person/day for women
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Table 1.2. Estimates o f  trans fatty acid consumption in the United Kingdom.

Diet/Dietary Data Population Trans fatty acid intake 

g/person/day energy% % Total FA

Method used Reference

Typical UK diets General UK population 12.0 9.3 Calculated values based on average trans Gurr, 1983

compiled from published data fatty acid content o f foods and trends in

food consumption

Household food General UK population 7.7 7.5 Based on Ministry of Agriculture, Gurr, 1986

consumption Fisheries and Food, National Food Survey

data.

Household food General UK population 7.0 6.0 Based on Ministry o f Agriculture, British Nutrition

consumption estimated Fisheries and Food, National Food Survey Foundation, 1987

range =5-27 data.

Household food General UK population Based on Ministry of Agriculture, British Nutrition

consumption 1980 5.6 2.3 Fisheries and Food, National Food Survey Foundation, 1995

1982 5.5 2.3 data (excludes food eaten outside the

1984 5.2 2.3 home)

1986 4.7 2.0

1988 5.0 2.3

1990 4.6 2.2

1992 4.8 2.3



I'able 1.2 continued. Estimates o f  trans fatty acid consumption in the United Kingdom.

Diet/Dietary Data Population Trans fatty acid intake 

g/person/day energy% % Total FA

Method used Reference

Model of the Based on analysis o f foods collected to be British Nutrition

average national representative o f the population, Ministry Foundation, 1995

domestic diet in General UK population 3.57 1.7 of Agriculture, Fisheries and Food,

the UK; National Food Survey data. Total Diet

collections of Study.

representative

foods (1991)

Dietary data British adults, 16-64 years of Based on dietary and Nutritional Survey of British Nutrition

(1986-1987) age(n=>2000) 4.9 5.6 British adults, Gregory et al., 1990 Foundation, 1995

men 5.6(1.9-11)

women 4.0 (1-8.8)

Dietary data UK men 16-64 years o f age Based on dietary and Nutritional Survey of British Nutrition

(1986-1987) Scotland 5.18 2.02 British adults, Gregory et al., 1990 Foundation, 1995

Northern England 5.73 2.10

Central & south west England, 5.65 2.01

and Wales

London & South East England 5.56 2.03



Table 1.2 continued. Estimates o f  trans fatty acid consumption in the United Kingdom.

Diet/Dietary Data Population Trans fatty acid intake 

g/person/day energy% % Total FA

Method used Reference

Dietary data UK men 16-64 years o f age Based on dietary and Nutritional Survey of British Nutrition

(1986-1987) Scotland 3.89 2.06 British adults, Gregory et al., 1990 Foundation, 1995

Northern England 3.96 2.10

Central & south west England, 4.10 2.13

and Wales

London & South East England 3.93 2.07

Household food UK men (n= 1087) 3.5 (1-21) Based on Ministry o f Agriculture, British Nutrition

consumption UK women (n= 1110) 2.4(1-14) Fisheries and Food, National Food Survey Foundation, 1995

(1994) data (includes food eaten outside the

home)

Habitual diet Scottish men and women, 40-59 Semi-quantitative food frequency Bolton -Smith et

(1984-1986) years o f age (n= 10359) questionnaire used in Scottish Heart Health al., 1995

men 7.1 (0.8-33) 2.7(0.5-11) 7.8(2.8-21) Study and trans fatty acid food

women 6.4 (0.4-47) 3.3 (0.3-11) 8.2(1.2-22) compositional data from government.

industry and published values



while Gregory et al. (1990) estimated intakes o f  5.6 g/day for men and 4.0 g/day for 

women. TUFA intake reported in the UK ranges from 0.4-11.3 g/day (Bolton-Smith et 

al. 1995; BNF, 1995; Gregory et al. 1990) although intakes as high as 47 g/day or 

12% o f energy intake have been reported in the Scottish Heart Health Study (Bolton- 

Smith et al. 1995). Aro et al. (1995) estimated adipose tissue concentrations o f  C l 8 

TUFA as a percentage o f  total fatty acids and reported a concentration o f  2.22 g/lOOg 

which was comparable to that in the Netherlands (2.43g/100g), Norway (2.15g/100g), 

and Israel (2.15g/100g), but greater than that o f Finland (1.51 g/lOOg ), Russia 

(1.68g/100g), Germany (1.38g/100g), Switzerland (1.72g/100g), and Spain 

(0.43g/100g). Recent adipose tissue data indicates that total dietary TUFA intake in the 

UK may have declined in recent years from 5.32g/100g (Thomas et al. 1983), to 2.86 

g/lOOg, (Roberts et al. 1995).

1.9 TR A N S  UNSATURATED FATTY ACID INTAKE IN THE USA:

Recently, three expert panels have reviewed the available data in TUFA consumption 

in the US. The International Life Sciences Institute Expert Panel on Trans Fatty Acids 

and Coronary Heart Disease (1995), concluded that TUFA contribute about 4-12% o f 

total dietary fat (2-4% o f energy) to the food supply in the US. The American Society 

for Clinical Nutrition/American Institute o f Nutrition Task Force (1996), similarly 

reported the estimated per capita consumption o f dietary TUFA to be 8.1-12.8 g/day (2- 

4% energy). Finally, The International Life Sciences institute Expert Panel on Trans 

Fatty Acids and Early Development (1997), concluded that median values for TUFA 

intake are approximately 8% o f total fat intake (6.4 g/day).
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Several methods have been used to estimate TUFA intake in the US and a summary o f 

these studies is shown in Table 1.3. Hunter & Applewhite (1986, 1991), estimated total 

TUFA intake based food disappearance data. The estimated total TUFA intake was 

7.65 g/person/day in 1986 and 8.1 g/person /day in 1991. Estimates o f TUFA intake 

have also been made based on laboratory analysis o f diet collections. Van den Reek et 

al. (1986) analysed the TUFA content o f  seven diets collected from each o f  eight 

Caucasian adolescent females in the US. Total TUFA intake ranged from 0.5-8.0 g/day 

(2-17% total fat).

Analysis o f  adipose tissue fatty acids has been used extensively in the US, to assess 

TUFA intake (Ohlrogge e /a /. 1981; Hudgins e? a/. 1991; London e /a /. 1991; Hunter 

et al. 1992; Lemaitre et al. 1998, Garland et al. 1998). The TUFA content o f  adipose 

tissue taken from adult men and women was approximately 4.0-5.0 % o f total fatty 

acids (Ohlrogge e /a /. 1981; Hudgins e /a /. 1991; Hunter e? a/. 1992; Lemaitre e? a/. 

1998) although a higher value o f 6.1 % total fatty acids, was reported by Garland et al. 

(1998). If  a 1:2 relationship between the adipose tissue TUFA concentration and that in 

the diet is assumed (International Life Sciences Institute Expert Panel on Trans Fatty 

Acids and Coronary Heart Disease, 1995), TUFA consumption in the US can be 

estimated as 7-8% o f total dietary fat intake.

Self-reported dietary intake data has also been used extensively in the US to estimate 

TUFA consumption. Using the 18:It content o f 220 selected food items grouped into 

35 categories. Van den Reek et al. (1986) analysed 7-day weighed diet records of 

adolescent girls in the US. Values o f 5.3% o f total fatty acids (2.8 g/day) were 

obtained. The semi quantitative food frequency questionnaire developed by Willett has 

been used by a number o f  investigators to estimate total TUFA intake in the US 

(London et al. 1991; Troisi et al. 1992; Willett et al. 1993; Hunter et al. 1992;
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Table 1.3. Estimates o f  trans fatty acid consumption in North America

Diet/Dietary Data Population Trans fatty acid intake Method used Reference

g/person/day energy% %total FA

Fat availability in General US population 7.6 Estimates based on retail sales for Hunter &

US food supply household use, amount o f fat used by food Applewhite, 1986.

(1980, 1984) service industry and amount o f fats used 

by bakeries and other food processors 

typical values for trans fatty acid content 

o f foods.

Duplicate diet Caucasian adolescent 3.14 6.5 Laboratory analysis o f duplicate portion Van den Reek et

analysis females, 12-15 yrs (n = 8) (18:lt) (18:lt) diets (7 daily diets per subject) al. 1986

Diet records Caucasian adolescent females, 

12-15 yrs (n = 8)

2.8 5.3 7 day weighed diet records (18:It content 

of foods)

Van den Reek et 

al. 1986

Fat availability in General US population 8.1 Estimates based on industry market size Hunter &

US food supply and share data combined with ISEO ( Applewhite, 1991.

(1989) Institute o f shortening and edible oils) data 

for typical amounts o f trans fatty acids in 

products.

Habitual diet Adult Caucasian males, aged 1.3-7.6 Values based on one-to-one relationship Hudgins et al..

(1981) 23-78 (n=76) between trans content o f adipose tissue 

and diet assuming a 3000 calorie diet with 

38% of calories as fat.

1991.



Table 1.3 continued. Estimates o f  trans fatty acid consumption in North America

Diet/Dietary Data Population Trans fatty acid intake 

g/person/day energy% %total FA

Method used Reference

Habitual diet Boston-area post-menopausal 3.44 (total) 5.83 (total) Willett semi-quantitative food frequency London et al.,

(1986-1987) US women free from cancer, 2.83 (18;lt) 4 .77(18:lt) containing 116 food items combined with 1991.

aged 36-81 years (n=l 15) USDA nutrient composition data and other

food composition data.

Habitual diet Boston-area men, aged 40-75 Willett semi-quantitative questionnaire Hunter et al..

(1986-1987) years (n= 118) containing 131 food items (administered 1992

initial questionnaire 3.0 4.7 twice) (as above)

final questionnaire 3.4 5.4

Habitual diet Boston-area men, aged 40-75 4.2 Estimates based on fat aspirates. Hunter et al.,

(1986-1987) years (n= 118) 1992.

Willett SQFFQ containing 116 food items Troisi et al., 1992.

Habitual diet US men aged 43-85 (n=748) 3.4 1.6 5.5 (as above)

(1987-1990)



Table 1.3 continued. Estimates o f  trans fatty acid consumption in North America

Diet/Dietary Data Population Trans fatty acid intake Method used Reference

g/person/day energy% %total FA

Willett SQFFQ containing 61 food items Willett et al..

Habitual diet Women from Nurses’ Health 4.0 5.8 (as above) 1993.

(1980) Study (n= 85095)

Habitual diet US men and women , <76 years Willett SQFFQ containing 116 food items Ascherio et a l ,

(1982-1983) (as above) 1994.

men 4.36 1.5 4.3

women 3.61 1.7 4.8

Habitual diet 51 men and women aged 50-79 SQFFQ containing 98 food items Lemaitre et al.,

(1996) men 2.57 5.46 combined with US Department of 1998

women 1.99 4.93 Agriculture food composition data.

Habitual diet (19) 51 men and women aged 50-79

men

women

4.93

4.40

Estimates based on fat aspirates. Lemaitre et al., 

1998

Habitual diet 140 women 2.8 4.7 Willett semi-quantitative questionnaire Garland et al.

(1986-1987) containing 131 food items (administered 

twice) (as above).

1998

Habitual diet 140 women 6.1 Estimates based on fat aspirates Garland et al. 

1998



Ascherio et al. 1994; Lemaitre et al. 1998; Garland et al. 1998). In these studies, 

average values for TUFA in the diets of adult men and women ranged from 2.8-4.4 

g/day ( 4.3-5.8 % total fat).

1.10 TRANS  UNSATURATED FATTY ACID INTAKE IN MAINLAND 

EUROPE:

The TRANSFAIR study analysed dietary intake of TUFA in men and women in 14 

European countries. In every country, 100 food samples representative o f the total fat 

and TUFA intake were purchased and samples were analysed centrally in the 

Netherlands (Van Poppel, 1998; Hulshof et al. 1999). Each country used food 

consumption-survey data to calculate TUFA intake. Results indicate that TUFA 

consumption may have decreased in some European countries. TUFA intake in grams 

per day (%energy) in the 1995-1996 diet were reported as follows: Belgium 4.1 (1.4), 

Denmark 2.6 (1.0), Finland 2.1 (0.9), France 2.3 (1.2), Germany 2.2 (0.8), Greece 1.4 

(0.6), Iceland 5.4 (2.0), Italy 1.6 (0.5), Netherlands 4.3 (1.6), Norway 4.0 (1.5), 

Portugal 1.6 (0.6), Spain 2.1 (0.7). Sweden 2.6 (1.1) and Sweden 2.8 (1.3).

1.11 THE POSTPRANDIAL RESPONSE:

Epidemiological investigations of plasma lipids as risk factors for coronary heart 

disease have relied almost entirely on fasting lipid levels. In reality, most individuals 

are in a postprandial state for the greater part of every 24 period, as they may eat 4-6 

times per day. It has been recognised for years that the interindividual variability in the 

:hanges involved in postprandial lipaemia after a given meal is very large (Cohn et al.
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1988). The postprandial response refers to the series o f  metabolic events which occur 

following ingestion o f a fat containing meal, and this response has been recognised as a 

significant factor in the development o f coronary heart disease (Zilversmit, 1979).

111.1 Digestion and absorption o f dietary lipids:

Estimates o f  the usual dietary intake o f fat in W esternised societies ranges from 50- 

lOOg/day (Sethi et al. 1993; Zampelas, 1994). Triacylglycerol is the main constituent 

of dietary fat, while small amounts o f phospholipids and cholesteryl esters are also 

present (4-8g and 0.5g respectively), (Castelli, 1986). The pancreatic enzymes 

involved in lipid digestion include pancreatic lipase, cholesterol esterase, and 

phopholipase. Pancreatic lipase hydrolyses the fatty acids in a TAG molecule 

sequentially, removing the fatty acid at the sn-1 position o f  the TAG first to produce a 

2,3-diacylglycerol molecule and a fatty acid. The fatty acid at position 3 is then 

renoved to form a 2-monoacylglycerol molecule. Hydrolysis o f  2-monacylglycerols 

occurs only after isomerisation o f the fatty acid to the sn-1 position, but this is unusual, 

sc that most sn-2 located fatty acids are absorbed in their monoacylglycerol form (Sethi 

et al. 1993). Saturated fatty acids are generally located at the sn-1, sn-3 positions, 

w iile unsaturated fatty acids are located at the sn-2 position o f  a TAG molecule (Nestel 

e tal. 1995). Dietary cholesterol may be in the form o f cholesteryl esters which are 

h}drolysed by pancreatic lipase in the lumen o f the intestine to form cholesterol and 

faty acids. Phospholipids are hydrolysed by phospholipase, which removes fatty acids 

at the sn-2 position, while pancreatic lipase removes fatty acids at the sn-1 position o f 

the phospholipid molecule. These end-products o f  lipid hydrolysis; fatty acids, 

gl/cerol, monoacylglycerols, some diacylglycerols, cholesterol and lysophospholipids
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are available for absorption in the enterocyte. The subsequent fate o f  the absorbed fatty 

acids depends on its chain length. Short and medium chain fatty acids (C<12 carbon 

chain length) do not require re-esterification and are absorbed directly into the portal 

vein where they are transported to the liver with albumin. Long-chain fatty acids 

(C>12 carbon chain) and the absorbed cholesterol are re-esterified to form 

triacylglycerol and cholesteryl esters respectively.

1.11.2 Chylomicron synthesis:

TAG can be synthesised by the glycerol-3-phosphate pathway in the liver and adipose 

tissue, although the majority (>90%) o f TAG is synthesised by the monoacylglycerol 

pathway in the smooth endoplasmic reticulum o f the enterocyte. Sn-2 

monacylglycerols are absorbed into the enterocyte where they are acylated by the 

action o f  monoacylglycerol transferase to form sn-1,2 diacylglycerols or sn-2,3- 

diacylglycerols. Eventually these diacylglycerols are acylated by the action o f 

diacylglycerol transferase to form triacylglycerols.

Chylomicron cholesterol is derived predominantly from the diet, with a small amount 

provided by de novo synthesis in the enterocyte, although, the fraction supplied by the 

diet is thought to be the most relevant to postprandial lipaemia. Cholesterol is re- 

esterified within the enterocyte by the action o f acyl-Co-A cholesterol acyl transferase. 

The enterocyte synthesises phosphatidylcholine by acylating lysophosphatidylcholine, 

absorbed from the lumen after digestion o f phosphalidylcholine.

The re-esterified TAG and cholesteryl esters within the enterocyte are packed within a 

monolayer o f phospholipid and apolipoproteins to form chylomicrons. The enterocytes 

are capable o f  synthesising the following apolipoproteins; Apo B-48, A-I and AIV,
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which are combined with the intestinal lipids in the enterocyte. Apo B-48, which is the 

major apolipoprotein o f chylomicrons is synthesised in the rough endoplasmic 

reticulum, transferred to the smooth endoplasmic reticulum and incorporated into 

chylomicrons. These chylomicrons are exocytosed from the cell membrane following 

glycosylation. Apo B-48 remains within the chylomicon from the time o f formation in 

the smooth endoplasmic reticulum until uptake and removal by the liver. The size and 

composition o f  chylomicrons is directly related to the fat content o f  the meal, with 

larger fat intakes forming larger, low density chylomicrons. The fatty acid composition 

also effects chylomicron size, where polyunsaturated fatty acid meals form larger 

chylomicrons compared to a saturated fatty acid meal. Finally, Apo B-48 determines 

the size o f chylomicrons, as there is only one Apo B-48 molecule per chylomicron 

particle. The chylomicrons enter into the intestinal lymph where they pass through the 

thoracic duct and enter the circulation via the subclavian vein. Following secretion and 

entry into the systemic circulation, chylomicrons acquire apo CII, apo CIII and apo E 

from HDL (Grundy & Denke, 1990; Tall, 1986; Cohn, 1994).

1.11.3 Chylomicron catabolism:

Apo CII acts as a co-lipase and increases the interaction o f  lipoprotein lipase (LPL) 

which is localised on endothelial surfaces o f  blood vessels with circulating 

triacylglyceride-rich lipoproteins (TRLs), i.e. chylomicrons and very low-density 

lipoprotein (VLDL). The activity o f LPL is an important determinant o f  the extent and 

duration o f postprandial lipaemia as it is a rate-limiting step in TAG hydrolysis. LPL is 

located on the endothelium o f tissues with a high requirement for fatty acids, such as 

skeletal and cardiac muscles, adipose tissue and mammary gland. LPL controls the 

availability o f an important cellular fuel as it hydrolyses TAG releasing fatty acids for
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tissue uptake. Insulin promotes synthesis and secretion o f LPL in adipose tissue, 

promoting fatty acid uptake in the postprandial state (Angelin & Gibbons 1993) and 

inhibits LPL activity in skeletal muscle inhibiting fatty acid uptake in the postprandial 

state. Therefore, uptake o f  fatty acids in skeletal muscle is promoted in the post 

absorptive state as insulin levels decrease.

M ultiple interaction o f  lipoprotein lipase molecules with each chylomicron particle and 

the presence o f  the enzym e’s co-factor protein (CII) causes rapid hydrolysis o f the 

thousands o f  triacylglyceride molecules in the chylomicron particle to produce 

monacylglycerides and fatty acids. Hydrolysis o f TAG in chylomicron particles 

produces a smaller TAG core while the hydrolytic products are rapidly transported to 

parenchymal cells where they are oxidised (mainly in muscle) or re-esterified (in 

adipose tissue) for storage. The surface materials o f the chylomicron (phospholipids, 

cholesterol and apolipoproteins CII and CIII) are transferred to HDL to maintain 

chylomicron stability. Once most (70-90%) o f the TAG is hydrolysed the chylomicron 

particle becomes smaller in size and is termed a chylomicron remnant (Zampelas & 

Williams, 1994).

1.11.4 Chylomicron remnant clearance:

Apo E remains within the chylomicron remnant and regions o f  its structure are 

exposed, allowing recognition o f  the particle by two hepatic lipoprotein receptors. The 

clearance o f chylomicron remnants is achieved by high-affmity receptor-mediated 

processes. The low-density lipoprotein receptor is thought to be responsible for 

chylomicron remnant clearance in the liver. There is also evidence that a second LDL 

receptor-related protein in the liver exists which is specific to apo-E. The presence of
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the LDL-receptor related protein is supported by the fact that individuals who lack the 

LDL receptor i.e. homozygous familial hypercholesterolaemic individuals, 

demonstrate normal rates o f  chylomicron remnant clearance. Regulation o f  receptor- 

mediated chylomicron remnant removal is affected by several factors including the apo 

E phenotype, the presence o f apo CIII and the activity o f hepatic triacylglycerol lipase. 

In the human population, three isoforms o f apo E are found; E2, E3 and E4. The most 

common isoform is E3/E3 (60%), while E2/E3 is found in approximately 15% o f the 

population (W eintraub et al. 1987). It has been shown that these isoforms o f apo E 

bind to hepatic receptors with different avidity. The avidity o f  binding to hepatic 

receptors is in the order E4> E3> E2. Therefore individuals who have the E2/E2 

phenotype have elevated levels o f  chylomicron remnants, while those who are 

heterozygous for the E2 isoform have defective chylomicron remnant clearance. Apo 

CIII has been shown to impair remnant recognition by hepatocyte receptors, by 

displacing apo E, or by obscuring the apo E ligand (M iesenbock & Patsch, 1992). It 

has also been shown to inhibit hepatic triacylglycerol lipase. Finally, hepatic 

triacylglycerol lipase is necessary to mediate removal o f  chylomicron and VLDL 

remnants by hydrolysing residual TAG and phospholipid. This facilitates removal o f 

apo CIII and exposure o f apo E promoting hepatic uptake o f  remnants.

1.11.5 Very Low Density lipoprotein synthesis:

Studies have shown that the majority, but not all o f  the increment in TRL- 

triacylglycerols after fat ingestion is contained within chylomicron particles. Hepatic 

very low density lipoprotein (VLDL) plays a significant role in the postprandial TAG 

response to a fat-containing meal (Cohn et al. 1988). The relative contribution o f the
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hepatically or intestinally derived TRL has been quantitated using immunoaffmity 

methods with monoclonal antibodies (Cohn et al. 1993; Schneeman et al. 1993), by 

measuring the amount of apo B-48 and apo B-lOO respectively. The overall 

postprandial rise in triacylglycerols is due to a comparable increase in hepatic apo B- 

100 TRL and intestinal apo B-48 TRL. Very low density lipoprotein (VLDL) particles 

are synthesised and secreted from the liver, with only very small amounts produced by 

the intestine o f adults postprandially (Havel, 1997). Schneeman et al. (1993) showed 

that in young men fed an ordinary meal, 80% of the increase in particle number in the 

postprandial fraction was due to VLDL containing apo B-lOO and only 20% was due to 

chylomicrons. The synthesis and secretion of hepatic VLDL is dependant upon lipid 

and apolipoprotein synthesis which occurs in the endoplasmic reticulum of the 

hepatocyte. The fatty acids of VLDL triacylglycerols are derived from chylomicrons 

and from fatty acids derived from adipose tissue triacylglycerols. The contribution of 

these sources to VLDL production changes as a result of dietary states. For example, 

plasma NEFAs make a substantial contribution to VLDL TAG synthesis especially in 

the starved state.

The principle apolipoprotein associated with VLDL particles is apo B-100. In vitro 

studies have demonstrated that the availability o f apo B-100 has a rate-limiting effect 

on VLDL secretion. In addition to apo B-100 the secreted VLDL particles receive apo 

E, CII and CIII from circulating high density lipoprotein (HDL). As with 

chylomicrons, apo CII is an essential co-factor for lipoprotein lipase (LPL) activity 

which removes TAG from VLDL particles, while apo CIII has an inhibitory effect on 

LPL. Apo E facilitates removal o f VLDL by facilitating interaction o f the VLDL with 

specific high affinity apo E receptors. It is also proposed to be necessary to achieve 

conversion of VLDL to LDL.
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1.11.6 Postprandial Very Low Density lipoprotein metabolism and catabolism;

The metabolic fate o f VLDL depends on the initial size o f  the VLDL particle, which 

depends on the amount o f available TAG. The greater the amount o f  available TAG 

the bigger the VLDL particle. The metabolic fate o f  VLDL is also thought to be 

dependent on its lipid and apolipoprotein composition. VLDL particles exist in plasma 

varying in lipid and apolipoprotein content. Large VLDL particles have been shown to 

contain more apo CII and CIIL It has been shown that individuals who are 

hypertriacylglycerolaemic secrete larger TAG-enriched VLDL particles compared to 

normotriacylglycerolaemic individuals who secrete more small VLDL particles. It has 

been demonstrated that VLDL-sub fractions have different metabolic pathways 

(Packard et al. 1984). Small VLDL particles (VLDL2) predominantly formed in the 

normotriacylglycerolaemic state, decrease in size following delipidation o f the TAG 

core by LPL. The remaining TAG in the VLDL remnant is hydrolysed by hepatic 

lipase (HL) and apo E and apo C are returned to HDL. A large proportion o f  these 

VLDL remnants become LDL particles (50%). The TAG core o f large VLDL particles 

found in hypertriacylglycerol individuals is also hydrolysed by LPL although at a much 

slower rate compared to small VLDL particles. Havel (1994) proposed that these large 

VLDL remnants have more apo E compared to small VLDL remnants. This increased 

apo E content facilitates hepatic removal o f  large VLDL remnants and therefore their 

contribution to the plasma LDL fraction is small. This increased residence time o f 

large VLDL particles in plasma allows interaction with other lipoproteins. Cholesteryl 

ester transfer protein (CETP) mediates the reciprocal exchange o f  VLDL-TAG for 

cholesteryl esters (CE) in HDL and LDL. Therefore the VLDL particle becomes 

enriched in cholesteryl esters, which inhibits conversion o f VLDL to LDL.
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1.11.7 Low Density lipoprotein:

Density gradient ultracentrifugation fractionates LDL into three subclasses: I, II and 

III. There is also two phenotypes, a normal LDL pattern A characterised by large, less 

dense LDL (LDL I and II) and an abnormal LDL pattern B characterised by small, 

dense LDL particles (LDL III). Small dense LDL have a prolonged retention within 

the circulation and are therefore reputed to have greater atherogenic potential 

(WilHams, 1997).

Griffin et al (1994) demonstrated that patients with CAD and post-myocardial 

infarction patients had greater levels o f plasma TAG, VLDL cholesterol and small 

dense LDL compared to controls. In addition, the variability in LDL sub-fractions 

could be explained by TAG concentration. TAG concentrations <1.5 mmol/L were 

associated with LDL-I and II. As plasma TAG increased to levels >1.5 mmol/L, the 

levels o f LDL-I and II decreased and LDL-III increased. This indicates that the 

presence o f small dense LDL-III particles which are highly atherogenic, are associated 

with poor metabolic capacity.

1.11.8 High Density lipoprotein particles:

The concentration o f high density lipoprotein (HDL) has been negatively associated 

with CHD mortality. HDL is synthesised as a bilayer o f  phospholipids, apolipoproteins 

and unesterified cholesterol, in a discoidal structure (nascent HDL). This discoidal 

structure, upon entering the circulation, collects unesterified cholesterol, expanding the 

discoidal HDL to form small spherical mature HDL particles. Cholesterol is derived 

from the membrane o f  cells, plasma lipoproteins and remnants. The enzyme lecithin
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cholesteryl acyl transferase (LCAT) and its co-factor apo AI esterifies the cholesterol, 

producing CE and lysophospholipid from phospholipid lecithin and cholesterol. The 

increase in retention o f CE by HDL produces particles o f increasing size and density 

(HDL3 HDL2 ^  H D Ll). HDL provides apolipoproteins during TRL formation and 

receives redundant apolipoproteins during TRL catabolism. HDL plays a role in the 

metabolism o f plasma lipoproteins and its metabolic fate depends on the levels o f  these 

lipoproteins.

Because most cells are unable to oxidise cholesterol the excess must be returned to the 

liver for elimination in bile. This return o f  cholesterol from tissues is termed ‘reverse 

cholesterol transport’ and HDL plays a central role in this pathway, which is catalysed 

by LCAT (Sethi et al. 1993). A considerable proportion o f  cholesterol transferred to 

HDL returns to the liver via chylomicron and VLDL remnant particles. Chylomicron 

and VLDL remnant particles accumulate cholesteryl esters from HDL, with a 

reciprocal transfer o f  TAG from remnants to HDL. This lipid transfer is catalysed by 

cholesteryl ester transfer protein (CETP). This interaction between TRL lipoproteins 

and HDL provides an important pathway o f cholesterol metabolism. TAG transferred 

to HDL and LDL are susceptible to hydrolysis by lipases, which reduces the size of 

these lipoproteins producing small dense LDL and small HDL, the atherogenic 

phenotype.

Some cholesterol in HDL particles is taken up directly by the liver by recognition o f 

apo E by receptors in hepatocyes. Apo E associates itself with CE-enriched particles 

thereby enhancing recognition by apo E receptors, resulting in their endocytosis and 

catabolism.

The CE-TAG transfer process only occurs in the postprandial state, as CETP activity 

increases in the postprandial state. Excessive enrichment o f  HDL2 with TAG promotes
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hepatic Hpase mediated conversion to HDL3 (Tall et al. 1986) depleting HDL2 and 

reducing the capacity o f available HDL2 to participate in reverse cholesterol transport.

1.11.9 Physiological factors affecting the magnitude and duration of

postprandial lipaemia:

The effect o f age and sex on the postprandial lipid response has been studied by Cohn 

et al. (1988b). Females showed a lower response at all ages and younger subjects 

showed a much lower response than older subjects. Several investigators have shown 

consistent positive correlations between the amplitude o f postprandial lipaemia and 

fasting triacylglycerol levels (Patsch et al. 1984; Cohn et al. 1988b; Gibney & Daly, 

1994; Roche & Gibney, 1997). Differences between subjects due to age and between 

the sexes largely disappeared when the effect o f fasting plasma triacylglycerol on 

postprandial lipaemia was examined (Cohn et al. 1988b). Cohen et al (1989) compared 

the postprandial response in highly trained endurance athletes and sedentary controls 

matched for body weight and fasting triacylglycerol (TAG) levels. The postprandial 

TAG response (mmol/L) eight hours following ingestion o f  two fat meals were 

significantly lower for athletes compared to controls 2.6 vs. 1.5 following ingestion o f 

40g fat and 6.1 vs. 2.5 following ingestion o f  140g fat. Increased lipoprotein lipase 

activity in the trained athletes compared to the sedentary men accounted for the shorter 

half-life o f chylomicron TAG in athletes. Herd et al. (1998) examined the postprandial 

response in normolipidaemic men and women who completed 13 weeks o f  running 

training followed by 9 days o f de-training. The runners’ lipaemic response was 37% 

higher following a high fat meal (1.2 g fat/Kg body mass) after 2-days o f  de-training, 

compared to the response achieved before endurance training had commenced. 

Weintraub et al. (1988) demonstrated that chronic exercise significantly reduced the
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postprandial chylomicron and chylomicron remnant response to standard meals and 

also increased postheparin lipoprotein lipase and hepatic triaglyglycerol lipase activity 

in plasma. The acute effect o f exercise has been studied by Aldred et al. (1993) where 

fasting and peak postprandial plasma TAG levels were reduced in 

normotriacylglycerolaemic individuals.

Lipoprotein lipase (LPL) activity is an important determinant o f the variation in the 

postprandial lipid responses with age, sex, and fasting TAG levels. LPL is responsible 

for the initial processing o f triglyceride-rich lipoproteins in the circulation and its 

activity is inversely related to the magnitude o f lipaemia in healthy young subjects 

(Patsch et al. 1987). Weintraub et al. (1987) demonstrated that LPL activity is 

significantly higher in young subjects compared to old subjects. In addition there was 

also a tendency towards higher activity o f LPL in women compared to men.

1.11.10 Effect o f  dietary fatty acid composition on the postprandial lipaemic

response:

Studies which have modified the fatty acid composition o f  both standard test meals and 

background diets indicate that acute and habitual dietary fatty acid intake can markedly 

influence postprandial chylomicron TAG and remnant responses. The acute effects o f 

fatty acid composition on postprandial lipaemia have been investigated by several 

investigators (Harris et al 1988; Weintraub et al. 1988; de Bruin et al. 1993; Zampelas 

et al. 1994b). Weintraub et al. (1988) compared postprandial lipoprotein responses to 

meals comprising predominantly o f SFA or n-6 PUFA. The SFA meal consisted o f 

scrambled egg, cheese, bread and a milk shake, whereas the n-6 PUFA meal consisted 

o f turkey, bread and a milk shake made with safflower oil. No differences in
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postprandial retinyl palmitate or triacylglycerol responses to the two meals were 

observed. However, Zampelas et al. (1994b) gave subjects 3 test meals which were 

identical apart from the oils used, which were mixed (SFA), maize (n-6 PUFA) and fish 

oil (long chain n-3 PUFA). The postprandial TAG response to the n-6 PUFA (maize 

oil) meal was lower than that to the mixed oil meal, but the major difference found was 

in response to the meal containing long-chain n-3 PUFA (fish oil), where marked 

attenuation in postprandial TAG levels were seen. Zampelas et al. (1994b) concluded 

that fish oils can decrease postprandial TAG levels partly through an increase in post

heparin LPL activity. Harris et al. (1988) however found no difference in the 

postprandial TAG response to liquid test meals containing either a mixture o f peanut oil 

and cocoa butter (SFA-meal) or fish oil. Studies which have examined the effects o f 

monounsaturated fatty acids (MUFA) on postprandial lipaemia have demonstrated 

various effects, de Bruin et al. (1993) demonstrated that the lipaemic response was 

slightly higher when lipid emulsions containing olive oil were fed, compared to cream 

or sunflower oil emulsions. A study in which SFA was progressively replaced by 

MUFA, demonstrated no significant differences in the plasma TAG or chylomicron 

TAG (Zampelas et al. 1994c). Williams (1997) concluded from this small number o f 

studies that similar postprandial lipaemic responses are observed when meals 

consisting o f predominantly SFA, MUFA or n-6PUFA are fed, but when meals 

containing significant amounts o f n-3 PUFA are given, postprandial lipaemia is 

attenuated.

The effect o f background diet on the postprandial lipaemic response has also been 

studied by several investigators. Weintraub et al. (1988) randomised subjects to 

receive three different background diets for 3 weeks over a 12-week period. The
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responses o f  the subjects to two different test meals were evaluated at the end o f  each 

dietary period. Lipaemic responses o f the subjects were reduced when the background 

diet consisted o f  n-6 or n-3 PUFA. The attenuation as a result o f  n-3 PUFA intake in 

the background diet was statistically significant when a saturated-fat meal was given as 

the test meal. The attenuating effects o f the n-6 PUFA diet were greater when an n-6 

PUFA test meal was given compared to a SFA test meal. Therefore, this indicates that 

there is an effect due to background diet and also due to the acute effects o f  test meal 

fatty acid composition on the postprandial lipaemic response. Harris et al. (1988) also 

demonstrated the hypolipaemic effects o f fish oil (n-3 PUFA), when a control diet 

consisting o f peanut oil and cocoa butter, or salmon oil was given as a background diet.

1.11.11 Plasma Triacylglycerol and Coronary Heart Disease;

Epidemiological data strongly suggests a relationship between the frequency o f 

coronary events and fasting levels o f  plasma triacylglycerol (TAG) (Markmann et al. 

1990; Havel, 1994). Analysis o f the Framingham data demonstrated that high levels 

o f plasma TAG appear to be a significant risk factor when HDL cholesterol levels are 

low (Castelli, 1986), but not for average or high levels o f  HDL. The nature o f the 

TAG-CHD hypothesis is therefore affected by the dynamic nature o f  TAG and its 

carrier lipoproteins. Plasma TAG levels are highly variable, both within and between 

individuals and are highly correlated with other plasma lipoproteins, such as HDL 

cholesterol, especially with the HDL2 cholesterol subfraction. It has been demonstrated 

that HDL2 cholesterol concentrations are inversely related both to the extent o f 

postprandial lipaemia and to the incidence o f CAD (Patsch et al. 1983). The 

importance o f postprandial lipaemia is well demonstrated by case-control studies
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evaluating postprandial lipaemia in subjects with angiographically verified presence or 

absence o f  coronary artery disease. Groot et al. (1991) demonstrated that men with 

CAD had pronounced and delayed postprandial lipaemia compared to matched 

controls.

Patsch et al. (1992) studied the relationship o f  postprandial TAG metabolism and CAD 

in 61 male subjects with angiographically verified CAD and 40 controls. The 

magnitude o f postprandial lipaemia and the maximal TAG increase was higher in cases 

than in controls. In addition, plasma TAG concentrations between 6-8h after the test 

meal was a potential discriminator for CAD. A poor ability to cope with the challenge 

o f a postprandial lipid load is likely to increase the risk o f cardiovascular disease as an 

increase in postprandial TAG could result in an increase in TAG transport fi'om 

chylomicrons and VLDL to LDL and HDL2 through the action o f  CETP. Cholesteryl 

ester will also transfer to chylomicrons and VLDL from LDL and HDL2 , via the same 

route. As a consequence chylomicron remnants and IDL will become cholesteryl ester 

enriched and LDL and HDL2 TAG enriched. LDL and HDL2 TAG is susceptible to 

hydrolysis by hepatic lipase with resulting reduction in size. These cholesteryl ester 

enriched remnants and small dense LDL are poorly removed by hepatic receptors and 

can be taken up by the arterial wall (Zilversmit, 1979). Karpe et al. (1994) using 

angiographic studies demonstrated that small chylomicron remnants related 

significantly to the rate o f progression o f coronary lesions in patients with CAD over 

the preceding 5 year period.

Therefore, measurement o f  postprandial TAG in particular in the late postprandial 

phase, that is 6-8 h after the intake o f a standardised oral fat load, serves as an indicator 

o f  an atherogenic lipoprotein pattern that is not detectable in fasting plasma (Patsch et 

al. 1992).
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1.12 DIETARY TRAN S  UNSATURATED FATTY ACID INTAKE AND  

CORONARY HEART DISEASE:

Observational studies which have examined the association between dietary trans fatty 

acids and coronary heart disease (CHD) have shown conflicting results. In general 

there are several difficulties associated with these studies. The trans fatty acid 

composition o f foods is fragmentary, there is a tendency for subjects who have been 

diagnosed with CHD to change their dietary habits and finally in recent years the food 

industry have changed the fatty acid composition o f  margarines in Europe (Katan, 

1995). A summary o f the results o f  both case-control and cohort studies are shown in 

Table 1.4.

Thomas et al. (1983) studied post-mortem adipose tissue samples from 136 subjects 

who had died o f ischaemic heart disease and 95 control subjects who had died o f 

unrelated causes. Gas-chromatographic analysis revealed that cases had slightly higher 

proportions o f C l6-18 trans fatty acids and cases had a significantly higher proportion 

o f C l6:1 trans fatty acid in their adipose tissue samples. Results were not adjusted for 

confounding factors. The authors suggested that the higher C16:l trans fatty acids in 

cases was the result o f consumption o f margarines containing hydrogenated fish oils, 

although there was no difference in C20-22 fatty acids which are abundant in 

hydrogenated fish oil.

Roberts et al. (1995) analysed post-mortem adipose tissue samples from 66 cases o f 

sudden cardiac death and compared the results with samples from 286 healthy controls, 

matched for age and gender. Cases had lower C l8 trans fatty acids compared with 

controls, due to a lower proportion o f  C l 8:1 trans fatty acids. There was a significant 

inverse relationship between risk o f sudden cardiac death and C l8:1 trans fatty acids.

41



Table 1.4. Studies on association between trans unsaturated fatty acids and coronary heart disease.

Reference Subjects Measure of trans fatty acid intake Main Results

Thomas e /a /. 1983 136 British men who died o f CHD, 95 

controls who died o f other causes

Analysis o f fatty acids in post-mortem 

adipose tissue samples

C l6:1 trans fatty acids higher in cases

Thomas er a/. 1987 59 males with ECG evidence of Analysis o f fatty acids in adipose tissue No significant difference in C 16:l, C18:l and

ischaemia, 61 controls, no evidence of 

ischaemia.

samples C18:2 trans fatty acids

Robertses a/. 1995 66 British men who died o f CHD, 286 Analysis o f C l 8 fatty acids in adipose CT 8:1 trans fatty acids lower in cases. No

healthy male controls tissue samples difference in C l8:2 trans.

Ascherio e? a/. 1994 239 US subjects with first MI, 282 age 

matched subjects from the same area

Food frequency questionnaire High trans fatty acid intake positively 

associated with CHD risk, inverse association 

with moderate intake.

A to et al. 1995 671 men with first MI, 717 controls Analysis o f fatty acids in adipose tissue No overall association between C l8:1 trans

without Ml from 9 European countries samples fatty acids and risk o f CHD. Significant 

differences between countries.

Siguel & Lerman, 1993 47 US subjects with CAD diagnosed 

by angiography, 56 US controls 

without CAD

Analysis of fatty acids in total plasma C16:l trans directly and C18:2 cis inversely 

related with CAD

Hodgson e/fl/. 1996 191 non diabetic subjects with 

angiography for chest pain

Analysis of fatty acids in platelets No association between total trans fatty acids 

and severity o f CAD. Direct association 

between C18;l 9t and lOt and C18:2 cis and 

CAD score.



Table 1.4 continued. Studies on association between trans unsaturated fatty acids and coronaiy heart disease.

Reference Subjects Measure of trans fatty acid intake Main Results

Van de Vijver e? a/. 1996 83 Dutch subjects with severe CAD, 78 Analysis o f fatty acids in plasma No case-control difference in total trans and

controls with no or mild CAD. phospholipids C 16:l, C18:l or C18;2 trans fatty acids.

Willett e /a /. 1993 85065 female US nurses without Semiquantitative food frequency Trans fatty acids in highest quintile associated

diagnosed CHD at baseline, 8 year questionnaire with increased risk o f CHD

follow-up

Ascherio e /a/. 1996 43757 male US health professionals Semiquantitative food frequency Increased RR of CHD in upper quintiles of

free of diagnosed CHD at baseline, 6 questionnaire trans fatty acid intake

year follow-up.

Kromhout e? a/. 1995 12763 men from 16 cohorts in 7 Analysis o f average diets based on Significant direct correlation between intakes

countries, 25 year follow-up weighed diet records of 498 men of saturated and trans fatty acids and risk of 

CHD death

Pietinen a/. 1997 21930 Finnish males free of diagnosed 

CHD at baseline, 6.1 years follow-up.

Modified self-administered diet history Increased RR of major CHD event and CHD 

in the highest quintile o f trans fatty acid 

intake.



but not C l8:2 trans fatty acids. However multivariate analysis, which included age, 

cigarette smoking, treated hypertension, diabetes, oleic, linoleic and trans fatty acids, 

indicated that cigarette smoking was the only factor which remained significantly 

associated with increased risk o f  sudden cardiac death.

Ascherio et al. (1994) compared 238 patients with a first acute myocardial infarction 

(MI) to 282 age-matched controls. Dietary intake was assessed using a validated semi 

quantitative food frequency questionnaire. Results indicated that cases had a higher 

mean intake o f  trans fatty acids compared with controls. The relative risk o f  MI was 

increased in the highest quintile o f energy-adjusted trans fatty acids compared to the 

lowest quintile. Risk o f  MI was almost entirely accounted for by trans fatty acids from 

hydrogenated vegetable fats, which accounted for 74% o f total trans fatty acid intake. 

Aro et al. (1995) in the EURAMIC study compared 671 male patients with a first acute 

MI with 717 control subjects without a history o f MI from 8 European countries and 

Israel. Analysis o f adipose tissue samples did not include C16 and C20-22 trans fatty 

acids and mainly assessed C l8:1 trans fatty acids. Results indicated that there was no 

significant difference in C l8:1 trans fatty acid composition, or risk o f MI between 

cases and controls. There was a significant difference in the C l8:1 trans fatty acid 

composition between countries. Two centres from the south o f  Spain who had very 

low trans fatty acid and very high oleic acid compositions were excluded from the 

analysis. The multivariate odds ratio for MI increased to 1.53 and 1.44 in the two 

highest quartiles vs. the lowest quartile o f intake. In addition, the risk o f  MI showed a 

significant positive association between trans fatty acid intake and risk o f  MI, while an 

inverse association was shown in Spain and Russia.

Siguel & Lerman (1993) studied 47 US subjects with obstruction o f  at least one 

coronary artery at angiography and compared them to apparently healthy controls,
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since the coronary arteries o f controls were not examined. Cases had a higher 

proportion o f  total and C l6:1 trans fatty acids in plasma compared to controls. In 

addition, controls had a higher linoleic acid concentration compared to cases. Since 

fatty acid composition is determined as relative proportions o f total fatty acids and not 

absolute concentrations, changes in the major fatty acids will cause reciprocal changes 

in the proportions o f  other fatty acids. A more than 10% difference in linoleic acid 

which contributes almost 50% o f all plasma fatty acids, between cases and controls 

affected the proportions o f all other fatty acids. Therefore, the higher proportions of 

tm ns  fatty acids o f the cases were largely due to passive replacement o f linoleic acid 

and therefore could not unequivocally indicate higher dietary intake.

Hodgson et al. (1996) examined the association o f tm ns  fatty acids in platelets with 

coronary artery disease (CAD) in 191 non-diabetic subjects who had undergone 

coronary angiography. Platelet total trans fatty acids. C l6:1 trans and C l8:1 l i t  

(vaccenic acid) isomers did not show significant associations with the CAD score in 

multiple regression analysis adjusting for age, gender, duration o f smoking, 

hypertension and serum total cholesterol concentration. A significant association 

between platelet C l8:1 t9 (elaidic acid) and tlO isomers with the CAD score was 

demonstrated. A significant positive association between the proportion o f  linoleic 

acid and the extent o f CAD was also reported by Hodgson et al. (1993) in an earlier 

study. Although this result indicates that in the short term linoleic acid intake is higher 

in cases with more severe disease it could be argued that cases with more severe 

disease had consumed more polyunsaturated margarines as recent dietary changes may 

be as a result o f awareness o f the disease.

Van de Vijver et al (1996) also used angiography to assess degree o f  stenosis in 83 

patients with severe coronary artery disease (>80% stenosis) and 78 controls with less
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than 50% stenosis. The groups were matched for age, gender, smoking status, body 

mass index, blood pressure and total fat intake. No statistically significant differences 

were found between cases and controls in total phospholipid trans fatty acids or C l6:1, 

C l 8:1 or C l8:2 trans fatty acids. Adjusted odds ratios for tertiles o f  total trans fatty 

acids also failed to show differences between the second and third tertile compared to 

the lowest tertile.

All three studies on subjects with CAD diagnosed at angiography however, used either 

plasma, platelet or phospholipid as biomarkers o f  fatty acid intake. These measures are 

indicative o f short-term intake and therefore may not indicate accurately usual dietary 

intake o f  trans fatty acids.

Several cohort studies were also carried out to examine the association between trans 

fatty acid intake and CHD risk. Willett et al. (1993) collected dietary intake data in 

85095 US nurses without diagnosed CHD, stroke, diabetes or hypertension using a 

semi quantitative food frequency questionnaire. O f these nurses during 8 years o f 

follow-up, there were 431 cases o f new CHD (non-fatal myocardial infarction or death 

from CHD). After adjustment for age and total energy intake, intake o f  trans isomers 

was directly related to risk o f CHD. After adjustment for intake o f  saturated fat, 

monounsaturated fat and linoleic acid and use o f multivitamin supplements, the relative 

risk (RR) increased from 1.0 (quintile 1) to 1.12, 0.99, 1.16, and 1.47 in quintiles 2, 3, 4 

and 5. In a subgroup o f nurses who had not changed their margarine consumption 

between 1970 and 1980 (n 69181) the multiple adjusted RR o f CHD in the highest 

quintile was 1.67 compared to the lowest quintile. The increased RR o f CHD was 

found in subjects who had consumed trans isomers mainly from vegetable fats but not 

in those who had consumed isomers from animal fats.
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Ascherio et al. (1996) carried out a 6-year follow-up study in male health professionals 

in the US. Dietary intake was assessed using a food frequency questionnaire in 43757 

men free o f  diagnosed cardiovascular disease and diabetes. Five hundred and five non- 

fatal myocardial infarctions and 229 CHD deaths were documented during the 6-year 

follow-up period. The RR o f MI and CHD death were significantly higher in the 

second and third highest quintiles o f  energy-adjusted and age-adjusted trans fatty acid 

intake. This relative risk however, was reduced to non-significant levels when results 

were adjusted for multiple confounding factors. CHD risk increased significantly with 

high intakes o f saturated fatty acids (SFA) and this risk was not decreased after 

adjustment for confounding factors. There was also an association between SFA and 

trans fatty acid intake as those in the highest quintile o f  SFA intake had a mean intake 

o f  trans fatty acids which was twice the mean o f  those in the lowest quintile.

The Seven Countries study assessed 12763 men from 16 cohorts in seven countries 

(US, Finland, the Netherlands, Italy, Croatia and Serbia in former Yugoslavia, Greece 

and Japan) for CHD risk factors. Dietary intake was assessed using weighed 7-day diet 

records in a sub-sam ple o f 498 men at baseline. In 1985-1986 the average intake of 

foods consumed in the 16 cohorts were calculated and equivalent food composites 

representing the average food intake at baseline were collected locally in each country. 

The fatty acid composition o f the food composites was analysed centrally in the 

Netherlands (Kromhout et al. 1995). Results indicated that there was a significant 

positive association between average population intakes o f C l8:1 trans fatty acids and 

SFA intake with the respective 25-year CHD mortality rates. The multivariate RR 

increased from 1.0 (lowest quintile o f  trans fatty acid intake) to 1.63, 1.18, 1.59 and 

1.41 for quintiles 2, 3, 4 and 5. The biochemical analysis o f  food intake in this study 

allowed for a more exact analysis o f the fatty acid composition o f  the diets, although
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the trans fatty acid composition of foods may not have been similar during the 20-30 

year period between the dietary survey and the collection and analysis o f foods.

The Finnish a-Tocopherol, P-Carotene Cancer Prevention Study, recruited 29133 male 

smokers. During a median follow-up time of 6.1 years, 1399 major coronary events 

including 635 CHD deaths were documented (Pietinen et al. 1997). Men in the highest 

quintile o f trans fatty acid intake had a moderately increased RR of CHD compared 

with those in the lowest quintile, (1.39 vs. 1.0) after adjustment for confounders. The 

RR of CHD was significantly greater in the highest quintile o f tmns fatty acid intake 

compared to the lowest quintile, (157 case vs. 109 cases) and remained statistically 

significant after adjustment for confounders. Tmns fatty acids contributing to the 

intake in the highest quintile were derived mainly from margarine.

1.13 INTERVENTION TRIALS-THE EFFECTS OF TRANS UNSATURATED 

FATTY ACIDS ON PLASMA LIPIDS:

Anderson et al. (1961) compared the effects of partially hydrogenated com oil (PHCO) 

and a mixture of com oil and olive oil, on cholesterol and triglyceride concentrations. 

Trans isomers in the PHCO-diet provided 14.7% of daily energy intake, 11% from 

trans 18:1 and 3.7% from trans isomers of linoleic acid. The results demonstrated that 

replacement of each 1% of energy from carbohydrates in the diet by trans fatty acids, 

increased semm cholesterol levels by 0.031 mmol/L. The diet high in trans fatty acids 

also increased semm triacylglycerol levels.

Later studies have yielded contradictory results, however. Erickson et al. (1964) fed 

formula diets containing partially hydrogenated soybean oil, or a mixture of olive oil, 

safflower oil and cocoa butter to 42 men for 5 weeks. Trans fatty acids provided 16.6%
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o f daily energy intake. Results showed no difference between the two diets, in plasma 

total cholesterol levels.

Mattson et al. (1975) fed formula diets high in cis unsaturated fatty acids to 33 men for 

21 days. The group was then divided and 17 men continued on the same diet for 28 

days, while the others had part o f the oleic acid content replaced by trans unsaturated 

fatty acids. These trans fatty acids provided 18% o f daily energy intake and were 

derived from trarLsesterified, hydrogenated, soybean oil. Results showed no difference 

between the two groups, in plasma total cholesterol or triglyceride concentrations. 

M ensink and Katan, (1990) fed 25 healthy men and 34 healthy women three mixed 

natural diets in random order for three weeks. The nutrient composition o f  the diets 

was identical, except that 10% of daily energy intake was provided by either a mixture 

o f  the cholesterol-raising fatty acids (lauric, myristic and palmitic acid), oleic acid, or 

trans isomers o f  oleic acid. LDL cholesterol concentrations increased by 0.37 mmol/L 

on the trans fatty acid diet and by 0.47 mmol/L on the saturated fatty acid diet. HDL- 

cholesterol concentrations decreased significantly by 0.17 mmol/L on the trans fatty 

acid diet, but remained the same on the saturated fat and oleic acid diets. The results o f 

this study indicated that trans fatty acids had an adverse effect on the serum lipoprotein 

profile, increasing LDL and decreasing HDL cholesterol concentrations. It has been 

argued however, that the level o f trans fatty acids fed in this study (10.9% o f energy 

intake) was well above the level in the diet o f most individuals and the effect o f trans 

fatty acids at lower levels o f  energy intake may have different effects. In addition, the 

trans fatty acids were provided by isomerisation o f  sunflower oil. This process would 

have converted half o f  the oleic acid present into trans 18:1, compared to the 

hydrogenation process, where the majority o f  trans 18:1 is formed from linoleic acid.
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Zock and Katan, (1992) therefore examined the effects of trans 18:1 at lower intakes. 

In this study 26 healthy men and 30 healthy women were fed three different diets in 

random order for three weeks. The first diet provided 7.7% of daily energy intake from 

trans 18:1 while the second and third diets had the trans fatty acid content replaced by 

either stearic or linoleic acid. Mean LDL cholesterol concentrations on the trans fatty 

acid diet were 3.07 mmol/L and decreased to 3.00 mmol/L and 2.83 mmol/L on the 

stearate diet and linoleic acid diet respectively. HDL cholesterol concentrations were 

1.37 mmol/L on the trans fatty acid diet and increased to 1.41 mmol/L and 1.47 

mmol/L on the stearate and linoleic acid diets respectively. The results of this study 

indicated that trans 18:1 had adverse effects on the lipoprotein profile at lower levels of 

intake (7.7% of daily energy intake) also. However, as before, the source of trans 18:1 

was provided by isomerisation of sunflower oil instead of hydrogenation. The results 

o f this study therefore did not resolve the issue of whether or not the source and the 

way in which trans 18:1 was produced could effect serum lipoprotein levels differently. 

Judd et al. (1994) therefore decided to examine the effects of trans monounsaturates 

from hydrogenated vegetable oils. In this study 29 healthy women and 29 healthy men 

were fed four diets in random order for six weeks. The first diet provided 16.7% of 

daily energy intake from oleic acid (oleic acid diet). The oleic acid content was 

replaced by 3.1%> or 6% o f energy from trans fatty acids (moderate trans and high 

trans diets), or by 5.6% o f energy from the cholesterol raising fatty acids (saturated 

diet). The intake of all other nutrients was kept constant. Trans 18:1 provided more 

than 97% of all trans fatty acid in the moderate and high trans diets. Compared to the 

oleic acid diet, LDL cholesterol concentration increased by 0.20, 0.26 and 0.30 mmol/L 

on the moderate trans, high trans and saturated diets respectively. HDL cholesterol 

concentrations decreased by 0.02 and 0.04mmol/L on the moderate and high trans diets

48



respectively. HDL cholesterol concentrations increased on the saturated diet by 0.05 

mmol/L. The results o f this study clearly indicated that trans monounsaturated fatty 

acids from hydrogenated sunflower oil had similar adverse effects on the lipoprotein 

profile as those provided by isomerisation o f sunflower oil.

Nestel et al. (1992) examined the effects o f  trans 18:1 from a mixture o f hydrogenated 

rapeseed oil and palmolein. Twenty seven hypercholesterolaemic men were fed a 

control diet for two weeks representing their habitual fat intake. A diet high in oleic 

acid was then fed for three weeks. Subsequently, the men received in random order 

either a diet enriched in elaidic acid (7% o f daily energy intake) or enriched in palmitic 

acid (7% o f daily energy intake), for three weeks. Compared to the oleic acid diet, 

LDL cholesterol concentrations increased by 0.36 and 0.26 mmol/L on the elaidic acid 

and palmitic acid diets respectively. The oleic acid and elaidic acid diets decreased 

HDL cholesterol concentrations by 0.10 mmol/L relative to the palmitic acid diet. 

Lichtenstein et al. (1993) also examined the effects o f  trans 18:1 on the lipoprotein 

profile by replacing com oil with a margarine containing hydrogenated com oil in 14 

mildly hypercholesterolaemic men and women. Energy intake was increased by 3.7%, 

mainly at the expense o f oleic and linoleic acid. LDL cholesterol concentrations were 

increased by 0.26 mmol/L on the margarine diet, while no effects on HDL cholesterol 

concentrations were observed.

Sundram et al. (1997) examined the effects o f trans fatty acids from hydrogenated 

soybean oil compared to saturated fatty acids. In that study elaidic acid (5.5% energy 

intake) provided by hydrogenated soybean oil, was specifically exchanged for cis 18:1, 

16:0 or 12:0 + 14:0 in 27 healthy males and females. Volunteers were fed these diets in 

a random order for 4 weeks each. The trans-rich fat (total trans 7.0% o f energy intake) 

significantly increased total and LDL cholesterol concentrations relative to the 16:0
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rich and 18:1 cis rich fats, and depressed HDL cholesterol concentrations relative to all 

o f the fats tested.

Aro et al. (1997) compared the effects on serum lipoproteins o f  stearic acid, trans fatty 

acids and dairy fat. Eighty healthy subjects were randomised into two groups to 

consume either a diet high in trans fatty acids (8.7% energy intake) or a diet high in 

stearic acid (9.3% energy intake) for 5 weeks. These diets were consumed after a 

baseline period o f 5 weeks, where a dairy fat-based diet was consumed. Compared 

with the dairy fat diet, stearic acid and trans fatty acids significantly decreased serum 

total cholesterol concentrations similarly (by 13% and 12% respectively). In addition, 

the trans fatty acid diet decreased HDL cholesterol concentrations significantly more 

than the stearic acid diet. The trans fatty acid diet increased the LDL:HDL ratio more 

than the dairy fat diet. The results indicated that high amounts o f trans fatty acids 

(8.7% o f energy intake) had more adverse effects on lipoproteins than did equal 

amounts o f  stearic acid and dairy fat.

Judd et al. (1998) compared the effects on lipoprotein profiles o f  margarine compared 

to butter in 23 men and 23 women who were normolipidaemic. After following a basal 

diet which had 2.7% o f energy provided by trans monoenes for 5 weeks, each o f  the 

volunteers consumed in addition to the basal diet, a trans fatty acid margarine (TFA- 

M), a polyunsaturated margarine which was free o f trans fatty acids (PUFA-M) or 

butter for 5 weeks in a random order. The TFA-M diet provided 3.9% o f energy as 

trans monoenes while the PUFA-M diet provided 2.4% energy as trans monoenes. 

Compared with butter, total cholesterol was significantly lower after consumption o f 

the TFA-M and 5.4% lower after the PUFA-M. LDL cholesterol was 4.9% lower and 

6.7% lower after consumption o f the TFA-M and PUFA-M respectively. Neither 

margarine differed from butter in its effect on HDL or triglyceride levels. Therefore,
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the authors concluded that consumption o f a TFA-M or PUFA-M  improved blood lipid 

profiles compared with butter, although greater improvement was demonstrated with a 

PUFA-M compared to a TFA-M.

Chrisholm et al. (1996) examined the effects o f  replacing butter with margarine on the 

lipoprotein profile, using a low fat diet (26% o f energy) in hypercholesterolaemic 

subjects. Forty nine volunteers consumed a diet with butter, or a margarine for 6 weeks 

in a randomised crossover design. The two experimental diets differed only in the 

source o f  “hard fat” used for baking, cooking and spreading. Total saturated fatty acids 

provided 12% and 6% o f total energy and polyunsaturated fatty acids provided 3% and 

7% o f total energy in the butter and margarine diets respectively. LDL cholesterol 

concentrations were 10% lower following the margarine diet compared to the butter 

diet. HDL cholesterol concentrations were similar with the two diets. The authors 

concluded that replacement o f butter with an unsaturated margarine in 

hypercholesterolaemic individuals is associated with an improvement in the lipoprotein 

profile. The margarine used in this study however provided 13.7g/100 total fatty acids 

and only 2.3g o f trans unsaturated fatty acids per day, which is not representative of 

the trans fatty acid composition o f many spreads.

Almendingen et al. (1995) examined the effects o f trans fatty acids from hydrogenated 

fish oil on the lipid and lipoprotein profile. Thirty one healthy young men were fed 

three diets in random order for three weeks each. The first diet included a margarine 

produced from butterfat, while the other two margarines were produced from either 

hydrogenated fish oil (PHFO) or hydrogenated soybean oil (PHSO). The butterfat, 

PHSO and PHFO diet contributed 0.9, 8.5 and 6.6% o f daily energy intake as trans 

monoenes. In addition to trans monoenes, the PHFO diet contributed 1.5% o f daily 

energy intake as trans polyenes. Therefore, the PHFO contributed 8.0% o f energy
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intake as trans fatty acids. Hydrogenated fish oil contains a complex mixture o f  trans 

monoenes and trans polyenes with 18-22 carbon atoms. Serum LDL cholesterol 

concentrations were elevated significantly by 0.36 and 0.23 mmol/L by the PHFO diet 

compared to the butterfat and PHSO diets respectively. Serum HDL cholesterol 

concentrations were significantly decreased on the PHFO diet, by 0.07 mmol/L. The 

results o f  this study indicate that trans fatty acids provided by PHFO are significantly 

more potent than PHSO and are at least as potent as butterfat.

Muller et al. (1998) compared the effects on plasma lipids and lipoproteins o f  replacing 

partially hydrogenated fish oil (PHFO) with vegetable fat in margarines. Sixteen 

normolipidaemic females were fed in a random order one o f  two test diets for fourteen 

days. The PHFO diet provided 7.8% o f energy as trans fatty acids and 9.2% from 

saturated fatty acids (12:0, 14:0 and 16:0). The vegetable oil diet (VO) provided 1.1% 

energy as trans fatty acids and 13.3% from saturated fatty acids. The cis 

polyunsaturated fatty acid content o f both margarines was equal. Compared to baseline 

LDL cholesterol concentrations, the PHFO and VO diets increased LDL cholesterol 

concentrations by 0.46 and 0.22 mmol/L respectively. The increase in LDL 

concentrations were significantly different following the PHFO and VO diets. In 

addition, HDL cholesterol concentrations were decreased by 0.18 and 0.14 mmol/L 

following the PHFO and VO diets respectively.

1.13.1 The effect o f Trans unsaturated fatty acids on LDL and HDL levels:

In general, recent studies have demonstrated that trans 18:1 increases LDL-cholesterol 

concentrations compared to oleic and linoleic acid. Effects on HDL cholesterol 

concentrations are less consistent. Some studies have found no effect (Lichtenstein et
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al. 1993; Judd et al. 1998; Chrisholm et al. 1996) while others have shown a decrease 

in concentrations, especially at high intakes o f  trans 18:1 (Mensink & Katan, 1990; 

Judd et al. 1994; Zock & Katan, 1992; Nestel et al. 1992; Aro et al. 1997). To 

calculate the quantitative effects o f  trans 18:1, a meta-analysis was carried out 

(Mensink & Katan, 1992). The analysis included six studies, five o f which exchanged 

trans monounsaturated fatty acids iso-energetically for oleic acid (Judd et al. 1994; 

M ensink & Katan, 1990; Nestel et al. 1992), Hnoleic acid (Zock & Katan, 1992) or a 

mixture o f  the two (Lichtenstein et al. 1993). The effects o f trans monounsaturated 

fatty acids were expressed relative to their cis isomer oleic acid and adjusted for small 

differences in other fatty acids between the /ra«5-enriched and reference diets using 

regression coefficients from M ensink & Katan, (1992). The results o f  this analysis 

indicated that each additional percent o f dietary energy as trans fatty acids increased 

LDL cholesterol by 0.04 mmol/L and a decrease in HDL cholesterol o f 0.013 mmol/L 

(Katan & Zock, 1995). When the effects o f trans fatty acids and saturated fats on the 

ratio o f total to HDL cholesterol are plotted against the percentage o f  energy 

contributed, there appears to be a linear dose response relation, with the slope for trans 

fatty acid being nearly twice that o f saturated fats. It has also been noted that trans fat 

reduces total blood cholesterol concentrations compared with saturated fat (Kris 

Etherton, 1995) however this is misleading as trans fatty acids reduce mainly HDL 

cholesterol, which cannot be construed as a desirable effect. In the study o f Mensink & 

Katan (1990) trans fat at 10% o f energy intake reduced total serum cholesterol by 6% 

compared to saturated fat, but this was mainly due to a 12% reduction in HDL 

cholesterol content. A summary o f recent studies which have examined the effect of 

trans fatty acids on the lipoprotein profile, at various levels o f energy intake and the 

sources o f  trans fatty acids used in these studies is shown in Table 1.5 .
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Table 1.5. Summary o f  studies which have examined the effect o f trans fatty acid 

intake on the lipoprotein profile, at various levels o f energy intake, and the sources o f 

trans fatty acids used in these studies.

Reference Source o f trans fatty acids % o f energy 

from trans

Mensink et al. (1990) Hydrogenated and isomerised 

high-oleic acid sunflower oil

10.9%

Nestel et al. (1992) Hydrogenated rapeseed / 

palmolein oils

7.0%

Zock et al. (1992) Hydrogenated and isomerised 

high-oleic acid sunflower oil

7.7%

Lichtenstein et al. (1993) Hydrogenated com oil 4.2%

Judd etal. (1994) Hydrogenated vegetable oils 3.7% and 6.4%

Almendingen et al. (1995) Hydrogenated fish oil 8.0%

Sundram et al. (1997) Hydrogenated soybean oil 7.0%

Aro eta l. (1997) Hydrogenated sunflower oil 8.7%

Judd eta l. (1998) Hydrogenated soybean oil 3.9%

Muller e? a/. (1998) Hydrogenated fish oil 7.8%



1.13.2 Trans unsaturated fatty acids and triglyceride levels:

High fasting levels o f serum triglyceride are often associated with low HDL cholesterol 

levels. Since it has been shown that trans unsaturated fatty acids lower HDL 

cholesterol levels, it would be expected that a simultaneous increase in triglycerides 

concentrations would also be seen. In several studies serum triglyceride levels were 

m odestly but significantly increased following a trans fatty acid diet compared with 

levels observed following an oleic or linoleic acid diet (Judd et al. 1994, Mensink & 

Katan, 1990, Zock & Katan, 1992). In other studies, triglyceride levels were slightly 

higher following a trans fatty acid diet, although these changes were not significant 

(Lichtenstein et al. 1993, Nestel et al. 1992). Mensink & Katan, (1992) carried out a 

meta-analysis to calculate the effect o f trans monounsaturates on triglyceride levels 

compared to oleic acid which was used as a reference. They calculated that an each 

additional percent o f  energy as trans fatty acids increases triglyceride levels by 0.013 

mmol/L.

1.13.3 Trans unsaturated fatty acids and Lipoprotein(a):

Lipoprotein (a) (Lp(a)), is a macromolecular complex that closely resembles the

composition o f LDL. It has a phospholipid, triglyceride and cholesterol content 

identical to LDL but it has an additional protein component, apo(a), which becomes 

linked to LDL via a disulphide bridge to apoprotein B-lOO, the main component of 

LDL (Mensink & Zock, 1997; Harris, 1997). A high level o f  Lp(a) has emerged as a 

significant independent risk factor for coronary heart disease (Homstra et al. 1991; 

Harris, 1997). It has also been shown that high levels o f Lp(a) are associated with a
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higher incidence o f myocardial infarction, stroke and retinal artery occlusion (Harris, 

1997). The level o f  Lp(a) is largely under genetic control and initial studies suggested 

that unlike LDL, Lp(a) levels are insensitive to diet (Mensink et al. 1992). Although 

this suggestion appears to be correct as far as dietary cholesterol is concerned (Homstra 

et al. 1991) dietary fat composition did affect Lp(a) concentrations in some studies 

(Homstra et al. 1991). The studies relating to trans fatty acids and Lp(a) levels are 

shown in Table 1.6. Nestel et al (1992), showed that after consumption o f  7% of 

energy from elaidic acid for 3 weeks, median Lp(a) levels were 296 units/L and 

decreased significantly to 249 units/L on a palmitic acid-rich diet and to 236 units/L on 

an oleic acid-rich diet.

Mensink et al. (1992) measured Lp(a) concentrations in normocholesterolaemic 

individuals who consumed 10.9% o f energy from either elaidic acid, cholesterol-raising 

fatty acids (lauric, myristic and palmitic), or oleic acid for 3 weeks. Lp(a) 

concentrations were lowest on the saturated fatty acid diet, increased on the oleic acid 

diet and were highest on the trans 18:1 diet. The differences shown in Lp(a) 

concentrations were highly significant. Mensink et al. (1992) also measured Lp(a) 

concentrations after subjects received 8% o f energy from stearic acid, linoleic acid, or 

from trans 18:1 for 3 weeks. Median Lp(a) concentrations were 69 mg/L on both the 

stearic acid diet and linoleic acid diet but increased significantly to 85 mg/L on the 

trans 18:1 diet.

Lichtenstein et al. (1993) examined the effects o f trans 18:1 on Lp(a) concentrations at 

a lower intake when com oil in the diet was replaced by a com-oil margarine. No 

difference in Lp(a) concentrations were shown even though the com-oil margarine 

enriched diet provided 4.2% more trans 18:1 than the com oil diet. The margarine-diet 

also contained 7.7% o f energy as saturated fatty acids compared to the com diet which
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contained 6.4% energy as SFAs. This may have counteracted the Lp(a) increasing 

effect o f  trans 18:1. Changes in Lp(a) concentrations are most pronounced in subjects 

with relatively high Lp(a) levels and subjects included in this study had relatively low 

Lp(a) levels at baseline.

Homstra et al (1991) have shown that in healthy normocholesterolaemic men 

replacement o f the habitual fat in the Dutch diet with palm oil resulted in a significant 

decrease in serum Lp(a) concentrations. It was speculated that replacement o f the 

habitual diet led to more than a 50% reduction in the consumption o f  trans fatty acids, 

which may have been responsible for the decrease in Lp(a) concentrations on the palm 

oil-enriched diet.

Finally, the adverse effects o f trans fatty acids on Lp(a) levels are not limited to those 

from hydrogenated vegetable oil. Almendingen et al. (1995) demonstrated that 8% of 

energy intake from trans fatty acids o f marine origin increased Lp(a) concentrations 

significantly compared to a butter diet in healthy young men (234 vs. 194 mg/L 

respectively).

Although most studies have shown that relative to oleic acid, trans fatty acids increase 

LDL cholesterol concentrations and lower HDL cholesterol, the biological mechanism 

o f these effects are as for other dietary fatty acids still obscure. The possible biological 

mechanisms o f these effects are discussed below.
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Table 1.6:

Summary o f studies which have examined the effect of trans fatty acid intake on the 

lipoprotein (a) levels , at various levels o f energy intake, and the sources o f trans fatty 

acids used in these studies.

Reference Source of Trans fatty acids % of energy 

from Trans 

fatty acids

Result

Mensink e/a/. 1992 Hydrogenated and 10.9% Significant

isomerised high-oleic acid increase

sunflower oil

Mensink et al. 1992 Hydrogenated and 8% Significant

isomerised high-oleic acid increase

sunflower oil

Nestel e/a/. 1992 Hydrogenated rapeseed / 7% Significant

palmolein oils increase

Lichtenstein e? a/. 1993 Hydrogenated com oil 4.2% NS

Aro et al. 1997 Hydrogenated sunflower 8.7% Significant

oil increase

Almendingen e/a/. 1995 Hydrogenated fish oil 8.0% Significant

increase

Almendingen e? a/. 1995 Hydrogenated soybean oil 8.5% Significant

increase

Muller e/a/. 1998 Hydrogenated fish oil 7.8% NS



1.13.4 Trans unsaturated fatty acids and Lecithin:Cholesterol Acyl Transferase

(LCAT);

One possible mechanism which could explain the adverse effects o f TUFA on the 

lipoprotein profile is suggested by studies in rats indicating a reduction in lecithin 

cholesterol acyl transferase (LCAT) with increased ingestion o f  trans fatty acids. The 

effect o f  LCAT deficiency which include decreased ability o f  HDL cholesterol to 

absorb cholesterol, resulting in reduced cholesterol transport to the liver, may be 

consistent with decreased HDL cholesterol in serum. LCAT activity levels were not 

significantly different however in humans fed either stearic, linoleic or trans fatty acids 

(Van T o ler a/. 1995).

1.13.5 Trans unsaturated fatty acids and LDL receptor activity:

LDL cholesterol concentration is determined by several factors; LDL production rate, 

receptor dependent uptake, receptor-independent uptake and the affinity o f  the LDL 

particle for its receptor. Studies in hamsters have led to the hypothesis that dietary fatty 

acids affect the concentration o f LDL mainly by changing the rate o f  the receptor- 

dependent uptake o f this particle by the liver. When the LDL-receptor is down- 

regulated, the uptake o f  LDL and also intermediate density lipoprotein (IDL) will 

decrease, since the LDL receptor is also involved in the uptake o f  IDL. IDL which is 

formed from VLDL can be converted into LDL. Therefore, the production rate o f LDL 

will increase as increased amounts o f IDL are converted into LDL. The regulation o f 

the hepatic LDL-receptor activity is controlled by a regulatory pool o f  free cholesterol. 

The size o f  this pool is mainly determined by the fatty acid composition o f  the diet.
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Spady et al (1993) describes how fatty acids from the diet which reach the hver become 

a substrate for the enzyme acyl-CoAxholesteryl acyltransferase (ACAT), which 

catalyses the formation o f cholesteryl esters from free cholesterol and a fatty acid. This 

enzyme has a low affinity for the cholesterol-raising fatty acids and therefore the 

concentration o f free cholesterol in the liver increases. This will result in a decrease in 

the LDL-receptor activity, increased conversion o f IDL into LDL and therefore higher 

LDL cholesterol concentrations. Woollett et al (1994) fed hamsters for 4 weeks diets 

enriched in oleic acid, trans 18:1, myristic acid (14:0) or octanoic acid (8:0). 

Compared with the oleic acid diet, the trans 18:1 diet decreased the concentration o f 

cholesteryl esters in the liver. It was suggested therefore that the free cholesterol pool 

was increased following the trans 18:1 diet. As the concentration o f free cholesterol in 

the liver increases, there is decreased LDL-receptor activity, reducing LDL and IDL 

uptake, increasing the conversion o f IDL to LDL and therefore increased LDL 

cholesterol concentrations. However, the validity o f this mechanism in humans has 

not yet been established.

1.13.6 Trans unsaturated fatty acids and Cholesteryl Ester Transfer Protein (CETP):

Animal species that lack cholesteryl ester transfer protein (CETP) activity in plasma 

have low LDL and relatively high plasma HDL cholesterol concentrations and tend to 

be resistant to atherogenesis (Van Tol et al. 1995). CETP catalyses the transfer o f 

plasma cholesteryl esters synthesised by lecithin:cholesterol acyltransferase (LCAT) 

from HDL to apolipoprotein B-containing lipoproteins LDL and VLDL. Compared 

with a linoleate diet, a diet which provides 8% o f energy as trans 18:1 increased CETP 

activity by 18%. In addition, analysis o f the lipid composition in HDL showed that the
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increase in CETP activity following the trans 18:1 diet was accompanied by a lower 

molar ratio o f cholesteryl esters to triglycerides in HDL. Greater enrichment o f HDL2 

particles with triacylglycerol leads to a greater likelihood of its conversion to HDL3 

particles. Therefore, CETP activity following the trans diet affected the exchange of 

lipid transfer reactions between lipoproteins in vivo.

It was also reported that high concentrations o f elaidic acid added in vitro may increase 

the transfer o f cholesterylesters from HDL to LDL (Lagrost et al. 1992). Therefore, 

trans fatty acids could act by increasing the serum levels o f CETP, or by increasing the 

transfer process where cholesterylesters are transferred from HDL to LDL. Recently, 

substitution o f 6% of energy from trans 18:1 for cis 18:1 in the diet, has been shown to 

increase CETP activity by approximately 24% (Abbey & Nestel, 1994). In addition, 

changes in plasma CETP activity was inversely correlated with HDL cholesterol 

concentrations after the elaidic acid diet.

L14 THE EFFECT OF TRANS  UNSATURATED FATTY ACIDS ON OTHER 

RISK FACTORS FOR CORONARY HEART DISEASE:

Most studies have focused on the effect o f trans unsaturated fatty acids (TUFA) on 

serum lipid and lipoprotein levels. A few studies have also examined the effects of 

hydrogenated fats on other risk indicators for coronary heart disease.

1.14.1 LDL Oxidation:

The modification of LDL proceeds after initial oxidation of polyunsaturated fatty acids. 

This modified particle is recognised by the macrophage scavenger receptors which
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leads to foam cell formation. Oxidised LDL has been reported to influence the 

chemotactic behaviour o f  monocytes and monocyte-derived macrophages, to promote 

endothelial cell damage, to stimulate cell proliferation, monocyte adherence and 

platelet aggregation, all o f  which may contribute to lesion formation and growth in the 

arterial wall. Nestel et al. (1992) demonstrated that a diet enriched in elaidic acid (7% 

energy) derived from partially hydrogenated vegetable oil did not lead to differences in 

the susceptibility o f  LDL to oxidative modifications compared to palmitic acid enriched 

diets. In addition, Halvorsen et al. (1996) studied the effects o f  8% o f energy intake 

from trans fatty acids o f marine origin on the susceptibility o f LDL to oxidative 

modification. Results indicated that trans fatty acids from hydrogenated marine oil did 

not alter the susceptibility o f LDL to oxidative modification.

1.14.2 Haemostasis:

Arterial thrombus formation is the result o f a balance between platelet aggregation, 

coagulation and fibrinolysis. A stable thrombus is formed by aggregation and 

coagulation, while fibrinolysis is an important determinant for dissolution o f the 

thrombus. There are strong indicators that increased concentrations o f the coagulation 

factors fibrinogen and factor VII and o f plasminogen activator inhibitor type 1 (PAI-1), 

a fibrinolytic factor, are associated with an increased risk for coronary heart disease. It 

is known that haemostatic variables can be modified by dietary lipids however, the 

effect o f  trans unsaturated fatty acids on platelet function has only been examined in a 

few studies. Almendingen et al. (1996) found that partially hydrogenated fish oil 

(PHFO) resulted in significantly lower levels o f PAI-1 antigen and PAI-1 acfivity 

compared to a partially hydrogenated soybean oil diet. PHFO also resulted in
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significantly lower fibrinogen levels compared to a butter fat diet. This study suggests 

therefore that the butter diet may be pro-coagulant relative to the PHFO diet. No 

effects on the level of factor VII were observed. However, Muller et al. (1998) did not 

find any significant differences in haemostatic variables when a PHFO diet was 

compared with a vegetable oil diet. More studies are required in this area to clarify the 

effects of trans unsaturated fatty acids on haemostasis.

1.15 NUTRITIONAL ASPECTS OF TRANS  UNSATURATED FATTY 

ACIDS:

The widespread use of partially hydrogenated oils in common foods in Ireland and the 

widely publicised adverse health effects o f dietary trans fatty acids create a need for 

accurate determination of total trans unsaturation and detailed fatty acid composition of 

foods. The present study describes the development o f a method of assessing dietary 

intake which focuses on fat intake and in particular TUFA intake in Ireland. In 

addition, it describes how a food/nutrient database was compiled which was based on 

updated analysis of representative food samples and therefore reflected changes in the 

fatty acid composition of foods. Chapter 3 describes how the new dietary assessment 

method (Fat Intake Questionnaire) was validated against the Diet History method and 

also with an independent marker o f fatty acid intake (analysis o f the fatty acid 

composition o f adipose tissue biopsies). Chapter 4 describes the major sources of 

TUFA in the diet o f Irish individuals and also the contribution to TUFA intake from 

natural sources and industrial hydrogenated sources. Finally chapter 5 examines the 

effect of hydrogenated fish oil on lipid and lipoprotein concentrations and compares the 

effects to alternative fats used in the food industry.
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Chapter 2

Development of a Fat 

Intake Questionnaire



2.1 INTRODUCTION

Epidemiological and laboratory research suggests that diets high in fat are associated 

w ith an increased risk o f developing cardiovascular disease, some cancers and possibly 

obesity (NRC 1989). In general, dietary studies have tended to examine the intake and 

effect o f  fat in terms o f the three major classes o f fatty acids (i.e. saturated, 

monounsaturated and polyunsaturated fatty acids). However, in recent years metabolic 

studies suggest that saturated fatty acids differ in their effects on blood lipids and have 

very different effects on cardiovascular disease risk (Ulbricht and Southgate, 1991). In 

a recent study (Hu et al. 1999), the associations between intakes o f  individual saturated 

fatty acids in relation to the risk o f  coronary heart disease (CHD) were examined. 

Results indicated that while short-to-medium chain (4:0-10:0) saturated fatty acids 

(SFAs) were not significantly associated with an increase in risk o f  CHD, intakes o f 

longer chain SFAs (12:0-18:0) were each separately associated with a small increase in 

risk. The multivariate relative risk (RR) for 1% energy increase from stearic acid was 

1.19. In addition, cis monounsaturated fatty acids e.g. oleic acid, have an LDL 

cholesterol lowering effect and a neutral effect on HDL cholesterol levels while trans 

monounsaturates e.g. elaidic acid, raise LDL cholesterol while lowering HDL 

cholesterol levels (Kris-Etherton and Yu, 1997). The beneficial antithrombogenic 

(Dyerberg et al. 1978) and triglyceride lowering effects o f  fish oils (Harris et al. 1989) 

have also been noted. However hydrogenated fish oils have been shown to increase 

LDL cholesterol levels due to the presence o f long chain trans unsaturated fatty acids 

(Almendingen et al. 1995). Each individual fatty acid should ideally be considered 

separately, making the distinction between cis and trans configurations, rather than 

focusing only on the intake o f the major classes o f fat.
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The assessment of dietary intakes of individual fatty acids is highly complex and 

limited to the nutrient database used to analyse dietary data. To analyse the individual 

fatty acid content of foods, standard samples of each fatty acid present are necessary for 

identification by gas chromatography. These standard samples are available for most 

saturated, monounsaturated and polyunsaturated fatty acids. However, industrial 

hydrogenation o f vegetable and marine oils present in the food supply in Ireland 

produce trans fatty acids with 16-24 carbons and a variable number of positional and 

geometric isomers. Highly polyunsaturated fatty acids (e.g. marine oils) produce a 

greater number o f these isomers on hydrogenation. Identification o f these isomers is 

very difficult due to a lack of standards for trans fatty acids greater than C22:l. Each 

food analysed therefore, does not have a complete fatty acid profile making dietary 

assessment o f individual fatty acid intake unfeasible.

Epidemiological studies require techniques of dietary assessment which are rapid and 

not labour intensive. The 7-day diet history method, standardised for use in the Irish 

National Nutrition Survey (Bingham, 1987), is a common method o f dietary 

assessment. Moreover, it has been validated for energy intakes against the doubly 

labelled water method in adolescents (Livingstone et al 1992). The diet history can be 

modified to assess brands of processed foods eaten but this modification increases the 

length of time required (greater than one hour per person) for administration making 

the method impractical. Of all dietary assessment methods, food fi’equency 

questionnaires (FFQs) are the most frequently used in cohort studies in epidemiology. 

They are designed to assess usual eating habits, over recent months or years and 

comprise a list of foods most informative about the nutrients or foods of interest. The 

length of a FFQ can vary from very short (nine food items) to assess a single nutrient 

(calcium) (Nelson et al. 1988) to comprehensive food lists with 100 food items or
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more to assess a wide range o f  nutrients (Willett et al. 1985; Pietinen et al. 1988a; 

Pietinen et al. 1988b; Feunekes et al. 1993; Rimm et al. 1992; Paisley et al. 1996; 

Grootenhuis et al. 1995). Various questionnaires have been developed and tested for 

validity (Bingham, 1987). FFQs typically consist o f a measure o f  frequency o f 

consumption o f each food item. To assess the frequency o f  food consumption, 

accompanying the food list is a multiple response grid in w^hich respondents attempt to 

estimate how often selected foods are eaten. The number o f  categories may be fixed 

(Pietinen et al. 1988a; Rimm et al. 1992) where the respondent chooses from a limited 

number o f frequency categories (up to 10 categories ranging from never or once per 

month or less, to 6 times per day is a usual format), or free (Block et al. 1986). 

Various methods have been used to assess portion size from average portion sizes 

derived from other dietary data (Rimm et al. 1992; Pietinen et al. 1988b) or small, 

medium or large portion sizes (Block et al. 1986; Pietinen et al. 1988a). Portion sizes 

may be estimated using photographs (Pietinen et al. 1988b) average household 

portions (Grootenhuis et al. 1995; Feunekes et al. 1993) weights (Yamell et al. 1983) 

or food models (Engle et al. 1990). The basic principles o f  questionnaire design are 

outlined by Nelson & Bingham (1997), and are discussed in chapter 1. The basic 

principles include defining clearly the purpose o f the questionnaire i.e. to assess food or 

nutrient intake; group means or individual intake; one nutrient or a range o f nutrients; 

frequency or amounts. The following principles (Nelson & Bingham, 1997) were used 

to develop the Fat Intake Questionnaire (FIQ);

• The foods included in the FIQ should be the minimum number which 

includes the major sources o f nutrient for the majority o f  subjects.

• Questions on frequency and portion size should be closed rather than open to 

reduce coding time and transcription error.
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• Frequency categories should always be continuous.

• Portion sizes should reflect known consumption patterns in the population 

and the questionnaire should allow for a sufficient range o f  expression o f 

portion size.

The aim o f this study was to develop a short method o f  assessing dietary intake, 

focusing on fat intake and in particular trans fatty acid intake.
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2.2 METHODOLOGY

2.2.1 Analysis of fatty acid composition o f foods:

Two hundred and twenty-five foods (cakes, biscuits, pastries, breads, dairy and non 

dairy spreads, cooking fats, hard margarine, fruit-filled pies and snack foods) were 

analysed to measure individual fatty acid and total trans fatty acid content. All food 

analysis, including Gas Chromatography and Infrared spectroscopy method were 

carried out according to the methods outhned by O ’Neill (1998) and Cronin & O ’Neill 

(1995) the details o f each method is shown below.

Analysis of dairy spreads:

Moisture content was determined by weighing accurately lOg of each sample and 

drying in a dessicator. Samples were re-weighed and moisture content was calculated. 

The fat content of each sample was determined by transferring each dried sample onto 

a pre-weighed filter paper. Fat extraction was achieved using petroleum ether : ether 

(1:1). The filter papers were dried to remove the solvent.

The percentage fat was then calculated as;

Fat = (weight of initial sample)-(moisture)-(non-fat solids).

Butterfat determination:

The principle behind this analysis is based upon the fact that when the fat is saponified, 

made acidic in aqueous solution, and filtered, the filtrate contains only the water- 

soluble fatty acids which are predominantly butyric acid (4:0) and caproic acid (6:0) 

acid. The butyric acid content is then determined directly by gas chromatography and
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the percentage butterfat in the sample is calculated from the butyric acid content in the 

extracted fat.

Ethanolic KOH containing an internal standard (isobutyric acid) was carefully pipetted 

into an accurately weighed sample o f  fat. The sample was heated and the residue was 

evaporated to dryness. On cooling, water was added to dissolve the residue. 

Orthophosphoric acid solution was added to coagulate the precipitated fatty acids. The 

sample was then filtered, and the butyric acid content was analysed directly by GC. 

The relative peak area response factor (Rp) o f butyric acid/isobutyric acid was 

established from replicate analyses o f an equimolar aqueous solution o f  the two acids.

Butyric acid content o f fat = Area o f  butyric acid x wt. isobutyric acid (0.003g) x 100

Area o f isobutyric acid x Rp x wt. o f  sample

The percentage butterfat in the spread was then calculated from the average butyric 

acid content o f pure butter (3.33%).

% butterfat in dairy spread = % butyric acid in spread x 100

3.33

Gas Chromatographic analysis:

Fatty acid methyl esters were separated using gas chromatography (Pye Unicam 104), 

fitted with a flame ionisation detector and a glass column (2m x 4mm i.d.) packed with 

Chromasorb 101 mesh. The injection block was set at 200°C and detector at 190°C. 

Nitrogen (50ml/min) was used as the carrier gas. Peak area was determined using an 

integrator (SP 4290) and identified by comparison with standard samples o f known
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methyl esters. Identification o f individual trans fatty acids greater than C22:l is very 

complex due to the numerous isomers both positional and geometric present, and the 

unavailability o f standard samples o f  these isomers (Ratnayake, 1998). Therefore, fatty 

acids with 20-22 carbon atoms were calculated as one group, making no distinction 

between saturated, monounsaturated or polyunsaturated fatty acids or whether the 

configuration o f  the double bonds were cis or trans. The presence o f  C20 & C22 fatty 

acids indicated the use o f  marine oils in the production o f a food.

Preparation of samples for GLC and IR analysis: 

Extraction of fat:

The majority o f food samples were purchased from Dublin supermarkets. In most 

cases a clean fat sample was extracted by grinding with an equal amount o f anhydrous 

sodium sulphate (to aid water removal) and dichloromethane, to extract the fat. 

Extracted samples were filtered and heated to remove solvent. Fats were stored at 4°C 

until further analysis.

Soxhlet extraction of very-low fat products:

Extraction o f  fat from very low-fat products such as bread required use o f the Soxhlet 

method. Dried samples were placed in a cellulose thimble which was covered and 

diethyl ether was used to extract the fat. The solvent was removed and the sample was 

dried.
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Quantitative determination of fat: Werner Schmid method.

2-3g o f  sample was accurately weighed and mixed with concentrated HCl and water. 

After heating the solution was cooled and extracted with 50:50 diethyl ether: petroleum 

ether. The solvent was removed and the sample dried in an oven before weighing. 

Percentage fat was determined using the following formula;

Fat = [(wt. o f  flask + fat)- (wt. o f flask) / sample weight] x 100

Preparation o f fatty acid methyl esters:

Fatty acid methyl esters were prepared by dissolving the fat sample in chloroform. 

Acidified methanol was added and the sample was transesterified by heating. Distilled 

water was added to the methyl esters and the infranatent was removed and dried.

Infra-red spectroscopy analysis:

The total trans fatty acid content o f each food was measured using infra-red

spectroscopy. A calibration graph o f methyl elaidate standards in methyl oleate was

developed (O ’Neill, 1998). Plots o f absorbance o f methyl elaidate standards versus

1 2concentration were linear in the range examined (950-985 cm ' ; R = 0.999). Net 

absorbance o f  the trans band (peak maximum = 970 cm"') was measured between 950 

and 985 cm ’’, and this value was directly related to the standard curve. Total trans in 

the sample was expressed as % methyl elaidate.

The following fatty acid profile was established for each food; C12:0, C14:0, C16:0, 

C18:0, C 16:l, C 18:l, C18:2, C18:3, C20 & C22 and total trans fatty acid content. 

Results o f this analysis are shown in table 2.1.
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Table 2.1. Mean (range) fatty acid composition o f food categories analysed (mg/lOOg food).

Food

Category

No.

Brand

C12:0 C14:0 C16:0 C16:l C18:0 C18:l C18:2 C18:3 C20&22 Total 

Trans fat

Biscuits 45 1571 1009 5436 174 1584 6694 1484 64 654 2578

(0-17706) (45-6059) (1980- (0-1008) (336-6464) (2417- (172-2890) (0-508) (0-3794) (0-9171)

9692) 14608)

Pastry 12 105 884 5747 450 2003 6765 1951 415 2243 3168

Products (0-397) (180-1797) (2610- (0-1352) (1081- (3777- (954-5334) (133-820) (0-5925) (0-7188)

12797) 3039) 12926)

Fruit 7 979 652 4512 212 1222 8413 2062 492 975 3310

filled pies (0-6689) (0-2580) (1499- (0-1485) (707-1780) (6710- (1558- (197-1190) (0-6826) (674-8491)

7221) 10038) 2574)

Ice cream 6 654 620 2207 0 1876 3122 582 65 0 732

(68-1083) (270-932) (993-4784) (588-4382) (957-5321) (49-2257) (0-289) (0-1894)

Bread 10 5 7 249 2 94 1229 627 91 8 46

(0-16) (0-28) (186-369) (0-28) (50-196) (429-6743) (367-1083) (66-141) (0-81) (0-178)

Chip oils 25 23 234 3076 0 2311 7296 1518 335 0 1638

(0-248) (0-516) (763-6460) (290-4345) (4116- (166-7917) (0-1323) (0-5342)

10820)

Non 18 503 782 10109 0 4286 30149 16828 1653 0 7235

dairy (0-2964) (0-7716) (3265- (338-9996) (9484- (4026- (0-3847) (1228-

spreads 21383) 49301) 35424) 16242)



Table 2.1. (continued) Mean (range) fatty acid composition o f  food categories analysed (mg/lOOg food).

Food

Category

No.

Brand

C12:0 C14:0 C16:0 C16:l C18:0 C18;l C18:2 C18:3 C20&22 Total Trans

13 1501 787 5960 59 950 6918 1871 51 169 1410

Crackers (0-6022) (109-2686) (4434- (0-769) (122-2676) (4258- (1358- (0-102) (0-2208) (0-4761)

9219) 11237) 2396)

Hard 11 1017 4130 14638 4042 5884 24718 5527 966 15230 23354
margarine (0-5042) (250-6363) (10893- (0-6934) (3745- (16230- (1856- (0-2480) (0-27899) (10142-

22293) 10795) 46286) 9849) 32777)

Cooking 11 132 4438 21453 4542 14733 29160 7693 561 13533 25679

fats (0-440) (300-7260) (12250- (0-7960) (7710- (16540- (550- (0-2080) (0-38670) (0-55450)

24760) 25840) 39890) 46180)

Dairy 14 1994 2164 8683 0 5038 31019 7177 1172 0 12185

spreads (160-8986) (609-5013) (4534- (3073- (20109- (1669- (0-2697) (5016-

15194) 7526) 38725) 19266) 20859)

Cakes 45 488 590 3012 349 1441 5860 1642 272 1159 2914

(0-6689) (0-2580) (617- (0-1743) (189-7308) (958- (472-7785) (0-2147) (0-6826) (0-8491)

10790) 16369)

Crisps 8 10 64 4321 0 943 13230 11842 1109 0 0

(0-87) (0-260) (1340- (353-1337) (7837- (2756- (0-3220)

11753) 21353) 24135)



2.2.2 Compilation o f a food nutrient database

As no other nutrients were analysed in these foods the carbohydrate, protein and 

micronutrient content o f a similar food was used from the UK food composition tables 

(FOODBASE). The fatty acid profile o f each Irish food analysed was substituted for 

the UK data producing a new food record for each Irish food. Checks for internal 

consistency o f the database included comparison o f  calculated measurements with 

expected values for each database entry as described by Buzzard et al.(1991). The 

following comparisons to check for internal consistency were carried out;

(1) the sum o f the macronutrients (protein, carbohydrate, fat and alcohol) plus ash and 

water compared with the weight o f the food;

(2) the sum o f the energy contributions from the macronutrients determined by using 

the generalised Atwater factors o f 16.7, 16.7, 37.7 and 29.3 KJ/g for protein, 

carbohydrate, fat and alcohol respectively, compared the total energy value;

(3) and the sum o f the individual fatty acids compared with the appropriate percent o f 

total fat for each food category (Buzzard et al. (1991).

The software package FOODBASE was chosen for this study as FOODBASE offers a 

full profile o f all o f the individual fatty acids content o f  foods listed including 

individual trans fatty acids. In addition FOODBASE allows the user to define the type 

o f  fat used in the preparation o f foods for example during home baking or in frying. 

Most baked or fried foods are flagged to indicate that the food is a fat finder host and 

that some or all o f  the fat in the food was added during baking or absorbed from the
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cooking medium. The next entry in the database therefore must be a fat finder source 

indicating the type and brand o f oil, margarine, or cooking fat used.

2.2.3 Fat Intake Questionnaire development

A Fat Intake Questionnaire (FIQ) was developed using data on food intakes assessed by 

the 7-day diet history method, in a survey carried out on 153 healthy Irish adults 

(Flynn, 1994). A comprehensive list o f foods was compiled which accounted for the 

total fat intake and 95% o f total energy intake o f individuals in this study. New foods, 

particularly those containing fat, which have been developed since 1993 (i.e. low fat 

cheese, salad dressings etc.) were included to update the list o f  foods assessed by the 

FIQ. Food items with similar nutrient content and o f similar portion size were grouped 

together. For example all types o f root vegetable were assessed as one food group. 

The FIQ was designed to record additional information on method o f cooking, sauces 

added, the type and amount o f  fat used both in cooking and at the table and the 

consumption o f  fat on meats. The final questionnaire assessed the intake o f 130 food 

items or food groups and was structured to follow a typical daily meal pattern i.e. all 

foods usually consumed at breakfast were assessed first, followed by assessment o f 

these foods eaten at other meals. For example bread intake was assessed for four eating 

occasions, breakfast, lunch, dinner and snacks. Therefore although the FIQ included 

130 food items or food groups, the frequency o f  consumption o f  certain foods was 

assessed for each eating occasion. The four weeks preceding the interview were used 

as the reference period for the FIQ. The frequency o f consumption o f  a particular food 

item, on a per day, per week, per fortnight or per monthly basis was recorded.
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Standard portion sizes for each food Hsted were derived from commonly used 

household units (e.g. pre-sliced bread, pat o f butter, teaspoon, tablespoon, cup, etc.). 

The FIQ was developed to record the subject’s regular portion size o f  each food 

relative to this standard portion size (e.g. 4 slices o f bread, 1/2 teaspoons o f sugar etc.). 

For a limited number o f foods, (namely breakfast cereals, meat, fish and mixed dishes) 

a semi quantitative approach was necessary where the subject was given a choice o f 

three possible portion sizes, namely: small, medium or large using standard portion 

sizes to determine intake (Crawley, 1988). In order to identify brands o f  food 

consumed, an atlas o f 142 photographs o f the different brands o f  biscuits, cakes, 

pastries, breads, cooking fats, dairy and non-dairy spreads was developed. The FIQ 

was developed for administration by a trained nutritionist as a quick method o f 

measuring fat intake. It was therefore designed for completion within thirty minutes.

2.2.4 Diet History Method:

The diet history method o f the Irish National Nutrition Survey (Lee & Cunningham, 

1990) described by Livingstone et al. (1992) normally requiring 60 minutes to 

administer, was modified to measure individual fatty acid intake by assessing brands of 

foods chosen most regularly using the photographic atlas o f brands o f foods described 

previously. This modification extends the average time required for completion o f the 

diet history by approximately ten minutes to a total o f  one hour and ten minutes.
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2.2.5 Pilot study o f  FIQ:

The FIQ was pilot tested prior to the validation study where the dietary intake o f 20 

volunteers (10 male, 10 female, age range 20-56 years) was assessed on two occasions, 

once using the FIQ and once using the modified diet history method. As the 

completion o f one method may affect the performance o f the other, a crossover method 

was used whereby equal numbers o f the volunteers were assessed using the FIQ and the 

modified diet history first. A three week interval between both dietary assessments was 

used to prevent carryover o f any information from the first dietary assessment to the 

second. Basal metabolic rates (BMR) were calculated and energy intakes (El) were 

expressed as a multiple o f BMR (EI:BMR). A study specific cut-off value o f 1.40 was 

used to determine under-reporting (Goldberg et al. 1991)

2.2.6 Data management and statistical analysis:

To eliminate inter-interviewer bias all interviews, coding and analysis were carried out 

by the main investigator. Nutrient intakes were calculated using the food/nutrient 

database (FOODBASE) which included analysis o f 225 foods described previously. 

For items containing more than one food product, (i.e. composite recipe dishes) the 

nutrient content was calculated as the weighted consumption o f  each separate food 

product. The statistical analysis o f all data was performed using SPSS ( Statistical 

Package for Social Sciences).

To examine the existence o f systematic bias the mean difference o f nutrients between 

both assessment methods was calculated. The mean difference was tested for 

significance using a /-distribution o f paired observations. The Pearson correlation
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coefficient was used as a measure o f the degree o f linear association between the two 

estimates. To exclude the possibility o f a non-constant bias i.e. a bias which depends 

on the level o f intake the difference between the two measurements x(=  diet history) 

and y (= FIQ) for each individual [dj = Xj - yi] and the mean values [mj = (xj + yi /2)] 

were computed as described by Grootenhuis et al. 1995. The relationship between 

these parameters was studied by means o f regression analysis as advocated by Altman 

and Bland (1983).
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Table2.2.

Nutrient intake estimated by the Fat Intake Questionnaire compared with the intake 
assessed with the Dietary History method for the total population (n = 20).

Diet History 
Mean ( S .D )

FIQ
Mean ( S.D)

Mean
Difference

T-Test Correlation

Energy 
( MJ/ Day) 11.1 (3.6) 12.5 (4.7) -344.9 0.07 0.70 **

EI/BMR 1.7 1.9 0.03* 0.60**

Fatty acids 
(%E) 33.29 (5.9) 34.51 (5.1) -1.2 0.22 0.71**

Total

SFA 13.39(3.1) 14.42 (3.4) -1.0 0.04* 0.81***

MUFA 9.90 (2.9) 10.19(1.9) -0.3 0.49 Q y g * * *

PUFA 4.64(1.9) 4.81 (1.6) -0.2 0.65 0.58**

Trans 1.52(0.9) 1.84 (0.7) -0.3 0.03* Q

Linoleic Acid 4.02 (1.8) 4.14 (1.4) -0.1 0.71 0.62**

Fatty acids 
(g/day)

Total 89.6 (38.9) 104.7 (43.2) -15.1 0.04* 0.73***

SFA 40.9(20.1) 48.3 (21.2) -7.32 0.04* Q "7 2 * * *

MUFA 30.09 (13.5) 33.9(14.2) -3.8 0.09 0.76***

PUFA 13.2 (5.6) 15.5 (7.1) -2.3 0.09 0.63**

Trans 4.6 (3.2) 6.2 (3.9) -1.6 0.01* 0.75***

Linoleic acid 11.4 (4.9) 13.4 (6.1) -1.9 0.09 0.58**
* p< 0.05, ** p< 0.005, *** p< 0.0005



2.3 RESULTS

2.3.1 Comparison o f fatty acid intakes assessed by the FIQ and the Diet History 

method.

A comparison o f fatty acid intakes assessed by the FIQ and the Diet History are shown 

in Table 2.2. Pearson correlation coefficients ranged from 0.58 (P<0.005) for linoleic 

acid (g/day) and PUFA (%E) intake to 0.81 (P<0.005) for SFA (%E) intake. However, 

mean differences in intake assessed by both methods were shown for total fat (g/day), 

SFA and total trans fatty acid intake (P<0.05). Regression analysis demonstrated 

however that the differences between the individual pairs o f intake estimates [di=Xi-yj] 

were not significantly related to the means [mj = (xj+yj/2)] for all fatty acids. Results 

indicated that the FIQ overestimated saturated fat (% E) and trans unsaturated fat (% E) 

intake.

2.3.2 Comparison o f food intakes assessed by the FIQ and the Diet History 

method.

Food intake assessed by both methods was also examined and results are shown in 

Table 2.3. Since the distribution o f  food intake may not be normally distributed the 

median and range o f intakes o f the various food categories were calculated using the 

W ilcoxon rank test to test for significant differences between measurements. Results 

show that for most foods the amounts assessed with the two different methods are in 

the same order o f magnitude. Examples are brown bread, white bread, biscuits.
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Table 2.3. Comparison of food intakes (g/day) assessed by the FIQ and the Diet History

Foodgroup FIQ
Median (range)

Diet History 
Median (range)

Correlation Wilcoxon rank

Alcohol 642.9 554.9 Q '74*** 0.10

(9.3-2131) (6.9-1460)

White bread 71.4 81.3 Q yg*** 0.21

(14.3-200) (10.7-200)

Brown bread 35.7 35.7 -0.97 1.0

(10.7-37.9) (28.6-50)

Wholemeal 45.7 45.7 Q p2*** 0.34

bread (17.1-120) (17.1-137.1)

Breakfast cereal 42.8 47.1 Q 0.24

(7.1-143) (4.3-136.9)

Bread rolls etc. 23.9 38.9 0.744* 0.04

(11.4-77.1) (13.3-92.1)

Biscuits 23.6 23.1 0.56* 0.62

(5.9-136.4) (6.9-100.3)

Confectionery 42 15.8 0.83*** 0.53

(1.7-144.9) (7.1-150.6)

Cheese 19.6 21.4 0.72** 0.98

(4.9-120) (2-120)

Poultry 19.7 36.9 0.84*** 0.004

(5.3-65.7) (10.7-88.1)

Tea 785.7 571 Q gg*** 0.02

(200-2377) (57-2571)

Coffee 400 342.9 Q gy*** 0.73

(57-1200) (57-1125)

Eggs 7.1 14.3 0.64* 0.38

(5.4-35.7) (3.6-30.4)

Edible fats 31.8 24.5 0.33 0.15

(10-177.6) (4.5-78)



Table 2.3. continued. Comparison of food intakes (g/day) assessed by the FIQ and the 

Diet History.

Foodgroup FIQ
Median (range)

Diet History 
Median (range)

Correlation Wilcoxon rank

Fish 30.3 28.6 0.52* 0.69

(8-128) (12.9-47.9)

Vegetables 116.9 111.7 0.41* 0.87

(14.3-280.3) (30-222.9)

Fruit 111.8 57.1 Q 0.27

(10-414) (2.9-454.3)

Meat 73.1 80 0.62*** 0.57

(3.5-228.4) (14.3-248.2)

Milk 344.3 210 0.11 0.006

(167.1-1102.3) (17.1-627.1)

*P<0.05, **P<0.005, ***P<0.0005



2.4 DISCUSSION

The FIQ was adapted according to the results found when nutrient and food intakes 

were analysed. Results indicated that the FIQ overestimated SFA and total trans fatty 

acid intake. This phenomenon o f overestimation has been reported in several studies 

which have validated food frequency questionnaires, (FFQs), (Pietinen et al., 1988; 

Block & Hartman, 1989; Paisley et al., 1996). This may be partly accounted for by the 

completeness o f the FFQ food list. I f  too many sources o f a given nutrient are included 

in the food list, overestimation may occur and conversely if  too few are given 

underestimation may occur (Block & Hartmann, 1989). The FIQ in the present study 

was developed primarily to measure fatty acid intakes, and hence the food list consisted 

mainly o f items high in fat. Thus the significant overestimation o f  SFA and total trans 

fatty acid intake by the FIQ could have been due to inclusion o f  too many high fat 

items. For example the intake o f each type o f confectionery was assessed separately 

using the FIQ, while the intake o f confectionery in general was assessed using the Diet 

History method. Analysis o f food intakes assessed by the FIQ and the Diet History 

showed that confectionery intake was overestimated by the FIQ compared to the Diet 

History (42.0 v 15.8 g/day respectively), which, could be associated with the over 

complete list o f confectionery products.

Development o f the final Fat Intake Questionnaire.

The following adaptations were made to the FIQ based on the comparison o f  food 

intakes assessed by the FIQ and the Diet History. The total list o f  foods in the FIQ was 

reduced from 130 to 88 by classifying foods into food groups to a greater extent. For 

example, rather than recording the frequency o f consumption o f  each type o f biscuit
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separately, the FIQ was adapted to assess the frequency o f consumption o f all types o f 

biscuits. An additional question was included therefore to collect information 

regarding the amount, type, and brand o f biscuit chosen. The FIQ was also adapted to 

assess intake o f mixed dishes, cakes, confectionery and takeaway foods in this way.

The results o f  food analysis have shown large differences in the fatty acid composition 

among brand types (Table 2.1.). For example the trans fatty acid composition o f 

cooking fats can range from 0-55g/100g. Therefore information regarding brand types 

used is required to assess fatty acid intake in detail. In order to identify brands o f food 

consumed, an atlas o f 142 photographs o f the different brands o f  biscuits, cakes, 

pastries, breads, cooking fats, dairy and non-dairy spreads was developed. In addition a 

suitable food/nutrient database was developed which included the fatty acid analysis o f 

225 foods (cakes, biscuits, pastries, dairy and non-dairy spreads, cooking fat and chip 

oils. The addition o f these foods to the nutrient database (FOODBASE) ensured that 

up-to-date information regarding the fatty acid composition o f  foods was used to 

convert food intake assessed by both dietary assessment methods into nutrient intakes.

In conclusion, the purpose o f the present study was to develop a dietary assessment 

method which could assess fatty acid intake in healthy adults. The FIQ was developed 

for administration by a trained nutritionist as a quick method o f measuring fat intake. It 

was therefore designed for completion within thirty minutes.

Finally, using a crossover study design nutrient intake assessed by the FIQ and by a 

reference method, the diet history, were compared. Results indicated however, that 

SFA and total trans fatty acid intake were overestimated by the FIQ. Additional 

analysis comparing food intakes assessed by both methods indicated that the food list 

was over complete for such foods as biscuits, cakes and confectionery. The FIQ was
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adapted based on these results reducing the number o f  foods listed from 130 to 88. In 

conclusion, validation o f a new dietary assessment method is essential to increase the 

ability to interpret the results from nutritional epidemiological studies. The validation 

o f  this newly developed FIQ with a reference method (diet history) and with an 

independent marker o f fatty acid intake (adipose tissue fatty acid composition) is 

described in chapter 3.
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Chapter 3

Validation of a Fat Intake 

Questionnaire



3.1 INTRODUCTION:

There is a growing need for easily manageable instruments to quantitate relevant 

nutrients in the habitual diet as determinants in the etiology and prognosis o f  chronic 

diseases, such as cardiovascular disease. Dietary analysis o f  fatty acid intake can be 

measured retrospectively using food-frequency questionnaires or diet histories, or 

prospectively using food records, either weighed or estimated. Investigators are 

agreed, however, that there are shortcomings with all self-reported dietary intake 

measures (Bingham, 1987). Such shortcomings include under-reporting by individuals 

with a high body mass index (BMI), or biased reporting o f foods which are regarded by 

the individual to be more socially acceptable, e.g. fruit and vegetables (Nelson & 

Bingham, 1997). In addition, difficulty with recall memory or reactive changes in 

usual eating pattern during the period o f dietary assessment can also give false 

estimates o f  habitual intake (Nelson & Bingham, 1997). Dietary assessment o f  fat or 

fatty acid intake is particularly challenging for numerous reasons. Information 

regarding the type and quantity o f fat used in the preparation o f  foods is difficult for 

those individuals who do not prepare their own food. In addition, brand-name 

information is required to translate food intake into fatty acid intake. Use o f 

photographs o f  the different brands o f  foods which contribute to fat intake in the diet 

may be used to gather this information. Moreover, an inconsistency in the composition 

o f  foods from season-to-season, e.g. the linoleic acid content o f  milk, may affect the 

calculation o f  fatty acid intakes. In addition, margarine and cooking fat manufacturers 

may change the component oils used depending on production costs. For example, the 

species and content o f fish oils used in margarine manufacture may change. The use o f 

these fats in the production o f cakes, biscuits and pastries will in turn alter the fatty acid
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com position o f these foods. This continuing change in the fatty acid composition o f 

foods make dietary assessment o f  individual fatty acid intake, which is limited to the 

nutrient database used, extremely difficult. Therefore the nutrient database used to 

translate food intakes into nutrient intakes must be appropriate to the reference period 

o f  dietary assessment to ensure accurate fatty acid calculation. In addition, there are 

many problems encountered in the analysis o f the individual fatty acid content o f  foods 

and these are described in detail in chapter 2. For example, industrial hydrogenation o f 

vegetable and marine oils produces trans unsaturated fatty acids (TUFAs), varying in 

chain length from C16-C24, and have a variable number o f  positional and geometric 

isomers. A greater number o f  these isomers are formed from fatty acids which are 

highly unsaturated before hydrogenation. Identification o f  these isomers formed as a 

result o f hydrogenation o f  polyunsaturated marine oils is very difficult due to a lack o f 

analytical standards for the numerous positional and geometric isomers formed. 

Calculation o f dietary intake o f each individual fatty acid is therefore not feasible due 

to the limitations associated with food composition tables used to transXaXQ food intake 

into fatty acid intake.

This study describes the validation o f a Fat Intake Questionnaire (FIQ), which was 

developed as a short method o f assessing fat intakes with particular focus on trans fatty 

acid intake. For epidemiologic and clinical research, the ability to rank individuals by 

relative levels o f  nutrient intake permits the evaluation o f  etiologic hypotheses and 

interactions (Block et al. 1986). However, for clinical purposes and for the refinement 

o f etiologic hypotheses, the estimation o f absolute levels o f nutrient intake is also 

important. Both o f  these functions were considered in the design o f the FIQ, the ability 

to rank, and the ability to estimate absolute nutrient intake.
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A newly developed dietary assessment method must be validated for use in the 

population for which it has been developed. Since true usual diet is not known, 

investigators must rely on relative or criterion validity (Block & Hartman 1989). 

Relative validity can be achieved by comparing the dietary intakes with those assessed 

by a reference method, i.e. a previously validated method, for example, the diet history 

method. It is imperative that such a comparison should be based on data which has 

been collected concurrently (De Wys, 1994). This measures the relative validity o f the 

new method compared to the reference method and not the absolute validity. In 

addition to examining the correlations between nutrient intakes assessed by both 

methods. Paisley et al. (1996), advises that the ability o f  the food frequency 

questionnaire (FFQ) to classify individuals into the same groups as the comparison 

method should be examined. Garrow (1995), suggests that if  all validation studies 

divided individuals into quartiles o f intake o f a nutrient, and reported the proportion of 

individuals who fall into the same quartile o f intake as the reference method, then it 

would be easy to judge if  a new questionnaire was more valid than those already 

published. In addition, Bingham (1987) suggested the use o f  a biological index o f 

intake as an independent validity check. A biomarker serves as an independent 

measure o f  intake unbiased by self-reporting or changes in the fatty acid composition o f 

the food supply from season-to-season. Depending on the body compartment used, 

these biomarkers reflect different time periods o f  fatty acid intake. For example, serum 

triacylglycerol reflects fatty acid intake in the last meal eaten, cholesteryl esters and 

phospholipids are more likely to reflect intake over the past few days, while erythrocyte 

membranes and adipose tissue reflect longer periods o f intake from several weeks to 

years (Bates et al. 1997). A suitable biomarker o f fatty acid intake can therefore be 

chosen depending on the duration o f  the study, and the time frame o f interest. In
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general, the habitual fatty acid intake is o f  interest to determine the relationship 

between dietary intake and disease outcome. Thus, a long-term measure o f fatty acid 

intake, such as adipose tissue concentrations, is usually o f more importance. The half- 

life o f adipose tissue in human subjects in energy balance is approximately 600 days, 

and thus, its composition should reflect dietary intake over the preceding two and a half 

years (Hirsch et al. 1960). The effect o f sample site, age and sex on the fatty acid 

composition o f adipose tissue has been shown to be negligible (Van Staveren et al. 

1986; Plakke et al. 1983). Although there is no satisfactory marker o f  total fat intake, 

adipose tissue concentrations o f fatty acids reflect the type o f  fat consumed by different 

populations in international comparisons (Beynen et al. 1980), and within individuals 

(Van Staveren et al. 1986).

The purpose o f the present study was to validate a new dietary assessment method 

(FIQ) developed to assess fat intake, with particular focus on trans fatty acids, using a 

specifically developed nutrient database which incorporates analysis o f the total trans 

fatty acid content o f foods. In addition, the method was developed to be feasible in 

terms o f the time required for administration.
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3.2 METHODOLOGY:

3.2.1 Study design

The relative validity o f the FIQ was measured by comparing dietary intakes assessed by 

the FIQ to those assessed by the modified diet history (reference method). The diet 

history was modified to assess individual fatty acid intake by assessing brand-name 

information on foods chosen most regularly, using the photographic atlas o f brands o f 

foods described previously. In addition, the linoleic and total trans fatty acid content of 

adipose tissue biopsies were used as an independent validity check o f  habitual fat 

intake to further validate the FIQ.

An invitation to participate in this study was circulated to 2000 employees through both 

a mailing system and advertisement in a company magazine. Exclusion criteria were 

outlined to 200 interested in participating in the study. These criteria excluded those 

taking medication, suffering with any condition which may affect lipid metabolism, and 

those aged less than 20 or greater than 65 years. One hundred and five suitable healthy 

volunteers (43 females, 62 males; age range 23-63 years) were recruited. Subject 

information is shown in Table 3.1. Ethical approval was received from the ethics 

committee o f  the Federated Dublin Voluntary Hospitals. All participants gave their 

informed and written consent to take part in this validation study.

3.2.2 Aspiration o f adipose tissue samples.

Subcutaneous adipose tissue samples were aspirated using a modification o f  the method 

originally described by Hirsch et al. (1960). Using this technique, a 16 gauge needle
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Table 3.1. Subject information.

Total Males Females (n 43)

(n 105) (n 62)

Mean Range Mean Range Mean Range

Age 38.5 23-63 40.8 28-63 35.1 23-56

Weight (Kg) 78.3 48-117 69.1 59-117 62.0 48-115

Height (M) 1.72 1.54-1.94 1.77 1.63-1.94 1.65 1.54-1.77

BMI (kg/M^) 26.1 18.9-41.5 26.7 20.5-36.3 25.1 18.9-41.5

BMI- Body Mass Index



was inserted into a fold o f  skin pinched at the area o f  the abdomen proximal to the 

naval. An adipose tissue sample was obtained by connecting the needle to a sterile 

sample holder (Vacutainer, 16 mm x 38 mm i.d.; Becton Dickinson, Spain) and an 

evacuated test tube. Once the sample holder attached to the needle pierced the rubber 

septum o f the evacuated test tube, a vacuum was created and a small adipose sample 

was aspirated into the sample holder. Samples were stored at - 20°C prior to analysis. 

Adipose tissue biopsies which were adequate for analysis were obtained from 84 o f the 

volunteers.

3.2.3 Fat extraction from adipose tissue samples

Adipose biopsy samples were thawed to room temperature, and dissolved in 3 ml 

hexane. The extract was filtered, to remove pieces o f  skin and other debris, and the 

solvent removed in a stream o f nitrogen. The residue was heated at 80°C for 5 minutes 

to ensure complete removal o f the solvent.

3.2.4 Preparation o f  fatty acid methyl esters

Accurately weighed samples o f approximately 10 mg adipose fat were dissolved in 0.1 

ml isopropyl ether and were transesterified at ambient temperature with 0.1 ml o f 1 M 

sodium methoxide for 20 min. Methylation o f  any free fatty acids present in the 

original adipose sample was completed using 0.2 ml o f  5% methanolic HCl. The vials 

were sealed with teflon - lined screw caps and the methylation was carried out at 80°C 

for 1 hour. After cooling, samples were evaporated to dryness under nitrogen and dried 

for 5 - 10 minutes at 80°C in an oven until no odour o f HCl could be detected. The 

FAMEs were dissolved in bromochloromethane to give a concentration o f exactly 2% 

w/v, based on the weight o f sample taken. Before sealing, approximately 20 mg o f
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anhydrous sodium sulphate was added to each vial to remove any residual traces o f 

moisture from the extracts. The FAME solutions were and stored at - 20°C.

3.2.5 GLC analysis o f FAMES.

The analysis was carried out on a Pye Unicam 610 gas chromatograph equipped with a 

flame ionisation detector and fitted with an SP - 2560 (100m x 0.25 mm i.d., 20pm film 

thickness) flexible fused silica capillary column (Supelco, Bellefonte, PA). To 

optimise resolution o f  cis and trans- isomers temperature programming was used. 

Temperature programming from 150°C to 180°C at 0.5°C/min, followed by a second 

temperature program from 180°C to 210°C at 2°C /min. The injector temperature was 

240°C, and the detector temperature was 260°C. Ijil (2% FAME solution in 

bromochloromethane) o f sample was injected, with a split ratio o f 50:1, while hydrogen 

(0.8 ml/min) was used as the carrier gas.

Peak areas were integrated using a Spectra - Physics SP - 4290 computing integrator. 

Confirmation o f  identities o f separated FAMEs were obtained by comparison o f 

retention times o f  authentic standards run under the same conditions. The latter were 

sometimes 'spiked' into the FAME solution whenever there was any doubt about 

component identity in groups o f closely eluting peaks. The linoleic and total trans fatty 

acid content was expressed as a percentage by weight (g/lOOg) o f  total fat content.

3.2.6 Dietary assessment

Using a similar crossover study design to the pilot study, dietary intakes o f  all 

participants were assessed twice using the FIQ and the modified diet history method.
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The time taken to administer dietary assessments was recorded. Anthropometric 

measurements were recorded at both interviews. Body weight w ithout shoes and 

jackets was assessed on a SECA scales to the nearest O.lKg. Height was recorded in 

centimetres.

3.2.7 Data management and statistical analysis.

To eliminate inter-interviewer bias all interviews, coding and analysis was carried out 

by the main investigator. Nutrient intakes were calculated using the food/nutrient 

database (FOODBASE) which included analysis o f 225 foods described previously. 

For items containing more than one food product, (i.e. composite recipe dishes) the 

nutrient content was calculated as the weighted consumption o f each separate food 

product. The statistical analysis o f all data was performed using SPSS (Statistical 

Package for Social Sciences).

To examine the existence o f systematic bias the mean difference o f  nutrients between 

both assessment methods was calculated. The mean difference was tested for 

significance using a /-distribution o f paired observations. The Pearson correlation 

coefficient was used as a measure o f the degree o f linear association between the two 

estimates (Table 3.2). To exclude the possibility o f a non-constant bias, i.e. a bias 

which depends on the level o f intake, the difference between the two measurements 

x(=  diet history) and y (= FIQ) for each individual [di = Xi - y j] and the mean values 

[mj = (x j + Yi /2 )] were computed as described by Grootenhuis et al. 1995. The 

relationship between these parameters was studied by means o f regression analysis 

[di = a  + P (m j) ], as advocated by Altman and Bland (1983), (Table 3.2). Finally, the 

ability o f  the FIQ to classify individuals into the same quartile o f  intake as the diet
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history was tested for each nutrient to evaluate agreement between both dietary 

assessment methods (Table 3.4). A comparison o f food intakes assessed by the FIQ 

and the Diet History are shown in Table 3.5. The W ilcoxon signed rank test was used 

to test for significant differences between food intakes assessed by the FIQ and the Diet 

History.

Associations between the fatty acid composition o f  the diet estimated by the FIQ and 

the diet history method, with the fatty acid composition o f  adipose tissue were 

evaluated by Pearson’s product moment correlation coefficient ( Table 3.6a and 3.6b). 

The study group was also divided into quartiles o f trans 20 & 22 fatty acid intake. A 

comparison o f  the total trans fatty acid intake (g/100 g fatty acids) and the total trans 

fatty acid content o f adipose tissue was compared between quartiles o f  trans 20 & 22 

fatty acid intake (Table 3.7).
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3.3 RESULTS:

3.3.1 Macronutrient intakes assessed by the FIQ and the Diet History

The FIQ required on average 29 minutes to administer compared to 62 minutes for the 

diet history. The mean differences in macronutrient intake assessed by the F.I.Q. and 

the modified diet history were not significantly different, (Table 3.2). Pearson 

correlation coefficients comparing nutrient intake between the F.I.Q. and the diet 

history ranged from 0.63 (P<0.0005) for monounsaturated fat intake to 0.82 (?<0.0005) 

for carbohydrate intake (% energy).

Regression analysis demonstrated that the differences between the individual pairs o f

intake estimates (di = Xj -  yi), were not significantly related to the means

[mj = (xj + yi /2)] for the majority o f  macronutrients. However, low intakes were

underestimated and high intakes overestimated for polyunsaturated fat (% energy) and

vice versa for carbohydrate (% energy) intake, resulting in a regression equation:

yj -  Xj = a+ p  (Xj +yi)/2) ,  in which P was equal to 0.21 and -0.23 respectively.

3.3.2 Micronutrient intakes assessed by the FIQ and the Diet History

Mean differences in intake o f  micronutrients assessed by both methods were also 

comparable (Table 3.3) with the exception o f  vitamin D, where the mean intake 

assessed by the FIQ was 3 .3 |ig  and 3.2^g by the diet history method. The mean 

difference in intake was 0.05|j,g (P<0.0005), which significantly differed from zero. 

Regression analysis demonstrated that the differences between individual pairs o f  

intake estimates (dj = Xj -  y j ) were not significantly related to the means
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Table 3.2:

A comparison o f energy, macronutrient and dietary fibre intakes and of the ratio of 

energy intake to basal metabolic rate (EI:BMR) using a Fat Intake Questionnaire (FIQ) 

or a Diet History (DH) in 105 healthy adults.

Intake FIQ

Mean ( SD)

DH

Mean ( SD)

Mean

Difference

Correlation

Energy (MJ) 10.6(3.0) 10.6(2.7) -0.02 Q y g  ***

Fatty acids

(%E)

Total 33 .9(6 .2) 34.2(6.1) 0.28 Q y y  ***

SFA 12.7(3.8) 12.6(3.7) -0.10 Q y y  **>!<

MUFA 10.4(2.2) 10.8(2.5) 0.39 0.63 ***

PUFA 5.5 ( 1.9) 5.7 (2.2) 0.23 Q y 2  Ht**

Trans 1.9 ( 0.9) 1.8 (0.9) -0.10 0.67***

Linoleic 4.8 (2.1) 4 .9 (2 .1) 0.05 Q y j  * * *

Alcohol (%E) 6.3 (5.1) 5.7 (4.3) -0.04 Q ***

CHO (%E) 45.9(6.8) 45.5 (5.9) -0.43 0.82 ***

Protein (%E) 14.8(2.6) 15.2(2.5) 0.38 0.64 ***

Fibre (g) 26.9(9.2) 26.9(9.7) 0.07 0.73 ***

(Southgate)

El / BMR 1.50(0.4) 1.51 (0.4)

Time minutes 29 (3.4) 62 (6.6)

** P<0.005, *** P<0.0005



Table 3.3:

A comparison of micronutrient intakes estimated using a Fat Intake Questionnaire 

(FIQ) or a Diet History (DH) in 105 healthy adults.

Intake FIQ

Mean ( SD)

DH

Mean ( SD)

Mean

difference

Correlation

Iron (mg) 14.6 (4.9) 14.8 (4.7) 0.2 Q y4 ***

Calcium(mg) 1115.6 (427) 1080.2 (437) -31.3 Q yj ***

Thiamine(mg) 1.9 (0.6) 1.9 (0.6) -0.03 0.64 ***

Riboflavin(mg) 2.2 (0.8) 2.1 (0.7) -0.07 0.75 ***

Vitamin A (mg) 1.05 (0.6) 1.05 (0.5) 0.03 Q 47 ***

B6(mg) 2.5 (0.8) 2.5 (0.8) 0.008 0.67 ***

B12(ng) 4.9 (2.8) 4.6 (2.8) -0.23 0.60 ***

Folates(iig) 343.6(106.9) 340.24(107.4) -3.01 0.62 ***

Vit D (^g) 3.3 (2.0) 3.2 (2.0) 0.05*** 0.64 ***

V itC (m g) 120.8(71.2) 125.7 (66.9) 4.2 0.75 ***

Vit E(mg) 9.8 (4.0) 10.9(4.9) 0.94 0.68 ***

Zinc (mg) 10.8 (3.6) 10.9(3.6) 0.11 0.70***

*** P <0.0005



[rtij == ( x j  +  yj / 2 ) ]  for all micronutrients except vitamin D intake. A non-constant bias 

was shown where low intakes were underestimated and high intakes overestimated for 

vitamin D intake, resulting in a regression equation: yj -  Xj = a+P (Xj + y j ) / 2 ) ,  in which P 

was equal to 0.45. Correlation coefficients ranged from 0.47 (P<0.0005) for vitamin A  

intake to 0.75 (P<0.0005) for vitamin C intake.

The ability o f  the FIQ to classify individuals into the same quartile o f  intake as the diet 

history is shown in Table 3.4. Classification o f individuals by the FIQ into the same or 

adjacent quartile as by the diet history method ranged from 76% for linoleic acid ( % 

energy) to 91% for energy, total fat (g/day), and saturated fat intake (g/day). The 

highest proportion o f misclassification (i.e. classified from one extreme category to the 

other extreme category), was 5% for total trans fatty acid intake ( % energy).

3.3.3 Food intake assessed by the FIQ and the Diet History.

Food intakes assessed by the FIQ and the Diet History were also compared and results 

are shown in Table 3.5. Since the distribution o f food intake may not be normally 

distributed, the median and range o f  intakes o f the various food categories were 

calculated. The Wilcoxan signed rank test was used to test for significant differences 

between measurements. Result show that for most foods, the amounts assessed by the 

two dietary assessment methods are in the same order o f  magnitude. Examples are, 

brown bread, cereals, milk products, cheese, red meat, eggs, fruit and vegetables, and 

fats. However, significant differences in the intake o f wholemeal bread, pasta, rice, 

milk, poultry, fish, root vegetables, chocolate, crisps, tea, coffee and milk sauces were
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Table 3.4: Ability o f the Fat Intake Questionnaire to classify individuals into the same 

or adjacent quartile o f nutrient intake as the Diet History method ( n=105), expressed as 

percent o f subjects (the number o f subjects are in parenthesis).

Nutrient Same Quartile 

% (no.)

Same or adjacent 

Quartile

% (no.)

tG rossly

misclassified

% (no.)

Energy Kcals 51 (53) 91 (96) 2 (2 )

Total Fat (g/day) 53(56) 91 (96) 2 (2 )

Total Fat ( % Energy) 44 (46) 86(90) 2(2)

SFA (g/day) 53 (56) 91 (96) 0 (0 )

SFA ( % Energy) 47(49) 90 (95) 1(1)

MUFA ( g/day) 60 (63) 85 (89) 0 (0 )

MUFA (% Energy) 41(43) 88(92) 3 (3 )

PUFA (g/day) 44 (46) 86 (90) 4 (4 )

PUFA (% Energy) 45 (47) 83 (87) 4 (4 )

Total Trans ( g/day) 48 (50) 89 (93) 2 (2 )

Total Trans (% Energy) 45 (47) 91(95) 5 (5 )

Linoleic acid (g/day) 37 (39) 87(91) 2 (2 )

Linoleic acid 48(50) 76 (80) 3 (3 )

(% Energy)

tC lassified from one extreme quartile to the other extreme quartile



Table 3.5. Daily food intake of subjects (n 105), assessed by the Fat Intake Questionnaire and the Diet History (median and range values).

Food % Food 

Consumers

Diet History 

Median Range % Food 

Consumers

FIQ

Median Range Wilcoxan

Rank

Bread, Cereal & Potato

Brown bread 23 51 9-272 12 51 9-210 n.s.

Wholemeal bread 44 52 7-350 46 100 14-307 P=0.002

White bread 66 66 4-327 57 68 4-420 n.s.

Cereals-High Fibre 40 21 2-107 45 22 1-107 n.s.

Cereals-Low Fibre 36 19 4-60 35 24 1-68 n.s.

Pasta 62 16 5-214 80 16 3-150 P=0.01

Rice 66 42 6-235 82 29 6-495 P=0.0001

Potatoes-boiled 90 100 10-660 93 109 6-720 n.s.

Potatoes-chipped 77 31 3-221 85 29 1-128 n.s.

Potatoes-roast 47 31 3-240 63 30 5-222 n.s.

Dairy Foods

Milk-Full Fat 57 157 8-130 66 202 14-1425 P=0.000

Milk-Low Fat 43 175 34-1264 42 217 25-1392 P=0.000

Milk-skimmed 7 130 17-151 8 98 1-249 n.s.

Milk products-Full Fat 55 50 4-286 49 61 4-237 n.s.



Table 3.5 continued. Daily food intake o f subjects (n 105), assessed by the Fat Intake Questionnaire and the Diet History (median and range 

values).

Food % Food 

Consumers

Diet History 

Median Range % Food 

Consumers

FIQ

Median Range Wilcoxan

Rank

Milk products-Low Fat 22 71 9-175 22 62 7-187 n.s.

Cheese-Full Fat 73 19 2-152 75 14 2-96 n.s.

Cheese-Low Fat 23 17 4-103 19 14 2-74 n.s.

Protein Foods

Fresh red meat 96 73 4-259 98 61 2-351 n.s.

Processed meat 6 19 7-31 43 7 1-31 n.s.

Poultry 95 48 6-385 97 33 6-164 P=0.000

Fish-oily 30 14 2-62 44 7 1-28 P=0.003

Fish-white 58 16 4-95 57 68 4-420 n.s.

Eggs 82 14 2-139 88 14 1-235 n.s.

Pizza & Quiche 54 28 6-132 72 28 4-114 n.s.

Fruit & Vegetables

Citrus fruit 60 71 5-260 70 45 7-400 n.s.

Other fruit 97 123 4-628 96 125 1-710 n.s.

Fruit juice 53 90 6-600 68 85 3-392 n.s.



Table 3.5 continued. Daily food intake o f subjects (n 105), assessed by the Fat Intake Questionnaire and the Diet History (median and range 

values).

Food % Food 

Consumers

Diet History 

Median Range % Food 

Consumers

FIQ

Median Range Wilcoxan

Rank

Dark Green Leafy Veg 79 28 6-300 91 37 4-301 n.s.

Pulses 81 32 6-397 91 30 2-173 n.s.

Root vegetables 98 54 3-971 96 28 1-160 P=0.002

Other vegetables 

Fats

89 21 1-125 72 20 1-130 n.s.

Butter 50 14 1-104 46 11 1-131 n.s.

MUFA-Full Fat 47 19 1-109 43 26 5-99 n.s.

MUFA-Low Fat 8 26 1-51 8 16 3-45 n.s.

PUFA-Full Fat 20 13 1-62 18 17 1-66 n.s.

PUFA-Low Fat 

Desserts, Cakes & 

Biscuits

7 20 1-31 4 41 24-49 n.s.

Cream 17 4 3-9 20 4 1-101 n.s.

Ice-cream 56 9 2-183 58 14 2-81 n.s.

Biscuits 76 29 2-165 83 30 3-150 n.s.



Table 3.5 continued. Daily food intake of subjects (n 105), assessed by the Fat Intake Questionnaire and the Diet History (median and range 

values).

Food % Food 

Consumers

Diet History 

Median Range % Food 

Consumers

FIQ

Median Range Wilcoxan

Rank

Cakes

Confectionery

76 33 2-261 91 28 2-220 n.s.

Sugar 33 10 1-71 42 7 1-92 n.s.

Preserves 55 17 2-112 19 15 2-75 n.s.

Chocolate 48 16 1-200 68 8 1-114 P=0.005

Nuts 20 6 1-29 30 4 1-100 n.s.

Crisps

Drinks

54 10 2-60 59 7 1-36 P=0.002

Tea 75 754 68-7302 83 720 68-2400 P=0.017

Coffee 44 411 22-1440 66 480 7-1920 P=0.000

Soft drinks 35 100 6-1219 40 78 9-1219 n.s.

Beer 69 285 25-2677 75 254 20-2434 n.s.

Wine 62 53 9-375 70 53 4-535 n.s.

Spirits 35 10 1-97 41 8 1-130 n.s.



Table 3.5 continued. Daily food intake of subjects (n 105), assessed by the Fat Intake Questionnaire and the Diet History (median and range 

values).

Food

Diet History 

% Food Median Range 

Consumers

FIQ

% Food Median 

Consumers

Range Wilcoxan

Rank

Soups & Sauces

Soup

Mayonnaise 

Milk Sauces 

Other sauces

42

47

82

49

31 

5

30

32

14-171

2-24

2-128

14-118

58

51

77

25

31

4

20

29

3-157

1-16

2-341

1-200

n.s.

n.s.

P-0.004

n.s.

MUFA- monounsaturated, PUFA- polyunsaturated



shown. In addition, differences were shown between the number o f consumers of food 

groups estimated by both dietary assessment methods. The diet history estimated a 

significantly greater number o f consumers for brown bread and preserves. However, in 

general, the FIQ estimated a greater number o f  consumers for most food groups. For 

example, there was a significantly greater number o f  consumers estimated by the FIQ 

for chocolate, cakes, coffee, meat products, fruit juice, dark green leafy vegetables, oily 

and white fish, pizza/quiche, and rice.

3.3.4 Fatty acid intakes assessed by adipose tissue concentrations.

Table 3.6(a) outlines the mean intake o f total trans fatty acid and linoleic acid (g/100 g 

total fatty acids) assessed by both dietary assessment methods and by the fatty acid 

composition o f subcutaneous adipose tissue (g/lOOg fatty acid methyl esters). 

Correlation coefficients shown in Table 3.6(b) outline the association o f linoleic and 

total trans fatty acid intake assessed by both dietary methods and by the fatty acid 

composition o f subcutaneous adipose tissue.

Linoleic acid intake assessed by the FIQ and the diet history was significantly 

correlated with adipose tissue concentrations for the total group where r = 0.58 and 

r = 0.49 (P<0.005) respectively. In contrast, total trans fatty acid intake assessed by the 

FIQ and the diet history were poorly and not significantly correlated with adipose tissue 

concentrations where r = 0.17 and r = 0.10 respectively.

The study group ( n= 84) was divided into quartiles on the basis o f  their trans 20&22 

fatty acid intake. Table 3.7 shows that the total trans unsaturated fatty acid (TUFA) 

intake significantly differed between quartiles with those in the top quartile o f  trans
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Table 3.6(a)

Comparison o f fatty acid intake ( g/lOOg fat) assessed by adipose tissue biopsies, a Fat 

Intake Questionnaire (FIQ) and by the Diet History (DH) ( n = 84)

Fatty acid Adipose Tissue 

Mean ( SD)

FIQ

Mean ( SD)

DH

M ean ( SD)

Linoleic Acid 13.5 (2.3) 14.4 (4.9) 14.8 (5.7)

Total Trans fatty acids 4.2 (0.85) 5.7 (2.3) 5.6 (2.6)

(GC method)

Tables.6(b) Correlation coefficient o f linoleic acid and total trans fatty acid intake and 

adipose tissue biopsy concentrations.

Fatty Acid in adipose tissue FIQ Diet History
r r

Linoleic Acid 0.58** 0.49 **

Total 7>a«5 Fatty acids 0.17 0.10

**P<0.005



Table 3.7. A comparison o f total trans fatty acid intake (g/100 g fatty acids) and total 

trans fatty acid content o f  adipose tissue based on quartiles o f  trans 20 & 22 fatty acid 

intake.

Quartiles o f  trans Total trans fatty acid intake Adipose tissue total trans fatty

20&22 intake acid content

Mean SD Mean SD

1 3.76 1.04 4.01 1.06

2 “4.99 1.46 4.10 0.93

3 "’*’6.23 1.72 4.35 0.73

4 "’’’’"8.18 2.38 4.42 0.58

 ̂ significantly different from quartile 1 P<0.05, 

 ̂ significantly different from quartile 2 P<0.05, 

significantly different from quartile 3 P<0.05



20&22 fatty acid intake having the greatest total TUFA intake. In addition, those in the 

top quartile o f  trans 20&22 fatty acid intake also had the greatest total TUFA adipose 

tissue content. However, there was no significant difference in adipose tissue 

concentrations o f total TUFA amongst the quartiles.
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3.4 DISCUSSION:

The results o f this study showed that both macronutrient and micronutrients intakes 

assessed by the FIQ and the modified diet history method were comparable to the 

extent that the FIQ could replace the diet history with sufficient accuracy. In addition, 

the FIQ required far less time to complete compared to the diet history, and so would 

be preferable for use in large studies. Furthermore, absolute validity o f  the FIQ was 

achieved where assessment o f  linoleic acid intake was significantly correlated with 

adipose tissue concentrations, a reliable indicator o f long-term intake. Assessment o f 

total trans fatty acid intake however, was poorly correlated with adipose tissue 

concentrations.

Validation o f  a new dietary assessment method is achieved by comparing nutrient 

intake assessed by the new method to those assessed by a reference method. Because 

every measurement o f dietary intake includes an element o f bias, one can only assess 

the relative validity o f measurements, comparing the results obtained with what are 

believed to be more accurate measures o f food or nutrient intake. Several reference 

methods have been used to validate food frequency questionnaires (FFQs), for 

example, the diet history method (Chu et al. 1984; Jain et al. 1982), or food records 

covering different time periods from a few weeks to one month (Paisley et al. 1996; 

Pietinen et al. 1988). Questionnaires are often used to assess ‘usual’ intake over some 

specified period (‘last m onth’, ‘over the past year’). The length o f time covered by the 

reference method is therefore important, because o f large daily variation in individual 

nutrient intakes (Marr & Heady 1986). If  questionnaire results are compared with 

short-term records o f diet, the lack o f  agreement can be attributed in part to the within- 

subject variance, which is inherent in the shorter but more accurate reference measure
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(Nelson, 1997). Alternatively, if  the diet history (a measure o f  ‘usual intake’) is used 

as a reference method, validity o f the questionnaire is likely to be overestimated, since 

the methods are similar in many respects, and the same types o f  errors may occur in 

both. The FIQ was designed to assess usual intake and must therefore be compared 

with a measure o f  usual intake. The diet history method used in the Irish National 

Nutrition survey and described by Livingstone et al (1992), was chosen as the reference 

method for this validation study as it had been previously validated against the doubly 

labelled water method for energy intakes in Irish adolescents (Livingstone et al.l992). 

A validation study must assess whether the methods are comparable to the extent that 

one might replace the other with sufficient accuracy. Correlation coefficients 

comparing macronutrient intake between the FIQ and the diet history ranged from 0.64 

for Protein (% Energy) to 0.82 for carbohydrate (% Energy). This compared 

favourably with a similar study carried out by Grootenhuis et al. (1995) who also 

compared a semi-quantitative FFQ to a diet history, where correlation coefficients 

ranged from 0.65 for fat (% Energy) to 0.78 for alcohol (% Energy). However, 

differences in validation methods, study populations and distribution o f nutrient intakes 

in these populations makes comparison difficult. In addition, the aim o f a validation 

study should be to assess its validity at the individual level. What must be assessed is 

the ability o f  the questionnaire to place individuals along the distribution o f intake from 

low to high consumption. This requires the use o f cross-categorisation by the two 

methods into tertiles, quartiles or quintiles etc. (Block & Hartman, 1989). The results 

o f this study, showed that the ability o f the FIQ to assess the relative magnitude o f 

intake o f individuals is comparable with other studies which have used the diet history 

(Grootenhuis et al. 1995), and also dietary records (Pietinen et al. 1988). In addition, 

regression analysis as advocated by (Altman and Bland, 1983), assesses the magnitude
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o f disagreement between methods (both error and bias), and whether there is any trend, 

for example an increase in the difference between methods for large intakes. This 

method makes no assumption about which measure is the better measure and assesses 

only the level o f  agreement. Results o f this analysis showed that intake o f  the majority 

o f macro- and micronutrients assessed by the FIQ were not affected by a non-constant 

bias. However, intake o f PUFA (% energy), vitamin D and carbohydrate (% energy) 

assessed by the FIQ were affected by a non-constant bias, where low intakes were 

underestimated, and high intakes were overestimated for PUFA and vitamin D intake 

while the inverse was true for carbohydrate intake.

To compensate for limitations associated with the assessment o f  fatty acid intake by 

dietary methods, a biological index o f fat intake was also measured to serve as an 

independent marker for validation o f  both the new dietary assessment method and the 

reference method. The half-life o f adipose tissue in humans in energy balance is 

approximately 600 days and thus its composition should reflect the dietary fatty acid 

intake over the preceding two and a half years (Hirsch et al. 1960). The linoleic acid 

content o f  adipose tissue is generally accepted as a good indicator o f intake since its 

appearance in adipose tissue is due primarily to dietary intake. The correlation 

coefficient (r = 0.58) o f linoleic acid intake assessed by the F.l.Q. and the adipose 

tissue content is comparable to previous studies where correlations ranged from 0.28- 

0.70, (Hunter et al. 1992; London et al. 1991; Van Staveren et al. 1986; Feunekes et 

al. 1993). Van Staveren et al. (1986), reported the highest correlation (r =0.70) 

analysing dietary intake nineteen times over a two and a half year period. These 

multiple assessments o f dietary intake have been shown to reduce the effect o f  a large 

day-to-day variation in dietary intake, improving the correlation between dietary 

assessment and adipose tissue biopsy concentration. In addition, endogenous synthesis

121



o f saturated and monounsaturated fats which occurs in humans and at different rates 

among individuals, could cause a dilution effect which could explain the lower 

concentration o f linoleic acid in adipose tissue compared to dietary intake as shown by 

the results o f this study (Table 3.6a).

Five studies have examined the total trans unsaturated fatty acid (TUFA) intake to 

adipose tissue concentrations and shown correlations in the order o f  0.17-0.67. 

Hydrogenated vegetable oils are the main source o f TUFA in the USA and the UK, 

where the majority o f these studies were carried out (London et al. 1991; Hunter et al. 

1992; Garland et al. 1998; Lemaitre et al. 1998). In the Republic o f  Ireland, 

hydrogenated vegetable and also marine oils are used in the food industry. Trans 

isomers o f 18:1 and 18:2 are the predominant TUFA formed by hydrogenation o f 

vegetable oils. In contrast, hydrogenation o f marine oils produces, in addition to these 

isomers, a variety o f both positional and geometric isomers o f longer-chain fatty acids 

(C20 and C22). While elaidic acid (C l8:1 t9) and other 18-carbon TUFA are easily 

identified in foods using gas chromatography, the full spectrum o f TUFAs, in particular 

the longer chain TUFAs derived from hydrogenated marine oils, are not. This is due to 

the wide range o f both positional and geometrical isomers present and to the lack o f 

pure standards o f these fatty acids. Infra-red spectroscopy can detect the total TUFA 

content o f foods. It cannot be reliably used however for adipose tissue samples due to 

the small yields obtained by needle biopsy aspiration. In the present study, GC analysis 

o f adipose tissue biopsies revealed an almost complete absence o f  TUFAs other than 

geometric and positional isomers o f 16:1, 18:1, and 18:2. Results showed that total 

TUFA in the diet was poorly correlated (r = 0.17), with total TUFA in adipose tissue. 

The study group (n 84) was divided into quartiles on the basis o f their trans C20 and
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C22 fatty acid intake. As expected, the total TUFA intake significantly differed 

between quartiles, with those subjects in the top quartile o f trans C20 and C22 fatty 

acid intake having the greatest total TUFA intake. In addition, those subjects in the top 

quartile o f  trans C20 and C22 fatty acid intake also had the greatest total TUFA 

adipose tissue content. However, there was no significant difference in adipose tissue 

concentrations o f total TUFA amongst the quartiles. Clearly the longer chain TUFA 

are not incorporated into adipose tissue triacylglycerol to the same extent as trans 

isomers o f  C l8. A study carried out by Peters et al. (1991), has shown that the 

absorption o f  long chain fatty acids in humans decreases with increasing chain length. 

The absorption o f C20:0, C22:0 and C24:0 were calculated at 41.6, 28.8 and 14.8% 

respectively. In addition Webb et al. (1991) has shown that only 2.8% o f the total 

amount o f  behenic acid (C22:0) fed to rats, or 14.7%> o f the total amount absorbed, is 

found in the total carcass fat. Other investigators have also noted that there was no 

marked retention o f behenic acid in carcass fat when fed as a component o f 

hydrogenated fish oil (Webb et al. 1991). These findings indicate that the long chain 

fatty acids including long chain TUFA are taken up in tissue levels in a 

disproportionately low level compared to their level in dietary fat.

Finally, the good agreement between the mean intake o f nutrients assessed by the FIQ 

and the Diet History, the absence o f non-constant bias for most nutrients and the ability 

o f the F.I.Q. to classify individuals, adequately demonstrates an acceptable relative 

validity. In conclusion, the independent validation o f the FIQ for linoleic acid intake 

by comparison with adipose tissue concentrations provides additional evidence that the 

FIQ could replace the Diet History with sufficient accuracy. It appears that adipose 

tissue concentrations o f TUFA do not reflect dietary intake in those countries where
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hydrogenated marine oils are used to produce a wide variety o f foods. Adipose tissue 

concentrations only reflect relative intakes o f fatty acids, and are not a measure o f total 

fatty acid intake. Thus, a combination o f a biological marker o f fat intake with a 

dietary estimate is optimal to validate dietary estimates. Validity studies are time- 

consuming but are essential for investigators and subsequent users o f the data, to know 

and report the validity o f  the instrument.
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Chapter 4

The Contribution of Foods 

to Trans Fatty Acid Intake 

in a Group of Irish Adults



4.1 INTRODUCTION:

Trans fatty acids have two primary sources in the diet: biohydrogenation o f  dietary 

polyunsaturated fatty acids (PUFA) in the rumen o f animals, and commercial 

hydrogenation o f  vegetable and marine oils. Biohydrogenation takes place in one of 

the fore-stomachs (rumen) o f ruminant animals, where PUFA o f plant origin, such as 

linoleic or linolenic acid undergo partial hydrogenation by symbiotic anaerobic bacteria 

(Garton 1977). The predominant isomer formed is tra n s-\\ C18:l (vaccenic acid). 

The tissues o f  ruminant animals, and the food products derived from ruminant animals, 

are therefore richer in trans fatty acids than are the tissues o f  monogastric animals fed a 

normal diet (Gurr, 1983). It is important to note that the biohydrogenation process 

takes place under conditions o f  uniform temperature, humidity and pressure, which is 

regulated by an almost unvarying biological system. As a result, the trans fatty acid 

content o f  butterfat and ruminant body fat is practically invariable producing a trans 

fatty acid content between 1-8% o f the total fatty acids present (Gurr, 1983).

Trans unsaturation is also introduced by food processing. Commercial hydrogenation 

o f vegetable and marine oils is used to produce hardened fats with stability and 

consistency necessary for use in such products as margarines, shortenings and cooking 

fats. Highly unsaturated oils such as those found in seeds and fish, are unsuitable for 

many food fats because o f their very low melting points and their increased 

susceptibility to oxidative deterioration. Partial hydrogenation is used to ‘harden’ 

edible oils to varying degrees depending on the desired physical characteristics o f  the 

required end-product. Partial hydrogenation reduces the degree o f  unsaturation, 

thereby raising the melting point o f the oil. The process o f  hydrogenation reduces the 

overall polyunsaturated fatty acid content o f oils, while a proportion o f the cis double
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bonds are isomerised to trans double bonds. In addition there is migration o f  double 

bonds along the chain forming a huge variety o f positional isomers o f cis and trans 

double bonds. Unlike ruminant fat, no single trans isomer predominates when 

vegetable oils are hydrogenated. In many products there are approximately equal 

amounts o f  the trans 18:1 isomers with double bonds in positions 8, 9, 10, 11 and 12 

(Gurr, 1996). The presence o f  the highly unsaturated fatty acids, eicosapentaenoic acid 

(20:5n-3) and docosahexaenoic acid (22:6n-3), in marine oils results in the formation o f 

a more complex mixture o f  trans isomers varying in chain length from C l 8:1 to C24:l 

when marine oils are hydrogenated. The process o f  commercial hydrogenation can be 

so extensive that trans fatty acids may comprise up to 40-50% o f total fatty acids. 

Bakery goods (cakes, biscuits, pastries) snack foods and other commercial products 

made with industrially hydrogenated fat, as well as deep fried fast foods are all major 

sources o f  trans fatty acids.

There have been concerns for some time that a high intake o f  trans isomers could 

adversely affect risk o f coronary heart disease (CHD), (Almendingen et al. 1995; Aro et 

al. 1997; M ensink & Katan, 1990). Trans fatty acids have been shown to raise low- 

density lipoprotein (LDL) cholesterol and lower high-density lipoprotein (HDL) 

cholesterol levels at 10% o f energy intake when substituted for oleic acid (Mensink & 

Katan, 1990). These results obtained at intakes well above the average intake in most 

populations, were later confirmed in trials o f diets containing 7.7% (Zock & Katan, 

1992), 6% and 3% (Judd et al. 1994) o f energy as trans unsaturated fatty acids. The 

prediction that intake o f partially hydrogenated fats increases risk o f  coronary disease 

has been studied extensively. The largest study was carried out in the US, where the 

trans fatty acid intake o f  85, 095 women was assessed using a food frequency 

questionnaire, in the Nurses Heart Study (Willett et al. 1993). During 8 years of
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follow-up there were 431 new cases o f CHD, allowing analysis o f  the correlation 

between development o f  CHD and trans fatty acid intake to be made. This study found 

a significant association between trans fatty acid intake and CHD risk. After 

adjustment for other known risk factors, relative CHD risk for women in the highest 

quintile o f trans fatty acid intake (median 3.2 g/day) was 1.67 compared to women in 

the lowest quintile o f  trans fatty acid intake (median 1.3 g/day). Using the same FFQ, 

a further study was carried out (Ascherio et al. 1994) to assess the association between 

intake o f  trans fatty acids and a first-acute myocardial infarction. Trans fatty acid 

intake was assessed in 239 patients with no previous history o f  CHD who were 

admitted to hospital for their first MI, and in 282 matched population control subjects. 

Results demonstrated that the relative CHD risk for the highest quintile o f  trans fatty 

acid intake was 2.44 compared to those in the lowest quintile o f trans fatty acid intake. 

Assessment o f biological markers o f  trans fatty acid intake has led to conflicting 

results. In the EURAMIC study (Aro et al. 1995), male patients with a first acute 

myocardial infarction and control subjects without a history o f  myocardial infarction in 

8 European centres and Israel were studied. Analysis o f  adipose tissue samples 

indicated no overall difference in trans 18:1 fatty acids between cases and control 

subjects, and the risk o f  myocardial infarction did not differ significantly over quartiles 

o f  adipose tissue trans 18:1 fatty acids. There was however, significant differences in 

adipose tissue trans 18:1 between countries, with lowest values in Spain and highest in 

Norway and the Netherlands. After exclusion o f the two centres in Spain which 

showed outlying low values for trans 18:1 and high levels o f  oleic acid, the 

multivariate odds ratio for myocardial infarction increased to 1.53 and 1.44 in the two 

highest quartiles vs. the lowest quartile o f trans 18:1 intake. In the centres with highest 

adipose tissue trans 18:1, a significant positive association with risk o f  myocardial
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infarction was demonstrated. In one British case-control study, (Thomas et al. 1983) 

the adipose tissue composition o f 136 post-mortem samples from subjects who had 

died o f  ischaemic heart disease was shown to be higher in trans fatty acids (16:1 trans 

and 18:1 trans) than 95 control subjects who had died o f  other causes. The trans 

isomers (16:1 trans) were derived predominantly from hydrogenated marine oils rather 

than from hydrogenated vegetable oils. In a later study in Scotland (Thomas et al. 

1987), post-mortem samples from 27 subjects who had died o f ischaemic heart disease 

were compared to control samples from 27 subjects who had died o f  unrelated causes. 

Once again, cases showed a higher proportion o f trans 16:1 compared to controls. 

However a study carried out by Roberts et al. (1995) showed lower levels o f  trans 18:1 

fatty acids in adipose tissue samples o f 66 British men who died o f CHD compared to 

286 healthy living controls. In addition, no difference was found with regard to the 

level o f  trans 18:2 fatty acids between cases and controls. Results o f  a recent study 

carried out in the Netherlands (Van de Vijver et al. 1996) demonstrated that there was 

no difference in the trans fatty acid concentration o f plasma phospholipids between 83 

subjects with severe coronary artery disease (>80% stenosis in one coronary vessel) 

and 78 subjects with less than 50% stenosis in the coronary artery. Other studies which 

have examined the association between trans fatty acids in plasma (Siguel & Lerman, 

1993) and platelets (Hodgson et al. 1996) with CAD and severity o f  CAD have yielded 

conflicting results.

The purpose o f the present study was to assess fat intake with particular focus on trans 

fatty acids, and to examine the major sources o f trans fatty acids in the diet o f Irish 

individuals. Furthermore, since it may be important to differentiate between naturally 

occurring trans fatty acids in meat and dairy products and trans fatty acids which are 

produced as a result o f industrial hydrogenation, the contribution o f these two sources
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to the total trans fatty acid intake, was also estimated. Assessment o f trans fatty acid 

intake has not been previously carried out in Ireland while reports on intakes in the UK 

are sparse. Several different approaches have been taken to estimate trans fatty acid 

intake in the diet:

(1) estimates based on ‘food disappearance’ or market share data,

(2) analysis o f  dietary intake data o f a representative sample,

(3) laboratory analysis o f duplicate portion or composite diets, and

(4) estimates based on the trans fatty acid content o f  biological tissues.

Although each method has inherent advantages and disadvantages, results from each 

source can give reasonable comparative estimates o f trans fatty acid intake throughout 

the world. The present study analysed dietary intake data o f a representative sample 

from the population. As discussed in chapter 3 the calculation o f  trans fatty acid intake 

is extremely difficult, because o f the variability in composition o f  different food items. 

Manufacturers may blend a number o f oils to achieve the desired characteristics for a 

particular brand o f margarine or cooking fat. Even within a brand therefore there may 

be a considerable variation in fatty acid composition depending on the blend, which is 

selected on the basis o f  current market prices for fats and oils. The present study 

therefore, utilised a food/nutrient database which included the fatty acid composition of 

foods which contribute to fat intake in the diet (described in chapter 2). Therefore the 

nutrient database used to trans\dXQ food intake into nutrient intake was appropriate to 

the reference period o f dietary assessment.
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4.2 METHODOLOGY:

4.2.1 Study design:

One hundred and five healthy volunteers (43 females and 62 males; age range 23-63 

years) were recruited for this study. Ethical approval was received from the ethics 

committee o f  the Federated Dublin Voluntary Hospitals. All participants gave their 

informed and written consent to take part in this study which was part o f  a validation 

study for a newly developed fat intake questionnaire (described in chapter 3).

4.2.2 Dietary Analysis:

Dietary intake o f macronutrients and micronutrients was assessed using the 88 item fat 

intake questionnaire (FIQ). The frequency o f consumption o f each o f  the 88 food items 

was recorded on a per day, per week, per fortnight or per monthly basis. The four 

weeks preceding the interview were used as the reference period for the FIQ. Standard 

portion sizes for each food listed were derived from commonly used household units. 

The FIQ was developed to record the subject’s regular portion size o f each food 

relative to this standard portion size. For a limited number o f  foods, (namely, breakfast 

cereals, meat, fish and mixed dishes) a semiquantitative approach was necessary where 

the subject was given a choice o f three possible portion sizes, (namely, small, medium 

or large). Standard portion sizes were used to quantify intake (Crawley, 1988). In 

order to identify brands o f food consumed, an atlas o f 142 photographs o f  the different 

brands o f  biscuits, cakes, pastries, breads, cooking fats, dairy and non-dairy spreads 

was used. The FIQ was designed to record additional information on method of
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cooking, sauces added, the type and amount o f fat used both in cooking and at the table 

and the consumption o f fat on meats.

4.2.3 Statistical Analysis:

To eliminate interviewer bias all interviews, coding and analysis was carried out by the 

main investigator. Nutrient intakes were calculated using the food/nutrient database 

(FOODBASE), which included analysis o f 225 foods described previously (chapter 2). 

For items containing more than one food product (i.e. composite recipe dishes) the 

nutrient content was calculated as the weighted consumption o f  each separate food 

product. The statistical analysis o f  all data was performed using SPSS (Statistical 

Package for Social Sciences). Foods which contributed to trans fatty acid intake were 

subdivided into those which provide naturally occurring trans fatty acids (Ntfa) i.e. 

those found in ruminant meat and meat products, lard, butter and dairy produce, and 

those which are as a result o f hydrogenation o f vegetable and marine oils (Htfa). A 

comparison o f  food intakes between high and low consumers o f  trans fatty acids was 

also made. Since food intakes may not be normally distributed, non-parametric 

statistics were used. Significant differences were assessed using the Mann Whitney 

test.
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4.3 RESULTS:

4.3.1 Contribution o f  foods (g/day) to total trans fatty acid intake;

Table 4.1 shows the results for energy, and fatty acid intake o f 105 healthy volunteers 

which was assessed using the Fat Intake Questionnaire. Total fat intake (% energy) 

was 34% while the contributions from saturated, monounsaturated and polyunsaturated 

fatty acids were 13%, 10% and 6% respectively. The total trans fatty acid intake was 

2% o f energy intake with no difference between men and women, while linoleic acid 

intake was 5% o f energy intake. The mean trans fatty acid intake (g/day) (Table 4.2), 

for the total group was 5.4 g/day although the range o f  intake was 0.3-26 g/day. Males 

had a higher mean intake compared to females (6.3 vs. 4.2 g/day). In addition the 

males had a much higher range o f intakes (0.3-26 vs. 1.2-11.9 g/day). The contribution 

o f foods (g/day) to trans fatty acid intake in the total study group, in males (n 62) and 

in females (n 43) are shown in Table 4.2. Intake o f spreads contributed the most to 

trans fatty acid intake in the total group (1.93 g/day) in males (2.35 g/day) and in 

females (1.33 g/day). Spreads contributed a significantly greater amount o f  trans fatty 

acids in the male group compared to the female group (P= 0.024). In addition milk and 

meat also contributed significantly greater amounts o f  trans fatty acids in the male 

group (P= 0.000 and P= 0.001 respectively). Other sources o f  trans fatty acids 

included cakes, biscuits, confectionery, butter, and cheese.
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Table 4.1. Energy and fatty acid intake assessed using a Fat Intake Questionnaire in 105 healthy volunteers 

(age 23-63 years), in men (n 62) and in women (n 43).

Total Group (n 105) 

Mean SD

Males (n 62) 

Mean SD

Females (n 43) 

Mean SD

Energy (MJ/d) 10.6 3 11.9 2.9 8.8 2.1

Total Fat(% E) 34 6 33 6 35 7

SFA (% E) 13 4 13 4 13 4

MUFA (% E) 10 2 10 2 11 2

PUFA (% E) 6 2 5 2 6 2

Trans (% E) 2 1 2 1 2 1

Linoleic acid (% E) 5 2 5 2 5 2

Carbohydrate (% E) 46 7 47 6 44 7

Protein (% E) 15 3 15 3 15 3

Alcohol (% E) 6 5 5 6 6 5

SFA Saturated fatty acids; MUFA monounsaturated fatty acids; PUFA polyunsaturated fatty acids.



Table 4.2 Contribution o f foods (g/day) to total trans fatty acid intake in 105 healthy volunteers (aged 23-63 years), 

in men (n 62) and in women (n 43).

Total Group (105) Males (62) Females (43)

Food Mean Range Mean Range Mean Range

Biscuits 0.74 0.7 0.94 0-7.7 0.45 0-3.5

Cakes 0.45 0-3.6 0.52 0-3.6 0.35 0-2.8

Confectionery 0.31 0-3.8 0.21 0-3.3 0.45 0-3.8

Savoury snacks 0.09 0-0.7 0.08 0-0.6 0.11 0-0.7

Butter 0.53 0-6.2 0.55 0-6.2 0.49 0-3.2

Spreads 1.93 0-17.8 2.35** 0-17.8 1.33 0-7.5

Milk 0.53 0-3.2 0.66*** 0-3.2 0.32 0-1.3

Cheese 0.29 0-1.4 0.31 0-1.4 0.28 0-1.0

Chips 0.09 0-0.51 0.08 0-0.26 0.10 0-0.51

Meat 0.17 0-1.4 Q 2 * * * 0-1.0 0.14 0-1.4

Meat Products 0.05 0-0.8 0.05 0-0.6 0.04 0-0.7

Sauces 0.19 0-7.7 0.28 0-7.7 0.08 0-1.67

Otherf 0.10 0-1.20 0.12 0-1.20 0.07 0-0.32

Total Trans Intake 5.4 0.3-26 6.3 0.3-26 4.2 1.2-11.9

tO ther foods supplying trans fatty acids are eggs, cereals , ice-cream, cream, bread, and yoghurt. 

**?<0.05, ***P<0.005. Significantly difference between mean intake o f males and females.



4.3.2 Percentage contribution o f foods to trans fatty acid intake;

The percentage contribution o f foods to trans fatty acid intake is shown in Table 4.3. 

Results show differences between the contribution o f  foods to trans fatty acid intake 

between males and females. For example, confectionery appears to be a significantly 

more important source o f  trans fatty acids for women than men (8.6% vs. 3.1%, 

P=0.01). In addition, cheese intake is also a significantly greater contributor to total 

trans fatty acid intake in women compared to men (7.9% vs. 5% respectively, 

P=0.003). Milk intake contributes a significantly greater percentage o f  trans fatty acids 

in men compared to women (11.5% vs. 8.2%> respectively, P=0.05).

4.3.3 Natural versus industrial hydrogenated derived sources o f trans unsaturated 

fatty acids in male and females

The percentage contribution o f  foods to natural versus industrial hydrogenated sources 

o f trans fatty acid intake was also examined. Naturally occurring trans fatty acids 

(NtFA) included the trans fatty acids in ruminant meat and meat products, butter, and 

dairy produce. Industrial hydrogenated sources o f trans fatty (HtFA) acids included 

those fatty acids found as a result o f  hydrogenation o f  vegetable and fish oils, and 

products where these oils are used. Therefore, cakes, biscuits, pastries, confectionery 

and commercial spreads contributed to this sub-division o f trans fatty acids. Results 

showed that for the total study group (n 105), 71% o f trans fatty acids were contributed 

by HtFA. The remaining 29% was contributed by NtFA. Results for men (n 62) and 

women (n 43) are shown in Table 4.4. HtFA contributed 72% o f trans fatty acids in 

men and 69% in women. The remaining 28% for men and 31% for women was
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Table 4.3 Percentage contribution of foods to trans fatty acid intake in the 105 healthy volunteers (aged 23-63 years), 

in men (n 62) and in women (n 43).

Total Group (105) Males (n 62) Females (n 43)

Food Mean SD Mean SD Mean SD

Biscuits 13.6 20.4 14.8 18.83 11.6 15.36

Cakes 8.2 12.74 8.3 10.15 9.9 18.44

Confectionery 5.6 13.0 3.1 7.4 8.6** 13.5

Savoury snacks 1.6 2.8 1.4 2.46 3.2 5.56

Butter 9.7 18.5 9.2 16.12 11.46 17.36

Spreads 35.7 47.1 33.5 26.81 27.5 25.8

Milk 9.6 10.0 11.5** 10.91 8.2 7.30

Cheese 5.4 5.79 5.0 5.65 7.9

Chips 1.7 1.74 2.0 5.05 3.1 3.67

Meat 3.0 3.5 4.2 5.8 3.8 4.65

Meat Products 0.8 1.9 0.8 1.57 1.0 2.11

Sauces 3.6 17.06 4.1 14.78 2.1 7.37

Other! 1.6 2.69 2.0 3.23 1.4 1.55

Total Trans Intake 5.4 3.2 6.3 3.6 4.2 2.2

tO ther foods supplying trans fatty acids are eggs, cereals , ice-cream, cream, yoghurt and bread. 

** P<0.05, ***P<0.005. Significant difference between mean intake of males and females.



Table 4.4. Percentage contribution of foods to natural versus industrial hydrogenated sources o f trans fatty acid 

intake in the 105 healthy volunteers (aged 23-63 years), in men (n 62) and in women (n 43).

Natural trans fatty acids Industrial hydrogenated trans fatty acids
Males Females Males Females

Food Mean SD Mean SD Mean SD Mean SD
Biscuits 0 0 0 0 21.76 24.46 17.64 20.76

Cakes 0 0 0 0 16.28 20.89 14.51 22.80

Confectionery 0 0 0 0 5.01 11.26 12.37 17.54

Savoury snacks 0 0 0 0 2.64 4.34 5.65 9.53

Butter 18.18 25.03 22.27 27.45 0 0 0 0

Spreads 0 0 0 0 43.54 32.59 37.22 31.91

Milk 37.66 24.15 29.70 23.57 0 0 0 0

Cheese 19.01 18.89 23.11 21.11 0 0 0 0

Chips 0 0 0 0 4.73 11.27 6.17 8.67

Meat 15.95 17.80 12.84 14.47 0 0 0 0

Meat Products 4.24 8.68 3.55 5.87 0 0 0 0

Sauces 0 0 0 0 4.16 10.45 5.30 16.98

Otherf 4.93 7.32 8.49 15.58 1.84 4.66 1.11 1.92

100 100 100 100

Total Trans Intake 1.8 1.49 1.34 1.29 4.53 3.79 2.9 2.29

fOther foods supplying trans fatty acids are eggs, cereals, ice-cream, cream, yoghurt and bread



contributed by NtFA. The intake o f spreads was the largest contributor to HtFA for 

both males and females (43% and 37% respectively). Biscuits, cakes and confectionery 

supplied in total 43% in men and 45%> o f HtFA in women. NtFA were contributed 

predominantly by milk (37% for men, 29% women), cheese (19% for men, 23% for 

women), butter (18% for men, 22%> for women) and meat (15% for men, 12%> for 

women). The sex difference in the contribution o f cheese to NtFA was made up by an 

increased percentage coming from meat and milk in men.

4.3.4 Comparison o f food intake in high and low consumers o f  trans fatty acids;

The total study group was also divided into quartiles based on their trans fatty acid 

intake. A comparison o f individuals with the lowest (0-1.27% energy) and highest 

(>2.3% energy) intake o f  trans unsaturated fatty acids was also made. Results are 

shown in Table 4.5. Results show that those with a low trans fatty acid intake have a 

significantly higher intake o f root vegetables (P= 0.05), tomatoes (P= 0.008), salad 

vegetables (P= 0.008), soup (P= 0.002) and wine (P= 0.01). In addition, those with the 

highest trans fatty acid intake (> 2.3%) energy intake) had a significantly higher intake 

o f chipped potatoes (P=0.03), monounsaturated full-fat spreads (P=0.005), 

polyunsaturated full-fat spreads (P= 0.003), biscuits (P= 0.001) and cakes (P= 0.03).
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Table 4.5. Comparison of food intakes (g/day) of those with the lowest quartile o f trans fatty acid intake 

(0-1.27% Energy), (n 26) and highest quartile of trans fatty acid intake (>2.3% Energy), (n 26).

Low trans fatty acid intake High trans fatty acid intake

Food %Food Consumer Median Range % Food Consumer Median Range Mann Whitney

Bread, Cereals 

Potatoes

Brown Bread

&

4 32 10-111 3 51 26-180 NS

Wholemeal 15 129 17-250 11 114 50-150 NS

White bread 11 60 9-150 18 64 26-285 NS

Cereals 20 26 3-266 22 42 6-200 NS

Pasta 24 19 5-124 18 18 5-150 NS

Rice 24 26 6-123 20 24 6-75 NS

Potatoes boiled 24 86 9-720 25 91 12-485 NS

Potatoes-chipped 21 25 5-85 22 40 6-107 P=0.03

Potatoes-Roast 14 30 5-120 18 19 6-42 NS

Dairy Foods 

Milk-FF 14 142 14-637 19 195 60-1425 NS

Milk-LF 11 163 63-579 11 205 25-465 NS

Milk-Skimmed 4 113 94-173 1 1 _ _



Table 4.5 continued. Comparison o f food intakes (g/day) of those with the lowest quartile of trans fatty acid intake (0-1.27% Energy)(n 

26) and highest quartile o f trans fatty acid intake (>2.3% Energy), (n 26).

Low trans fatty acid intake High trans fatty acid intake

Food %)Food Consumer Median Range % Food Consumer Median Range Mann Whitney

Cheese-FF 17 11 6-94 20 20 5-96 NS

Cheese-LF 10 15 2-60 4 13 9-25 NS

Protein Foods

Red Meat 25 53 5-194 26 56 4-128 NS

Processed Meat 9 5 1-13 13 11 1-31 NS

Poultry 25 33 6-113 26 33 6-92 NS

Fish-oily 15 7 2-29 10 7 4-21 NS

Fish-white 21 14 4-69 18 14 3-28 NS

Eggs 21 7 2-42 21 9 2-36 NS

Pizza/Quiche 20 28 4-114 19 21 7-57 NS

Fruit & Vegetables

Citrus fruit 22 54 12-380 20 43 7-240 NS

Fruit juice 14 87 3-285 22 71 6-392 NS



Table 4.5 continued. Comparison of food intakes (g/day) of those with the lowest quartile o f trans fatty acid intake (0-1.27% Energy)(n 

26) and highest quartile o f trans fatty acid intake (>2.3% Energy), (n 26).

Low trans fatty acid intake High trans fatty acid intake

Food %Food Consumer Median Range % Food Consumer Median Range Mann Whitney

DGLV 25 39 4-270 20 28 4-120 NS

Pulses 23 28 9-173 25 35 6-170 NS

Root 25 34 1-160 24 23 1-79 P= 0.05

Tomatoes 21 12 6-60 14 7 1-25 P= 0.008

Salad veg 17 31 3-120 17 16 1-64 P= 0.008

Fats

Butter 10 16 4-42 11 6 1-46 NS

MUFA-FF 4 10 6-14 20 26 11-99 P= 0.005

MUFA-LF 4 19 10-27 0 0 0 -

PUFA-FF 9 10 1-25 2 30 27-33 P= 0.003

PUFA-LF 1 42 - 1 24 - NS

Desserts, Cakes & Biscuits

Cream 7 4 1-101 7 4 0-11 NS

Ice-cream 12 15 4-71 19 14 3-50 NS

DGLV (Dark green leafy vegetables), MUFA-FF (monounsaturated full fat spread), MUFA-LF (monounsaturated 

low-fat spread), PUFA-FF (polyunsaturated full-fat spread), PUFA-LF (polyunsaturated low-fat spread).



Table 4.5 continued. Comparison of food intakes (g/day) of those with the lowest quartile of trans fatty acid intake 

(0-1.27% Energy), (n 26) and highest quartile of tmns fatty acid intake (>2.3% Energy), (n 26).

Low trans fatty acid intake High trans fatty acid intake

Food %Food Consumer Median Range % Food Consumer Median Range Mann Whitney

Biscuits 19 14 4-54 24 48 8-150 P=0.001

Cakes 24 23 4-142 24 33 4-177 P= 0.03

Sugar 7 9 3-18 13 9 1-45 NS

Preserves 7 23 4-75 7 9 2-30 NS

Chocolate 17 8 1-76 18 7 2-94 NS

Nuts 7 4 0-100 9 4 1-6 NS

Crisps 18 9 1-37 16 8 1-28 NS

Drinks

Beer 20 203 61-1947 17 365 41-1141 NS

Wine 19 107 4-536 18 44 4-257 P= 0.01

Spirits 13 8 1-54 7 11 3-41 NS

Soups & Sauces

Soup 18 60 16-157 13 29 6-94 P= 0.002

Sauces 15 33 2-341 24 24 3-111 NS



4.4 DISCUSSION:

In order to discuss the results o f this study in relation to previous studies, the methods 

o f dietary assessment need comparison between studies. The results o f this study are 

based on intakes assessed using a food frequency questionnaire (FIQ), the validity o f 

which is described in chapter 3. The FIQ was validated for macronutrient and 

micronutrient intake by comparison with intakes assessed using the diet history 

method. The trans fatty acid data used in the nutrient database to /ra/z^late food intake 

into nutrient intake was developed specifically for this study. Two hundred and 

twenty-five foods were analysed to assess their fatty acid composition, including trans 

fatty acids. This fatty acid data was collected at the same time as dietary analysis was 

carried out. Therefore, the effects o f variability in fatty acid composition o f different 

food items, which can occur as a result o f changes in the blend o f oils used, was 

minimised. In order to identify brands o f food consumed, an atlas o f  142 photographs 

o f the different brands o f biscuits, cakes, pastries, breads, cooking fats, dairy and non

dairy spreads was used.

Total fat intake assessed by the FIQ was 34% o f energy intake. Data on Irish adults 

(n=715) from the Irish National Nutrition Survey conducted in 1989 also revealed 

similar fat intakes o f 32% o f total energy intake (Flynn & Kearney 1999). Unpublished 

results o f  the North-South Food Consumption Survey (NSFCS) carried out between 

1997 and 1999 have estimated fat intakes o f 34.8% and 35.6% o f energy intake in 662 

Irish men and 717 Irish women respectively (Harrington et al. unpublished data). 

Trans fatty acid intake has not been previously estimated in the Irish population. 

Therefore, results o f the present study must be compared with results obtained from the 

UK, Europe and the USA. Trans fatty acid intake assessed using the FIQ compares
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well with UK Department o f Health recommendations o f  5 g/day or 2% energy, 

indicating that the current level o f intake (5.4g/day, 1.9% energy) does not represent a 

major health risk in Ireland. The possibility o f trans fatty acid intakes up to 26 g/day in 

some men and 11.9 g/day in some women highlights the need for careful monitoring o f 

the health risks at these high levels o f  intake. The trans fatty acid intake o f  a Scottish 

population was assessed also using a FFQ, (Bolton-Smith et al. 1995). Estimated trans 

fatty acid intakes were 7.1 g/day (2.7% energy) in men and 6.4 g/day (3.3%> energy) in 

women. In addition, the Scottish study showed a much greater range o f  tm ns  fatty acid 

intake compared to the present study (maximum intake 48 vs. 26 g/day). These 

estimates were however, higher than results o f  Scottish adults in the Dietary and 

National Survey o f British Adults (Gregory et al. 1990). Using the data o f Gregory et 

al. (1990) trans fatty acid intakes were estimated at 5.6g/day for men, and 4.0 g/day for 

women. Since both studies were carried out at approximately the same time, the 

differences in estimates o f  trans fatty acid intake must be due to differences in dietary 

assessment methodology and food composition databases. Estimates o f  trans fatty acid 

intake in the UK diet have been assessed by a number o f  investigators using different 

methods (Bolton-Smith et al. 1995; BNF 1987; BNF 1995; Gurr, 1983). In addition, 

two comprehensive reports have been published by the British Nutrition Foundation 

Task Force on Trans Fatty Acids (1987, 1995). The trans fatty acid content o f  the diet 

was estimated at 7g/person/day (6% total fat) in 1987, while estimates in 1995 had 

decreased slightly to 6g/person/day (6%> total fat, 2%> total energy). The main sources 

o f trans fatty acids in the UK diet are partially hydrogenated oils and fats. Margarines, 

spreads, frying oils and bakery products contribute at least 45% o f the total trans fatty 

acids in the UK diet while approximately 35% are contributed by ruminant meat fats, 

milk and dairy products (BNF, 1995). Early estimates o f  trans fatty acid intake in the

142



UK diet based on the average trans fatty acid composition o f  food, and trends in food 

consumption yielded results o f  12g/person/day (Gurr, 1983). Later estimates generally 

averaged 4-7 g/person/day (Bolton-Smith et al. 1995; BNF, 1987; BNF, 1995).

The main sources o f  trans fatty acids in the Irish diet are partially hydrogenated oils 

and fats. Spreads, and bakery products contribute at least 57% o f the total trans fatty 

acids in the Irish diet. Significant differences in the contribution o f foods to total trans 

fatty acid intake (g/day and % contribution), were seen between males and females. 

Men had a significantly greater contribution from spreads, milk and meat (g/day), while 

women had a significantly greater percentage contribution from confectionery and 

cheese compared to men. Therefore, dietary sources o f trans fatty acids are different 

for men and women.

A comparison o f  the results found in the present study and the Scottish study (Bolton- 

Smith et al. 1995), where dietary intake o f  trans fatty acids were estimated using FFQs 

showed differences in the contribution o f foods to trans fatty acid intake. Industrially 

hydrogenated trans fatty acids contributed nearly 58% o f total trans fatty acid intake in 

Scottish men and 61% in Scottish women. It is interesting to note that the HtFA/Ntfa 

split in the present study is 71/29% for the total group (n 105), 72/28% in men, and 

69/31% in women. O f the commercially hydrogenated trans fatty acids nearly 60% for 

Scottish men and 64% for Scottish women were provided by cakes, biscuits and sweets, 

compared to 43% in Irish men and 45% in Irish women (Table 4.4). Spreads and lard 

provided 20%> o f HtFA in Scottish men and women compared to 43% in Irish men and 

37% in Irish women. Differences in the contribution o f foods to NtFA were also found 

between these populations. NtFA were provided by ruminant meat (27%>), milk and 

butter (approximately 20%>) and cheese (13% for men, 16% for women) in the Scottish 

population. Meat contributed only 15%> in Irish men and 12% in Irish women, while
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the remaining NtFA were supplied by milk (37% in men, 29% in women), butter (18% 

in men, 22% in women) and cheese (19% in men, 23% in women). The increased 

contribution o f cheese to NtFA in women was also found in the Scottish study.

Reported mean intakes o f  trans fatty acids in the US vary considerably depending on 

the method o f dietary assessment used. Per capita intake calculations have yielded 

trans fatty acid intakes o f  7.6 g/day and 8.3 g/day (Hunter & Applewhite, 1986; Hunter 

& Applewhite, 1991). However, a re-evaluation o f these figures by Enig et al. (1990), 

estimated mean trans fatty acid intakes o f  13.3 g/day. Results o f dietary intake 

estimates using FFQs have yielded lower trans fatty acid intakes in the US population. 

The following estimates o f  trans fatty acid intake were found in the US population 

using a semi-quantitative food frequency questionnaire; Willett et al. (1993) 2.4 g/day 

in women, Ascherio et al. (1994) 4.36 g/day. Hunter et al. (1992) 3-3.4 g/day, Lemaitre 

et al. (1998) 2.24 g/day. Garland et al. (1998) 2.8 g/day. It would appear therefore that 

the Irish intake o f  trans fatty acids (5.4 g/day) is higher than estimates in the US. 

Although hydrogenated vegetable oils are widely used in the US, hydrogenated fish oils 

are virtually absent from the US diet (BNF, 1987). In contrast, hydrogenated fish oils 

were widely used in Ireland at the time o f dietary analysis. It is therefore reasonable to 

expect mean trans fatty acid intakes in Ireland to be more comparable with levels in the 

UK where the use o f fish oil in the manufacture o f  margarines in the mid 1980s was 

approximately 43%, decreasing to 22% by 1992 (Bolton-Smith et al. 1995).

Recently, intake o f trans fatty acids in 14 European countries was published (van 

Poppel,1998). Trans fatty acid intake (g/day) in 1995-1996 were as follows, Iceland, 

5.4; Netherlands, 4.3; Belgium, 4.1; Norway, 4.0; UK, 2.8; Sweden, 2.6; Denmark, 2.6; 

France, 2.3; Germany, 2.2; Spain, 2.1; Finland, 2.1; Italy, 1.6; Portugal, 1.6; and 

Greece, 1.4. Therefore, it would appear that dietary trans fatty acid intake (assessed in
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1997) in Ireland is equal to the highest level o f  intake in Europe, (Iceland, 5.4 g/day). 

Notably, 35-70% o f trans fatty acids in these European countries (van Poppel, 1998) 

are o f  natural origin, compared to 29% in Ireland. Trans fatty acids from different 

sources may have different effects on CHD risk. The Nurses Health Study did not 

observe an association between animal derived trans fatty acids and cardiovascular 

disease, although the metabolic basis for this remains unclear (Willett et al. 1993). In 

addition, subgroup analysis o f the US diet for different sources o f trans fatty acids in 

the study carried out by Ascherio et al. (1994) showed that intake o f margarine was 

independently associated with a risk o f  MI. In addition, Tavani et al. (1997), provided 

support for a role o f margarine in the aetiology o f  nonfatal acute myocardial infarction 

in Italian women. Medium or high intake o f  margarine was associated with an 

increased risk o f  AMI with an odds ratio o f  1.4 after adjustment for age only, and 1.5 in 

the multivariate analysis.

Because the major sources o f trans fatty acids in Ireland are spreads, cakes, biscuits 

and fried foods (industrially hydrogenated trans fatty acids) we can recommend either a 

limited intake o f these products or an effort on the part o f food manufacturers to 

decrease the trans fatty acid content o f these products. A significant reduction in total 

trans and HtFA intake could be achieved through changes in the type o f  spreads used 

as spreads contributed approximately 36% o f total trans and 37-44% o f industrial- 

derived trans fatty acids in the present study. Recommendations should include a 

switch from high trans spreads to a low trans spreads. I f  the goal is to harden fat, 

perhaps other means can be used to raise the melting point o f fat for spreads and to 

modify fats so that they are useful in food processing, cooking and baking, without 

modifying their taste. Fully hydrogenated soybean oil, a fat source that is currently 

consumed in North America as a component o f  liquid shortening, has been shown to
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have a reduced bioavailability in rats (30% bioavailable), (Kaplan & Greenwood, 

1998). In addition, fully hydrogenated fats are virtually devoid o f  trans fatty acids 

(Kaplan & Greenwood, 1998) and may be a possible replacement for partially 

hydrogenated fats. Another approach is to harden liquid oils through interesterification, 

since the rearrangement o f  certain fatty acids within triacylglycerol molecules changes 

their physical characteristics (Nestel et al. 1995). This study showed that 

interesterification o f oils to harden margarines does not raise plasma cholesterol more 

than the margarine’s constituent fatty acids (Nestel et al. 1995). However, this study 

was carried out using palm oil (rich in cholesterol-raising fatty acids) and further 

studies and comparisons o f different mixtures o f  fatty acids, especially o f those likely 

to be used for commercial purposes, are required.

We need to ascertain the effects o f different forms o f  hydrogenated fat consumed in 

amounts reflective o f current use in Ireland. In conclusion, the results o f  this study 

indicate that while 3.83 g/day o f  industrial-derived trans fatty acids are consumed on 

average by Irish individuals, 36 g/day o f saturated fatty acids are consumed. This 10- 

fold difference in the intake o f SFA and industrial-derived trans fatty acids, should be 

noted. It would be beneficial to add the trans and SFA content o f  foods and provide 

this information on food labels to avoid promotion o f fats high in SFA as replacements 

for partially hydrogenated oils. The debate about trans fatty acids should not detract 

from the body o f scientific evidence linking the intake o f  saturated fatty acids to 

cardiovascular risk, thereby providing the basis for dietary recommendations limiting 

the intake o f  saturated fat.
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Chapter 5

The Acute Effects of 

Ingestion of Hydrogenated 

Fish Oil, Lard and Palm Oil 

on the Postprandial 

Response



5.1 INTRODUCTION:

It has been established in numerous studies that saturated fatty acids (SFA) raise 

plasma low density lipoprotein (LDL) cholesterol concentrations compared to n-6 

polyunsaturates (PUFAs) and n-9 monounsaturates (MUFAs), (Grundy & Denke 1990; 

Hegsted et al. 1993; Clarke et al. 1997; Hu et al. 1999). Given the extensive literature 

supporting a causal relationship between total cholesterol and coronary heart disease 

(CHD), there is a consensus that dietary SFAs should be reduced in the diet o f  the 

general population (Expert Panel, NCEP, 1993; Expert Panel, NCEP, 1994). However, 

historically animal fats (which have a high concentration o f  SFAs) were used in the 

food industry in the manufacture o f cooking fats and margarines, which in turn were 

used in the production o f  cakes, biscuits, pastries, and snack foods. A suitable 

alternative was therefore required to replace animal fats in the food industry. Highly 

unsaturated fatty acids in some vegetable and fish oils are unsuitable for many food 

uses because o f their low melting points and susceptibility to peroxidation. The 

process o f partial hydrogenation o f vegetable and marine oils increases the solid fat 

content and melting point, by reducing the total degree o f unsaturation in these oils 

(Gurr, 1996). During the course o f hydrogenation, a process which is never taken to 

completion, a proportion o f  the cis double bonds in the raw material are isomerised to 

trans double bonds. M igration o f  both cis and trans double bonds along the carbon 

chain also occurs. Hydrogenation o f vegetable oils, which contain predominantly 18 

carbon PUFAs, produces equal quantities o f trans isomers with double bonds in 

positions 8, 9, 10, 11, and 12 (Gurr, 1996). A small proportion o f c\s-trans dienoic 18 

carbon acids are usually also present (Kris-Etherton et al. 1995). Hydrogenation o f  fish 

oils, which contain a high proportion o f 20 and 22 carbon acids with up to six double
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bonds, produces greater opportunities for isomerism. A more complex mixture o f cis 

and trans positional isomers are formed (M uller et al. 1998). Although partial 

hydrogenation o f oils produces textured fats which are suitable alternatives to animal 

fats in the food industry, the trans fatty acids produced have been shown to have 

adverse health effects. Trans unsaturated fatty acids (TUFAs) have been shown to 

increase plasma total and LDL cholesterol levels (Mensink & Katan, 1990; Nestel et al. 

1992; Zock & Katan, 1992; Judd et al. 1994; Almendingen et al. 1995; M uller et al. 

1998). In addition TUFAs have been shown to lower plasma high density lipoprotein 

(HDL) cholesterol (M ensink & Katan, 1990; Zock & Katan, 1992) and increase 

lipoprotein(a) levels (Mensink et al. 1992; Nestel et al. 1992; Almendingen et al. 1995; 

Aro et al. 1997). In view o f the lowering effect o f  trans fatty acids on HDL cholesterol 

levels, one would expect to see a simultaneous rise in triglyceride levels. Serum 

triglyceride levels were modestly but significantly elevated with a trans fatty acid diet 

compared with those observed with an oleic or linoleic acid diet as a reference (Judd et 

al. 1994; Mensink & Katan 1990; Zock & Katan 1992). The effect o f  trans fatty acids 

on triglyceride levels were examined using a meta-analysis o f  individual trials 

(M ensink et al. 1992). Trans fatty acid diets were compared to an oleic acid diet 

(reference diet), and results demonstrated that for each additional percent o f  energy as 

trans fatty acids an increase in triglyceride levels o f 0.013 mmol/L (P -0.04) could be 

expected.

Epidemiological evidence suggests that a high intake o f trans fatty acids is associated 

with an increased risk o f  cardiovascular disease and acute myocardial infarction 

(Ascherio et al. 1994; Willett et al. 1993). However, Aro et al. (1995), found no 

relationship between concentrations o f TUFAs in adipose tissue and acute myocardial 

infarction in men from 8 European countries and Israel. Further analysis revealed that
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when 2 Spanish centres, which had very high oleic acid intakes and a very low TUFA 

intake, were excluded from the analysis, the odds ratio increased from 0.97 to 1.44. 

Most o f  these studies have examined the effect o f TUFA on lipoprotein levels and 

CHD risk when TUFA are derived from hydrogenated vegetable oil sources. O f the 

few studies which have examined the effect o f  TUFA intake from hydrogenated marine 

oils sources, results have shown that partially hydrogenated fish oil (PHFO) is at least 

as potent as butterfat and significantly more potent than partially hydrogenated soybean 

oil (PHSO) in raising plasma total and LDL cholesterol levels (Almendingen et al. 

1995). Total cholesterol and LDL cholesterol levels were significantly greater after a 

PHFO-diet compared to levels after a PHSO-diet. Similar effects o f PHFO on plasma 

lipids were shown by M uller et al. (1998). LDL cholesterol concentrations were 19% 

higher in subjects who consumed a margarine based on PHFO compared to those who 

consumed a margarine based on vegetable oils. In addition, the LDL:HDL ratio was 

12.6% higher in subjects on the PHFO margarine compared with those on the vegetable 

oil margarine.

The continued used o f partially hydrogenated fish oils in margarine manufacture has 

therefore raised concerns. The issue arises as to whether there are benefits to replacing 

a product which is rich in SFAs, such as lard, with a product which is not only rich in 

SFAs, but which is also rich in TUFAs, for example PHFO. The effect o f  TUFAs on 

blood lipids and lipoprotein concentrations have been studied following long-term (21 

days) ingestion o f  TUFAs compared to oleic acid (18:1), (Mensink & Katan 1990; 

Nestel et al. 1992; Judd et al. 1994), linoleic acid (18:2 n-6), (Laine et al. 1982; Zock & 

Katan, 1992; Lichtenstein et al. 1993; Wood et al. 1993), or PHSO and butter 

(Almendingen et al. 1995). The reported effects o f TUFAs from these studies on serum 

lipid concentrations represent steady state concentrations o f  production and catabolism
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in long-term experiments. They do not provide insight into the mechanism by which 

TUFAs may interfere with the complex process o f  assembly, secretion and metabolism 

o f lipoproteins. The acute effects o f TUFA on lipid and lipoprotein levels is therefore 

o f interest but has not been studied extensively. Postprandial lipaemia refers to the 

series o f events which occur following ingestion, absorption and metabolism o f a fat- 

rich meal. Thus by virtue o f repeated food ingestion throughout the day, postprandial 

lipaemia is the characteristic condition o f most subjects for 12-18 hours o f the day. 

The link between prolonged elevated lipid concentrations and CHD has been well 

established (Karpe et al. 1993; Patsch et al. 1992; Zilversmit 1979).

A detailed description o f  the events which occur during postprandial lipaemia are 

outlined in chapter 1. It is therefore o f interest to compare the postprandial effect o f 

PHFO to that o f  alternatives such as lard or palm oil. The aim o f the present study was 

two-fold; to examine the postprandial response to PHFO, lard and palm oil, which are 

all textured fats and are therefore suitable for use in the food industry, and to examine 

the absorption and clearance o f fatty acids from PHFO, in particular the long-chain 

PUFAs and TUFAs.
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5.2 METHODOLOGY:

5.2.1 Study Design:

This study was conducted in the Nutrition Laboratory, Department o f  Clinical 

Medicine, at the Trinity Centre for Health Sciences, St. Jam es’s Hospital, on an out

patient basis. The study design was approved by the Ethics Committee o f the 

Federated Dublin Voluntary Hospitals. Eight healthy subjects were recruited after the 

following screening criteria were met.

•  Healthy volunteers aged 18-55 years

• Body Mass Index (BMI) 20-30 Kg/M^

• Total plasma cholesterol < 6 .5  mmol/L

• Plasma triglyceride < 2.0 mmol/1

• Haemoglobin >13.0 g/dl

• Gamma GT < 50 units

Results o f the baseline biochemical parameters were within the range o f the stated 

criteria and are shown in Table 5.1. Participants also completed a screening 

questionnaire (Appendix II) to ensure that the following criteria were met;

• Participants were not regular consumers o f  cod liver oil or any other fish oil 

supplements

• Consumption o f  oily fish did not exceed 200g per week

• Participants were healthy i.e. no participant suffered from diabetes mellitus,

hepatic, renal, cerebrovascular, psychiatric or hyperlipidaemic disorders

• Participants were not being prescribed any medications known to affect lipid 

metabolism.
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Table 5.1: Fasting total cholesterol, triglyceride, glucose, gamma GT and haemoglobin 

levels.

Subject Cholesterol

(mmol/L)

Triglyceride

(mmol/L)

Glucose

(mmol/L)

Gamma GT 

(U/L)

1 4.86 0.98 3.58 16.0

2 4.38 0.67 5.13 11.0

3 5.27 0.97 6.06 13.0

4 4.80 1.21 5.29 6.0

5 5.07 1.50 6.34 13.0

6 4.78 2.07 4.40 23.5

7 3.74 1.30 5.14 22.0

8 5.50 1.99 4.50 25.0

Mean (SD) 4.8 (0.5) 1.33 (0.5) 5.1 (0.9) 14.9(8.1)

Table 5.2: Subject Information

Subject Age (years) Weight (Kg) Height (M) BMI

(Kg/M^)

1 27 67.2 1.70 23.25

2 21 78.9 1.77 25.18

3 23 88.9 1.76 28.69

4 30 79.4 1.88 22.46

5 30 86.6 1.78 27.33

6 27 98.4 1.88 27.9

7 26 92.9 1.91 25.6

8 25 84.2 1.83 25.14

Mean (SD) 26.1 (3.1) 84.6 (9.6) 1.8 (0.07) 25.7 (2.2)



• Participants were not taking part in more than 90 minutes per week o f strenuous 

Exercise

Subject information is shown in Table 5.2.

Postprandial Study Days:

Volunteers attended the Nutrition Laboratory on the morning o f  the investigation 

between 7.00am and 9.00am following an overnight fast and having met the following 

criteria;

• refrained from alcohol for the previous 24 hours

• refrained from strenuous exercise for the previous 24 hours

• refrained from eating oily fish

A 21 gauge, 32mm venous catheter (Abbott Ireland Ltd.) was inserted into the 

antecubital vein o f  the non-dominant forearm, while the volunteer remained in a sitting 

position. After a fasting blood sample was drawn the test meal was consumed. Each o f 

the eight recruits ingested each o f  three test meals using a latin square design and a 

two-week wash-out period between test meals. The test meal was consumed within 20 

minutes o f taking the fasting blood sample and all three test meals were well tolerated. 

The composition o f  the test meals are shown in Table 5.3(a) and 5.3(b).

Each test meal was freshly prepared on the morning o f  postprandial investigations by 

melting the fat slowly on the lowest setting o f  a microwave oven. The skimmed milk, 

skimmed milk powder and flavouring was then added and whisked to form an 

homogenous drink. Pasteurised egg yolk powder (Lactosan, UK LTD., Sanovo Foods) 

was added to the lard (2.83g) and palm oil (4.2 g) test meals to increase cholesterol 

concentrations by 72.2mg and 106.8 mg respectively. Therefore, all three test meals
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Table 5.3(a): Test meal composition

Quantity Protein (g) Carbohydrate

(g)

Fat (g) Energy (Kcals)

Skimmed Milk 150 mis 4.95 7.5 0.15 49.5

Skimmed Milk Powder 15g 5.25 8.0 0.16 54.0

Flavouring * 15g 7.3 22.8 3.7 155.0

Fat t 40 g 0.0 0.0 40.0 360.0

Percentage Energy 11.3% 24.7% 64.0% 618.5 Kcals

*Nesquik Chocolate Powder.

t  40 g o f either Hydrogenated fish oil. Lard or Palm oil.



Table 5.3(b): Test meal composition.

HMO LARD* PALM OILt

Kcals 618.2 637.1 646.2

Protein (g) 17.5 18.4 18.79

(% energy) (11.3) (11.5) (11.6)

Carbohydrate (g) 38.1 38.1 38.1

(% energy) (24.6) (23.9) (23.6)

Fat (g) 45.0 45.7 46.5

(% energy) (65.5) (64.5) (64.9)

SFA (g) 18.9 19.2 21.2

(% energy) (27.5) (27.1) (29.6)

MUFA (g) 6.2 18.3 17.8

(% energy) (9.1) (25.9) (24.9)

PUFA (g) 2.0 3.8 3.3

(% energy) (2.9) (5.4) (4.6)

Trans (g) 15.8 0.56 0.0

(% energy) (23.0) (0.79) (0.0)

Cholesterol (mg) 106.8 110.8 110.8

*2.83g pasteurised egg yolk powder added, equivalent to 72.2mg cholesterol

f4.2g pasteurised egg yolk powder added, equivalent to 106.8 mg cholesterol



Table 5.3(c): Fatty acid composition o f the three test fats used (g/lOOg fatty acids)

PHFO Lard Palm Oil

C12:0 0.1 0.0 0.2

C14:0 7.7 2.8 1.1

C16:0 19.1 27.3 41.6

C16:lcis 1.8 4.3 0.3

C16:ltrans 4.6 1.0 0.0

C18:0 6.6 18.0 4.3

C 18:lcis 5.1 38.4 43.4

C18:ltrans 9.9 2.3 0.0

C18;2cis 0.7 1.2 8.4

C18:2trans 2.3 0.8 0.0

C18:3 0.0 0.3 0.3

C20:0 2.9 0.2 0.0

C20:lcis 3.7 0.0 0.0

C20:ltrans 5.7 0.0 0.0

C20:2cis 1.9 0.0 0.0

C22:0 3.6 0.2 0.0

C22:lcis 4.8 0.2 0.0

C22:ltrans 7.8 0.0 0.0

C20&C22trans

PUFAs*

7.6 0.0 0.0

* Trans fatty acid isomers of C20-C22 PUFAs



contained 106.8 mg o f cholesterol. Table 5.3(c) outlines the fatty acid composition o f 

the three test meals. During the postprandial study day volunteers avoided strenuous 

activity and abstained from all food and drink with the exception o f water, diet 

minerals, weak black tea and decaffeinated coffee which were provided and allowed ad  

libitum. Four postprandial blood samples were drawn 2, 4, 6 and 8 hours following 

ingestion o f the test meal.

5.2.2 Collection and storage o f  samples for lipid determinations:

Handling and storage o f samples used for lipid analysis were carried out according to 

recommendations as outlined by Mills et al. (1984). Venous blood samples drawn for 

lipid analysis were processed immediately to avoid spontaneous hydrolysis o f 

triacylglycerol. Blood samples for lipid determinations were immediately centrifuged 

(2500 rpm; 15 mins). The plasma was harvested, vortexed and aliquoted into 1 ml 

aliquots and stored at -20°C.

5.2.3 Triacylglycerol-Rich Lipoprotein separation:

Plasma triacylglycerol rich lipoproteins (TRL) were separated using the Grundy and 

Mok (1976) methodology, with some modifications. Two 4.7 ml Optiseal polyallomer 

centrifugation tubes (Beckman Instruments) were required for each samples TRL 

separation. 1.6 ml plasma was placed into each tube and overlayed with 1.6 ml saline 

(density = 1.006g/ml). The saline solution was prepared by dissolving 9.6g NaCl in IL  

o f distilled water. The density was adjusted using a hydrometer. Tubes were 

ultracentrifuged at 2.2 x 10^ g.min. Approximately 0.6ml o f  the TRL fraction
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(supernatant) was aspirated from both tubes using a glass pasteur pipette. The 

supernatant fractions from both tubes were pooled, vortex mixed and aliquoted (0.4ml 

aliquots) for TAG and TRL TAG fatty acid analysis. The infranatents from both tubes 

were pooled, vortex mixed and aliquoted for TAG analysis.

5.2.4 Extraction o f TRL triacylglycerol (Folch extraction)

The lipid components o f  Triacylglycerol Rich Lipoprotein (TRL) taken at time 0, time 

4 and time 8 were isolated as described by Folch et al. (1957). 400 fil o f  TRL was 

pipetted into a 16 x 100mm plain borosilicate glass test tube. Lipid extraction was 

achieved by addition o f  2.5 mis chloroform : methanol (2:1) with 0.01% butylated 

hydroxy toluene (BHT). The mixture was vortexed for 60 seconds followed by 

centrifugation for 10 mins (2500 rpm) to separate the aqueous and organic phases. The 

infranatent (organic phase) was removed using a glass pasteur pipette and transferred 

into a 12 X 75mm glass borosilicate test tube. A further lipid extraction was performed 

by addition o f 2 mis chloroform with 0.01 %> BHT to the remaining TRL sample in the 

16 X 100mm test tube. The sample was vortexed for 30 seconds followed by 

centrifugation for 5 mins (2500 rpm) to separate the aqueous and organic phase. The 

infranatent was removed and pooled with the first extract in the 12 x 75mm test tube. 

The pooled infranatent (organic phase) was evaporated to dryness in a vortex 

evaporator (AGB Scientific Ltd., Dublin, Ireland). The dried lipid samples were stored 

under nitrogen at -20°C until isolation o f the TRL triacylglycerol could be carried out.
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5.2.5 Extraction o f Non-Esterified Fatty Acids (NEFA) from plasma 

(Dole extraction):

The Dole extraction mixture (Dole et al. 1956) was made up freshly as follows;

40mls iso propyl alcohol 

1 Omls n-heptane 

Imls H2SO4

The lipid component o f  NEFA from plasma samples taken at time 0, time 4 and time 8 

were isolated as follows. Lipid extraction was achieved by addition o f 5ml o f  the Dole 

extraction mixture to 1 ml o f  plasma in a 16 x 100mm glass borosilicate test tube. The 

sample was vortexed for 2 mins followed by addition o f  3mls o f distilled water. The 

addition o f  water caused rapid division o f  the system into two phases forming a sharp 

interface. The upper phase was removed using a glass pasteur pipette and transferred 

into a 12 X 75mm glass borosilicate test tube. Samples were evaporated to dryness in a 

vortex evaporator (AGB Scientific Ltd., Dublin, Ireland). The dried lipid samples were 

stored under nitrogen at -20 °C until isolation o f  the NEFA could be carried out.

5.2.6 Separation o f  lipid fractions (Thin layer chromatography)

The triacylglycerol fraction o f  TRL samples and the NEFA fraction o f  plasm a samples 

taken at time 0, time 4 and time 8 were isolated from the crude lipid extracts by thin 

layer chromatography (TLC). The TLC solvent system (Gibney & Bolton Smith 1988) 

was made up as follows;

80mls petroleum ether (bp 40-60)

20mls diethyl ether
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2mls formic acid.

The solvent system was mixed and poured into the TLC tank which was lined with two 

sheets o f  filter paper and allowed to equilibrate for at least one hour. The TLC plate 

(silica 60 LKD 19 lane TLC plates, Whatman, 9 Bridewell PI., Clifton, New Jersey, 

U.S.A.) was activated by heating for one hour in an oven at 120°C. The lipid extracts 

(both Folch and Dole) were reconstituted in 30 |al o f  chloroform and vortexed before 

being applied in 5 ^1 aliquots. Aliquots were applied to the origin o f  the TLC plate and 

dried between each application with a hair dryer. For maximum lipid recovery a 

further 30 |j,l o f chloroform was added, vortexed and applied to the TLC plate as 

described above. A triacyglyceride standard (15 |il applied in 5 )al aliquots) and a 

NEFA standards (5 )j,l applied in 5 )j.l aliquots) were also applied to the TLC plate to 

identify the separated lipid fractions following development o f the TLC plate. The 

TLC plate was developed in the solvent system for 35 minutes, removed and allowed to 

dry for 30 minutes in the fume cupboard. The plate was sprayed with 0.1% (w/v) 

solution o f  2,7 dichlorofluorescein in 95% methanol and examined under ultra violet 

light (Hanori lamps, Slough, England) to identify the separated lipid fractions.

The silica corresponding to the triacylglycerol (TAG) and NEFA standards was scraped 

from the plate into a 16 x 100mm glass borosilicate test tube. 3 mis chloroform : 

methanol (2:1) was added and vortex mixed for 60 seconds to elute the TAG and 

NEFA. Precipitation o f the silica was achieved by centrifugation for 5 mins (2500 

rpm). The organic solvent was removed using a glass pasteur pipette and transferred to 

a 12 X 75mm glass borosilicate test tube. TAG and NEFA elution was repeated once to 

ensure near maximal recovery. The pooled organic solvents were evaporated to 

dryness in a vortex evaporator and dried samples were stored under nitrogen at -20°C.
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Standards: Triacyglyceride: lOOfj.1 pure com oil (Mazola) diluted in 1ml

chloroform.

NEFA : Palmitic acid (Sigma P5917) made up to a concentration of 3 

mg/ml with chloroform.

5.2.7 Generation of methyl esters of TRL-TAG and plasma NEFA:

TRL TAG and plasma NEFA fractions were transesterified to allow identification of 

fatty acids by Gas Liquid Chromatography (GLC). Boron trifluoride methanol (BF3 ) 

(0.5 ml o f 14% BF3 , Sigma B1127) was added to each dried TRL TAG and NEFA 

sample and vortex mixed for 30 seconds. Each 12 x 75 mm borosilicate test tube was 

sealed with a small marble and incubated in a heating block at 75“C for 30 minutes. 

Each sample was extracted with 0.5 ml hexane and vortex mixed for 40 seconds. The 

supernatant was removed using a glass pasteur pipette and transferred to a 12 x 75mm 

borosilicate test tube. This extraction procedure was repeated twice and the pooled 

lipid extract was dried down in a vortex evaporator and stored under nitrogen at -20°C.

5.2.8 Gas Chromatographic analysis o f fatty acid methyl esters o f TRL-TAG and 

plasma NEFA:

Fatty acid methyl esters of TRL-TAG and plasma NEFA samples taken at 0, 4 and 8  

hours postprandially following ingestion o f the three test meals were analysed using 

gas-liquid-chromatography (GLC). For the measurement o f trans unsaturated fatty 

acids improved separation of fatty acid methyl esters was required. The GC was fitted 

with a 100 meter capillary column (SP 2560, 0.25mm, 0.2|im, catalogue number 2-
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4056). Temperature programming was used to determine individual trans unsaturated 

fatty acids; The starting temperature o f 175^C was maintained for 35min, raised at 

2.5°C m in '' until 220*^0 was reached, and held at this temperature for 15min. The 

temperature was then increased at 2.5'’C m in '' until 240^C was reached and held 

constant for 14 min (Hodgson et al. 1996). Pure analytical standards were used to 

identify trans unsaturated fatty acids including fatty acid methyl esters o f  palmitelaidic 

{\6'.\trans  9; P0203), elaidic { \^ \\tra n s  9; E4762), linolelaidic {\%\2trans 9, 12, 

L2251), linolenelaidic (18:3 trans 9, 12, 15, L2531), trans 11 Eicosenoic acid (20:1 

trans 11, E3393) and Brassidic acid (22:1 trans 13, B8906). A split ratio o f  1:50, and a 

flow rate o f 0.7 mls/min was used. Fatty acid methyl esters were identified using a 

flame ionisation detector and recognised by their retention times, identified against 

known Sigma standards. Peak areas were automatically calculated using an integrator. 

TRL-TAG and plasma NEFA samples were reconstituted in 40 |o.l hexane and l^il 

injection volumes were used.

5.2.9 Biochemical parameters investigated:

The following parameters were investigated at time Oh, 2h, 4h, 6h and 8h for each o f 

the three test meals;

• Total plasma TAG concentration,

• Total plasma cholesterol concentration,

• Total plasma NEFA concentration,

• TRL and TPL TAG concentration

TRL fatty acid composition was investigated at Oh, 4h and 8h. Plasma NEFA 

composition was investigated at Oh, 4h and 8h.
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5.2.10 Determination o f  total plasma cholesterol concentration:

Total plasma cholesterol concentrations were measured using a Biomerieux enzymatic 

colorimetric kit (Catalogue number 61225) on an RAXT 800 auto analyser. The 

control serum used was Lyotrol “N” (Biomerieux catalogue number 69280) and Test 

Point 2 (Product number T03-1221-62, Bayer Corporation, 511 Benedict Avenue, 

Tarrytown, NY). The enzyme cholesterol esterase causes cholesterol ester cleavage 

(>99.5%) releasing free cholesterol, which is oxidised by cholesterol oxidase to form 

5-cholestenone. Hydrogen peroxide is produced which couples with 4- 

aminoantipyrine and phenol in the presence o f  peroxidase to quinoneimine, a 

chromagen with a maximal absorption at 500nm. All samples were analysed in 

duplicate. The cholesterol concentration may be determined by the following equation; 

(Absorption sample / Absorption standard) x 5.38 m m ol/L t

tCholesterol concentration o f the cholesterol standard (Test Point 2; 5.38mmol/L, 

Bayer Corporation).

Quality control: results were accepted when the concentration was within one standard 

deviation o f the manufacturers expected cholesterol concentration.
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5.2.11 Determination o f total plasma triacylglycerol concentration:

Total plasma, TRL TAG and TPL TAG concentration was measured using a 

Biomerieux enzymatic colorimetric kit (Catalogue number 61238) on a RAXT 800 auto 

analyser. The internal control used was Lyotrol “N ” (Biomerieux, catalogue number 

69280) and Test point 2 (T03-1221-62, Bayer corporation) as before. In this assay, the 

enzymatic determination involves the hydrolysis o f TAG by the enzyme lipase to yield 

glycerol and fatty acids. Glycerokinase converts each glycerol molecule and one ADP 

molecule into glycerol-3-phosphate which, when acted upon by glycerol-3-phosphate 

oxidase, yields hydrogen peroxide and dihydroxyacetone phosphate. The hydrogen 

peroxide released in the presence o f  horseradish peroxidase and 3,5-di-chloro-2- 

hydrobenzenesulfonic-4-aminophenazone to form a chromagenic system with a 

maximal absorption at 505nm. All samples were analysed in duplicate. The TAG 

concentration may be determined by the following equation;

(Absorption Sample / Absorption Standard) x 2.35 m m ol/L t

tTriacylglycerol concentration o f the TAG standard (Test point 2; 2.35mmol/L, Bayer 

corporation).

Quality control: Results were accepted when the concentration o f  the standard was 

within one standard deviation o f the manufacturers expected TAG concentration.

5.2.12 Determination o f  total plasma Non Esterified Fatty Acid (NEFA) concentration:

Plasma NEFA concentrations were measured using a RANDOX enzymatic 

colorimetric kit on a RAXT 800 auto analyser. This assay utilises an in-vitro 

enzymatic colorimetric method for the quantification o f  NEFA. NEFAs in plasma.
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when treated with acyl-CoA synthetase in the presence o f  adenosine triphosphate 

(ATP), magnesium cations and CoA, form thiol esters o f CoA known as acyl-CoA as 

well as the by-products adenosine monophosphate (AMP) and pyrophosphate (PPi). In 

the second reaction, the acyl-CoA is oxidised by adding acyl-CoA oxidase to produce 

hydrogen peroxide and 2, 3-/ra«5-Enoyl CoA. Finally, the hydrogen peroxide in the 

presence o f  peroxidase allows the oxidative condensation o f  N-ethyl-N- (2 hydroxy-3- 

sulphopropyl) M -toluidine with 4-aminoantipyrine to form a purple adduct which can 

be measured colorimetrically at 550nm. All samples were analysed in duplicate. The 

NEFA concentration in a sample may be determined by the following equation; 

Absorption sample/ absorption standard x 1.04mEq/Lt 

tConcentration o f  NEFA standard 1.04mEq/L (Randox, USA).

Quality Control; Results were accepted if  values were within one standard deviation of 

the manufacturers expected NEFA concentration.

5.2.13 Statistical analysis:

All statistical analysis was completed using the statistical package Data Desk 4.1 

(Macintosh, Apple Computer Inc., US). Area under the response curve was calculated 

for each individual following ingestion o f all three test meals using the trapezium rule 

(Matthews et al. 1990). Repeated measures analysis o f variance, using meal as the 

dependent variable, investigated statistical differences between meal type. Two-way 

analysis o f  variance investigated any significant differences in summary variables e.g. 

Area under the postprandial curve (AUC), Incremental Area under the curve (lAUC),
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Tmax, and Cmax. TRL-TAG fatty acid compositions and non-esterified fatty acid 

compositions were log transformed to give data a normal Gaussian distribution.
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5.3 RESULTS:

5.3.1 Quality Control;

The TAG inter-assay coefficient o f variation (CV) for plasma 2.35 mmol/L was 2.5%, 

for TRL and TPL 2.50 mmol/L was 2.4%. The cholesterol inter-assay CV for 5.38 

mmol/L was 1.48% and the NEFA inter-assay CV for 1.04 mEq/L was 3.84%.

5.3.2 Postprandial plasma triacylglycerol response:

Postprandial plasma triacylglycerol (TAG) concentrations following the ingestion o f 

each o f the three test meals are presented in Table 5.4. All three test meals showed a 

monophasic mean plasma TAG response (Figure 5.1). Peak plasma TAG 

concentrations were achieved at 2h postprandially following the ingestion o f all three 

test meals, where a significant change from baseline was observed using post-hoc 

testing (P<0.05). Repeated measures analysis o f  variance (ANOVA) demonstrated a 

significant variability between individuals (P<0.0001). Postprandial plasma TAG 

concentrations also demonstrated a significant (P<0.0001) postprandial repeat effect, 

concentrations increased significantly 2h following meal ingestion and returned to 

fasting concentrations by 8h. There was no significant difference in the postprandial 

plasma TAG responses following the three test meals. Table 5.5 presents the summary 

variables in the triacylglycerolaemic response; the area under the postprandial plasma 

TAG response curve (TAG-AUC), the incremental area under the postprandial plasma 

TAG response curve (TAG-IAUC), the maximum postprandial plasma TAG 

concentration (TAG Cmax) and time to maximum postprandial plasma TAG
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Table 5.4: Postprandial response o f total plasma triglyceride concentrations (mmol/L) for each of the test meals

Meal Time 0 Time 2 Time 4 Time 6 Time 8

PHFO 1.24 *1.60 *1.59 1.26 *1.02

(0.34) (0.45) (0.62) (0.33) (0.28)

Lard 1.37 *1.86 *1.73 1.43 *1.13

(0.31) (0.45) (0.60) (0.48) (0.37)

Palm oil 1.36 *1.86 1.54 1.34 *1.12

(0.43) (0.62) (0.70) (0.37) (0.30)

Values shown represent mean (standard deviation(SD)) of the study group.

* Mean values were significantly different from fasting TAG concentrations, P<0.05



Table 5.5: Summary variables for postprandial response of plasma total triglyceride concentration (mmol/L) for each of the test meals.

Meal TAG AUC TAG lAUC TAG T̂ âx TAG Cwax

(mmol/L.8hr) (mmol/L.8hr) (hours) (mmol/L)

PHFO 11.15 9.91 3.0 1.74

(2.98) (2.71) (2.39) (0.56)

Lard 12.56 11.18 2.25 1.98

(3.36) (3.09) (1.28) (0.52)

Palm oil 11.96 10.60 2.75 1.96

(3.37) (2.97) (1.49) (0.69)

Values shown represent mean (standard deviation(SD)) o f the study group.



concentration (TAG Tmax) were not significantly different between meals (Figure 5.2). 

Fasting plasma TAG concentrations were significantly correlated with TAG Cmax 

(r 0.77, P<0.0001) and TAG-AUC (r 0.87, P<0.0001).

5.3.2 Postprandial cholesterol response:

The postprandial total plasm a cholesterol response is presented in Table 5.6. Repeated 

measures ANOVA demonstrated a significant variability between individuals 

(P<0.0001), and also a significant repeat effect (P=0.0041). Significance o f changes in 

the postprandial cholesterol response following ingestion o f the test meals was 

investigated when the cholesterol response was expressed in summary form, Table 5.7. 

Fasting cholesterol values were significantly related to cholesterol AUC (r = 0.98, 

P<0.0001). No significant difference was observed between summary variables.

5.3.3 Postprandial NEFA response:

Postprandial plasma non-esterified fatty acid (NEFA) concentrations following 

ingestion o f  the three test meals are presented in Table 5.8. Repeated measures 

ANOVA showed a significant variability between individuals (P<0.001) and also a 

significant repeat effect (P<0.001), as all NEFA concentrations showed a depression at 

2h postprandially in comparison with values at 0, 4, 6 or 8h (Figure 5.3). Significance 

o f changes in the postprandial NEFA response following ingestion o f  test meals was 

investigated using summary variables (Table 5.9). No significant meal or meal x time 

effect were observed for either AUC or lAUC as demonstrated by 2-way ANOVA. 

Minimum NEFA concentrations, and time to reach minimum concentrations (Tmin)
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Table 5.6: Postprandial response of total plasma cholesterol concentrations (mmol/L) for each o f the test meals

Meal Time 0 Time 2 Time 4 Time 6 Time 8

PHFO 4.87 4.93 4.94 *4.98 *5.03

(0.59) (0.61) (0.59) (0.60) (0.66)

Lard 5.11 5.03 5.04 5.13 5.10

(0.69) (0.67) (0.66) (0.64) (0.65)

Palm oil 4.98 5.00 4.95 5.01 *5.11

(0.66) (0.68) (0.68) (0.53) (0.62)

Values shown represent mean (standard deviation(SD)) of the study group.

* Mean values were significantly different from fasting cholesterol concentrations, P<0.05.



Table 5.7; Summary variables for postprandial response of plasma total cholesterol concentration (mmol/L) for each o f the test meals.

Meal CHOL AUC CHOL lAUC CHOL T^ax

(mmol/L.8hr) (mmol/L.8hr) (hours)

PHFO 39.95 34.72 7.25

Lard 40.61 35.50 5.50

Palm oil 40.00 35.03 6.00

CHOL Cm3x 

(mmol/L)

5.08

5.19

5.16

Values shown represent mean (standard deviation(SD)) o f the study group



Table 5.8; Postprandial response o f total plasma NEFA concentrations (mEq/L) for each of the test meals

Meal Time 0 Time 2 Time 4 Time 6 Time 8

PHFO 0.27 0.19 *0.37 *0.55 *0.63

(0.19) (0.11) (0.13) (0.25) (0.24)

Lard 0.34 0.26 0.45 *0.59 *0.62

(0.18) (0.17) (0.24) (0.37) (0.28)

Palm oil 0.35 0.29 0.49 *0.54 *0.57

(0.21) (0.21) (0.29) (0.18) (0.23)

Values shown represent mean (standard deviation(SD)) of the study group.

* Mean values were significantly different different from fasting NEFA concentrations, P<0.05.



Table 5.9: Summary variables for postprandial response of plasma non-esterified fatty acids (mEq/L) for each o f the test meals.

Meal NEFA AUC NEFA lAUC NEFA Tmin NEFA Cwax

(mmoI/L.8hr) (mmol/L.8hr) (hours) (mmol/L)

PHFO 3.12 2.85 1.25 0.17

(1.12) (1.03) (1.04) (0.11)

Lard 3.56 3.22 1.75 0.23

(1.83) (1.72) (1.98) (0.12)

Palm oil 3.55 3.20 1.50 0.23

(1.57) (1.47) (0.93) (0.12)

Values shown represent mean (standard deviation(SD)) of the study group.



were not affected by meal type as shown by 2-way ANOVA. Fasting values were 

strongly correlated to NEFA AUC (r =0.60, P=0.002), and to the minimum 

concentration o f NEFA (r= 0.60, P<0.002).

5.3.4 Plasma lipoprotein concentrations:

TRL and TPL TAG concentrations are presented in Table 5.10 and Table 5.11. TRL 

TAG concentrations demonstrated a significant subject variability (P<0.001) and a 

significant repeat effect (P<0.001). However, no significant meal x time effect was 

observed (Figure 5.4). Two-way ANOVA o f summary variables for TRL TAG showed 

no significant difference as a result o f meal type for TRL TAG AUC, TRL TAG lAUC, 

for maximum TRL TAG concentrations and for time to reach maximum concentration . 

Fasting TRL TAG concentrations correlated strongly with TRL TAG AUC (r=0.80, 

P<0.001). Following ingestion o f the three test meals TRL TAG increased 

significantly from baseline at 2h postprandially and returned to baseline at 8h.

Repeated measures ANOVA o f TPL TAG concentrations demonstrated a highly 

significant subject variability (P<0.001), and a significant repeat effect (P=0.0012). No 

significant difference was shown for summary variables between meal type. However, 

a significant correlation between fasting TPL TAG concentrations and the TPL TAG 

AUC (r=0.84, P>0.001) was shown.

5.3.6 TRL-TAG Fatty acid composifion:

The concentration o f individual fatty acids in the TRL TAG pool were derived from 

applying concentrations (%w/w) o f fatty acids to TRL TAG concentrations (mmol/L).
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Table 5.10: Postprandial response of TRL TAG concentrations (mmol/L) for each of the test meals

Meal Time 0 Time 2 Time 4 Time 6 Time 8

PHFO 0.51 *0.87 0.76 0.48 0.32

(0.22) (0.370 (0.46) (0.27) (0.19)

Lard 0.57 *1.05 *0.92 0.63 0.44

(0.24) (0.41) (0.57) (0.42) (0.290

Palm oil 0.50 *0.98 0.69 0.60 0.41

(0.30) (0.51) (0.55) (0.23) (0.20)

Values shown represent mean (standard deviation(SD)) of the study group.

* Mean values were significantly different different from fasting TRL TAG concentrations, P<0.05.



Table 5.11: Postprandial response o f TPL TAG concentrations (mmol/L) for each of the test meals

Meal Time 0 Time 2 Time 4 Time 6 Time 8

PHFO 0.67 0.70 0.77 0.66 0.62

(0.14) (0.17) (0.18) (0.18) (0.17)

Lard 0.73 0.71 0.71 0.73 *0.61

(0.12) (0.09) (0.10) (0.10) (0.13)

Palm oil 0.73 0.76 0.75 0.71 *0.63

(0.31) (0.22) (0.21) (0.18) (0.15)

Values shown represent mean (standard deviation(SD)) of the study group.

* Mean values were significantly different different from fasting TPL TAG concentrations, P<0.05.



The concentrations o f  individual TRL TAG fatty acids (fj.mol/L) at 0, 4, and 8h 

following ingestion o f the PHFO, lard and palm oil test meals are presented in Table 

5.12. Significant meal x repeat interactions were demonstrated following ingestion o f 

the three test meals. Stearic acid (18:0), palmitelaidic ( t l6 :l) ,  and elaidic acid ( t l8 : l)  

were significantly increased 4h postprandially following ingestion o f  the PHFO meal 

and returned to fasting levels 8h postprandially. There was also an increase in myristic 

(14:0), palmitic (16:0), palmitoleic (16:1), oleic (18:1), and eicosenoic (20:1) acid, 

following ingestion o f  the PHFO test meal, although these increases were not 

significant. A significant meal x repeat interaction was demonstrated following 

ingestion o f the lard test meal also. Palmitic (16:0), oleic (18:1), and linoleic acid 

(18:1), were significantly increased 4h postprandially following ingestion o f  the lard 

test meal. There was also an increase in myristic (14:0), and palmitoleic acid (16:1), 

although these increases were not significant. Finally, following ingestion o f  the palm 

oil test meal. C l0:0, and C l6:0, increased significantly 4h postprandially following 

ingestion o f the palm oil test meal, demonstrating a significant meal x repeat 

interaction. Oleic acid (18:1), increased also, although this increase was not 

significant.

As a crude indication o f absorption, the ratio o f trans fatty acids in the PHFO test meal 

(g/lOOg fatty acids) to the trans fatty acids in TRL-TAG 4h postprandially (pmol/L) 

were calculated. Results demonstrated that as chain length increased, the absorption o f 

TUFA decreased (Table 5.13), and as the number o f double bonds increased, 

absorption o f TUFA increased slightly.
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Table 5.12: Postprandial TRL TAG fatty acid concentrations (pmol/L) following the three test meals (mean values with their standard

deviations for 8 subjects)

PHFO Lard Palm Oil

Time (h) 0 4 8 0 4 8 0 4 8

C8:0 0.05 0.40 0.07 0.20 0.37 0.20 0.09 0.26 0.02

(0.12) (0.55) (0.16) (0.20) (0.47) (0.19) (0.15) (0.37) (0.06)

C10:0 0.07 0.18 0.12 0.03 0.37 0.11 0.08 0.34* 0.09

(0.15) (0.41) (0.19) (0.07) (0.40) (0.18) (0.09) (0.45) (0.16)

C12:0 3.10 5.16 0.90 4.43 5.46 2.38 4.92 1.70+ 2.54

(2.72) (4.18) (0.92) (4.13) (5.71) (2.32) (4.83) (3.03) (2.44)

C14:0 14.42 59.79 11.81 16.99 25.00 11.37 14.53 14.79t 7.55

(5.43) (60.46) (7.57) (9.33) (19.81) (6.94) (11.95) (11.63) (5.24)

C16:0 148.37 274.78 130.59 154.59 274.39* 167.29* 136.52 235.58* 143.65

(63.19) (200.84) (80.83) (62.08) (175.22) (85.84) (92.17) (202.59) (71.70)

C18:0 17.98 38.94* 14.41 20.53 63.88*t 27.32 19.30 17.38t+ 13.19

(7.06) (31.25) (4.91) (9.66) (41.12) (14.00) (9.94) (5.90) (5.58)

* Mean values significantly different from fasting values P<0.05. 

t  Mean values significantly different from meal 1 (PHFO)

+ Mean values significantly different from meal 2 (Lard)



Table 5.12 continued: Postprandial TRL TAG fatty acid concentrations (jjmol/L) following the three test meals (mean values (SD) for 8 

subjects)

PHFO Lard Palm Oil

Time (h) 0 4 8 0 4 8 0 4 8

C16:lcis 19.72 39.02 14.69 21.77 32.78 16.46 21.42 23.07 12.44

(9.75) (27.51) (7.84) (6.67) (20.12) (11.27) (18.42) (20.23) (6.28)

C\6'.\trans 1.34 6.89* 0.62 1.18t 0.13 0.38*t 1.25 1.32t 0.67+
(1.19) (7.61) (0.72) (2.31) (0.35) (0.82) (1.83) (1.51) (1.05)

C18:l cis 180.05 232.35 131.61 226.41 362.82* 191.43 188.14 277.28 169.84

(88.53) (133.30) (81.73) (95.10) (225.66) (116.74) (124.44) (221.96) (90.46)

C18;Uran5 0.34 3.95* 0.10 0.79t 0.60t 1.11 0.94 0.35t 0.38

(0.53) (4.15) (0.24) (1.19) (0.83) (2.17) (1.77) (0.47) (0.54)

C20:lcis 5.53 9.27 1.80 14.72t 16.55 6.86 8.44 6.35+ 2.98*+
(4.41) (8.60) (2.56) (11.06) (15.65) (5.64) (7.37) (7.19) (3.58)

C2Q\\ trans 0.0 0.49 0.14 0.03 0.0 0.0 0.0 2.36 0.0

(0.0) (0.55) (0.35) (0.07) (0.0) (0.0) (0.0) (6.27) (0.0)

C22:lcis 0.05 0.0 0.0 0.11 0.02 0.08 0.08 0.0 0.0

(0.09) (0.0) (0.0) (0.16) (0.06) (0.15) (0.16) (0.0) (0.0)

* Mean values significantly different from fasting values P<0.05. t  Mean values significantly different from meal 1 (PHFO) 

+ Mean values significantly different from meal 2 (Lard)



Table 5.12 continued: Postprandial TRL TAG fatty acid concentrations (^mol/L) following the three test meals (mean (SD) for 8 

subjects)

PHFO Lard Palm Oil

Time (h) 0 4 8 0 4 8 0 4 8

C18:2cis 104.94 129.62 62.32* 116.36 164.05 87.64 89.86 97.59+ 73.84

(59.16) (92.23) (32.24) (48.96) (90.02) (51.86) (51.56) (76.68) (35.86)

C18;2/ra«5 0.43 0.74 0.11 3.13 0.46 0.48 0.13+ 0.12 0.03
(0.63) (1.66) (0.17) (6.16) (0.88) (0.82) (0.15) (0.24) (0.08)

C18;3n-6 1.33 1.78 0.18 0.96 0.91 0.69 0.10 0.656 0.26
(1.49) (2.32) (0.31) (0.89) (1.38) (0.78) (0.20) (1.20) (0.32)

C18:3n-3 0.01 0.14 0.0 0.48 0.26 0.14 0.0 0.0 0.0

(0.03) (0.32) (0.0) (0.61) (0.49) (0.23) (0.0) (0.0) (0.0)
C\8:2trans 0.22 2.51 0.12 0.09 0.12 0.0 0.05 0.14 0.0

(0.46) (2.57) (0.29) (0.17) (0.32) (0.0) (0.15) (0.40) (0.0)
C18:4 1.01 1.87 0.0 2.44 2.02 1.03 1.07 1.63 0.50

(1.11) (2.86) (0.0) (1.51) (2.41) (1.26) (1.60) (2.19) (0.60)

* Mean values significantly different from fasting values ?<0.05. 

t  Mean values significantly different from meal 1 (PHFO) 

t  Mean values significantly different from meal 2 (Lard)



Table 5.12 continued: Postprandial TPIL TAG fatty acid concentrations (pmol/L) following the three test meals (mean (SD) for 8 
subjects)

PHFO Lard Palm Oil
Time (h) 0 4 8 0 4 8 0 4 8
C20;2 0.61 0.53 0.11 1.04 1.88 1.06 0.24 0.96 0.12

(0.50) (0.58) (0.28) (0.85) (1.90) (1.53) (0.46) (2.18) (0.21)
C20:3 0.48 0.94 0.04 0.22 0.43 0.62 0.25 0.19 0.0

(0.83) (0.94) (0.10) (0.59) (0.73) (0.96) (0.35) (0.54) (0.0)
C20:5 0.40 0.49 0.10 0.70 0.86 0.64t 0.54+ 0.44 0.0

(0.43) (0.68) (0.17) (0.58) (0.96) (0.73) (0.83) (1.11) (0.0)

C20:4 3.13 4.34 1.75 3.44 5.45 2.36 1.51 2.58 1.50
(2.32) (5.11) (1.47) (2.27) (4.22) (2.59) (2.14) (3.17) (1.32)

C22:4 0.28 0.31 0.0 0.11 0.12 0.20 0.10 0.0 0.0
(0.37) (0.42) (0.0) (0.19) (0.32) (0.32) (0.17) (0.0) (0.0)

C22:6 0.87 0.99 0.21 1.49 1.68t 1.40 0.70 0.82+ 0.20t
(0.80) (1.18) (0.26) (1.79) (2.31) (1.47) (0.85) (1.21) (0.39)

* Mean values significantly different from fasting values A O o
t  Mean values significantly different from meal 1 (PHFO) 

+ Mean values significantly different from meal 2 (Lard)



Table 5.13: Indication of absorption of individual trans fatty acids, calculated as the 

ratio o f fatty acids in PHFO and TRL-TAG.

Trans Fatty Acid PHFO 

(g/lOOg fatty acids)

TRL-TAG

(^mol/L)

Ratio

16:lt 1.8 6.9 3.8

18:lt 5.1 3.95 0.77

20:lt 3.7 0.49 0.13

22:lt 4.8 0.0 0.0

18:2tt 0.7 0.74 1.06

18:3ttt 2.3 2.51 1.09



5.3.6 Plasma Non Esterified Fatty Acid (NEFA) composition:

The concentration o f individual fatty acids in the plasma NEFA pool were derived from 

applying concentrations (%w/w) o f fatty acids to plasma NEFA concentrations 

(mEq/L). The concentrations o f individual plasma NEFA (|j,Eq/L) at 0, 4, and 8h 

following ingestion o f the PHFO, lard and palm oil test meals are presented in Table 

5.14. Significant meal x repeat interactions was demonstrated following ingestion o f 

the three test meals.

The following fatty acids showed marked elevation in plasma NEFA 4h and 8h 

postprandially following ingestion o f the PHFO test meal; 8:0, 10:0, 12:0, 14:0, 16:0, 

18:0, 16:lcis, \6\\trans, 18:2cis. In addition, 18:lcis and 18:l/ra«5 concentrations 

increased significantly 8h postprandially following ingestion o f  the PHFO test meal.

A significant meal x repeat interaction was also demonstrated following ingestion of 

the lard test meal. Concentrations o f 8:0, and 18:0 increased significantly at 4 and 8h 

postprandially, while 16:0, 16:lcis, 18:lcis, and 18:2cis increased significantly 8 h 

postprandially.

A significant meal x repeat interaction was demonstrated following ingestion o f  the 

palm oil test meal. Concentrations o f  16:0, and 18:2cis were significantly increased 4 

and 8h postprandially. In addition, 18:lcis was increased significantly 8h 

postprandially following ingesfion o f the palm oil test meal.
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Table 5.14: Postprandial NEFA composition (|aEq/L) following the three test meals ( mean (SD) for 8 subjects)

Time

PHFO

0 4 8

Lard

0 4 8 0

Palm

Oil

4 8

C8:0 0.02 0.14* 0.22* 0.06T 0.27* 0.27* 0.05T 0.11 0.06

(0.03) (0.10) (0.23) (0.06) (0.34) (0.33) (0.08) (0.15) (0.11)

C10:0 0.06 0.22* 0.22* 0.06 0.51 0.29 0.03 0.24 0.16

(0.07) (0.17) (0.37) (0.09) (0.68) (0.40) (0.08) (0.22) (0.22)

C12:0 1.20 2.81* 1.01* 1.43 1.51 2.08 1.36t 2.89 2.12

(1.75) (1.85) (1.47) (1.31) (1.41) (2.30) (1.81) (2.26) (2.38)

C14:0 5.04 17.95* 19.50* 9.53t 11.37t 10.71 8.43t 11.65t 10.15t

(3.93) (5.55) (11.93) (6.30) (5.51) (3.64) (4.92) (7.70) (5.41)

C16:0 56.26 112.04* 198.91* 94.78 131.50 156.17* 104.92t 151.05* 170.32*

(41.02) (46.12) (85.11) (53.02) (77.10) (57.52) (56.35) (96.33) (77.90)

C18:0 6.71 10.83* 21.37* 8.90 20.89* 20.35* 8.38t 15.07 10.1 lt+
(5.17) (2.87) (10.48) (5.26) (12.27) (11.60) (5.53) (10.97) (7.99)

* Significantly different form baseline 

tSignificantly different from meal 1 (PHFO) 

tSignificantly different from meal 2 (Lard)



Table 5.14 continued: Postprandial NEFA composition (p,Eq/L) following the three test meals ( mean (SD) for 8 subjects)

Time 0

PHFO

4 8 0

Lard

4 8 0

Palm

Oil

4 8

C16:lcis 7.82 17.49* 24.48* 14.65t 18.03 19.13* 14.91t 189.64 21.46

(6.99) (9.34) (6.59) (9.84) (11.56) (6.30) (10.72) (118.64) (14.41)

C 16:ltrans 0.65 1.95* 2.01* 1.28t 2.53 2.31 1.24t 1.79 1.54

(1.18) (0.96) (1.76) (1.80) (2.49) (2.25) (1.28) (1.47) (2.0)

C18:lcis 75.14 124.51 240.62* 128.76 172.46 204.01* 148.68t 20.0t 214.87*

(56.27) (64.86) (103.34) (70.27) (95.71) (93.88) (77.88) (18.62) (93.72)

C 18:ltrans 1.09 2.82 4.08* 0.46 0.39t 0.15t 0.61 0.37 0.0

(1.35) (3.71) (6.24) (0.65) (0.61) (0.21) (0.81) (0.84) (0.0)

C20:lcis 3.27 5.28 4.60 6.33 6.24 7.64 5.29 6.76 7.05

(3.22) (2.42) (2.42) (2.54) (3.44) (2.44) (5.09) (4.39) (4.34)

C 20:ltrans 0.0 0.05 0.14 0.03 0.0 0.0 0.04 0.0 0.0

(0.0) (0.08) (0.20) (0.07) (0.0) (0.0) (0.12) (0.0) (0.0)
C22:l cis 0.0 0.04 0.05 0.05 0.01 0.07 0.03 0.0 0.04

(001) (0.08) (0.13) (0.06) (0.02) (0.13) (0.08) (0.0) (0.09)

^Significantly different from baseline tsignificantly different from meal 1 (PHFO) tsignificantly different from meal 2 (Lard)



Table 5.14 continued: Postprandial NEFA composition (|iEq/L) following the three test meals ( mean (SD) for 8 subjects)

Time 0

PHFO

4 8 0

Lard

4 8 0

Palm

Oil

4 8

C18:2cis 34.90 68.02* 111.79* 65.45 74.33 108.32* 51.23 82.73* 88.22*

(28.28) (21.28) (41.92) (32.12) (39.53) (37.18) (34.53) (46.39) (49.21)

C18:2trans 0.20 0.26 0.54 0.41 0.27 0.18 0.18 0.32 0.03

(0.22) (0.35) (0.57) (0.48) (0.36) (0.39) (0.29) (0.61) (0.09)

C18:3n-6 0.25 0.91 1.51 1.05 0.98 1.46 0.39 0.65 0.33

(0.27) (0.82) (1.69) (1.02) (1.07) (1.55) (0.54) (0.70) (0.49)

C18:3n-3 0.18 0.06 0.05 0.14 0.03 0.16 0.15 0.08 0.13

(0.39) (0.08) (0.13) (0.16) (0.06) (0.17) (0.23) (0.11) (0.25)

C18:3trans 0.05 0.12 0.28 0.09t 0.03t 0.0 0.09t 0.06t+ 0.03t
(0.11) (0.21) (0.42) (0.16) (0.06) (0.0) (0.19) (0.16) (0.09)

* Significantly different from baseline 

tSignificantly different from meal 1 (PHFO) 

tSignificantly different from meal 2 (Lard)



Table 5.14 continued: Postprandial NEFA composition (|aEq/L) following the three test meals ( mean (SD) for 8 subjects)

Time (h) 0

PHFO

4 8 0

Lard

4 8 0

Palm Oil 

4 8

C20:2 0.32 0.57 0.50 0.74 0.64 1.32 0.57t 0.75 1.47

(0.27) (0.64) (0.54) (0.65) (0.36) (1.08) (7.38) (1.43) (2.20)

C20:3n-3 0.35 0.36 7.92 0.48 0.54 0.0 0.26 0.74 2.44

(0.86) (1.02) (17.05) (0.85) (1.24) (0.0) (0.35) (1.30) (4.21)
C20:4 1.57 3.34 8.31 3.46t 4.24 7.29 4.47 4.44 4.07t+

(1.40) (0.88) (5.94) (2.57) (3.01) (5.12) (2.43) (2.77) (2.53)
C20:5 0.24 0.63 0.91 0.75T 0.77 1.62 0.33 0.65 0.43

(0.40) (0.47) (1.00) (0.79) (0.71) (1.55) (0.42) (0.53) (0.42)

C18:4 0.66 1.09 1.44 1.14 0.89 1.02 0.86 0.65 1.03
(0.52) (0.56) (1.16) (1.05) (0.54) (0.88) (0.93) (1.10) (0.91)

C22:4 0.04 0.12 0.24 0.27 0.14t 0.21 0.13 0.12 t O. l l t

(0.06) (0.21) (0.42) (0.28) (0.15) (0.30) (0.19) (0.25) (0.20)

C22:6 0.51 1.20 1.61 1.29t 1.74 1.93 0.49t 0.79 1.34

(0.56) (0.91) (1.72) (0.61) (1.45) (1.54) (0.88) (1.30) (2.88)

^Significantly different from baseline TSignificantly diiTerent from meal 1 (PHFO)

tSignificantly different from meal 2 (Lard)



5.4 DISCUSSION:

There was no significant difference in the postprandial response in plasma TAG, TRL 

TAG, total cholesterol or plasma NEFA, measured as the area under the postprandial 

curve, between the test meals. The general pattern o f  postprandial lipaemia observed in 

the present study is similar to that found by other workers. Plasma TAG concentrations 

increased in all subjects in response to all three test meals demonstrating a monophasic 

response. Several studies have also demonstrated a similar monophasic postprandial 

response (Patsch et al. 1992; Cohn et al. 1988). In addition, plasma TAG 

concentrations 8h after meals were ingested were lower than fasting concentrations in 

agreement with earlier studies (Weintraub et al. 1988). Fasting plasm a TAG has been 

repeatedly established as a reliable predictor o f the magnitude o f  the postprandial 

response (Cohn et al. 1988; Gibney & Daly, 1994; Roche & Gibney, 1997). The 

present study confirmed this finding showing a significant positive correlation between 

fasting plasma TAG and total area under the postprandial curve (r 0.87, P<0.0001). In 

addition, a significant positive association between fasting TRL-TAG concentration 

and the area under the TRL-TAG postprandial curve was observed (r=0.80, P<0.001). 

The immediate decline o f  plasma NEFA following the test meals and the gradual rise 

o f plasma NEFA to values at 8h which are well above those at baseline has also been 

observed in other studies (Heimberg et al. 1974; Roche & Gibney, 1997; Gibney & 

Daly, 1994).

A number o f investigators have compared triacylglycerol responses to single meals o f 

varying fatty acid composition (Zampelas et al. 1994). Results demonstrated that the 

postprandial triacylglycerol response to a n-6 PUFA (Maize oil) meal was lower than 

that o f a SFA (mixed oil) meal, but there was marked attenuation o f  the postprandial
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triacyglycerol levels in response to a meal containing long-chain-n-3 PUFA (fish oil). 

Variations in postprandial lipaemia in response to meals o f  different fatty acid 

composition could reflect differences in the rate o f  synthesis, secretion or clearance o f 

the intestinally-derived chylomicrons, and the rate o f  production and clearance o f their 

remnants (Lairon, 1996).

The test meals fed in the present study differed in their fatty acid composition in several 

ways; the PHFO test meal had a lower MUFA content compared to the lard and palm 

oil test meals (6g vs. 18g respectively). PUFA content was also slightly lower in the 

PHFO compared to the lard and palm oil test meals (2, 3.8 and 3.3 g respectively). 

Finally, the total TUFA content differed dramatically between the PHFO, lard and palm 

oil test meals (15.8, 0.6 and Og respectively). The rate at which plasma TAG increases 

after fat ingestion depends on the rate o f gastric emptying, and on the intestinal 

absorption o f  fatty acids.

The concentration o f  18:0 and 18:1 cis showed marked elevations in the TRL-TAG 4h 

following ingestion o f  the lard test meal, which mirrored the fatty acid composition o f 

the test meal. Stearic acid (18:0) and oleic acid (18:1 cis) provided almost 55% o f the 

total fatty acid composition o f the lard test meal. There was a significant increase in 

palmitic acid (16:0) in TRL-TAG 4h postprandially following ingestion o f  the palm oil 

test meal. Palmitic acid provided approximately 42% o f the total fatty acid 

composition o f  the palm oil test meal. Finally, the concentration o f  18:0, 16:1 trans 

and 18:1 trans fatty acids showed marked elevations in TRL-TAG 4h following 

ingestion o f the PHFO test meal compared to baseline concentrations. These fatty 

acids only provided 21% o f the total fatty acid composition o f  the PHFO test meal. 

There was no marked elevation o f the longer chain fatty acids (C20-22, cis or trans 

isomers) even though they provided approximately 40% o f the total fatty acid
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com position o f  PHFO. Long chain fatty acids (>20 carbons) were clearly not 

incorporated into TRL TAG to the same extent as fatty acids with carbon chain lengths 

between 16 and 18. The absorption o f  these long-chain fatty acids is clearly decreased. 

The absorption o f  cis and trans isomers o f 18:1 has been studied extensively and results 

have shown that absorption is similar for both fatty acids (Emken, 1984). However, the 

crude calculations in the present study (Table 5.13), indicate that there is decreased 

absorption o f  trans fatty acids with increasing chain length, and these findings are 

consistent with those reported by other investigators who showed that absorption o f 

long-chain fatty acids in humans is inversely proportional to the fatty acid chain length 

(Filer et al. 1969).

The absorption o f long-chain saturated fatty acids has been studied by Peters et al. 

(1991). Results demonstrated that the absorption o f long-chain saturated fatty acids in 

humans decreases with increasing chain length, as the absorption o f  C20:0, C22:0 and 

C24;0 were calculated at 41.6, 28.8 ; and 14.8% respectively. It was shown also, that 

the absorption o f  the long-chain saturated fatty acid, behenic acid (22:0) in rats, 

measured as the amount o f  behenic acid recovered in lymph over 24 hours is highly 

dependent on the triglyceride source. The amount o f behenic acid absorbed from 

peanut oil (55%>) was significantly different from the amount absorbed from caprenin 

(11%). There was a broad general trend for reduced behenic acid absorption as the 

level o f behenic acid in the fat ingested increased (Webb & Sanders 1991). The 

behenic acid content o f peanut oil and caprenin were 3.6% and 46.6% o f total fatty 

acids respectively. It is suggested therefore, that the absorption o f behenic acid 

requires this very-long-chain saturated fatty acid to be incorporated into micelles. In 

addition, the solubility o f behenic acid and its monoglycerides in mixed micelles can be 

strongly influenced by the other fatty acid species in the parent triglyceride. Low-
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melting fatty acids coingested with behenic acid act as solvents, increasing uptake of 

this very-long-chain saturated fatty acid into the mixed micellar phase (Webb & 

Sanders 1991). The lower concentration of behenic acid and increased concentration of 

low-melting fatty acids in peanut oil, compared to caprenin, explains the decreased 

absorption of behenic acid with increasing behenic acid composition o f total dietary fat. 

The PHFO test meal in the present study had a low concentration o f behenic acid (3.6% 

of total fatty acids) similar to peanut oil, but in addition had almost no low-melting 

fatty acids (0.1%, 12:0) compared to peanut oil (46%, 12:0). Therefore, a low 

absorption o f behenic acid in PHFO, similar to the absorption of behenic acid in 

caprenin (11%) would be expected. Whether this explanation can be extended to other 

long-chain fatty acids (both cis and trans unsaturated geometric isomers) is 

questionable, although this mechanism may also explain the decreased recovery, in 

TRL-TAG, of other long-chain fatty acids, following ingestion of the PHFO test meal. 

In total long-chain fatty acids constituted only 2.4% of total fatty acids in the TRL- 

TAG 4h postprandially, compared to 40% of total fatty acids in the test meal (PHFO). 

This decreased absorption of long-chain fatty acids may explain why there was no 

difference in the postprandial TRL-TAG response shown following ingestion o f a test 

meal which has a very high TUFA content, a similar SFA content and a lower PUFA 

content compared to the palm oil and lard test meals. Sanders et al. (2000) 

demonstrated that the postprandial TAG response measured as the AUC, to a palmitate, 

stearate, oleate and MCT test meal was greater for the oleate (5.8), elaidate (4.3), and 

palmitate (4.1) meals compared with stearate (2.0) and MCT meals (1.1). The reduced 

response shown following ingestion of the stearate meal was attributed to a reduced 

absorption of stearate (20% of ingested dose).
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The increase in plasma NEFA fatty acids reflected the major fatty acid constituents o f 

the test meals consumed, a finding which is in agreement with other studies (Frayn et 

al. 1996). When the profile o f plasma NEFA changes after a fat load it does not 

uniformly change towards that o f the fat administered. There is a tendency for SFA to 

be over-represented (Frayn et al. 1996), as was shown by the significant increase in 

SFAs in the present study. It has been shown that short-chained triacylglycerols are 

more readily hydrolysed by lipoprotein lipase than long-chained triacylglycerols 

because o f the greater solubility and mobility at the emulsion-water interface 

(Deckelbaum et al. 1990). The positional differences may play a role because the 

lipases possess positional specificity and almost exclusively attack fatty acids in the sn- 

1 and sn-3 position (Deckelbaum et al. 1990; Tholstrup et al. 1994). Incorporafion o f 

fatty acids into triacylglycerols has shown that saturated fatty acids and trans fatty acid 

isomers are preferentially incorporated into positions 1 and 3 (H 0lmer, 1998). There is 

a clear preference for incorporation o f  polyunsaturated fatty acids at the sn-2 position. 

Since LPL preferentially hydrolyses the fatty acids at position 1 and 3, it seems 

possible that trans fatty acids from TRL-TAG are more rapidly hydrolysed than their 

cis isomers.

Shishebor (1996), demonstrated that partially hydrogenated soybean oil (PHSO) did not 

dramatically influence the postprandial lipaemic response compared to native soybean 

oil (NSO), in healthy subjects. There was however, a lower incremental area under the 

response curve o f TRL-TAG following ingestion o f  the PHSO. It was suggested that 

this may be due to preferential oxidation o f TUFAs, since it has been shown that the 

level o f TUFAs in human tissue lipids are lower than levels found in the diet (London 

et al. 1991).
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The oxidative degradation o f  fatty acids takes place in the mitochondrial matrix by the 

normal p oxidation pathway, but additionally the long chain fatty acids may be 

shortened in a peroxisomal oxidation pathway. In a perfusion study o f rats, labelled 

elaidic acid was found to be more readily oxidised than the cis isomer. Based on these 

findings, it is suggested that trans acids are more efficient energy sources than cis 

analogues. Peroxisomal oxidation can be induced in a number o f  ways and it certainly 

has a function in the metabolism o f very-long chain fatty acids, including geometrical 

and positional isomers in partially hydrogenated marine oil. Feeding o f partially 

hydrogenated fish oil to rats increased the peroxisomal chain shortening capacity in 

perfused hearts and also hepatocytes, four fold compared to peanut oil-fed controls 

(Holmer 1998). In a feeding experiment with rats given 25% o f either rape seed oil 

(RO), partially hydrogenated rape seed oil (PHRO), marine oil (MO), partially 

hydrogenated marine oil (PHMO), soybean oil (SO) and partially hydrogenated 

soybean oil (PHSO), it was shown that the induction o f peroxisomal oxidation could be 

ranked as follows; PHMO>PHRO>MO>PHSO>SO. This preferenfial oxidation o f 

TUFAs in PHFO, and long-chain fatty acids in MO may explain partly, the reduced 

level o f  incorporation o f  TUFAs and long-chain fatty acids in both rat and human tissue 

lipids, compared to levels in the diet. For example, Webb & Sanders (1991) has shown 

that only 2.8% o f the total amount o f behenic acid (C22:0) fed to rats, or 14.7% o f the 

total amount absorbed, is found in the total carcass fat. Other investigators have also 

noted that there was no marked retention o f behenic acid in carcass fat when fed as a 

component o f  hydrogenated fish oil (Webb & Sanders 1991). Therefore, there is 

reduced absorption o f long-chain fatty acids in humans and also a reduced 

incorporation o f  these fatty acids into adipose tissue. Similar results were shown in our 

own study (Chapter 4, Validation o f a Fat Intake Questionnaire) where subjects were
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divided into quartiles based on their trans 20&22 fatty acid intake. Analysis o f the 

total trans fatty acid composition o f adipose tissue revealed that although there were 

significant differences amongst individuals in extreme quartiles o f  trans 20&22 fatty 

acid intake (3.7 vs. 8.2 g/lOOg fatty acids), there was no difference in adipose tissue 

total trans fatty acid concentrations (4.0 vs. 4.4 g/lOOg fatty acids).

The lard and palm oil test meals had a similar fatty acid composition, and no significant 

difference in the postprandial TRL-TAG, NEFA or cholesterol response was found 

between these test meals. However, differences in the fatty acid position within TAG 

in the test meal may have suggested that a difference in the TRL-TAG postprandial 

response would be found between these test meals. It is suggested that the position o f 

fatty acids on the TAG molecule in chylomicrons may affect the action o f  LPL. In 

palm oil the major TAG species has palmitic acid in the sn l, or sn3 position, while 

oleic acid is in the sn2 position (Nestel et al. 1995). Palmitic acid in lard is generally 

in the sn2 position (Zhang et al. 1997). It has been suggested that the structure o f TAG 

could affect chylomicron clearance. LPL acts primarily at snl and sn3 positions o f  the 

TAG molecule, and it has been suggested that the melting point o f  2-monoacylglycerol 

could affect TAG hydrolysis by LPL (Zampelas et al. 1994). Therefore TAG from 

palm oil will predominantly produce chylomicrons rich in 2-mono-oleate, whereas, lard 

will produce chylomicrons rich in 2-mono-palmitin. As a consequence it is suggested 

that chylomicrons rich in 2-monopalmitin (lard), could become more rigid and expel 

LPL from its surface, decreasing TAG clearance rates (Zampelas et al. 1994).

Finally, the secretion o f TAG from the enterocyte appears to be dependant on the fatty 

acid chain length and geometric configuration o f the fatty acids in the test meal, which 

could affect the postprandial TRL-TAG response between meals. Several reports have 

described the effects o f  various fatty acids on secretion o f  TAG by Caco-2 cells, which
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is a model to study intestinal lipoprotein synthesis (Van Greevenbroek et al. 1996, Van 

Greevenbroek et al. 1998). It was shown that Caco-2 cells secrete 3-4 times more 

TAG when incubated with elaidic acid (tl8:19A) compared to palmitelaidic ( tl6 :l) , 

while the effect o f vacennic acid ( t l8 :lA II )  on secretion o f  TAG from Caco-2 cells 

was intermediate (Van Greevenbroek et al. 1998). Caco-2 cells synthesise both apoB- 

48 and ApoB-lOO-containing lipoproteins and the amount o f  apoB secreted into the 

basolateral medium is a direct measure o f the number o f  lipoproteins secreted (Van 

Greevenbroek et al. 1998). It was shown that while elaidic acid (tl8:19A), stimulated 

TAG secretion to a higher extent than oleic acid (cl 8:1), the increase in apo B secretion 

was less pronounced with elaidic acid compared to oleic acid. It is hypothesised that 

this causes production o f larger lipid particles (chylomicrons), which are inefficiently 

hydrolysed (Martins et al. 1996). This could result in a decreased postprandial 

clearance o f chylomicrons and may thus contribute to the low HDL cholesterol and 

high TAG phenotype associated with trans fatty acid-enriched diets.

In summary, there was no significant difference in the postprandial response in plasma 

TAG, TRL TAG, total cholesterol or plasma NEFA, measured as the area under the 

postprandial curve, between PHFO, lard or palm oil test meals. The postprandial TRL- 

TAG response to PHFO was expected to be higher than the response following lard and 

palm oil, as the fatty acid composition o f PHFO was significantly higher in TUFA, 

lower in PUFA and similar in SFA content compared to lard and palm oil test meals. 

The absence o f  a higher postprandial response following ingestion o f  PHFO could be as 

a result o f reduced absorption and increased oxidation o f  long-chain fatty acids (both 

cis and trans isomers).
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CONCLUSIONS:

Epidemiological studies require techniques o f dietary assessment which are rapid and 

not labour intensive. The first part o f this dissertation describes the development o f a 

food frequency questionnaire (FFQ) which was designed specifically to assess fat 

intake with particular focus on trans unsaturated fatty acids.

The reliability o f semi-quantitative FFQs is dependent on the quality o f food 

composition data. As FFQs usually fail to reflect changes in the fatty acid composition 

o f foods and loyalty to particular brands a nutrient database was developed specifically 

for this study. The food composition data was based on updated analysis of 

representative food samples and therefore reflected changes in the fatty acid 

composition o f foods. In addition information regarding the brand types used was 

collected to assess fatty acid intake accurately.

Analysis o f  adipose tissue linoleic and total trans unsaturated fatty acid (TUFA) 

concentrations were used as independent markers o f fatty acid intake in this group and 

were used to validate the FFQ. Results demonstrated that although the linoleic acid 

composition o f adipose tissue was a good indicator o f dietary linoleic acid, the total 

TUFA composition o f adipose tissue did not reflect dietary intake. It would appear that 

although C l8 TUFA which are present in partially hydrogenated vegetable and marine 

oils are significantly correlated with adipose tissue concentrations, long chain TUFA 

(C20 & 22) found in partially hydrogenated fish oil are not. Therefore the total TUFA 

concentration found in adipose tissue does not reflect total TUFA intake and can not be 

used as an independent marker o f  TUFA intake in those countries which incorporate 

partially hydrogenated fish oil in food manufacturing.
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The second part of this dissertation examined the acute postprandial effects of fats 

which have typically been used in the food industry. Tropical oils such as palm oil and 

indigenous fats such as lard have been used as replacements for hydrogenated fats such 

as partially hydrogenated fish oils (PHFO) because o f their high melting point. This 

study demonstrated that there was no significant difference in the postprandial 

response, measured as the area under the postprandial response curve, between these 

three fats. In addition it was demonstrated that although long chain fatty acids provided 

approximately 40% of the total fatty acid composition o f PHFO test meal, they only 

constituted 2.4% of total fatty acids in the TRL-TAG fraction 4h postprandially. 

Decreased absorption or increased oxidation of long chain fatty acids, both cis and 

trans isomers, may explain the lack o f these fatty acids in TRL-TAG during the 

postprandial phase. In addition it may explain their absence in adipose tissue samples 

despite relatively high intakes in some individuals.

TUFA intake in Ireland does not appear to be a major cause for concern as mean 

intakes of 5.4 g/day were found. However a large range o f TUFA intake was also 

demonstrated where some individuals achieved TUFA intakes as high as 26 g/day. In 

general the fats and oil industry worldwide is rapidly responding to pressure to give 

consumers a wide range of choices with respect to household table fats and spreads. In 

Europe and Canada 'trans free’ margarines have been made available by using 

interesterification of palm and palm kernel oils with liquid oils. Low TUFA spreads 

have been developed by blending fully hydrogenated oils with liquid oils such as 

sunflower, canola and olive oil. As the present study evolved, use o f PHFO in the food 

industry decreased substantially, reducing the total TUFA content o f many food 

products. This decreased use of PHFO may be as a result o f an increase in cost or as a 

result of pressure to reduce the total TUFA content of their food products.
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As a result o f these changes TUFA intakes in Ireland must be carefully monitored. In 

addition continued analysis o f  foods is required to update the food composition data 

used in nutrient databases. Biochemical indicators such as adipose tissue fatty acid 

composition may not be appropriate as an independent marker o f  fatty acid intake 

during this period o f  change as changes in dietary fatty acid intake are not reflected in 

adipose tissue samples for approximately 2-3 years.

Finally the FFQ developed in the present study, which was validated in healthy adults 

(both male and female) in Ireland, must be validated in other population groups. 

Validation o f  this FFQ in patients with coronary heart disease or in children for 

example would be beneficial as it is a valuable tool which can be used to assess dietary 

intake accurately in epidemiological studies.
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APPENDIX 1



Fat Intake Questionnaire

•  Identif ication
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Which type of fa( do you use in llie preparaCion of vc);etahles ( e.^ for slir fries, or for rr>iii(; \c|;i'l:il>U's|'’ 

Ilran d I'CMKlhase Code Wei^lil

1 lo w  often  do you Slandartl Y o u r 1/14 l / l t l o iH h I r a t e l y huliiaU ' the followinu: I ' o n d l n i s e  e^u le s W e i ^ - t i l

iis iin lly  eat the portion P o l l  inn 7 6 5 4 3 2 1 /Nrvi'i

foM ow iii^ foods nt each
m eal m ention ed.
Salad h ltiice  , 
scallions, cucunihcr, 
loniato. |K 'p |H 'rs .

7 6 5 4 3 2 1

\ f \  \ 1 /n io n t l i U a u ' l y

/ N o v e l

34 Salad Dressings, I'ype. 1 t a b l e s p o o n

7 6 5 4 3 2 1

l / l - l l / in < t i t lh K a i e l y

/ N e v e r

r >  pe of sanee 
l ow fat? /1  nil 1 al?

35 Mayonnaise I
l a b l c s p o o n s 7 6 5 4 3 2 1

1/14 1/niMi il l) K a t e l y

/ N e v e r

1 > pe of sao(
I.OH fat? /1  ull 1 al?

36 ('oleslaw, IN>(ato salad 
cic.

1 lahlcspoon
7 6 5 4 3 2 1

1/14 l / i n n n l h R a r e l y  

/ N e v e r

37 Tolalo chip|K‘d/ I'ried  
-1 i ^ l i l  i n c a l

1 average
7 6 5 4 3 2 1

1/14 1 / i nn iu l i U a i e l y

/ N e v e r

ilonu'inadi' /  Retail /

1 average 1/14 l / n iD i i t h K a i e l y Moincniade/ Retail /
•Mam iiical 7 6 5 4 3 2 1 / N e v e r

1 aveia^e 1/14 l/inoiith R a t e l y Motneniade /  Retail /
-Snacks 7 6 5 4 3 2 1 / N e v e r

38 Potaloi‘s Koast
-LiplU nical

1 avetage
7 6 5 4 3 2 1

1/14 I /inoiiih R a r e l y

/Never
Homemade /  Retail /

1 average 1/14 1 / i n cm lh R a r e l y 1 lomeiniidc /  Retail /
Main meal 7 6 5 4 3 2 ! / N e v e r

39 P ota l(K ‘s
li<Mled/l)aked/mashed 

1.1̂ 1)1 m e a l

1 a v e r a g e

7 6 5 4 3 2 1

1/14 t/in<)ii(h R a r e l y

/ N e v e r

+ /  - Kat added

1 average 1/1 l/inonlh R a r e l y + / - 1 at added
-Main meal 7 6 5 4 3 2 1 / N e v e r

Olliors
7 U 5 4 3 2 1

1/14 WiiK >tuh R a r e l y

/ N e \ e r

(i



40 I low niiii'h h u t l i - r /  Sp re ad  do  yon put on potatoes? N uinher  of  p a t s ? ______
W Iikh  ly|>c of h u t tc r /  sp re a d  do you use on your  potatoes?

I lrand  I'cMnlhasc ( ode W i inlil

Wlik'li ty|H' of fal do  yon use in the p rep a ra t io n  of d i ip s ,  roast |Mitat(ies <ir fried piilalocs.’

B rand  I'lHMlliase C ihIc W i itjlil

Mow o f t e n  d o  y u u  
us i in l ly  ciit th e  
f o l lo w in g  f o o d s  a t  c u r h  
n ica l  m e n t io n e d .

S laiuhird
portion

Your
I'otlion 7 5 4 2 1

l/l-i ]/iniMU>i H ;irt-ly 
/Never

hulicnti ' the rollowin^: iMMHlbase codes Wei^hl

41 i’asta
l.ifllit meal

S. M, 1. 
portion 7 6 5 4 2 1___

1

I/I I I/iiidmMi R:itely
/Never

\Vhile/>^holi*Rr;iln

-Muin meal
S. M. 1. 
poi(ioi) 7 6 5 4 2

I/I 1 l / l l U l t ) l l t R;itely
/Never

Whil<7vvliol(‘̂ r:iiii

42 Kice
l.ighl meal

S. M. 1. 
portion 7 6 5 4 2 1

|/14 1 /iTiotilh R iiicly 
/Never

Whiti'Avholi'grain

Main meal
S. M. I, 
portion 7 6 5 4 2 1

1/14 l/in«tnlh Rarely
/Never

While/wlwili'grain

43 lleef, f ried/roast  /grilled S. M. I.
I>otlion 7 6 5

5

4____

4

3 2

2

1 _  

1

1/14 l/in«tnlh Raiely 
/Never

Stc-wcd / l lakcd /  (irlllcdy 
I' r i fd  / Roast

44 Hacoii /l lam S. M. 1. 
poilion 7 6

1/14 l/lMi ttllll Raiely
/Never

SlewiM l/Baked/< ;ri lUfl /  
1- l ied / Koast

45 f o r k S. M. I. 
portion 7 6 5 4 2 1

1/14 l/tnonlli Kaiely
/Never

S t o v e d / B a k e d / ( ; r i l l t ‘d/ 
1' rie<l /  Koasl

46 l.aiul) S. M. 1. 
|>oition 7 6 5 4

4

2

2

1___

1

1/14 1 /itit)n(h K arely 
/Never

S t e w e d / B a k e d / ( ; r i l U ‘(i/ 
l i ied / Roast

47 (h ie k e n / tn rk e y .  
Breast ? I.eg?

S. M, I. 
(xiition 7 6 5

1/14 l/lUOIIlt) R ately 
/Never

Slewed / Baked / ( iri l led/ 
I' ried / Roasl

48 I.iver/Kidney/I leart S, M, 1. 
portion 7 6 5 4 2 I

1/14 l/in(tti(h Raicly 
/Never

S l e w e d / B a k e d / ( ; r i l l e d /  
1* ried / Koast

49 (Jravy 1 lablcspooii
7 6 5 4 3 2 1

I/I4 l/inonih Rarely
/Never

( t rann les?  
+ / - Juices

/



5 0  \ M i i i h  l> |K ‘ o f  r;il <lo y o u  u s e  f o r  I r y i n ^  n io a l  , d i i c k t n  , f i s h ?

A r e  y o u  i n  t h e  h a i ) i l  o f  e a t i n g  o r  n o t  e a t i n g  t h e  v is il ii e  f a t  o n  m e a t ?  N e s  /  N o  ?
I l a m ?  ^ ( s /  N o  ? 
C h i c k e n ?  ^ 'e s  /  N o  ?

1 l o w  o f t e n  d o  y o u  

u s u a l l y  e a t  t h e  

f o l l o w m g  f o o d s  a t  e a c h  

m e a l  m e n t i o n e d .

S t a n d a r d
p o r t i o n

Your
Portion 7 6 5 4 2 1

I / l l l/lIKMllh Kart ' ly
/ N e v e r

I n d i c a t e  t h e  f o l l o w i n g : l ooi ihi i se  encles Wei j -hi

51 W h i t e  fis lt  ( c (k I ,  h a d d o c k , 1 S . M . I , 1/14 1 /nu)t)lh R iirciv h r e a d c r u m b e d /  B a t t e r e d
p l a i c e ,  h a k e ) Fi l l et 7 6 5 4 3 2 1 / N e v e r I r e s h

52 K ip |H ‘r s ,  h e r r i n g , 1 S . M . I . I / l l | /tnofilh l^;i tcly b r e a d c r t u n h e d /  h a l t e r e d
p i l c h a r d s ,  s a l m o n , l-illci 7 6 5 4 2 1 / N e v e r 1 r e s h
m a c k e r e l

5 3 I ' i n n e d  f i sh S m a l l  ( in i / 1 4 I/inonlli Ka i c l y l i n n e d  in
7 6 5 4 2 1 / N e v c i < )il ,  l i r i n e  o r  S a u c e

54 M s h  I ' i n g e r s l i u i i ca l c  N o l/I-l Winntith Ri i tely I V i e d / ( ; r i l i e d ?
7 6 5 4 \ 2 1 / Ne v e i

55 W h i t e /  C h e e s e /  P a r s l e y 1 l ub l c s po o i i I / M l/llinnill Kare ly H o m e m a d e /  K e ta i l ?
S a u c e 7 6 5 4 2 1 / No v e l + /  - m i l k  +  /  - I ' at

5 6 S t u i r m g ,  T y p e 1 t a b l e s p o o n 1/ 14 | / inniith Ri i tcly l i o u u - m a d e /  K et: ii l?
7 6 5 4 2 1 / N e  vet 1 v|H' o f  f a t  use<!?

57 l i e e f  h u r g e r s 1 a v c i a y c 1/1 1 / i n o t i l h K;iu’Iy I r i e d /  ( i r i l l e d
7 6 5 4 2 1 / N e v e r 1 l o m c m a d e /  K e ta i l ?

5H M e a t  p i e s /  r a s t i e s / l  i n n e d 1 a v c i j g c I/I l/lUOIIllt M;uely
m e a l s 7 6 5 4 2 1 / Ne v e r

5 9 S a u s a g e  R o l l s S m a l l  o r I / l l l/tn* Milli Kiirely
laigcV 7 6 5 4 2 1 / N e v e r

6 0 P i z / a ,  l y p e I / l l 1 /iiiodih Kiirely 1 b i n  b a s e /  D e e p  p a n ?
7 6 5 4 3 2 1 / N e v e r

61 H o w  m a n y  m i x e d  d i s h e s  di> y o u  e a t  p e r  w e e k ? ____________
( e.f*. f io to g n u is e«  I . a s a g n e ,  S t e w s ,  (  u r r i e s ,  C h i n e s e  d i s h e s  e tc . )

J  y | ) e  I ' m i d h a s e  C<mIc W e i g h t

N o t e :  M e a t ,  v e g e t a b l e s  a n d  p a s t a  /  K i t e  a l r e a d y  a e e o i m t e d  f o r .  ( )ii ly  i n t  h i d e  t h o s e  s ;u k  cs  h it  h  ;<i v (-;ih ii < .g. M o h n io ,  t ' n  S o u r  s i u u  e, t u r r y  p a s t e /  s n u c e /  p o w d e r ?

K



(•2
I l<iw niaiiy lakc-aN^uy lomls do you i‘;i( per  wci-k ? hiir^ci  s, U;iiU'ri(l s:ius;i^i-s , iii;k , (^tiai ti i I'oiiiMln s , S|M( r  Imii s <-1( ? 

l yiH* l ondhasr  Coilc* W’ci^hl

H ow often  do  you 
usua l ly  eut the  
fo llowing foods a t  each 
nical m en t ioned .

S t a n d a r d
portion

Your
Portion 7 6 5 4 3 2 1

1/14 t/iiiiiiith R are ly
/ N e v e r

I n d ic a te  Ihe iol lov^lng: l^ ) o d b a s e  c o d e s

6 J Full fat cheeses 
( c h c d i la r .  Ix r ic cs lcr . s ti l lo n . 
I t i i c  a t i J  soU  c h c c s c s )

M a(ch h t )x
s i / c 7 6 5 4 2

2

1

I/I i l/inoiuti R arc ly  
/ N e v e r

64 li as i S in g l e s ,  ( l a l i c c ,  
( ' a l v i i a

1 S l i c e  o r  
1 I r i a i ig l c 7 6 5 4 1

I / I t i /ninnih R aio ly  
/ N e v e r

65 I.ow f a t  cheese 's  
( R c d u c c d  fat c h c d d a r ,  
f c t li i r t’d lal s o i l  c l u v s r s .  
lUJaMi B la r n e y )

Malchl>»)x
s i /o 7 6 5

1

4 2 1
I / l l l/iMoiilh R a ie ly

/ N e v e r

66
I low oflcn do  you have a dessert  per  week?
( e.g. Apple I'ar t,  (.iheeseeake, Jelly, Milk l*uddings, ( fa leaux  elc)

l) |M-
( +/- O t a i i i ,  
( +/- C ream , 

, ( +/- O c a m ,  
( +/- C ream , 

, ( +/- C ream , 
( +/- C ream , 

, ( +/- C ream ,

leeeream , C 
leeeream , C 
Iceeream, ( 
leeeream , ( 
leeeream , ( 
leeeream , ( 
leeeream , (

us la rd ,
iislarcl,
t islard,
usla rd ,
u s la rd ,
u s ta rd ,
us la rd .

Inppinf;)
loppiiiR)
lopp ing)
loppiiiR)
lopp ing)
lopp ing)
lopp ing)

Weight

How often do you eat the 
following f(M>ds?

S tan d a rd
port ion

Youf
I'oilioii 7 6 5 4

67 leeereani, on its own ( e.g 
choc ice.m agmun etc)

1 average  
ice cream 7 6 5 4 A

1/11 l/iniinth R a ie ly
/ N e v e r

In d ic a le  llio fo l l o w in g 1 ix k IIxiso t (k Ics W c i^ l u

1/11 l/ni(Mith R are ly
/ N e v e r

I)



Cut Cake ( e.f; M ad e ira , r r i i i ( ,  Spoiif’e, (H iif’er cic.):

6K How m any sliiTS or cake ilo  you f i l l  |KT clay?  o r per week?______

lyi>c Hrand

In d iv id ua l Cakes Pastries:

69 How m any in d iv id u a l cakes do you eat per week?_____
( e.R. Scones , doughnuts, cream  cakes, apple pies, ja m  la r is  etc)

ly |H ' Itra n d
Scones ( + /  - I tu lle r ,  = /  - Jam )

Sweet Biscuits:

70 H ow  m any b iscu its  do you eat per da y?________ o r pe r week?

W hat types do you eat e.j;. ( tioco ia le , Sandw ich , P la in , H o li Noh Type etc.

■|'yi>e llra i id
 ______________  (+/- l lu t te r  )

 ___________________   ( +/- H n tte r)
_____________________________ ( +/- H ntte r)
_____________________________ ( +/- Itu t le r)
_____________________________ ( +/- lU itte r)

Crackers A  Savoury Itiscuits:

71 How m any crackers do you eat per day?_______________

lyi>e B rand
. _________ _____________(+/- H o tte r )

_____________________________ ( +/- I t i i t te r )  ______
_____________________________ ( +/- H o tte r) _______________
_____________________________ ( +/- lU itte r)

___________________________ ( +/- H u tte r) ________

10

r  oodliase ( 'ode

I (MMlhase < <Mle

l - t H M l l ia s e  ( '4h I c

I'OfHlhasc ( '(Kle

W eight

W eight

W eight



H im  orti'ii do yiiti 
I'onsuiiir lliv riilliiwiii}; 
r<M>ds?

Standard
portion

Y»mr
I'oMKHl 7 6 5 4 2 1

I / l l l/tn o n lh l( rife ly 
/N ever

l i id u  ale llie  l i i l l i iw in g I notlhase eoiles W ergln

7 2 Uecr 1 p in t
7 6 5 4 2 1

I / l l l / in n n 1h Rarely
/N ever

type

Wine 1 class
7 6 5 4 2 1

I / l l l /n ii i i i lh K ate ly
/N ever

74 SpirKs 1 Measure
7 6 5 4 2 1

l/M l / in n n 1h K :ire ly 
/N ever

7 5 Crisps: 1 average 
si/e
pk t.(28 (!)

7 6 5 4 2 1
I / l l l/tii( in lh Rarely

/N ever

I f , IVam ils
S a ltfd /l)ry  Koaslcd

1 l ‘ k l
7 6 5 4 2 1

I / l l l /in n n lh Rarely
/N ever

7 7 apple 1 average
7 6 5 4 2 1

I / l l l/n io n lh R aie ly
/N e \e r

7 8 Orange/
(ira|M 'friiil/M iu idarins/
Clementines

1 average
7 A 5 4 .1 2 1

I / l l l /n in n lh Rarely
/N ever

7 9 Kanana 1 average
7 6 5 4 2 1

I / l l l /tn iu ilh Rarely
/N ever

HO Pears, iieai'hes , plinns 1 average
7 (, 5 4 2 1

l / U l/n in n lh Rarely
/N ever

RI Tinned I'r iiit , Slewed 
fruil

1 llh sp
7 6 s 4 2 1

I / I  1 l/ in n iil l i R aie ly
/N ever

+/- Cream , Icecream, 
C iistard, 1 oppinu

Sweels &  ('(infectioiu'ry

H2 ( III!) M ilk /S n ack  Ita r/ 
Kilkat 1 7 6 5 4 A 2 1

I / l l l/n iM tilli Rarely
/N ever

8 3 M ars l$ar/ Twix/ Snickers
1 7 6 5 4 2 1

I / l l l/tTitinlh Rarely
/N ever

8 4 Dairy M ilk  Chocolate/ 
W ispa/ Aero/ lUiltons/ 
Choc Orange

1 7 6 5 4 2 1
I / I  1 1 /inon lh Rarely

/N ever

8 5 Fruit (lU in s / I ’astillcs/ 
niintsAVine (ium s/ Boiled 
Sweets/marsh mallows/ 
snowliaMs

1 l>kt. 7 6 5 4 2 1
I / M l/n in n lh Rarely

/N ever

86 Toffees/ ('arainels
1 I’kt. 7 A 5 4 2 1

l / l . l 1 /tiion lh Rarely
/N ever

8 7 Minerals; 1 e;iii
7 6 5 4 2 1

I / I  1 l / in n iu li R aie ly
/N ever

88 Fruit Drinks; 1 canon
7 6 5 4 2 1

I / l l l / in n l1 lll Rarely
/N ever

11



APPENDIX 2



Screening
Questionnaire

Date: 
I.D. '



Name:
Address:

Date:

Weight:
Height:
Body Mass Index: 
Date of Birth:

Do you smoke? Yes  No_____

Do you drink? Yes  No_____

How much do you drink in one week?

Pints o f beer / lager/ cider?
Measures of spirits ( whiskey/ brandy/ vodka etc)? 
Glasses of wine ?
Cans of beer/ lager/cider?
Bottles o f beer/ lager/ cider?

How often do you eat oily fish - fresh or tinned, 
(salmon, trout, herring, mackerel or sardines)?

per day? _____________
per week? ' _____________
per fortnight? _____________
per month? _____________
Rarely? _____________

What portion size do you eat?
e.g. small, medium or large cutlet or fillet? _____
e.g.size o f tin and quantity eaten from it? _____



How often do you usually eat bread?

per day? ______________
per week? ' ______________
per fortnight? ______________
per month? ______________
Rarely? ______________

How many slices do you eat at each sitting?___________

W hat type o f butter/ spread do you use on your bread?____________

How many pats o f butter/ spread do you use per slice o f  bread?_____

What type o f oil / fat do you use in cooking ( e.g. olive oil, sunflower 
oil, rapeseed oil, lard, fiytex, cookeen, butter ,)?

Supplements:

What supplements have you taken over the past 3-4 months?

e.g. cod liver oil, vitamin and mineral supplements, vitam in C, 
vitamin E, garlic capsules, zinc, calcium etc.

Name: Quantity:



Exercise:
How often do you exercise?

Frequency____________ Type o f exercise___________Time taken

Once per week _____
1 -2 times per week_____
2-3 times per week_____
>4 times per w eek_____

Have you visited your G.P. in the last 6 months?

yes  No___

Past medical history:

Medications:


