
 
 

 

Copyright Statement 

The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand). This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 

• Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

• Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback  
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the digital 
copy of their work to be used subject to the conditions specified on the Library 
Thesis Consent Form

 
 

http://researchspace.auckland.ac.nz/feedback
http://www.library.auckland.ac.nz/instruct/thesisconsent.pdf


Manipulation of dietary faff,y acids and soluble fibre:
c.onffolled interve-ntion trials investigating

cardiovascu-lar and ffie 2 diabetes risk

Geral.dine F, Keogh

A thesis submitred iln panial ,fulfilment,of the reqrrirements
for the degree o Dsetor'of Philosoph-y,

in the School of Eiological Scionees
The Universrry of AUckland

January 2003



Caunrnlrg's cor.rrnrBuTroN To rIrE woRKDEScRTBED rN THE THESIS

I carried out and was responsible for all human aspects of these trials at the University of

Auckland, Human Nutrition Unit. Placement of indwelling venous canulae were performed in

collaboration with a clinician from the School of Biological Sciences. All biochemical

analyses were carried out at the University of Auckland, School of Biological Sciences under

my direct supervision. Analysis of erythrocyte membrane fatty acids was carried out in

collaboration with the Department of Chemistry. Hamatological indices were analysed by a

commercial laboratory, Diagnostic Medlab Ltd. Direct analysis of diets was carried out by

Milk and Health Research Centre, Massey University and Crop and Food Research Ltd,

Palmerston North. Statistics were carried out in collaboration with a Universitv statistician in

the Department of Statistics.



Ansrnacr
Cardiovascular disease and type 2 diabetes mellitus are two of the leading causes of death in

developed countries and the prevalence of these integrally linked disease states continues to grow.

A number of modifiable risk factors contribute to the development of cardiovascular disease

including raised blood cholesterol, hypertension and obesity, the latter also being an important

modifiable risk for type 2 diabetes mellitus. Diet is also a critical factor underpinning the

development and progression of these adulronset diseases, however the complete role of diet in

modifying risk has not yet been fully ascertained. This thesis describes a series of randomised,

controlled cross-over intervention trials that have investigated the potentially beneficial effects of

alterations in the macronutrient composition of the diet, specifically lipid and carbohydrate

composition, in relation to both cardiovascular and type2 diabetes risk.

Trial I investigated whether modifying the fatty acid profile of a bovine butter-fat, using simple

feeding methods to substitute a moderate proportion of the saturated fatty acids with mono- and

polyunsaturated fatty acids, could improve blood lipid profile and haemostatic clotting factors in

20 healthy men following a tightly controlled dietary regimen in which butter-fat was

incorporated into a typical Westem diet. Results showed that the inclusion of the modified butter-

fat led to a clinically significant reduction in serum total (P < 0.05) and low-density lipoprotein

cholesterol (P < 0.01) without a concomitant reduction in high-density lipoprotein cholesterol.

The 7Vo decrease in serum low-density lipoprotein cholesterol, achieved with only a small

alteration in the fatty acid composition of the total diet, would represent a significant reduction in

cardiovascular risk if applied across a whole population.

The sub-study of Trial I investigated changes in erythrocyte membrane fany acid composition

during a period of controlled fat feeding in order to assess whether dietary change could alter

membrane fatty acid composition over a 3 week period, and hence determine whether it may be a

useful short-term biomarker of dietary compliance. The results showed some significant changes

in erythrocyte membrane saturated, mono- and polyunsaturated fany acids within 3 weeks

following alterations in dietary fatty acid composition. All fatty acids changed in parallel with diet

but in this group of 20 men only C18:0 and Cl8:l had altered significantly (P < 0.05) by 3

weeks. The results of this trial suggest that the measurement of erythrocyte membrane fatty acid

composition may be a vzrluable, independent, qualitative measure of dietary compliance in short-

term intervention trials that currently rely on self-reported intake data, however they can provide

no quantitative i nformation.
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Tial 2 assessed postprandial metabolic outcomes associated with cardiovascular risk, including

triacylglycerol, triacylglycerol-rich lipoproteins, cholesterol-rich lipoproteins, haemostatic clotting

factors, glucose, insulin and amylin, using the high saturate and high mono- and polyunsaturated

fatty acid butter-fat as the fat challenge. The study, carried out in 18 healthy men, showed a

significant increase in plasma triacylglycerol in the 3 hours immediately following ingestion of

the high mono- and polyunsaturated fat feeding compared with the high saturated fat (P < 0.05).

No other differential effects were observed. When both treatment groups were combined the total

lipaemia induced by an acute fat bolus caused a delayed and prolonged increase in serum

cholesterol and cholesterol-rich lipoproteins, confirming evidence from previous trials that fatty

meals may cause cholesterol to be elevated for many hours postprandially and thereby

confounding measures taken in the fasted state.

Trial 3 investigated the effects of adding a highly enriched barley-derived p-glucan (75Vo wlw)

into a typical Western diet, in 18 'at risk' hypercholesterolaemic men following a highly

controlled dietary protocol. The addition of lOg/day p-glucan to the diet failed to demonstrate

significant improvements in lipid or glucose control, and hence no evidence of improvement in

cardiovascular disease or type 2 diabetes mellitus risk. The inability to reduce serum cholesterol

may have been a consequence of structural changes that occurred during the enrichment process

converting the natural barley cereal into a high p-glucan product, as has been shown during

similar enrichment processes of oat p-glucan.

These trials have demonstrated that under strictly controlled experimental conditions changes in

the fatty acid composition of the diet can lead to improvement in cardiovascular disease risk, as

measured by alterations in serum lipids, over a 3 week period. However, beneficial changes in

postprandial markers of cardiovascular disease were not observed, nor were markers of type 2

diabetes risk in this group of individuals with normal lipid and glucose metabolism. The

measurement of erythrocyte membrane fatty acid composition identified some potentially useful

biomarkers of dietary compliance that may be useful in short-term trials. The dietary fibre

manipulation described did not result in any significant improvements in cardiovascular disease or

type 2 diabetes risk factors and raised important issues regarding the physiological activity of

highly processed soluble fibre products, and highlighted the fact that not all p-glucan products

have benefici al cholesterol-loweri n g properties.
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