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Voorwoord

In dit proefschrift worden twee onderzoeken beschreven naar de invloed van
de soort en de hoeveelheid vet in de voeding op enkele risiko-indicatoren voor
hart- en vaatziekten bij gezonde vrijwilligers. De resultaten zijn weergegeven
in de vorm van vijf artikelen (hoofdstuk 2 t/m 6). In een bijlage is geprobeerd
om niet-vakgenoten enig inzicht te geven in het verband tussen voeding en
hart- en vaatziekten.

Het onderzoek werd uitgevoerd op de vakgroep Humane Voeding van de Landbouw-
hogeschool, met financi&le steun van de Nederlandse Hartstichting.

Bij het onderzoek zijn veel mensen betrokken geweest, die hier niet onver-
meld mogen blijven.

In de eerste plaats dank aan mijn promotor, prof.dr. J.G.A.J. Hautvast,
voor zijn levendige belangstelling in alle fasen van het onderzoek.

Martijn Katan heeft op bijzondere wijze aan het geheel bijgedragen. Het
vrijwel dagelijkse contact met hem was erg prettig en altijd stimulerend.

Prof.dr.ir. R.J.Jd. Hermus dank ik voar zijn adviezen bij de voorbereiding
van het project.

De digtistes Joke van Jeveren, Marita Engelen, Jeanne de Vries en Nettie
van Kaathoven waren van onschatbare waarde. De verantwoordelijkheid voor de
dagelijkse gang van zaken in de keuken tijdens de voorbereiding en uitvoering
van de proeven rustte geheel op hun schouders.

Zonder de opgewekte, enthousiaste en serieuze inzet van alle proefpersonen
zou er van dit onderzoek niets terecht zijn gekomen; heel veel dank!

Ook Annelies Geenen, Gerrie Duifhuyzen, de medewerkers van de Akademie
Diedenoord, ir. P. 3luimer van het Instituut voor Graan, Meel en Brood te
Wageningen, bakkerij Bouwman en de medewerkers van het Biotechnion dank ik
voor hun bijdrage aan het soepele verloop van de proeven.

De doktoraalstudenten Lisette Gruisen en Bas van Woelderen hebben een niet
geringe bijdrage geleverd. Aan de samenwerking met hen bewaar ik prettige
herinneringen.

De vele gesprekken met mijn collega's Marianne Stasse-Wolthuis en Joop van

Raay 1ijken mij onmisbaar te zijn geweest. Ook in praktische zaken waren zij
steeds een grote steun. Clive West dank ik voor zijn hulp bij de voorbereiding
van de manuscripten.
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STELLINGEN

In de Nederlandse situatie is zowel een drastische beperking van de

heeveelheid vet in de voeding als een matige vetbeperking gepaard gaande

met verhoging van de linolzuurconsumptie effectief in het verlagen van

het serum cholesterolgehalte. Drastische vetbeperking leidt echter tot

lagere HDL-cholesterol- en hogere nuchtere serum triglyceridengehaltes.
Dit proefschrift.

Antonis, A, and Bersohn, I. The influence of diet on serum
triglvcerides in South African White and Bantu prisoners.
Lancet i: 3, 1961,

. Het HDL-cholesterolgehalte wordt meer bepaald door de totale hoeveelheid
vet dan door het aandeel van meervoudig onverzadigde vetzuren in de
voeding.

Dit proefschrift.

. Bij het uitbrengen van voedingsadviezen dient tegelijkertijd inzicht
gegeven te worden in de mate van bescherming tegen ziekte die het opvolgen
van die adviezen oplevert.

. Linolzuurrijke produkten zijn bij uitstek geschikt voor een serum
cholesterol verlagend dieet; het aanprijzen van dergelijke produkten ter
verlaging van de bloeddruk is echter voorbarig.

Dit proefschrift.

. Bij de interpretatie van de resultaten van experimenten, waarin gebruik
gemaakt is van vloeibare voedingen, wordt vaak onveldoende rekening

gehouden met het effect van dergelijke voedingen op de darmfysiologie.
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De toename in lichaamsgewicht die vaak optreedt wanneer men stopt met het
roken van sigaretten vormt een beduidend kleiner risico voor de gezondheid
dan het roken zelf.

Sorlie, P., Gordcen, T. and Kannel, W.B. Body build and mortality. The
Framingham Study. J. Am. Med. Ass. 243: 1828, 1980,

Het instellen van wijkraden van overheidswege is in de huidige praktijk
strijdig met het beoogde doel: burgers meer directe invioed op de plaatse-

1ijke bestuurlijke beslissingen te geven,

Verhoging van de militaire investeringen leidt tot verlies van arbeids-
piaatsen.

Bij de inrichting van werkruimten wordt er onvoldoende van uitgeqaan dat
het werk in deeltijd verricht moet kunnen worden.

Voeding is geen wetenschap.

Proefschrift J,H, Brussaard.

A comparison of various cholesterol lowering diets in young healthy volunteers;
effects on serum lipoproteins and on other risk indicators for cardiovascular
diseases.

Wageningen, 4 december 1981.
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Summary

This thesis deals with the effect of tyve and amount of dietary fat on the
concentration and composition of serum Tipoproteins, colonic function, plasma
glucose and serum insulin levels and blood pressure in healthy human volunteers.

Two experiments were carried out. In the first experiment with 60
volunteers a moderate fat diet with a high preportion of polyunsaturated fatty
acids (as recommended by several advisory bodies), was compared with three
other diets during a test period of 5 weeks., One diet was low in total fat with
a lTow proportion of polyunsaturated fatty acids, one diet was high in total fat
with a high proportion of polyunsaturated fatty acids and one was high in total
fat with a low proportion of polyunsaturated fatty acids. In the second experi-
ment with 35 volunteers the moderate fat diet rich in polyunsaturated fatty
acids and the Yow fat, lowpolyunsaturated fatty acid diet were compared again, but
this time the test period lasted 13 weeks. The diets were composed of regular
foodstuffs and differed in carbohydrate and fat content or fatty acid composi-
tion only. There were only minor differences in intake of dietary fiber and
other nutrients known to affect cholesterol metabolism.

Subjects in both studies were under strict dietary control. All foodstuffs,
except for 100 kcal (0,4 MJ) per day were supplied individually according to
each person's energy need. Actual food intake was measured by food records and
analysis of double portions. The fatty acid composition of cholesterol esters
in serum was analysed in the second experiment in order to check adherence to
the diets.

The serum lipoprotein composition and concentration observed during the
experiments are given inChapters 2 and 3. In serum, total cholesterol, trigly-
cerides, apo]ipoprotein—AI and -B were measured; in high-density-lipoprotein
(HDL), cholesterol was measured; in low-density-lipoprotein {LDL), cholestero]
and triglycerides were measured and in very-low-densjty-Tipoprotein (VLDL),
triglycerides, apolipoprotein-B and the ap01ipoprotein-CII/CIIIratio were
measured. From these experiments two conclusions can be drawn. Firstly, that
both a Tow fat diet, Tow in polyunsaturated fatty acids and a moderate fat diet,
high in polyunsaturated fatty acids lower total serum cholesterol levels when
compared with the habitual diet of affluent conmunities. Secondly, that a low




fat diet causes lower HDL-cholesterol and higher fasting VLOL-triglyceride
levels than a moderate fat diet, high in polyunsaturated fat.

It is by no means certain that changes in the concentration of HDL and
VLDL really result in changes in the risk of death from cardiovascular
diseases. In long-term intervention trials, such a hypothesis has not been
tested; only the effect of changes in serum total cholesterol has been studied
in intervention trials.

Chapter 4 deals with effects on colonic function. No changes in mean transit
time through the gut, fecal wet and dry weight, frequency of stools and con-
centration of fecal steroids were found. This shows that the intake of dietary
fiber had been roughly equal in all diet groups within each experiment.

Because there were no consistent short- or long-term changes in fecal bile acid
or neutral steroid excretion, it is concluded that changes at the intestinal
level do not explain the changes in total serum cholesterol concentration.

Chapter 5 gives the results of measurements of fasting and postprandial
serum insulin and glucose concentrations. The results show, that neither the
amount nor the type of dietary fat had a strong influence on these variables
in healthy subjects.

Chapter 6 describes the effect of type and amount of dietary fat on blood
pressure as well as the effect of dietary fiber from various sources and type
of protein, None of these dietary components had a demonstrable effect on blood
pressure in young normotensive subjects.

The results of these experiments do not call for changes in the dietary
recommendations of the Netherlands Nutrition Council, as far as the risk of
death from cardiovascular diseases is concerned.
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1. Introduction

This thesis deals with the effect of the type and amount of dietary fat on

a number of risk indicators for cardiovascular diseases. Cardiovascular diseases -

are the cause of death for 45% of all people who die each year in the Nether-
lands. Thirteen percent of deaths from cardiovascular diseases occur in people
before the age of 60 years and 8 percent between the age of 60 and b5 years.
Within the broad category of cardiovascular diseases, ischemic heart diseases
and cerebrovascular diseases account for 75% of all deaths. Mortality from these
diseases is Tour to six times greater in men below the age of &0 than in women
of similar age. OFf the people who cease work for health reasons each year, 19%
do so because of cardiovascular diseases (1, 2).

The principal cause of ischemic heart diseases and cerebrovascular diseases
is atherosclerosis. A number of hypotheses concerning the pathogenesis of
atherosclerosis have been proposed (3) but the most important within the scope
of this introduction is the 'response-to-injury' hypothesis {4).

The 'response-to-injury’ hypothesis

To understand this hypothesis one must recall that normal arteries are
composed of three layers or tunicas as outlined in Figure 1.

Endo -
thelium

internal
Elastic
lamine

External
Elastic
Lamina

Figure 1. The structure of a small artery,free of atherosclerosis




11

"The inner Tayer is the tunica intima; the endothelial 1ining which provides a
smooth, Tow friction, inner surface in contact with the hlood stream. The
tunica media is a thick middle layer composed of smooth muscle and elastic
fibers intermingled and arranged both lengthwise and circumferentially. The
outer layer, the tunica adventitia, is formed by fibrous collagenous tissue.
According to the 'response-to-injury' hypothesis factors such as hyperlipidemia,
the increased stress in hypertension, carboxyhaemoglobin (resulting from
cigarette smoking) and a number of other factors may ‘injure' the endothelium.
This alters the nature of the endothelial barrier to the passage of blood
constituents into the arterial wall and possibly causes focal desquamation of
the endothelium, resulting ia exposure of the underlying intimal connective
tissue. This is followed by adherence of platelets to subendothelial cellagen,
after which microthrombi are formed by platelet aggregation. The platelets then
release the contents of their granules. The massive infiltration of platelet
factors, plasma lipoproteins and possibly other plasma constituents at the site
of injury leads to the focal proliferation of arterial smooth muscle cells, the
formation of large amounts of connective tissue matrix by these cells and to
the deposition of lipids both within the cells and in their surrounding
connective tissue matrix. If the injury occurs only once, the lesion may heal
and regress leaving a sTightly thickened intima. Repeated or chronic injury to
the endothelium may lead to a complicated lesion protruding into the arterial
Tumen. In such a lesion, deposition of Tipid would occur, smooth muscle cells
would proliferate, and connective tissue would be laid down and eventually the
whole lesion would become rigid as a result of calcification. This sequence of
events could Tead ultimately to such clinical symptoms as angina pectoris or
infarction, resulting from the lesion obstructing the artery or from a thrombus
lodging in the partially obstructed artery.

Risk factors

Many epidemiological studies have been carried out to explore the
characteristics of people or the environment in which they live in relation to
the risk of developing cardiovascular diseases. A number of factors have been
found to be associated with such risk and these can be classified, as suggested
by Stamler and coworkers (5), as follows:

- those involving social environment and 1life style, e.g. a habitual diet high
in saturated fats, cholesterol, and energy; cigarette smoking; sedentary
Tiving.
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- those involving endogenous biochemical and physiological regulatory
mechanisms, but amenable to exogenous influences such as diet or pharma-
ceuticals. Examples of such endogenous mechanisms are: hyperlipoproteinemia,
hypertension, diabetes, hyperglycemia, hyperuricemia, and rapid resting heart
rate. '

- those involving organ pathology, e.g. ECG abnormalities, hypothyroidism, and
renal disease.

- those involving fundamental biolegical properties not generally amenable to
exogenous influences, e.g. age, sex, heredity.

Some of these factors occur simultaneously and are often interrelated.

From multivariate analysis (6) of data from several studies it became apparent

that most of the risk for developing cardiovascular diseases can be predicted

from three factors; hypercholesterolemia, cigarette smoking and hypertension,

From the foregoing explanation of the 'response-to-injury' hypothesis it can be

seen that these factors might also be causally involved in the proces of

atherogenesis. In long-term intervention trials reduction of both hyperchole-
sterolemia and hypertension have been shown to lower mortality from cardio-

vascular diseases (7-10}.

In recent years is has become clear that not only is the total serum chole-
stero]l concentration important, but that the cholesterol distribution between
the various lipoprotein fractions is also important. Over the last two decades
prospective epidemiological studies have shown that the risk of cardiovascular
diseases increases with increasing plasma concentrations of total cholesterol
and also low density lipoprotein {LDL) cholesterpl (11} and decreases with
increasing concentrations of high density lipoprotein (HDL) cholesterol (12-14),
There are indications that LDL promotes deposition of cholesterol in the
arterial wall, while HDL does the reverse. It should be noted however that in
affluent societies, the level of serum total cholesterol mainly reflects the
concentration of LDL-cholesterol.

A controversy still remains about the possible benefits of lowering serum
cholesterol concentrations. This may arise partially from misunderstandings
about what can be expected in terms of lowering the risk of cardiovascular
diseases. Thus, an example will be given of an estimate of the possible benefit
of Towering serum cholesterol concentrations on the incidence of myocardial
infarction. The estimate, which can only be calculated for groups of persons on
average, was made by Whyte {15) based on data from the Framingham Study, which
is a large population study in the United States. Whyte calculated that if 100
men who are non-smokers, with normal blood pressure and electrocardiogram,
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lower their plasma cholesterol from 8 to 6.7 mmol/] starting at 35 years of age,
6 could potentially benefit by avoiding a coronary incident before the age of
55, 94 would be Tikely to follow the regimen without apparent benefit, and 8 of
these would have an attack within 20 years despite adherence to the regimen.
The potential benefit is less for women and for those who start the regimen at
an older age. It is greater if cholesterol is lowered further and if other risk
factors are present: for instance, 29 of 100 men starting at age 35 who are
cigarette smokers with moderate hypertension and left-ventricular hypertrophy
and who reduce their plasma-cholesterol concentration from 8 to 5.4 mmol1/1
would benefit.

These examples show that lowering the concentration of serum cholesterol does
not give 100% protection against cardiovascular diseases but also that the
protection bestowed is not negligable. Thus recommendations, including
recommendations concerning diet, aimed at reducing the incidence of ischemic
heart diseases in particular and cardiovascular diseases in general have been
drawn up by authorities in a number of countries.

Dietary recommendations

Dietary factors, especially saturated fatty acids and cholesterol influence
the risk of cardiovascular diseases probably via their effect on the level of
cholesterol in serum but perhaps also through other factors such as blood
pressure and blood clotting. A controversy still exists about which type of
diet should be recommended to the general population for the optimalization of
serum Tipid Jevels. The Netherlands Nutrition Council {16) recommends a diet
moderate in total fat {33% of daily energy) inwhich the ratio of saturated, mono-
unsaturated and polyunsaturated fatty acids is 1 : 1 : 1. However, objections
have been raised against recommending diets rich in polyunsaturated fatty acids
since there has been no long-term experience with such diets on a large scale.
As an alternatijve, lowering the consumption of total fat has also been proposed
(17). Since the effects of such diets on serum 1ipids have been studied much
less thoroughly than those of diets rich in polyunsaturated fatty acids, two
studies were carried out.

Experiments described in this thesis

In this thesis the results of these studies are reported. In the first
experiment a diet containing a moderate amount of fat rich in polyunsaturated
fatty acids, as recormended by the Netherlands Nutrition Council was compared
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with 3 other diets during a test period of 5 weeks; a high carbohydrate diet,
low in fat which was Tow in polyunsaturated fatty acids and two high fat diets,
one high and one low in polyunsaturated fatty acids.

In the second experiment, the high carbohydrate Tow fat diet and the moderate
fat 'recommended' diet were compared again, but this thime the test period
lasted 13 weeks.

In both studies, the diets differed only in the proportion of carbohydrate and
fat present and in the fatty acid composition of the fat. The dietary intake of
the participants was strictly controlled. Relatively large numbers of partici-
pants were involved in the studies; in the first experiment there were 60 people,
and in the second, 35. The subjects were healthy young male and female students
who volunteered to participate in the study.

Five publications resulting from this work are reproduced in this thesis.
The first two papers (Chapters 2 and 3) describe the composition and concentra-
tion of the lipoproteins in the two experiments. Chapter 4 deals with the
effects of the type and amount of dietary fat on colonic function. In Chapter 5,
the fasting and postprandial serum insulin and glucose concentrations in both
experiments are presented. Finally, Chapter 6 deals with the influence of
various dietary factors on blood pressure.

The overall conclusions were that a low fat diet, low in polyunsaturated
fatty acids and a moderate fat diet high in polyunsaturated fatty acids both
lower total serum cholesterol levels when compared with the habitual diet of
affluent communities. However, the low fat diet produced lower HDL-cholesterol
levels and higher fasting VLDL-triglyceride Tevels than the recommended
moderate fat diet high in polyunsaturated fatty acids. It may well be that many
low fat diets consumed by people in the community differ in their composition
from the one used here and thus may not produce the adverse effects on the
concentration of HDL-cholesterol and VLDL-cholesterol as observed in the
experiments described.

Changes in total serum cholesterol concentrations could not be explained by
changes in the fecal excretion of degradation products of cholesterol.

Neither the type nor the amount of dietary fat had a demonstrable effect on
blood pressure or serum glucose or insulin levels in the young healthy men and
women studied in these experiments.

The results do not call for changes in the dietary recommendations of the
Netherlands Nutrition Council, at Teast as far as risk of death from cardio-
vascular diseases is concerned.
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Summary

We have studied whether a low-fat diet is as effective in lowering some risk
factors for atherosclerosis as a diet rich in polyunsaturated fat (PUFA). During
a 2.5 week control period, 60 volunteers were given a moderate-fat diet (MOD)
providing 30% of the daily energy intake (energy %) in the form of fat, one-
third of which was PUFA, For the next 5 weeks subjects were divided into 4
groups and received diets providing varying amounts of total fat and of PUFA:
for group LO, 20 energy % fat and 3 energy % PUFA; group MOD, 30 energy %
fat and 11 energy % PUFA; group HIPUF, 40 energy % fat and 19 energy %
PUFA; and group HISAT, 40 energy % fat and 3 energy % PUFA. The diets
contained the same amounts of cholesterol, phytosterols, oligosaccharides and
other nutrients, known to affect serum lipid levels. All food was prepared daily
and weighed out for each individual appropriate to his energy needs. Nutrient
intakes were checked by 7-day records and by chemical analysis of double
portions,

On diet LO, total serum cholesterol concentration increased by 0.25
mmol/l while HDL cholesterol concentration did not change significantly. The

This work was supported by The Netherlands Heart Foundation, Grant 77.082,

Correspondence to: J, Brussaard, Agricultural Universiby, Department of Human Nutrition, De Dreijen
11, 6703 BC Wageningen, The Netherlands.

Abbreviations: CVD, cardiovascular discase; HDL, high density lipoprotein; LDL, low density lipopro-
tein; VLDL, very low density lipoprotein; PUFA, polyunsaturated fatty acids; energy %, percent of daily
energy intake.
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HDL cholesterol/apoprotein-A, ratio fell, and VLDL and LDL triglyceride con-
centrations were elevated.

On the HIPUF diet, total serum cholesterol concentration was not signifi-
cantly lower, but HDL cholesterol concentration increased by 0.10 mmol/l. On
the HISAT diet, total serum cholesterol concentration went up by 0.38
mmol/l; 0.12 mmol/l of this was due to HDL.

LDL cholesterol/serum apoprotein-B ratios were unaffected by any of the
diets.

It was concluded that after 5 weeks, the influence of a low-fat, high-carbohy-
drate diet on the concentrations of serum lipoproteins was less favourable than
that of moderate- or high-fat diets rich in polyunsaturated fatty acids.

Key words: Apolipoproteins — Carbohydrates — Dietary fat — HDL cholesterol — Linoleic
acid — Serum cholesterol

Introduction

During the last two decades, prospective epidemiological studies have shown
that the risk of cardiovascular disease (CVD) increases with increasing plasma
concentrations of total or LDL cholesterol [1] and decreases with increasing
HDL cholesterol [2—4]. Plasma HDL cholestero! concentration is reduced in
several conditions associated with an increased risk of future CVD namely
hypercholesterolemia, hypertrigiyceridemia, obesity and diabetes mellitus
[5,6]. Subjects with existing clinical atherosclerotic disease also have lower
levels of HDL than healthy subjects within the same community [5,7,8].

In order to elucidate the metabolic origin of differences in lipoprotein lipid
levels interest has focussed recently on the measurement of the apolipoproteins
of LDL and HDL. Apo-B, the main apoprotein of plasma LDL, is substantially
increased in the plasma of subjects with hypercholesterolemia, while
endogenous hypertriglyceridemia is associated with a mild increase in plasma
levels of apo-B [9,10]. In the latter instance the increase in serum apo-B is
mainly located in the VLDL fraction.

Apo-A,, the main apoprotein of ptasma HDIL, is found to be reduced in
survivors of myocardial infarction as compared with controls [11] and the
HDL cholesterol/apo-A, ratio was also lower in this condition [8]. At the other
end of the risk scale, HDL cholesterol/apo-A; ratios were higher in a low-risk
group of vegetarians than in a control group [12].

Many short-term experiments have shown that on diets in which saturated
fat is replaced by polyunsaturated fat the serum cholesterol and triglyceride
levels are lowered; in long-term intervention trials a reduction in the incidence
of cardiovascular disease was also noted [13,14]. As a result of such studies,
diets high in polyunsaturated fat have been advocated for the prevention of
CVD, and consumption of vegetable oils in the U.S. has indeed risen consider-
ably during the last decade [15]. There are fewer controlled studies in man on
the effect of replacing saturated by polyunsaturated fat on the concentration
and composition of separate lipoproteins, while studies on the effect of natural
low-fat diets in healthy subjects are quite rare.
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We have investigated the effects of a low-fat diet on serum lipids, lipoprotein
composition, blood pressure and faecal steroids as compared with a moderate-
fat, high-polyunsaturated diet, containing the same amounts of cholesterol and
other nutrients that may affect serum lipid levels. In the present paper results
of lipoprotein, apo-A, and apo-B analyses will be presented.

Subjects and Methods

Selection of subjects

Thirty-seven male and 23 female university students, aged 18—28 years
participated in this study, The subjects were all volunteers who satisfied the
following criteria:

apparently healthy, as judged by a detailed questionnaire;

serum cholesterol concentration below 5.7 mmol/l;

serum {riglyceride concentration below 1.7 mmol/l;

diastolic blood pressure below 80 mm Hg;

percentage of body fat below 23% in males and 30% in females as deter-
mined by skin fold measurements.

Only two of the females used hormonal anticonception.

Experimental design, diets and control of food intake

During the first 2.5 weeks of the study all subjects consumed a control diet
(MOD) which was moderate in fat and relatively high in PUFA (30 energy %
total fat, 10 energy % PUFA) in agreement with the recommendations of The
Netherlands Nutrition Council. After this period, 4 subgroups were formed
which received diets as presented in Fig. 1. The groups were matched for initial
serum cholesterol, energy intake and sex. Mean body weights per group were
67.2, 66.6, 64.9 and 66.0 kg for groups LO, MOD, HIPUF and HISAT
respectively. Throughout the 8-week period all foodstuffs were weighed out for
each person in quantities appropriate to his energy needs, except for 100 kcal/
day, which the subjects were free to spend at will. Average energy intake during
the control period was 11.1+ 3.6 MJ (t1 SD) (2643 + 854 kcal). Actual
nutrient intakes were checked by 7-day individual food records using Dutch
food composition tables [16], and by double-portion analysis [17] for one
imaginary person of average energy intake on each diet. Mean daily intakes on
nutrients are given in Table 1. Analysis of double portions revealed a slightly

Control Test Period
Time I(weeks] Q 2 4 6 8
) 1 i I
1 ot t tr
LO Group [n=16)  [MOD Diet | LO Diet ]
MQD Group (n=15!  [MUD Diet | MOD Diet ]
HIPUF Group [n=15} [MOD Diet | HIPUF Diet |
HISAT Group [n=14) [MOD Diet | HISAT Diet |

Fig. 1. Experimental design, Blood sampling is indicated by arrows,
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TABLE 1
MEAN DAILY INTAKE OF NUTRIENTS ACCORDING TO INDIVIDUAL FOOD RECORDS 2

Habitual Control © Experimental period ¢
intake period
before — LO MOD HIPUF HISAT
experiment b MOD
Energy (MJ) 11.4 11.1 10.6 10.5 10.7 10.3
(kcal) 2734 2646 2517 2617 2552 2455
Protein {energy %) 13 14 13 14 14 13
vegetable 6 7 [ T k) [}
animal 7 7 ki 7 7 6
Total fat {(energy %) 32 30 22 30 40 39
saturated 15 10 B 10 11 18
monounsaturated 11 8 10 8 8 16
polysaturated 5 11 3 11 19 3
Carbohydrates {(energy %) 50 64 64 54 44 46
SUgArs 24 22 21 21 21 23
polysaccharides 27 32 43 aa 23 23
Alcohol (energy %) 4 1 1] 1 1 2
Vitamin C (mg) 109 110 100 103 100 107
Cholesterol (mg /1000 kcal) 106 114 102 113 104 86
Phytosterols (mag /1000 kcal) © 160 98 158 107 214
Dietary fiber (£/1000 kcal) 15.0 10.0 9.7 9.4 9.7 10.5

& The food records were elaborated using the Netherlands food composition tables.
b 3-day records.

¢ 2-day records.

d 5.day records.

€ Measured by analysis of duplicate portions providing 2700 keal/day.

higher proportion of fat in the total daily energy intake in all groups, but the
differences between groups in fat intake, fatty acid composition and other
nutrients agreed well with the food records. Body weight was recorded weekly.
Energy intake was adjusted when necessary in order to avoid changes in body
weight of more than 2 kg.

The mean change per group in body weight over the 5 weeks of the test
period ranged from 0.4+ 1.1to —0.8+ 1.4 kg.

Stools were collected for 7 days at the end of the control and the test
periods. There were no differences between the groups in intestinal transit time

[18], faecal output and moisture content or frequency of stools in either
period.

Blood sampling and analysis

Blood samples were taken after an overnight fast before and during the
experimental period as indicated in Fig. 1. No alcohol was allowed during 24 h
prior to blood sampling. Serum was obtained by low-speed centrifugation.
Serum cholesterol was measured according to Huang et al. [19] using serum
calibrators calibrated as described by Abell et al. [20]. Reproducibility for
blind control sera provided by the Center for Disease Control, Atlanta, GA,
U.S.A., was £0.9% and accuracy was within 1.4% of the “true” (target) values.
HDL cholesterol was determined after manganese-heparin precipitation of
apo-B containing lipoproteins [21] as previously described [22]. At the end of
the control and the test periods, sera were collected for apolipoprotein-A, and
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Fig. 2. Coomassie-blue stained immunoprecipitates (rockets) of a pooled human serumn with anti-A4 {A)
and anti-B (B} goat serum. Conditions of the electroimmunoassay were : (A) 2.0% goat anti-human
apo-Aj serum; antigen wells 1—6 contained 15 z] human serum diluted with 150 mM NaCl (1 plus 119, 1
plus 74, 1 plus 54, 1 plus 42, 1 plus 34 and 1 plus 29 respectively), Surface area/dilution, r = 0.999. (B)
0.5% goat anti-human apo-B serum; antigen wells 1—4 contained 15 ul diluted human serum (1 plus 16,
1 plus 8, 1 plus 6, and 1 plus 4 respectively), Surface area/dilution, r = 0,998,

B determinations and for lipoprotein fractionation by the procedure of Red-
grave et al, [23] with several modifications. To visualize the lipoprotein bands
after ultracentrifugation, 3 ml serum was mixed with 0.3 ml 0.02% (w/v) Sudan
Black (Difco Laboratories) dissolved in dimethylsulphoxide. The background
density of the mixture was raised to 1.210 with solid KBr (0.9552 g). On top
of the serum a discontinuous density gradient was built up in a centrifuge tube
(14 X 89 mm, 13 ml) with salt solutions of d = 1.063 (4.5 ml) followed by d =
1.006 (4.5 ml). These salt solutions contained EDTA (0.1 mg/ml) and were
prepared from NaCl and KBr [24]. Centrifugation was carried out at 20°C and.
40 000 rpm (RCF,,,, = 272,700 X g) for 16 h and the clearly visible bands of
VLDL, LDI and HDL were harvested by tube slicing [25]. Lipoprotein choles-
terol concentrations were determined according to Abell et al. [20]. Serum
VLDL and LDL triglyceride concentrations were measured as described by
Soloni [26].

Apoproteins were measured in whole serum by rocket immunoelectro-
phoresis {27] (see Fig. 2). Monospecific antisera against human apoprotein-B
and apoprotein-A, were raised in goats using pure apo-B in LDL (1.040 < d <
1.053 mg/ml) and pure apo-A; [28,29] as antigens. Electrophoresis was
performed at pH 8.6 using 0.8% agarose (apo-B assay) or 0.8% agarcse, 5%
dextran T 10 (apo-A, assay) in 50 mM diethylbarbiturate buffer as supporting
medium for the antisera.

The electrophoresis was performed at 2.5 V/cm for 16 h (apo-B) or at 3.5
V/em for 10 h (apo-A,). Serum samples were analysed in three dilutions. For
one subject the samples obtained at the start and at the end of the test period
were always analysed on one plate in order to minimise the effect of inter-assay
variability. Because isolated LDL solutions become turbid during prolonged
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preservation, day to day calibration standards of a pooled serum were prepared
in four dilutions. The apo-B and apo-A, contents in this secondary calibration
standard were determined with freshly isolated pure LDL and pure apo-A, and
redetermined periodically, The protein content in the primary standards was
determined by quantitative amino acid analysis. Analytical error was monitored
by analysing a sample from a control pool on each plate. The combined within-
day and between-day coefficients of variation for this control serum were 7%
and 9% for the apo-B and the apo-A, assays respectively,

Statistical evaluation

The individual values at the beginning and the end of the test period were
compared per group, using a paired two-tailed t-test. Each subject thus served
as his own control,

Results

The time courses of serum total cholesterol, serum total triglycerides and
HDL cholesterol are presented in Figs. 3, 4 and 5 respectively.

All groups received the moderate fat, high PUFA MOD diet for the initial 2.5
week control period. By this time the mean serum total cholesterol concentra-
tion had decreased significantly by 0.46 mmol/l (Fig. 3), of which 0.06 mmol/]
was located in HDL (Fig. 5). Serum total triglycerides had decreased by 0.12
mmol/l (Fig. 4}. Although the groups were matched for initial total serum cho-
lesterol there were slight differences in initial values of HDL cholesterol and
total serum triglycerides (Figs. 3 and 4). However, neither these initial values
nor the changes in these parameters during the control period differed signifi-
cantly between the groups. When the subjects changed from the MOD diet to
the test diets, the concentrations of serum cholesterol remained unchanged in
groups MOD and HIPUF and increased significantly in groups LO and HISAT,
by 0.25 and 0.38 mmol/] respectively. HDL cholesterol concentration was
unchanged in groups LO and MOD, but increased significantly in groups HIPUF
and HISAT, by 0.10 and 0.12 mmol/l respectively. Total triglyceride concen-

{mmol /1) Img/dl)
6.5 Controt Test Period
—H170
hat
- - —180
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J_J =150
\3—‘_0///—(1 i
3&— =
| I l
0 2 4 6 8
WEEKS

Fig. 3. Mean total serum cholesterol concentrations during the experiment, ®#———®, LO, 0——0,
MOD; 0———1, HIPUF; s—a HISAT. Vertical bars indicate 1 SEM: an asterisk denotes a significant

difference (P < 0.05 or 0,01) from the value at the end of control period,
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Fig. 4, Mean total serum triglycerides during the experiment, e——, LO; C 0, MOD: O o,

HIPUF; m————a_ HISAT. Vertical bars indicate 1 SEM; an asterisk denotes a significant difference (P <
0.05 or 0.01) from the value at the end of control period.

tration increased significantly in group LO by 0.35 mmol/l and in group MOD
by 0.11 mmol/l.

Data for lipoprotein lipids and serum apolipoproteins are presented in Tables
2, 8 and 4 respectively. In all groups HDL cholesterol and serum apo-A,; con-
centrations were slightly but not significantly higher for females than for males.

As HDL cholesterol was unchanged in group LO the rise in total serum cho-
lesterol in this group was entirely located in the LDL and VLDL fractions (0.38
and 0.09 mmol/] respectively). This was accompanied by an increase of 118
60 mg/l in serum apo-B concentration, but the LDL/apo-B ratio remained the
same (Table 4). Although HDL cholesterol remained constant, HDL composi-
tion changed as judged by the HDL cholesterol/apo-A, ratio, which decreased
significantly (Table 4). VLDL triglycerides increased significantly by 0.14
mmol/] and LDL triglycerides by 0.08 mmol/1 (Table 2).

The MOD group, which continued on the contro] diet during the test period,

18 70
Control Test Period
L 60 —
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"
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Fig. 5. Mean serum HDL cholesterol during the experiment. ¢———=_, LO; ¢-———0, MOD; 0—0,
HIPUF; a———=&, HISAT. Vertical bars indicate 1 SEM; an asterisk denotes a significant difference (P <
0.01 or 0.05) from the value at the end of control period,
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TABLE 3

CONCENTRATIONS IN SERUM OF APOLIPOPROTEIN-A; AND APOLIPOPROTEIN-B AT THE
END OF THE CONTROL AND THE TEST PERIODS

Values expregsed ag mean + SI¥

Group apo-A; (mg/l) apo-B (mg/l)

Control Test Control Test
LO 1068 + 161 1138 + 149 ** 627 + 163 732 + 165 **
MOD 1089 + 150 1201 + 149 ** 644 + 143 541 + 122
HIPUF 1271 + 127 1295 + 109 680 + 103 674 + 120
HISAT 1178 + 205 1278 + 162 ** 664 + 202 T18 + 175 **

*4 P < 0.01; significantly different from control period according to paired two-tailed ¢-test.

The correlation coefficient between LDL cholesterol and serum apo-B was r = 0,87 (n = 60); the corre-
lation coefficient between HDL cholesterol and serum apo-A; was 7 = 0,58, Rather low correlation coeffi-
cients between serurn apo-A; and HDL cholesterol in normolipemics have also beea published by other
authors {28,45—47].

showed very little change. Although serum total and HDL cholesterol concen-
tration remained unchanged, the HDL cholesterol/apo-A, ratio decreased signif-
icantly. Total triglycerides increased by 0.11 mmol/], after an initial decrease of
0.11 mmol/] in the control period (Fig. 4).

Surprisingly, the effects of the HIPUF diet, in which an additional 10 energy
% of carbohydrates had been replaced by PUFA, did not differ greatly from the
MOD diet. Total serum cholesterol remained reasonably constant compared
with during the control period, but HDL cholesterol increased significantly by
0.10 mmol/l (Fig. 5). There was a minor increase in the HDL cholesterol/
apo-A,; ratio {Table 4). Total triglycerides decreased significantly by 0.13
mmol/l (Fig. 4); this decrease mainly took place in VLDL (0.09 mmol/1).

The high-fat low-PUFA diet caused a significant increase in serum cholesterol
concentration. It is noteworthy, however, that of the total increase of 0.38
mmol/l, about 30% was accounted for by HDL., Total serum triglycerides

TABLE 4

CHOLESTEROL/AFPOLIPOPROTEIN RATIOS AT THE END OF THE CONTROL AND THE DIETARY
TEST PERIODS

Apoprotein values are for whole serum. HD'L cholesterol was determined after manganese-heparin precipi-
tation and LDL cholesterol after density gradient centrifugation, Values expressed as mean + 8§D,

Group HDL cholesterolfapo-A {(mmel/g) LDL cholesterolfaps-B {mmol/g)
Control Test Control Test

LO 1,13 + 0,19 1,07 £ 0.18 * 3.2:+05 32105

MOD 1.22 : 0.18 1.13 2 0.15 * —a —a

HIPUF 1.05 + 0.17 1.1 £ 014 * 3.3:0.3 3.4+04

HISAT 1.14 + 0,12 1.15 £ 0.11 3.1+06 3.2+03

2 Not measured.
* P < 0,05; significantly different from control period according to paired two-tailed ?-test,
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increased by 0.07 mmol/l, and serum apo-B concentration by 54 mg/l
(Table 3).

In all groups, the LDL cholesterol/apo-B ratio remained constant as
compared with the control period (Table 4).

Discussion

Participants in this study were well-motivated, normolipidemic students of
the Agricultural University., We have repeatedly found [17,30] that the fat and
cholesteral consumption in this population is lower than the average intake in
this country (Table 1). Thus the change from ‘habitual’ diet to the rigidly
controlled MOD diet in the control period of our study mainly involved an
increase in the P/S ratio (Table 1). The observed decrease in serum cholesterol
and triglycerides is in agreement with earlier studies [31], although the fall in
total cholesterol is somewhat larger than expected [31]. This could be due to
adaptation to laboratory conditions and to an inaccurate estimation of their
habitual fat intake.

At this level of fat intake (30% of ¢nergy), our data showed a decrease in
HDL cholesterol on the high P/S diet, a result previously described by
Shepherd et al. [32] in dietary studies in normo- and hyperlipidemic men.
However, as discussed below, we were unable to demonstrate such a change
under controlled conditions at a higher fat intake level (40% of energy).

The effects of a change from MOD to LO, HIPUF and HISAT diets on serum
lipoproteins were studied under rigidly controlled conditions as was the effect
of prolonged consumption of the MOD diet. In the latter (MOD) group no
changes in serum total cholesterol, HDL cholesterol and serum apo-B concen-
trations were observed between 3 and 8 weeks, indicating that these parameters
were stabilised already by the end of the control period. However, this was not
the case for HDL composition as serum apo-A, concentrations rose signifi-
cantly during the test period.

Changing from the MOD to the LO diet involved a replacement of 8 energy
% PUFA by carbohydrates. VLDL increased significantly by this treatment,
probably by carbohydrate-induced synthesis [33,34] which may have been
reinforced by the decrease in PUFA,

A pertinent finding was the increase in LDL, reflected by the simultaneous
rise in LDL cholesterol and serum apo-B concentrations (+17%). Whether the
rise in LDL is mediated by an increased conversion of VLDL into LDL [36—
38] or by a delayed LDL degradation [39] (the phospholipid moiety of LDL
may be more saturated on this carbohydrate-rich diet [35]) is at present not
known.

One might speculate that the decreased HDL cholesterol/apo-A, ratio in the
LO group reflected a shift from the cholesterol-rich HDL, fraction to the
HDL; fraction [42].

Changing from the MOD to the HIPUF diet implied that 8 energy % of
carbohydrates were replaced by PUFA, The further increase in dietary linoleic
acid did not cause significant changes in LDL and VLDL cholesterol values or
serum apo-B. Although this indicates that the HIPUF diet was no more
effective in depressing serum LDL levels than the MOD diet, total serum
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triglycerides decreased on the HIPUF diet and a significant rise in HDL
cholesterol was observed, which was not accompanied by an increase in serum
apo-A; concentration,

On changing from the MOD to the HISAT diet, 8 energy % PUFA plus 8
energy % carbohydrates were both replaced by saturated fat resulting in a
significant increase in serum LDL concentrations judged from the proportional
change in LDL cholesterol and serum Apo-B concentrations. HDL cholesterol
as well as serum apo-A; concentrations were also significantly increased. At this
level of fat intake (40 energy %), no differences in HDL cholesterol and apo-A,
concentrations between the HISAT and the HIPUF diet were present. Lower
VLDL and LDL levels on PUFA-rich diets such as MOD and HIPUF, compared
with saturated fat-rich diets, such as HISAT, have been reported repeatedly.
VLDL synthesis and conversion into LDL may be decreased on high P/S diets
[ 36—38] although a recent report points to increased LDL catabolism [39].

Although different amounts and types of fat in +he diet will also affect post-
prandial chylomicron production [40], it is unlikely that this will lead directly
to changes in serum LDL concentrations. Small quantities of LDL can indeed
be formed by chylomicron degradation but it can be calculated that the contri-
bution of this pathway to the overall LDL synthesis is very limited.

Potential effects of diet on serum HDL are important since serum HDL cho-
lesterol concentrations have been inversely correlated with risk of cardio-
vascular disease [2—4]. Recently the effect of a diet rather similar to our MOD
diet on serum HDL cholesterol concentrations in hyperlipidemic subjects has
been studied by Hjermann et al. [41] and compared with a HISAT type diet. In
this intervention study a 20% increase in HDL cholesterol on the MOD-type
diet was observed after 4 years. However, it cannot be excluded that this rise
was due to the decreases in serum triglyceride concentrations, obesity and
cigarette smoking rather than to the diet.

In addition to changes in HDL cholesterol, the average composition of HDL
in our experiment was obviously sensitive to diet, although the changes were
small,

In order to illuminate the effects of the different diets, we calculated the
ratio of the concentration of HDL cholesterol to total cholesterol and of
apo-A,; to apo-B (Table 5). If LDL is “atherogenic” and HDL is ‘“‘anti-athero-

TABLE §

HDL/TOTAL CHOLESTEROL AND APO-A;/APO-B RATIOS AT THE END OF THE CONTROL AND
TEST PERIODS

Values expressed as mean + SD

Group HDL/total cholesterol Apa-At lApo-B

Control Testi Control Test
LO 0.33 » 0.07 0.31 + Q.08 ** 1.82 + 0.56 1.67 1 D61 **
MOD 0.35 1 0.07 0.36 + 0.05 2,14 £ 0.65 2.29 1+ 0.41
HIPUF 0.35 1 0.06 0.38 £ 0.06 *=* 2,24 + 0,38 2.32 + 0.37
HISAT 0.36 + 0.06 0.35 £ 0.05 1.93 + 0.64 1.86 + 0,42

#* P < 0.01; significantly different from control period according to paired two-tailed i-test,
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genic™ then these ratios may have predictive value for atherogenic risks. On the
HISAT diet the ratios showed surprisingly little change compared with the
MOD diet. The low level of dietary cholesterol may have contributed to this
result; there are indications [43] that satured fat and dietary cholesterol
reinforce each other’s effect on serum (LDL) cholesterol levels; the effects of a
high saturated fat intake might have been more pronounced if the experiment
had been performed at a higher level of cholesterol consumption. The HIPUF.
diet showed a trend towards more favourable ratios in contrast to the LO diet
where unfavourable changes were observed, However, the latter could in part
be due to the relatively short test period of 5 weeks. It is known that alter 2—3
months on high carbohydrate diets serum triglyceride concentration will go
down again [44]. It is not known if similar long-term changes in HDL choles-
terol and apolipoproteins could appear; this should be investigated in long-term
dietary studies.
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SUMMARY

In a controlled 16-week trial we have compared the effects on some risk
factors for atherosclercsis of two cholesterol-lowering diets, one low in total
fat and Tow in polyunsaturated fat (LO) and one moderate in total fat but high
in polyunsaturated fat (MOD) as recommended by various advisory councils.

Thirty-five volunteers were given diet MOD, during a 2.5 week control
period. This provided 31% of the daily energy intake {energy%) as total fat,
one-third of which was polyunsaturated fat (PUFA). The subjects were then
randomized into 2 groups, one of which continued on diet MOD, while the other
group received diet LO, providing 21 energy% as total fat and 4 energy? as PUFA.
The diets contained the same amounts of cholesterol, phytosterols, oligosaccha-
rides and other nutrients known to affect serum lipid levels. A1l food was
prepared daily and weighed out for each individual in amounts appropriate to
his/her energy needs. Nutrient intakes were checked by 7-day records and by
chemical analysis of double portions. VLDL plus LDL cholesterol decreased by
0.66 mmol/1 during the control period while HDL-cholesterol level was unchanged.
Total serum triglycerides decreased by 0.33 mmol/1. Total serum cholesterol
increased by 0.21 = 0.41 nmol1/1 on the control diet MOD during the test period
of 13 weeks. 0.09 %= 0.11 mmol/Y of this was due to HDL cholesterol. Total serum
triglycerides remained constant during the test period in group MOD.

On diet LO total serum cholesterol remained stable during the test period, but
HDL cholestero]l was Towered by -0.06 £ 0.20 mmol/1. The difference in HDL chole-
sterol between the diet groups was mainly located in HDL,. Total serum triglyce-







