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Abstract
The risk factors for atherosclerosis and coronary heart disease (CHD) are multiple and may
interact with each other. Diet has a significant role among the main risk factors for
atherosclerosis, as it regulates the levels of plasma lipids and lipoproteins, their oxidative
modification or protection from oxidation, blood pressure, energy balance, and
thrombogenesis. Nutrients can transfer their effects directly through plasma concentrations
or modify the cell transduction or gene expression of important regulatory genes. The
response to dietary modification varies between individuals. The plasma cholesterol
response induced by dietary modification is at least partly regulated genetically and some
of the variation is explained by other environmental factors.
Apolipoprotein E (apo E) and apolipoprotein B (apo B) are the key regulatory proteins
in cholesterol and lipoprotein metabolism. The genetic variation of apo E is associated
with the plasma lipid levels and the CHD risk. The polymorphic variation of the apo B
gene is also associated with increased plasma cholesterol and CHD risk. Obesity is
associated with increased morbidity and mortality. Plasma lipid abnormalities, impaired
glucose metabolism and increased blood pressure caused by obesity are the main reasons
for increased CHD mortality among obese subjects.
To study the magnitude of the response to dietary modification, genetically selected
groups were investigated. Dietary modification had a significant impact on plasma total,
LDL, and HDL cholesterol concentrations, and the individual response in plasma LDL
cholesterol varied from 3 to 100%. The role of genetic variation in the apo E gene was
not significant in the lipid response, but the blood pressure response was more distinct
among subjects with the ε4 allele than those with the ε3 allele. The determination of apo
B EcoRI and MspI gene polymorphisms revealed subjects with a greater response to diet,
a finding which may have clinical importance in the future for the attempt to identify
subjects for effective dietary counselling.
The effect of caloric restriction on gene expression was studied in obese gallstone
patients. Moderate weight reduction during caloric restriction was associated with reduced
lipoprotein lipase gene expression, while the cholesteryl ester transfer protein gene
expression remained unchanged. Some of the beneficial changes in plasma lipids and
lipoproteins during and after weight reduction may be followed by altered transcription of
their modifying genes.
Meta-analysis is a modern and generally accepted method. Many clinical uncertainties
can be solved by combining all the data available to a quantitative and objective analysis.
However, the use of meta-analysis do not resolve the problem of the effect of publication
bias.
Keywords: blood pressure, lipoprotein, obesity, polymorphism.
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1. Introduction
The concept of CHD risk has changed during the past few decades, and the nature of CHD
as a multifactorial disease has become clear. It is practical to divide the CHD risk factors
into three caterogies, namely lifestyle factors, biochemical factors and personal
characteristics. Personal characteristics, such as age, sex and genes, may play a major role
in the development of CHD, but unfortunately, these factors cannot be changed by the
treatment methods available. The most important biochemical factor is the plasma total
(and LDL) cholesterol concentration. After the publication of successful treatment trials of
CHD patients with statins, it is generally recommended to measure the plasma total,
HDL and LDL cholesterol and triglycerides in the case of people at high risk to develop
CHD. Also, measurements of blood pressure and fasting blood glucose, determination of
eventual obesity and even measurements of some thrombogenic factors, at least in young
patients, help to identify the risk factors that can be modified by modern treatments.
Lifestyle factors have an important role in the CHD risk both at the population level
and at the individual level. The lifestyle factors include a diet high in saturated fat,
cholesterol and energy, tobacco smoking, excess alcohol consumption and physical
inactivity. These are factors which, on the one hand, could lower the CHD risk
significantly after modification, but, on the other hand, are the most difficult to modify in
community-living adult populations. Every smoker who quitts smoking, every physically
active individual and every person who limits his/her alcohol consumption benefits in
many ways. The importance of diet is more complicated. The harmful effect of an
unhealthy diet probably varies between individuals, as does the effectiveness of a healthy
diet, and we lack a good method to identify the responders and non-responders.
In hypercholesterolemia, dietary counselling is the first-line treatment. In slight and
moderate hypertension, smoking cessation and dietary counselling are the first-line
treatments, dietary counselling mainly to achieve weight control and to restrict the intake
of dietary sodium and fat. To rationalize the treatment methods, the significance of
different risk factors should be identified and quantified, the subjects with a particular risk
should be selected, and the responders and non-responders to treatments should be
identified. After identifying a responder, both the patient and the therapist are more
motivated to continue the selected treatment. After identifying a non-responder, other
treatments, such as drug treatment should be started.
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The complex interaction between diet and genetic factors in lipid metabolism can be
studied in a relatively limited study population, assuming that the genetic factor regulates
some measurable indicator of the metabolic cascade. The present study was conducted to
measure the magnitude of the effect of a dietary modification on plasma lipid levels and to
investigate the role of genetic variation in some major proteins of lipid metabolism in
response to a dietary modification. In addition, the role of the body weight reduction
following dietary counselling in altering the expression of lipid-modifying genes was
studied.

2. Review of the literature
2.1. Risk factors for atherosclerosis
2.1.1. Plasma lipids and apolipoproteins
2.1.1.1. Exogenous and endogenous pathways of lipid transport
Lipids are transported in the circulation by lipoproteins, macromolecular complexes that
consist of lipids (unesterified and esterified cholesterol, triglycerides, and phospholipids)
and proteins called apolipoproteins. Apolipoproteins serve a variety of physiological
functions in lipoprotein metabolism, including cofactors for enzymes, ligands for cellsurface receptors, and structural proteins for lipoproteins. The lipoproteins are separated
on the basis of their hydrated densities and their apolipoprotein composition. The major
density classes of lipoprotein particles include chylomicrons (density < 0.94 g/ml), verylow-density lipoproteins (VLDL, < 1.006 g/ml), intermediate-density lipoproteins (IDL,
1.006-1.019 g/ml), low-density lipoproteins (LDL, 1.019–1.063 g/ml), and high-density
lipoproteins (HDL, 1.063-1.21 g/ml).
Chylomicrons are triglyceride-rich intestinal lipoproteins that contain a form of
apolipoprotein B called apoB-48, which transports dietary lipids to peripheral tissues and
the liver (Fig. 1). The triglycerides in chylomicrons are hydrolysed by the endothelial
enzyme, lipoprotein lipase (LPL), which requires apo C-II as a cofactor (1). Chylomicron
remnants are removed from the circulation by the liver via a process that involves the
binding of apo E to a putative hepatic remnant (apo E) receptor. Apo E is synthesized in
many different tissues, but the liver is the predominant source of plasma apo E. Apo E
contains a binding site complementary to both remnant and LDL receptors and is
responsible for the uptake of chylomicron and VLDL remnants. It may also play a role in
reverse cholesterol transport in plasma and intercellular lipid transport within tissues.
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Fig. 1. Exogenous pathway of lipid transport. SER denotes smooth e n d o plasmic reticulum.
RER denotes rough endoplasmic reticulum.
Modified
from Schumaker et al. 1992 (2).

VLDL particles are triglyceride-rich lipoproteins secreted by the liver and containing a
form of apoB called apoB-100 (Fig. 2). Human plasma apo B-100 is synthesized in the
liver, where it is essential for the formation and secretion of VLDL. Firmly attached to
the VLDL, a single apo B-100 remains with each VLDL and LDL during its existence. It
contains the binding site responsible for the uptake of LDL by the LDL receptor. VLDL
triglycerides are also hydrolyzed by LPL; some VLDL remnants (or IDL) are removed
from the circulation by the liver via the apoE-mediated process, but others are further
processed by hepatic lipase (3) with conversion to LDL.
LDL transports cholesteryl ester to a variety of peripheral tissues, but a significant
amount of plasma LDL is eventually removed from the circulation by the liver via the
binding of apo B-100 to the hepatic LDL receptor (4). The plasma concentration of LDL
depends on the rates of VLDL secretion and the conversion of VLDL to LDL (5) and the
fractional clearance rate of LDL, and it is influenced by heritable factors and some
environmental factors, the most important being the diet. LDL can undergo an oxidative
modification (6), which may have a significant role in the process of atherosclerosis (7,
8).
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Fig. 2. Endogenous pathway of lipid transport. SER and RER are the s a m e
as in Fig. 1. Modified from Schumaker et al. 1992 (2).

HDL particles are synthesized and secreted directly as nascent discoidal particles by
both the intestine and the liver (9, 10). Nascent HDL contains a high portion of
unesterified cholesterol and phospholipids, which serve as substrates for the plasma
enzyme lecithin:cholesterol acyltransferase (LCAT), resulting in the formation of
cholesteryl ester (11). HDL cholesteryl esters and phospholipids can be transferred to
apoB-containing lipoproteins by the cholesteryl ester transfer protein (CETP) (12) and the
phospholipid transfer protein (PLTP) (13). CETP, PLTP and hepatic lipase act in concert
to convert larger HDL into smaller particles (10). HDL particles undergo continuous
remodelling in the circulation through the action of LCAT, CETP, PLTP, hepatic lipase
and LPL.

2.1.1.2. Plasma lipids and lipoproteins and the risk of atherosclerosis
A high concentration of plasma total cholesterol is a major risk factor for coronary artery
disease (14-16). This risk is mediated through the major cholesterol-carrying lipoprotein,
LDL, which is considered the major atherogenic lipoprotein. The evidence supporting the
hypothesis that LDL is atherogenic comes from epidemiologic studies (17, 18), clinical
trials (19-21), studies in laboratory animals (22), heritable hypercholesterolemias (23),
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pathologic investigations (24), and studies in model systems (25). Several theories exist
concerning the mechanisms by which LDL produces atherosclerosis. The concentration,
the size and the chemical modification of LDL are important for atherogenesis. Clinical
trials have shown that a reduction of total and LDL cholesterol is followed by a regression
of atherosclerotic manifestations (26). Based on these results, the target plasma total
cholesterol concentration is < 5.0 mmol/l and the target LDL cholesterol concentration <
3.0 mmol/l (27).
HDL particles are the smallest lipoproteins and therefore enter and also leave the artery
wall easily. The plasma concentrations of HDL cholesterol are inversely associated with
the risk of CHD (28). The plasma concentrations of apo A-I, the structural protein of
HDL, correlate strongly with HDL cholesterol levels and are also inversely associated
with the CHD risk. HDL cholesterol and apoA-I are anti-atherogenic, as shown by animal
studies and genetic human studies, and the effect has been explained, at least partly, by the
reverse cholesterol transport (10, 29, 30). In this mechanism, free cholesterol is
transferred from peripheral cells to an acceptor HDL subpopulation. The other potential
anti-atherogenic mechanisms of HDL and apoA-I include the protection of LDL from
oxidation (for a review, see Banka, 1996) (31), the protection of endothelial cells from the
cytotoxic effect of LDL, and the stimulation and stabilization of the vasodilator
prostacyclin (for a review, see Barter and Rye, 1996) (29). The goal for plasma HDL
cholesterol concentration is > 1.0 mmol/l (27).
Although hypertriglyceridemia has been statistically associated with CHD, the
independent association of plasma triglycerides with the CHD risk is less certain than that
with LDL, and triglycerides may not be causally related to the development of
atherosclerosis (32). Hypertriglyceridemia may be a secondary phenomenon that occurs in
response to the metabolism of LDL and HDL.
One additional class of lipoproteins, namely lp(a) concentration, correlate with the
CHD risk and may be directly involved in the atherogenic process and, furthermore,
interfere with fibrinolysis (33). Lp(a) is largely resistant to modifications, only dietary
trans fatty acids and possibly monoenes and alcohol consumption may alter lp(a)
concentrations (34, 35). Nevertheless, lp(a) can be used to identify subjects with
increased risk of CHD.
ApoB is the major protein component of LDL, IDL, VLDL and chylomicrons, and all
apoB-containing lipoproteins are atherogenic. Since there is one apoB molecule per each
lipoprotein particle, the apoB concentration is a good indicator of the risk of
atherosclerosis and CHD (36).

2.1.2. Blood pressure
Elevated blood pressure is frequently associated with the other CHD risk factors, such as
smoking, diabetes, insulin resistance, dyslipidemias and obesity. According to
epidemiological studies and after adjustment for confounding factors high blood pressure
alone is an important risk factor for CHD (37). The treatment of hypertension reduces the
risk of CHD in clinical drug intervention trials (38), and lifestyle interventions for mildly
elevated blood pressure have also been effective in risk reduction. Blood pressure is
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controlled by both genetic and environmental factors. The mechanism whereby
hypertension predisposes to cardiovascular disease is probably related to the fact that high
blood pressure accelerates the atherosclerotic process as well as to the pressure effects
leading to progressive dilation and rupture of large and small blood vessels. A
recommended level of blood pressure is less than 90 mmHg for diastolic and less than 140
mmHg for systolic blood pressure (27).

2.1.3. Obesity
A body mass index (BMI, kg/m2) over 25 is considered overweight, and BMI over 30 is
defined as obesity. Obesity has been associated with excess mortality (39), and
prospective studies of cardiovascular morbidity and mortality have shown an association
with obesity (40, 41). The risk already begins to increase at a moderate level of obesity.
Obesity has an adverse influence on blood pressure, plasma lipids and lipoproteins, and
glucose tolerance, and further has adverse hemodynamic effects (42). In obese subjects, the
excess lipolysis and release of fatty acids from adipose tissue is followed by increased
VLDL production (5) and secretion from the liver (43) and high plasma triglyceride
concentrations. The activities of plasma and adipose tissue LPL are high in obese subjects
(44-46). The HDL cholesterol concentration is usually low in obesity (43). The
mechanism for this may be partly regulated by elevated CETP activity (47). Since obese
subjects have supersaturation of cholesterol in bile and increased cholesterol excretion and,
furthermore, hypomotility of the gallbladder, cholesterol gallstone formation is enhanced,
especially in obese women (48). Weight reduction by either caloric restriction or increased
energy expenditure is followed by reductions of blood pressure, plasma triglyceride
concentration, increase of plasma HDL cholesterol and normalization of blood glucose
(49). During weight reduction, the plasma HDL cholesterol concentration increases only
after a stable reduced weight have been reached (50).

2.1.4. Genetic factors
The pathophysiology of atherosclerosis and CHD is characterised by a mixture of chronic
processes and acute events. The most important pathogenic processes, which are
determined partly genetically and partly environmentally, are dyslipidemia, hypertension,
endothelial dysfunction, diabetes, and cardiac and vascular hypertrophy. Thus, the
variations of many genes may contribute to the disease process, and depending on the
combinations of genetic variations in different subjects, atherosclerosis and CHD may be
manifested as a wide spectrum of phenotypes. Several genes have been investigated in
relation to apolipoproteins, (apo B, apo C-III, apo(a), apo E), lipid transfer proteins
(PLTP, CETP), enzymes (LPL, HL, LCAT), receptors (LDL receptor, LDL receptor
related protein), thrombogenic factors (fibrinogen, PAI-1, glycoprotein IIIa), and others
(ACE, angiotensin II-receptor, paraoxonase, methylene tetrahydrofolate reductase,
neuropeptide Y, 7-α-hydroxylase), and their respective regulatory genes are also involved.
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The polymorphism of neuropeptide Y seems to be an important regulator of the plasma
LDL concentration (51). Genetic factors have an influence on the age of onset and the
severity of the disease and also on the response to treatment, including the response of
plasma lipids to dietary treatment.
It has been postulated that common polymorphisms with frequent alleles probably
account for most of the genetic component of atherosclerosis and CHD (27), and rare
monogenic disorders associated with a high absolute risk for CHD, such as familial
hypercholesterolemia, are only observed in a small proportion of the patients with CHD.
The rare genetic disorders associated with myocardial infarction or atherosclerosis at young
age, such as familial hypercholesterolemia and familial defective apo B-100, are relatively
well documented (52).
Apo B, which is an essential lipoprotein for lipid metabolism and also for the
absorption of dietary fats and fat-soluble vitamins have many common polymorphic
variations, some of them associating with increased plasma total and LDL cholesterol
concentrations and CHD (53, 54).
Apo E polymorphism is an example of a common polymorphism with three major
isoforms: apo E2, apo E3 and apo E4. Apo E2 differs from E3 by a cysteine for arginine
substitution at amino acid residue 158, whereas apo E4 differs from E3 by an arginine for
cysteine substitution at residue 112 (55). A linear correlation has been shown in many
populations between the presence of E4 allele and the plasma cholesterol level. Despite
its relatively weak effect at the individual level, the apo E polymorphism may explain 58% of the attributable risk of CHD in the population (56-59). Other possible genes
known to associate with atherosclerosis and CHD risk through altered lipid metabolism
are presented in Table 1.
The simultaneous effects of different genetic variants on lipoprotein metabolism and
CHD risk are difficult to estimate at present, because no observational studies of
sufficient scope have been reported. The synergistic effect of different gene variants on
treatment response is also unclear.

2.1.5. Smoking
Smoking is one of the major risk factors for CHD (60, 61). The harmful effect is
mediated through altered lipid and lipoprotein metabolism (62) as well as through the
induction of vasoactive, thrombogenic and other atherogenic mechanisms (63-66). Also,
smokers exhibit several characteristics of insulin resistance syndrome and the impact of
smoking on CHD risk is modified by plasma lipid levels (for review, see 27). Stopping
smoking leads to a considerable risk reduction amon CHD patients.
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Table 1. Human genes known to associate with atherosclerosis and coronary heart disease
through altered lipid metabolism.
Gene

Chromosome Major
ipoprotein
place of particle
synthesis

Function

Apo A-I

11

Intestine, HDL
liver

Structural protein of HDL,
activator of LCAT, role in reverse
cholesterol transport

Apo A-II

1

Intestine, HDL
liver

Structural protein of HDL,
activator of LPL, modulator of
LCAT

Apo A-IV

11

Intestine ?

Dietary fat absorption, activator of
LPL, modulator of LCAT, reverse
cholesterol transport

Apo(a)

6

Liver

Lp(a)

?

Apo B

2

Liver

LDL, VLDL

Structural protein of LDL and
VLDL, LDL receptor ligand

Apo C-I

19

Liver

Inhibitor of LDL receptor and
LRP, activator of LCAT

Apo C-II

19

Liver

Activator of LPL

Apo C-III

11

Liver,
Chylomicrons, Inhibitor of LPL, apo E mediated
intestine VLDL, HDL remnant removal

Apo E

19

Liver,
Chylomicrons, LDL receptor, LRP ligand, reverse
intestine VLDL, HDL cholesterol transport,
immunoregulator, cell growth
regulator

CETP

16

Liver,
adipose
tissue

HDL

LPL

8

Adipose
tissue

Chylomicrons, Hydrolysis of triglycerides
Triglycerides

LDLreceptor

19

Liver

HL

15

Liver

Exhange of CE between
lipoproteins, reverse cholesterol
transport

Binds apo B-100, apo E,
determines plasma LDL level
HDL

Hydrolysis of HDL2 triglycerides
and phospholipids
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2.1.6. Other risk factors
The intake of light to moderate amounts of alcohol is associated with reduced
morbidity and mortality from several cardiovascular conditions, particularly CHD (67,
68). The beneficial effects of light to moderate alcohol drinking on lipoprotein
metabolism (69, 70), coagulation (71, 72) and antioxidative properties (73, 74) have been
shown in several studies. Since the adverse effects of excess alcohol use are so well
known, alcohol should not be recommended as a general preventive tool against CHD.
Sedentary lifestyle is associated with an increased risk of death from cardiovascular
disease and an increased CHD risk (75-79), and conversely, a high level of physical
activity is followed by a reduction of the CHD risk and favourable effects on overweight
and plasma lipids and lipoproteins.

2.2. Effect of diet on atherosclerosis
The effect of diet on the development of atherosclerosis and CHD is mediated mainly by
the influence of dietary fat and cholesterol on biological risk factors, such as the plasma
concentrations of total, LDL and HDL cholesterol, triglycerides, LDL oxidation, blood
pressure, glucose metabolism, some thrombogenic factors, and obesity. The amount and
composition of the diet regulate the activities of many enzymes of lipid metabolism. The
effect of diet is partly mediated by the plasma levels of specific dietary components, such
as fuels, hormones or metals. Nutritional regulation mediated intracellularly involves the
metabolism of a plasma fuel to an active metabolite or the activation of a hormonally
regulated intracellular signaling pathway or nutrient-induced alteration of gene expression.
It was 90 years ago that experimental atherosclerosis was produced for the first time in
rabbits by simply feeding them cholesterol (80). Later, the original observations made in
animals have been confirmed in humans (81), i.e. an increase of dietary cholesterol results
in higher plasma cholesterol concentrations and an increased risk of atherosclerotic
disease. Several epidemiologic and clinical trials have confirmed the causality between diet
and atherosclerosis. Los Angeles Veterans Administration Trial (82), Finnish Mental
Hospital Study (83), Oslo Trial (84), North Karelia Project (85), and Multiple Risk
Factor Intervention Trial (86, 87) are good examples of primary prevention for CHD.
These studies were conducted on healthy subjects with dietary intervention, counselling
on smoking cessation and blood pressure control and a long enough follow-up time. A
significant reduction of CHD morbidity and mortality was achieved in most of these
studies, and the most marked risk reduction followed a diet-induced alteration in plasma
lipids and lipoproteins. Also, a significant risk reduction with dietary intervention
hasbeen achieved in several secondary prevention trials for CHD (88-93).
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2.2.1. Plasma lipids and lipoproteins
Because increased dietary cholesterol leads to increased plasma cholesterol and an increased
risk for atherosclerosis, the amount of dietary cholesterol should be restricted to minimize
the risk, and the current recommendations restrict the intake of dietary cholesterol to 300
mg/d for the general public and to <200 mg/d for subjects still hypercholesterolemic on a
less stringent restriction (27). On the other hand, large doses of plant sterols (sitosterol,
campesterol) produce a hypocholesterolemic effect when given at or before mealtime.
These sterols inhibit the intestinal absorption of cholesterol (94).
The dietary total fat intake and, even more importantly, the fatty acid composition of
dietary fat alter the plasma lipid and lipoprotein concentrations in most individuals. The
effects of different dietary fatty acids on plasma lipids and lipoproteins are related to their
chemical structure, i.e. the presence, absence or location of the double bonds (Table 2).
Dietary saturated long-chain fatty acids (chain lengths of 14-16 carbon atoms) decrease
LDL receptor activity, impair the rate of removal of LDL particles from circulation, and
raise the plasma total, LDL and, to some extent, HDL cholesterol concentrations (95,
96). Relatively short-chain fatty acids (6-12 carbons) and stearic acid (18 carbons) produce
little or no change in the plasma cholesterol concentration (95-98).
The current recommendations limit the saturated fat intake initially to < 10 %E, and if
the subjects still have elevated LDL cholesterol concentrations, to < 7 %E (27).
MUFAs were originally considered to have a neutral effect on the plasma cholesterol
concentration (99, 100). More recently, it has been shown that the replacement of SAFA
with MUFA results in a hypocholesterolemic effect while minimizing the decrease in the
HDL cholesterol concentration (98, 101). In addition, a diet rich in MUFAs compared
with PUFAs reduces the susceptibility to oxidative modification of plasma LDL. The
current recommendations suggest that MUFA intake should be <15% of the total energy
intake of the diet (27).
Trans-fatty acids are formed when vegetable oils are hydrogenated to convert them
from a liquid to a semisolid state, and trans-fatty acids are also found in ruminant fats.
Trans-fatty acids raise the LDL and lower the HDL cholesterol concentration, and some
studies have also reported an increase of the lp(a) concentration (34, 102).
Dietary PUFAs can be divided into n-3 and n-6 polyunsaturated fatty acids. The
eicosapentaenoic acid and other long-chain n-3 fatty acids found in fish and fish oils may
have a hypocholesterolemic effect in normal subjects or raise the LDL and HDL
cholesterol concentration in hyperlipidemic subjects, and have hypotriglyceridemic effects
in both normal and hyperlipidemic subjects (103, 104). On the other hand, several studies
have shown small increases in lipoprotein oxidation or the plasma levels of lipid
peroxides after fish oil supplementation (105). Linoleic acid and other n-6 polyunsaturated
fatty acids are mostly derived from plants. Relative to saturated fatty acids or carbohydrate,
these fatty acids have a hypocholesterolemic effect (96-98). Large amounts of dietary
polyunsaturated fatty acids lower the plasma HDL cholesterol concentration and may,
furthermore, cause excess oxidability of lipoproteins and potential excess atherogenesis
(106). The adequate intake of linoleic acid is probably 5 %E, and 3 %E is probably
adequate to meet the linoleic acid requirements (27).
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Table 2. Dietary fatty acids, their chemical structure and their effect on plasma lipids and
lipoproteins
Effects on
plasma lipids
Common
name

Formula

ω

Sources

LDL HDL Tg Lp(a)

SAFA
Short
chain

Acetic

C2:0

-

-

-

-

Butyric

C4:0

-

-

-

-

Caproic

C6:0

coconut oil, butter

-

-

-

-

Caprylic
Capric
Lauric

C8:0
C10:0
C12:0

lamb fat

↑

↑

-

-

Myristic

C14:0

↑

-

-

Palmitic

C16:0

↑

↑

-

Stearic

C18:0

coconut and palm ↑
oil
Palm oil, milk,
↑
butter, cheese, lard
(pig)
meat, sausages
-

-

↑?

-

Arachidic

C20:0

?

?

?

-

Behenic
Lignoceric

C22:0
C24:0

↑
?

?
?

?
?

-

Palmitoleic
Oleic

C16:1
C18:1

-

?
↓

?
-

TRANS

Elaidic

C18:1

↑
olive oil, lard
↓
(pig),
rapeseed, canola oil,
milk
9T hydrogenated fats
↑

↓

?

↑

PUFA

Linoleic
Arachidonic
α-linolenic

C18:2
C20:2
C18:3

6
6
3

↓
?
↓

↓
?
↓

-

γ-linolenic
Eicosapentaenic
Docosahexaenic

C18:3
C20:5

6
3

vegetables,
soybean oil,
linseed oil
fish

↓
?
↓
↓
?

↓
-

?
↓

-

C22:6

3

fish

?

-

↓

-

Medium
chain

Long
chain

Very long
chain

MUFA

9

sunflower oil, nut
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Supplementation of dietary fiber may lower the plasma total and LDL cholesterol
concentrations (107). Especially, water-soluble noncellulose pectin, gums, mucilages and
lignin may have specific lipid-lowering effects by increasing the excretion of bile salts.
Digestible dietary carbohydrates have only a small direct effect on the plasma lipid and
lipoprotein concentrations. Still, the substitution of carbohydrates for saturated fatty acids
will cause a reduction in plasma LDL cholesterol. Quickly absorbed carbohydrates may
increase the triglyceride concentration by stimulating the production of VLDL
triglycerides, especially in subjects with hypertriglyceridemia, obesity and sedentary
lifestyle, and HDL cholesterol concentration may also be decreased. Some types of animal
protein (e.g. casein or meat) may be hypercholesterolemic, and some kinds of vegetable
protein (e.g. soy) may lower plasma cholesterol.
Obesity is associated with a decreased HDL cholesterol level (43). Excess calories
increase VLDL production and increase VLDL removal (5), resulting in elevated
triglyceride levels (43). The restriction of calories in obese subjects will normalize the
serum lipids levels. The serum triglycerides are reduced from the beginning of weight
reduction, and as soon as the post-weight-reduction stable phase is achieved, the HDL
cholesterol concentration increases (50).
The consumption of alcohol increases VLDL production by the liver. Chylomicron
synthesis increases when alcohol is consumed with a fatty meal. These effects of alcohol
may induce hypertriglyceridemia. Alcohol use may increase the plasma HDL cholesterol
concentration through the reduced activity of CETP (108).

2.2.2. Blood pressure
Evidence is accumulating to indicate that diet is an important determinant of blood
pressure. Out of all the known dietary components, sodium intake may be the most
important blood pressure regulator. The prevalence of hypertension is very low in
populations with very low dietary sodium intake (109). A low-salt diet may lower blood
pressure and prevent the increase of blood pressure with age (110, 111).
Blood pressure may be influenced by many other dietary components. Some
epidemiological and interventional studies suggest an inverse correlation between blood
pressure and potassium intake (109, 112). Also, dietary calcium and blood pressure are
inversely correlated (113, 114). Obesity-related hypertension is common, the incidence of
hypertension in obese subjects being about 2-fold compared to subjects with normal
weight (115). A beneficial impact of weight reduction by caloric restriction has clearly
been documented in short-term trials (116, 117). Heavy consumption of alcohol is
associated with hypertension (118, 119).
The effect of the quantity and quality of dietary fat on blood pressure is somewhat
controversial. A positive association between the estimated intake of SAFAs and blood
pressure has been reported in some epidemiological studies (120, 121). The data
concerning the role of PUFAs of the n-6 series or MUFAs in blood pressure regulation
have given contradictory results. Relatively high supplemental doses of n-3 PUFAs of
marine origin are associated with blood pressure reduction (120, 122). Anyway, the
reduction in plasma cholesterol concentration achieved by dietary intervention is
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associated with lowered blood pressure and even with a reduction in the incidence of
hypertension (123). A diet rich in fruits and vegetables, and low-fat dairy products not
only lowers the plasma LDL cholesterol concentration, but may also favourably influence
blood pressure values. The regulatory role of dietary fiber on blood pressure is
controversial, though some studies have shown that an increased fibre intake may decrease
blood pressure slightly (124–126).
With appropriate dietary modifications, it may be possible to treat hypertensive
patients with fewer drugs or at least with lower doses (127).

2.2.3. Obesity
The growing prevalence rates of obesity and overweight are attributable to the interaction
between diet, lifestyle and genetics (128). In western societies, spontaneous and workrelated physical activity has decreased, and the possibility to overconsume high-fat and
high-energy food has simultaneously increased. Obese subjects have a high energy intake
compared to their need for energy. Even though dietary fat does not promote the
development of obesity any more than do other macronutrients under iso-energetic
conditions (129), some studies indicate that obesity is more strongly related to high-fat
diets than to the total energy intake (130-132). These results have been explained by the
fact that dietary fat is metabolized to body fat at an efficiency rate that is higher than that
for an equicaloric amount of carbohydrate or protein (133-136). The obesity-promoting
effect of a high-fat diet has been especially pronounced in subjects with a genetic
predisposition to obesity (137, 138) or in subjects with a sedentary lifestyle (139). There
are specific properties of dietary fat that affect the subject’s decision on food intake and
promote excessive energy consumption and storage. Dietary fat may have a weaker effect
on satiety and satiation compared to carbohydrate or protein, which may contribute to
overconsumption of fat (140, 141). High-fat foods are generally considered palatable, and
especially obese individuals have an enhanced sensory preference for high-fat foods (142144). High-fat food also usually requires less chewing and is therefore eaten more quickly
than foods rich in fibre and carbohydrate. The results of studies conducted with
monozygotic twins have shown that human subjects have different genetic susceptibilities
to environmental changes, which lead to variability in the degree of positive energy
balance and weight gain (145).

2.2.4. Thrombogenesis
There is some evidence to suggest that certain dietary lipids and fatty acids (146-148) and
dietary carbohydrates (149) may be antithrombotic. Dietary fat high in trans-fatty acids
increases the concentration of lp(a), which is associated with both atherogenesis and
thrombogenesis. Dietary cholesterol is thrombogenic (150). However, the interplay
between lipids, atherogenesis, and thrombosis has proven difficult to define in humans.
Nevertheless, a diet containing additional nutrients, such as alcohol and folic acid as
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antithrombogenic factors, natural antioxidants and, furthermore, an appropriate balance
between fatty acids, may have a significant effect on reducing CHD and acute
atherothrombotic events.

2.2.5. LDL oxidation
Substantial evidence suggests that oxidative modification of LDL critically contributes to
the pathogenesis and progression of human atherosclerosis (27). There is some evidence
to suggest that replacement of dietary SAFAs with PUFAs leads to LDL particles
enriched in PUFA, which are then more susceptible to lipid peroxidation and thus more
atherogenic. On the other hand, diets enriched in MUFA, rather than PUFA, might confer
additional protection by generating LDL particles that are more resistant to oxidation
while optimizing both LDL and HDL cholesterol levels (151-157). The effect of diets
enriched in long-chain PUFAs, such as eicosapentanoic acid and docosahexaenoic acid,
available from fish oil supplementation leads to increased susceptibility to oxidation of
LDL (158-161). Anyhow, the proatherosclerotic effect of PUFA diets through LDL
oxidation is cancelled by the lipid-lowering effect of these fatty acids.
Some observational population studies indicate that a high intake of antioxidants
(vitamin E, β carotene, vitamin C) may associate with a decrease in CHD risk. However,
pharmacological intervention with vitamin E and β carotene failed to decrease CHD, and
some possible adverse effects of β carotene supplementation must be considered,
especially among smokers (162, 163). Flavonoids, which are secondary metabolites of
plants, are also powerful antioxidants of LDL cholesterol. Pro-oxidants, such as iron and
copper, may be atherogenic.

2.3. Gene-environment interaction in atherosclerosis
The environmental factors generally connected with atheroslerosis are diet, alcohol
consumption, physical activity and smoking. The genetic basis of lipid and lipoprotein
metabolism and its role in atherosclerosis is relatively well documented. Environmental
and genetic factors work together to shape an individual’s risk for atherosclerosis.
Research on the genetic and molecular basis of the gene-environment interaction has
therefore emerged as a major area of investigation. The possible models of geneenvironment interactions are presented in Fig. 3. Diet is the best studied environmental
factor that affects the lipoprotein phenotype.
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Model 1 Genotype G
Genotype G'

⇒ Environmental stimulus E ⇒ Phenotypic response GE
⇒ Environmental stimulus E ⇒ Phenotypic response G'E

Hypothesis:
Apo E4/4 ⇒
Apo E3/3 ⇒
Model 2 Genotype G
Genotype G

Cholesterol-rich diet ⇒
Cholesterol-rich diet ⇒

P-LDL ↑↑
P-LDL ↑

⇒ Environmental stimulus E ⇒ Phenotypic response GE
⇒ Environmental stimulus E' ⇒ Phenotypic response GE'

Hypothesis:
CETP TaqI ⇒
B2B2
CETP TaqI ⇒
B2B2

Non-smoking ⇒

P-HDL B2B2 > B1B1

Smoking ⇒

P-HDL B2B2 = B1B1

Fig. 3. Two possible models of gene-environmental interaction

2.3.1. Alcohol consumption
The results of observational studies provide evidence that moderate alcohol intake lowers
the CHD risk and that alcohol intake may be causally related to a lower risk of CHD
through changes in lipids and haemostatic factors (164). There may be some differences
due to various lifestyle characteristics with relation to the amount of alcohol used, e.g.
the percentage of smokers or the percentage of physically inactive subjects increases
simultaneously with the amount of alcohol used (165). There is some evidence of
interaction between alcohol drinking and a genotype effect on plasma lipids and
lipoproteins. The I405V polymorphism of the CETP gene is associated with the plasma
HDL, apo A-I levels and the CHD risk, and this genotype effect is modified by alcohol
consumption (166). The CETP TaqI polymorphism seems to modify the plasma CETP
level and activity and the plasma HDL cholesterol concentration. This genotype effect
interacts with alcohol consumption, as shown in two separate studies (167, 168). Blood
pressure is not significantly affected by light to moderate alcohol intake (169). The
prevalence of hypertension and the risk of haemorrhagic stroke increase with increasing
alcohol consumption (170, 171). In a Finnish study, a significant association was found
between alcohol consumption and both systolic and diastolic blood pressure, and the apo
E phenotype affected the blood-pressure-increasing effect of alcohol (119).
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2.3.2. Physical fitness
Being physically active helps to reduce weight, increase HDL cholesterol, and lower
triglycerides and the propensity to thrombosis. The role of physical activity in the geneenvironment interaction has been only studied in a few trials. LPL is the rate-limiting
enzyme in the hydrolysis of the core triglycerides in chylomicrons and VLDL. The
variation D9N of the LPL gene is associated with increased total cholesterol, apoB and
triglycerides concentration. Physically inactive D9N carriers seem to have higher lipid
levels than physically active ones (172). The G-455A β fibrinogen gene promoter
polymorphism is associated with the plasma fibrinogen levels, and in the determination
of the magnitude of this effect, a significant interaction between the G-455A
polymorphism and physical activity has been demonstrated (173).

2.3.3. Smoking
Smoking is often associated with other atherogenic environmental factors, such as
sedentary lifestyle, unfavorable nutritional patterns (174) and alcohol drinking, which may
synergistically impair the pathophysiological responses (175,176). The relations between
some genetic polymorphisms and HDL levels have been shown to be modified by
smoking. Smoking habits modify the association between the CETP TaqI polymorphism
and the variation in HDL (177-179) and CETP levels (168). Another polymorphism of
potential significance is in the apo A-I promoter region, which is associated with HDL
levels in male non-smokers, but not in male smokers or in females (180, 166). The
interaction could not be confirmed using meta-analysis (181). Also, some interaction
between smoking, HDL cholesterol and the apoB EcoRI and MspI polymorphisms have
been shown (182).
The PI(A1/A2) platelet glycoprotein IIIa polymorphism is associated with triglyceride
metabolism and an increased CHD risk, and cigarette smoking has some interaction with
this (183, 184). The serotonin transporter (5-HTT) gene promoter polymorphism is
associated with plasma serotonin levels and vasoconstriction, and there seems to be a
significant interaction between the 5-HTT gene promoter polymorphism and smoking in
determining the risk for CHD (185). Also, a gene-environment interaction has been
detected between the G-455A β fibrinogen gene promoter polymorphism and smoking,
the carriers of the A-allele having, on an average, 7-10% higher fibrinogen levels than
those with the genotype GG, and this effect of the A-allele was connected with the
smoking habits (173). However, no interaction between the D9N mutation in the LPL
gene and smoking was found (172).
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2.3.4. Diet
2.3.4.1. Mechanisms affecting the individual differences in the response of
serum lipids and lipoproteins to changes in dietary cholesterol and fat
The levels of serum lipids and lipoproteins are sensitive to the type and amount of fat and
the amount of cholesterol in the diet. The quantitative effects of dietary changes can be
estimated using empirical formulas (186, 187, 104). The individual response varies
between subjects, and this variation is constant to a certain limit, the standardized
regression coefficients for individual responses in similar experiments being from 0.30 to
0.50 (188, 189). A low-fat, low-cholesterol diet results in an average of 10% lowering of
the plasma cholesterol concentration, while some subjects may respond with a 30%
reduction and some may be relatively insensitive to the dietary effect. Studies on inbred
strains of rabbits, mice, rats, and pigeons indicate that the differences in responsiveness
have a genetic basis. The extent of the genetic influence in several animal species is
estimated to be about 50-80% (190) but the evidence in humans is less clear.
The metabolic pathways connected with dietary responsiveness are shown in Fig. 4.
Cholesterol homeostasis is maintained by balancing the dietary cholesterol absorption and
the endogenous cholesterol synthesis with the excretion of bile acids and biliary
cholesterol (191). The differences in individual responses to diet may be followed by
differences in intestinal absorption efficiency, hepatic cholesterol biosynthesis, excretion
of cholesterol, receptor-mediated clearance of LDL, or differences in LDL production
(190).
In some animal strains, increased absorption seems to be the cause of
hyperresponsiveness to dietary cholesterol (190, 193). In humans, the average absorption
of dietary cholesterol is about 40%. When the dietary cholesterol or fat intake is increased,
the percentage of cholesterol absorption is either reduced (194) or unaffected (195).
Anyway, considerable variation can be noted between subjects in the percentage of dietary
cholesterol absorption and the respective dietary responsiveness of plasma LDL and HDL
cholesterol concentrations (194–196), a finding which suggests the presence of genetically
determined differences between individuals in the regulation of dietary cholesterol
absorption. Some studies have shown that intestinal cholesterol absorption is related to
the apolipoprotein E phenotype (197–200), with apo E4 carriers absorbing more
cholesterol than non-apo E4 carriers.
The variation in dietary responsiveness may be based on differences in the
compensation of cholesterogenesis (201–203). Cholesterol synthesis is sensitive to many
dietary factors, including energy restriction, meal frequency, dietary fat type, and
cholesterol and phytosterol content (204). An increased dietary cholesterol and SAFA
intakes are associated with reduced cholesterol synthesis (202, 205–207). In theory,
subjects with sufficient compensatory suppression of cholesterol synthesis for the influx
of exogenous cholesterol showed only a minor response in the plasma lipid level, whereas
in the ones whose endogenous cholesterol synthesis is not suppressed, the liver
cholesterol pool expanded and plasma LDL increased either because of increased excretion
of VLDL, IDL and LDL, or because of suppression of LDL receptors, which depressed
LDL clearance. At the moment, no studies to confirm this mechanism are available.
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Differences in the capacity to respond by altered excretion of cholesterol into bile
could explain the differences in dietary responsiveness. This has been confirmed by studies
conducted on laboratory animals (208), but some contradictory findings also exist (209,
210). In humans, the consumption of extra cholesterol usually does not lead to enhanced
bile acid excretion, and the differences in the responsiveness to dietary cholesterol and fat
are most probably not based on differences in cholesterol excretion (190).
The regulation of the activity of the LDL receptor on the cell surface is the major
mechanism of cellular cholesterol homeostasis (211). The dietary response of plasma
LDL cholesterol to changes in the dietary saturated fat and cholesterol content is mediated
mainly by the level of hepatic LDL receptors (212). There is some evidence of differences
in the number and activity of LDL receptors between hypo- and hyperresponders,
explaining the differences in dietary responses (190). In addition, the binding affinity of
lipoproteins to their respective receptors may vary according to the genetic variation of
apoproteins, for example.
The differences in LDL production may explain the differences in dietary
responsiveness (188) and several mechanisms have been suggested (203). Especially the
role of CETP activity seems to be important in the LDL response after the consumption
of diets modified in fat and cholesterol (213–217).

2.3.4.2. Genetic variation affecting dietary response in plasma lipids and
lipoproteins
All the genes encoding proteins for the pathway of lipoprotein metabolism (lipoproteins,
lipoprotein receptors, lipid transporters and lipid-metabolizing enzymes) and the genes
associated with transcriptional activation and signals modulating the transcription of the
respective genes are potential candidates for gene-diet interaction. The dyslipidemic effects
of the rare mutations causing the phenotype of familial hypercholesterolemia and familial
defective apoB are well described (218, 219). In general, their effect on plasma lipid levels
is so great that hyperlipidemia develops even in a low-risk environment. The interaction
between diet and these rare mutations is not the main interest, because the low-fat, lowcholesterol diet should be recommended to these patients despite the expected cholesterol
response. The common polymorphisms associated with a relatively small effect on the
plasma lipid levels in individuals have a greater influence on hyperlipidemia at the
population level than do the rare mutations. Some of the common polymorphisms may
predispose to the development of hyperlipidemia, especially in a high-risk environment,
while some of them may protect against developing hyperlipidemia even in a high-risk
environment. Common polymorphisms are defined as mutations having only a small
effect on plasma lipid levels (on an average 5-10%) and being present in the general
population at an allele frequency of greater than 1%. The common variations in the
known candidate genes are presented in Table 3. The identification of genetic variations
and the information of the interaction between these genetic variations and diet helps to
identify the subjects who will benefit from dietary counselling.
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Table 3. Common polymorphisms of human candidate genes regulating the lipid response
to dietary changes.
Gene
Apo A-I

Polymorphisms
XmnI, PstI

Effects on plasma lipids
/ CHD risk
P- HDL, apoA-I

Apo A-IV

XmnI, SstI, PstI

Lipid effect uncertain

Binding to lipoprotein;
intestinal absorption

Apo B

XbaI*

P-LDL, CHD risk

EcoRI, MspI, Bsp I

CHD risk

Signal Peptide
3'VNTR

P-total cholesterol,
triglycerides, CHD risk
CHD risk

Linkage disequilibrium
with functional
sequence: transcription/
production of apoB
Affinity of LDL for its
receptor
ApoB secretion

Apo C-III

SstI*, PvuII

P-triglycerides, CHD risk

?

Apo E

E2, E3, E4

P-total and LDL cholesterol,
apoB, CHD risk

Intestinal cholesterol
absorption; LDL apoB
production; bile acid
and cholesterol
synthesis; postprandial
clearance; upregulation
of LDL receptor

CETP

TaqI, MspI, StuI,
EcoRI

P-HDL, apo A-I

?

FABP2

T54 variant

P-triglycerides

Intestinal fat absorption

LPL

HindIII*

P-triglycerides

Linkage disequilibrium
with functional
sequence; catabolism of
triglyceride rich
lipoproteins

* No structural or functional effect on gene product.

Function
Transcription/synthesis
rate of apoA-I

?
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2.3.4.3. Nutritional regulation of gene expression
The most important hormones regulated by dietary factors and involved in lipogenesis and
fatty acid synthesis are insulin, glucagon, glucocorticoids and triiodothyronine (220).
Dietary carbohydrate and fat are the major components influencing the rate of lipogenesis,
and the nutritional states of fasting, feeding, malnutrition and obesity influence
lipogenesis and energy metabolism.
The pathway of gene expression comprises the steps presented in Fig. 5.

Protein function

Protein
concentration




Synthesis

Degradation


mRNA amount

Translation
efficiency


Transcription

• Initiation of transcription
• Elongation of transcript
• Termination of transcript
• Cleavage and polyadenylation of
transcript
• Capping of transcript
• Splicing of transcript
• Degradation of transcript

Fig. 5. Pathway of gene expression.

It has been hypothesized that the dietary regulation of gene transcription might
explain the association between dietary fat and the induction of atherosclerosis (221).
Nutrients can influence gene expression directly through gene promoters, through the
control of regulatory signals in untranslated regions, and through post-transcriptional
pathways. Dietary PUFAs reduce fatty acid biosynthesis and enzyme activities by
decreasing the respective mRNA levels (223, 223). The alteration in gene transcription
occurs so fast (within 3 hours) that the response is not mediated by altered lipid
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concentrations of cell membranes or by altered signaling mechanisms. The potential
regulatory site for PUFA is the activation/inhibition of the nuclear transcription factor,
e.g. the peroxisomal proliferator-activated receptors (PPARs), the hepatic nuclear factor
(HNF)-4, the signaling molecules derived from the cholesterol biosynthetic pathway (e.g.
sterol regulatory element binding proteins, SREBPs), or the replacement of a positive
trans-factor by a silencer trans-factor. PPARs are members of the steroid/thyroid nuclear
receptor superfamily of ligand-activated transcription factors. To date, three isotypes have
been identified: α, β and γ , which are encoded by three different genes. The role of
PPARα activation in lipoprotein metabolism and in the inhibition of the development of
atherosclerosis seems obvious (224). All PPARs are activated by fatty acids and
derivatives, such as leukotriene B4 and prostaglandin J2.
Dietary cholesterol influences the cellular cholesterol pool and, as a consequence,
several genes respond with altered gene expression. The addition of cholesterol to cells
leads to an altered gene expression of the LDL receptor (225, 226), LRP (227), the sterol
carrier protein (228), interleukin-8 (229), the monocyte chemoattractant protein (229),
HMGCoA reductase (225), HMGCoA synthase (225), CETP (230, 231) and apo E (232).

2.3.4.4. Obesity and gene expression
Chronic hyperalimentation leads to obesity because the excess dietary energy is converted
to fat. A significant fraction of human obesity is thought to be genetically determined
(233, 234). Obesity itself promotes several metabolic disturbances, some of which affect
gene expression. The human brain operates through different mechanisms to control the
body’s nutrient storage. Excess availability of nutrients/energy alters the expression of the
hypothalamic peptides neuropeptide Y and galanin (235), and excess lipid storage in
adipose tissue increases the expression of leptin (236). Adipocyte differentation is
coordinately regulated by several transcription factors (C/EBPβ, C/EBPσ, ADD1/SREBP-1, PPARγ). Altered activity or expression of these transcription factors is
thought to have a role in the pathogenesis of obesity (237). Adipose expression of
PPARγ2 mRNA is increased in human obesity (238). On the other hand, PPARα and
PPARγ activators, such as fibrates and thiazolidinediones induce LPL expression, and a
sequence element in LPL promoter region has been recognized which interferes with
PPARs (239). Uncoupling proteins, which permit the oxidation of fuels without the
generation of adenosine triphosphate, are regulated by dietary factors and may have a role
in the development of human obesity (240). Tumor necrosis factor (TNF) has multiple
actions in adipose tissue, including the regulation of LPL activity (241), and TNFα
expression is increased in obesity.

3. Aims of the study

The following specific questions were addressed:
1. What is the magnitude of dietary responsiveness in the plasma lipid and lipoprotein
levels in free-living subjects?
2. Does dietary intervention alter a normotensive blood pressure level, and does the
apo E phenotype have an effect on the blood pressure response?
3. Does the apo E phenotype have an effect on the response of blood lipids and
lipoproteins to diet?
4. What is the overall effect of genetic variation in the apo B gene on the response to
diet?
5. Does weight reduction following caloric restriction alter the gene expression of
CETP and LPL?

4. Subjects and Methods
4.1. Study subjects
The Ethical Committee of the University of Oulu approved the protocols for the studies
reported (I–IV). All study subjects volunteered and gave informed consent before
participation and underwent detailed clinical screening prior to inclusion.
Report I-III: Employees (N=320) of the technical department, administrative office and
kitchen of the Oulu University Hospital were invited to participate in screening for the
dietary trial. Out of them, two hundred (62.6%) volunteered for the plasma lipid analyses
and apolipoprotein E phenotype determination. Out of the population screened for their
apolipoprotein E phenotype, 21 subjects with the phenotype E4/4 or 3/4 volunteered for
the diet intervention trial. These subjects were similar with respect to age, sex and body
mass index with 23 individuals having the phenotype E3/3. The baseline characteristics of
the study subjects are presented in Table 4.
Report IV: The study subjects for the weight reduction trial were drawn from among
obese female patients scheduled for an elective gallbladder operation in the near future.
The patients were invited for laboratory screening and clinical investigation, and out of
the 40 patients invited, 34 volunteered for the trial. One subject dropped out because she
developed atrial fibrillation before her gallbladder operation and her operation was
cancelled. The number of study subjects in the weight reduction group was 13. These
subjects were matched for age and BMI with a control group of 20 subjects. The baseline
characteristics of the study subjects in the weight reduction group and control the group
from report IV are presented in Table 4.

4.2. Diets and study design
Reports I-III: Seven-day food consumption records were kept during the baseline diet
phase. The food records were collected before the trial, and all study subjects were advised
how to fill in food diaries, and all food diaries were checked by an experienced dietitian.
The baseline diet represented a typical Western diet and consisted partly of meals from the
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hospital kitchen and partly of the subjects' habitual food eaten at home. The baseline diet
of the study subjects is presented in Table 5a. The intervention diets were designed on the
basis of the regular hospital meals. The hospital meals were analyzed for seven days.
After the trial the nutrient contents of the intervention diets were recalculated according to
the actual daily records. The composition of dietary fat in the intervention diets was as
follows: 1) 26 E% from fat, with 32% from SAFA, 35% from MUFA and 33% from
PUFA, during the low-fat diet; and 2) 38 E% from fat, with 60% from SAFA, 31% from
MUFA and 9% from PUFA, during the high-fat diet. The cholesterol content was 240 mg
per day during the low-fat diet and 420 mg per day during the low fat diet.

Table 4. Baseline characteristics of the study subjects in Reports I-III and IV.
Number
of subjects

Age
± SD
(years)

BMI
± SD
(kg/m2)

Percentage
of smokers
(%)

Systolic / diastolic
blood pressure
± SD
(mmHg)

Report I-III
All

44

38±8

24±3

23

136±14 / 81±8

Men

22

37±7

25±2

32

140±14 / 83±8

Women

22

39±8

23±3

14

131±14 / 80±7

All (women)

33

56±8

32±5

18

138±17 / 83±7

Control

20

58±8

32±5

25

137±14 / 82±6

Intervention

13

54±8

31±5

8

140±21 / 83±7

Report IV

All the food consumed during the intervention periods was supplied from the hospital
kitchen. The two meals comprising about 75% of the daily energy intake were served at
the hospital, and the evening snacks and breakfasts, both to be consumed at home, were
also prepared in the hospital kitchen. The meals for the weekends were prepared and
distributed on Fridays or Saturdays to be consumed at home. The most suitable energy
intake to maintain the body weight was chosen according to the individuals' food
consumption record and daily physical activity, the mean daily energy intakes being 12.6
MJ (3000 kcal) for men and 8.4 MJ (2000 kcal) for women. According to the food diaries
collected during the baseline period, the amount of alcohol used by the study subjects was
negligible, and alcohol was therefore not included in the calculations of diets. The study
design is presented in Fig. 6.
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Table 5. Composition of baseline diets (/10 MJ) of the study subjects in (a) Reports I-III
and (b) Report IV.

(a)

All

Women

Men

Apo E3

Apo E4

44
103 ± 16
96 ± 16
268 ± 35
3.2 ± 5.9
27 ± 7
32 ± 6
42 ± 9
13 ± 4
387 ± 95

22
103 ± 16
96 ± 18
271 ± 38
1.1 ± 2.2
28 ± 9
32 ± 7
42 ± 10
14 ± 4
377 ± 75

22
103 ± 15
95 ± 14
265 ± 33
5.5 ± 7.6
26 ± 4
32 ± 5
43 ± 8
13 ± 3
398 ± 113

23
101 ± 18
96 ± 18
273 ± 36
1.0 ± 2.1
28 ± 8
31 ± 7
43 ± 10
13 ± 5
376 ± 80

21
105 ± 14
95 ± 16
263 ± 35
5.3 ± 7.4
26 ± 7
32 ± 6
42 ± 9
13 ± 3
398 ± 108

Reports I-III
N
Protein
Fat
Carbohydrate
Alcohol
Fiber
MONO
SAFA
PUFA
Cholesterol

(g)
(g)
(g)
(g)
(g)
(g)
(g)
(g)
(mg)

(b)

All
Intervention
(women)

Report IV
N
Protein
Fat
Carbohydrate
Alcohol
Fiber
MONO
SAFA
PUFA
Cholesterol

(g)
(g)
(g)
(g)
(g)
(g)
(g)
(g)
(mg)

33
102 ± 12
92 ± 15
274 ± 36
4.1 ± 9.2
27 ± 6
31 ± 6
39 ± 8
14 ± 4
317 ± 79

13
102 ± 13
89 ± 14
279 ± 42
4.1 ± 12.8
27 ± 5
30 ± 6
39 ± 8
13 ± 4
315 ± 88

Control

20
101 ± 11
92 ± 16
276 ± 33
3.5 ± 6.3
27 ± 7
31 ± 7
39 ± 8
14 ± 5
310 ± 74

Report IV: Before the weight reduction period, all the study subjects consumed their
habitual diets. The seven-day food consumption records were collected and checked by an
experienced dietitian, and the baseline diet of the study subjects is presented in Table 5b.
The weight reduction program was based on dietary counselling. The intervention subjects
were placed on a hypocaloric AHA step I diet (242) with a recommended daily energy
content of 5.0 MJ (1200 kcal). The control subjects were instructed to continue their
habitual diet and not to lose weight.
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Report I-III:
Screening
population
N=200

Study
population
N=44

Baseline period
12 weeks

Low-fat period High-fat period
4 weeks
4 weeks

Switch-back period
8 weeks

Report IV:
Weight-maintaining period
8 weeks
Screening
population
N=40

Study
population
N=34

Drop
out
N=1

Baseline period
2–4 weeks

Control
group
N=20

Drop
out
N=1

Intervention
group
N=13

Drop
out
N=1

Weight-reduction period
8 weeks
Gallbladder operation

Fig. 6. Time line of the study design in Reports I-III and IV.
indicate timing of the laboratory measurements.

The arrows

.

4.3. Clinical measurements
The same trained physician with specialist qualifications in internal medicine interviewed
and examined all the study subjects. Special attention was given to the past medical
history, current symptoms, medication, family history, smoking habits, alcohol
consumption and physical activity. Women were classified as postmenopausal if at least
six months had passed since their latest menstruation and no other relevant reason for the
cessation of the menstruation cycle could be identified.

4.3.1. Blood pressure measurements
All blood pressure measurements were made using an automatic, microprosessorcontrolled device (Criticon Dinamap 1846 SXiP; Critikon Inc, Tampa, FL), in which an
oscillometric technique is used and which determines automatically the systolic blood
pressure, the mean arterial pressure, the diastolic blood pressure, and the pulse rate. Blood
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pressure was registered by the same experienced nurse on all occasions. Before each
measurement, the subjects rested for at least 10 minutes and blood pressure was registered
from the right arm with the subject sitting.
Reports I–III: The blood pressures were measured on at least two occasions during the
baseline period and once a week during both the intervention periods and, furthermore,
twice during the switch-back period.
Report IV: The blood pressures were measured on two occasions during the baseline
period and once every second week during the weight reduction period.

4.3.2. Body weight measurement
All the body weights used in the analyses were recorded using a digital weighing scale
(Lindetronic 4000; Lindells, Uppsala, Sweden). The standing heights were also measured,
and the body mass index (BMI) was calculated as body weight (kg) divided by the square
of height (m2).
Reports I-III: The study subjects were weighed on two occasions during the baseline
period and once a week during the intervention diets in our laboratory, in addition to
which they were asked to weigh themselves daily during the trial.
Report IV: The study subjects were weighed on two occasions during the baseline
period and once every second week during the weight reduction period in our laboratory,
and they were asked to weigh themselves daily during the trial and also just before the
elective gallbladder operation.

4.4. Routine clinical laboratory analyses
Some clinical laboratory analyses were used to exclude subjects with diseases of major
importance. The laboratory analyses of blood count, serum alanine amino transferase,
serum creatinine and serum thyroxine-stimulating hormone were carried out in the routine
laboratory of the Oulu University Hospital using standard methods.

4.5. Plasma lipid and lipoprotein analyses
Venous blood samples were collected after an overnight fast in EDTA-containing tubes.
Plasma was separated by centrifugation at 1200 g for 10 minutes (+4°C). Plasma
lipoproteins were analyzed as follows: VLDL fraction (d<1.006 g/ml) was isolated from
the plasma by ultracentrifugation in a Kontron TFT 45.6 rotor (Kontron Instruments,
Zurich, Switzerland) at 114 000 g and 15°C for 18 hours. On ultracentrifugation, the
VLDL fraction floated on the surface and was then removed by tube slicing. The plasma
HDL cholesterol concentration was determined from the remaining infranatant after
precipitation of IDL and LDL with heparin-manganese chloride (243). The plasma LDL
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cholesterol was calculated according to the Friedewald formula (244). The plasma total
cholesterol and triglyceride concentrations were determined from fresh plasma or its
fractions with enzymatic colorimetric methods (kits by Boehringer Mannheim, GmbH,
Germany, cat. no:s 236691 and 701912, respectively) using a Gilford IMPACT 400 E
Clinical Chemistry Analyzer.

4.6. Determination of apolipoprotein E protein polymorphism
Reports I, II: Apolipoprotein E phenotype was determined from whole plasma after
delipidation, using the isoelectric focusing and immunoblotting techniques (245, 246)

4.7. Determination of plasma CETP activity
CETP activity was measured as described previously (108). In this method, the
apolipoprotein B-containing lipoproteins in the plasma samples are precipitated and the
CETP-containing supernatant is incubated with labelled LDL and unlabelled HDL. After
incubation, LDL is precipitated and the radioactivity of the HDL-containing supernatant is
counted. The LDL and HDL used in the assays were isolated from healthy volunteers.

4.8. Determination of apolipoprotein B DNA polymorphisms
Report III: Analyses of the apolipoprotein B restriction fragment length polymorphisms
were performed from DNA samples prepared by the salting-out method as described by
Miller et al. (247). The polymorphic sites presented in Table 6 were determined.

Table 6. The apolipoprotein B DNA polymorphisms determined.
Apo B
Polymorphism

Exon

Codon

Change in
Nucleotide

Change in
Amino acid

1
2

XbaI
EcoRI

26
29

2488
4154

C to T
G toA

—
Glu to Lys

3

MspI

26

3611

A to G

Arg to Gln

4

Bsp 1261I

4

71

C to T

Thr to Ile

5

Insertion/deletion of signal peptide 3-codon (Ala-Leu-Ala)
in the region of the human apo B gene.
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The methods to determine the XbaI and EcoRI DNA polymorphisms have been
described before (248). The MspI, Bsp1261I and signal peptide polymorphisms were
measured using specific oligonucleotide primers, PCR amplifications and digestions of
DNA fragments as previously described (249-251).

4.9. Measurement of CETP and LPL mRNA
4.9.1. Total RNA extraction
Liver tissue samples (20 to 100 mg) were collected by open surgical biopsy during the
gallbladder operation. The fresh liver tissue samples were flash-frozen with liquid
nitrogen and kept at -70°C until RNA extraction. Adipose tissue samples were collected
during the gallbladder operation from omental fat or abdominal subcutaneous fat (200 to
2000 mg). Excess blood was rinsed with physiological NaCl solution, and the adipose
tissue samples were flash-frozen with liquid nitrogen and kept at -70°C until RNA
extraction. To extract total cellular RNA, the guanidine thiocyanate method with
centrifugation through a CsCl gradient was used as described previously (252).The
concentration of total cellular RNA was measured by using spectrophotometry. The
average ratios of A260 and A280 nm were 1.8, and the integrity and quality of all RNA
samples were determined by electrophoresis on denaturing agarose gel, which showed
intact ribosomal RNA bands. The average yield of total cellular RNA was (±SD) 100 ±25
µg/100 mg of liver tissue and 5.0 ±2.0 µg/ 100 mg of adipose tissue. All RNA
preparations were found to be free of DNA contamination by amplifying them with the
PCR primer pairs used in the studies. The primer pairs were selected to include at least
one intron in the respective DNA sequence, and DNA contamination would thus have
been distinguished by an extra, larger PCR product than the one obtained from RT-PCR
of uncontaminated RNA.

4.9.2. Construction of internal RNA standard
To obtain suitable internal RNA standards for a quantitative reverse transcriptionpolymerase chain reaction, primer pairs were designed separately for CETP and LPL
constructs. All the primer pairs are presented in Table 7, and the strategy for the
production of the internal RNA standard is presented on Fig. 7.
The concentration of the constructed internal RNA standard was determined by
absorption spectrophotometry at 260 nm. In designing the primers, the general rules were
used (253). The primers were synthesized at the Department of Biochemistry, University
of Oulu.
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Table 7. Primer pairs for the construction of internal RNA standards and for the
reverse transcription-polymerase chain reaction (RT-PCR) of the cholesteryl ester transfer
protein and lipoprotein lipase.

CETP DNA standard (size of the PCR product 244 bp):
CETP a20 (forward)
5’-TCCAGATCAGCCACTTGTCC-3’
CETP b20c20 (reverse)
5’-TCTCGCTCCCCTTGGAGATG*CACTCTACCAGAGTCACAGG-3’
CETP DNA T7–promoter attached (size of the PCR product 267 bp):
CETP T7–a20 (forward)
5’-TAATACGACTCACTATAGGGAGATCCAGATCAGCCACTTGTCC-3’
CETP b20c20 (reverse)
CETP RNA standard transcript (244 bp) and CETP mRNA (292 bp):
CETP a20 (forward)
CETP c20 (reverse)
5’-TCTCGCTCCCCTTGGAGATG-3’
LPL DNA standard (size of the PCR product 234 bp):
LPL a21 (forward)
5’-GAGATTTCTCTGTATGGCACC-3’
LPL b20c21 (reverse)
5’-CTGCAAATGAGACACTTTCTC † TACTCTGATCTTCTGAATGG-3’
LPL DNA T7–promoter attached (size of the PCR product 257 bp):
LPL T7–a20 (forward)
5’-TAATACGACTCACTATAGGGAGAGAGATTTCTCTGTATGGCACC-3’
LPL b20c21 (reverse)
LPL RNA standard transcript (212 bp) and LPL mRNA (254 bp):
LPL’ a21 (forward)
5’-TGGCCGAGAGTAGAACATCCC-3’
LPL c21 (reverse)
5’-CTGCAAATGAGACACTTTCTC-3’
The primers were selected for CETP to amplify the gene sequence from exon 3
to exon 5, and for LPL from exon 7 to exon 9.
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Fig. 7. Schematic presentation of the construction
standard for quantitative RT-PCR.

RNA
Transcript

of an internal

RNA

4.9.2. Reverse transcription
The reverse transcription reactions were carried out in 20 µL volumes containing 1.0 to
0.5 µg total RNA and two fold serial dilutions of the constructed internal RNA standard
(from 0.1 to 1 ng). RNA was reverse-transcribed to first-strand cDNA with Moloney
murine leukemia virus reverse transcriptase (5 U /µl), RNase inhibitor 1.2 U/µl, DTT 4
mM and specific oligonucleotide antisense primers (0.2 µM). Negative controls were
included into every series of samples.
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4.9.3. Polymerase chain reaction
PCRs were performed in a 50 µL volume containing 2.5 mM buffer and 0.4 µM each of
the gene-specific primers. Accurate pipetting was accomplished by the use of master
mixes. The concentration of dNTP was 0.4 mM of each nucleotide (dATP, dCTP, dGTP,
dTTP), that of MgCl2 was 2.5 mM, the Taq DNA polymerase (Finnzymes) concentration
was 0.025 U/µl, and that of PCR buffer 2.5 mM. The optimal cycling temperatures were
tested separately for the CETP gene and the LPL gene, as was the optimal number of
cycles. During the PCR reaction, the duration of the denaturation step was 30 seconds,
except for the denaturation of 5 minutes during the first cycle. The annealing step was 30
seconds and the extension step one minute, except for the extension of 15 minutes during
the last cycle. The reproducibility of the quantitative RT-PCR method was tested
separately.

4.10. Statistical analyses
Reports I-III: The power calculations were performed beforehand with the assumption that
the study subjects are similar to those of North Karelia Project (85) (average change of
plasma total cholesterol is 20 % and sample SD 0.2 %). With the requirement of
statistical significance level of 5 % the sample size was found to be less than 20 for the
estimated effect size. The actual number of study subjects recruited was then planned to
be 20 % more than needed. The minimum number of study subjects in report IV was
designed to be 10 in the intervention group and 10 in the control group.
The data are presented as group means ±SD. The differences within groups were tested
by paired Student's t-test, and those between groups by analysis of variance or, when
necessary, by analysis of variance for repeated measures. The normality of the variables
was tested by the Shapiro-Wilkinson test. For variables which were not normally
distributed or whose variance was not homogeneous, the Kruskal-Wallis test was used.
The analysis of covariance was used for the adjustment for baseline differences. Spearman
correlation coefficients were calculated for some variables.
To calculate the individual dietary compositions, the Nutrica (Social Insurance
Institution, Helsinki, Finland) and the AIVO (Aivo, Finland Inc., Turku, Finland)
nutrition software programs based on the Finnish nutrient database (254) were used.
Report III: The meta-analysis was based on the method described by Hedges and Olkin
(255). The calculations were performed using Microsoft Excel datasheets. Otherwise, all
the calculations were made using the JMP Statistical Software (SAS Institute Inc., Cary,
NC).

5. Results
5.1. Diets
(Reports I–III): The habitual diet included 37 E% from total fat, 17 E% from SAFA, 12
E% from MUFA and 5 E% from PUFA, and the composition was similar in both apo E
groups during the baseline period. None of the study subjects were on an extreme diet
during the baseline period. The changes in the nutrient compositions of the study diets
were achieved as planned according to the food consumption records and the observed
changes in plasma lipids and lipoproteins. Both the low-fat, low-cholesterol diet and the
high-fat, high-cholesterol diet provided the same total energy content as the habitual diet.
Compared with the habitual diet, during the low-fat, low-cholesterol diet the cholesterol
intake decreased 30%, the total fat intake 30%, SAFA intake 56%, MUFA intake 31%,
and PUFA intake increased 54%. Compared with the habitual diet, during the high-fat,
high-cholesterol diet the cholesterol intake increased 3%, the total fat intake 5%, SAFA
intake 30%, MUFA intake decreased 9%, and PUFA intake decreased 31%.
(Report IV): The habitual diet included 34 E% from total fat, 15 E% from SAFA, 12
E% from MUFA and 5 E% from PUFA. The hypocaloric, low-fat intervention diet
provided a 1.3 MJ reduction in the total energy content with a reduction of 4% in total
fat, a 5% reduction in SAFA, a 2% reduction in MUFA and a 5% increase in PUFA.

5.2. Body weight
(Report I-III): The body weight remained constant throughout the trial, and only a minor
reduction was noticed among the women (Fig. 8a).
(Report IV): The body weight remained constant among the control subjects (Fig. 8b)
except in one, who lost 1.5 kg of body weight just before the gallbladder operation, and
was thus excluded from the final analyses. The body weight was reduced significantly
among the intervention subjects (Fig. 8b), except in one, who regained weight just before
the gallbladder operation and was thus excluded from the final analyses.
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Fig. 8. Percentage changes of body weights during dietary interventions
report I–III (a) and report IV (b).

in

5.3. Plasma lipids and apolipoproteins and the effect of apo E
polymorphism
(Report I-II): The plasma total, HDL and LDL cholesterol, apoB, and apo A-I
concentrations decreased significantly during the low-fat diet and increased during the highfat diet. In addition, the plasma triglycerides concentration increased significantly during
the low-fat diet and decreased during the high-fat diet (Figs. 9 and 10). At the end of the
study, when the subjects returned to their habitual diets, the plasma lipid and lipoprotein
concentrations returned to the baseline values. The baseline concentrations of plasma
lipids and lipoproteins were similar in the subjects with different apo E phenotypes. The
absolute and percentage changes of lipids and lipoproteins were equal in the subjects with
the common apo E phenotype 3/3 and in those homozygous and heterozygous for the
epsilon 4 allele (E4/4 and E3/4) (Fig. 9).
(Report IV): The plasma lipid and lipoprotein concentrations were measured every
second week during the active weight-reducing period among the intervention subjects and
every second week during the stable, weight-maintaining follow-up period in the control
subjects. In the control subjects, plasma lipids and lipoproteins remained unchanged. In
the intervention subjects, the plasma triglycerides and serum insulin concentrations
decreased significantly (–13% and –14%, respectively, p < 0.05). The HDL cholesterol
concentration tended to decrease, but the change was not statistically significant.
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Fig. 9. Percentage changes of plasma lipids and lipoproteins in report I i n
subjects with the apolipoprotein
E phenotype 3 (homozygous for t h e
epsilon 3 allele) and 4 (homozygous or heterozygous for the epsilon 4
allele).
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Fig. 10. Distribution of percentage changes in the plasma LDL c h o l e s t e r o l
and apoB concentration.

5.4. Blood pressure
(Reports II): The study subjects were normotensive, and none of them were on medication
affecting blood pressure. Systolic, diastolic and mean arterial pressure decreased
significantly when the subjects were switched from their habitual diet to the low-fat diet
and increased again on the high-fat diet (Fig. 11). The blood pressure response to dietary
changes differed between the apo E phenotype groups, the apo E 4/4 and E 3/4 subjects
having a greater reduction in their systolic and mean arterial pressure values (–5.8±1.4%
and –6.1±1.2%, p<0.001) when switched from the baseline diet to the low-fat diet than
the E 3/3 subjects (–1.0±1.3% and –1.5±1.2%, ns)(Fig. 11).

53

Percentage change of blood pressure

6

Low-fat diet period

High-fat diet period
*

4
2

Systolic
blood
pressure

*

Diastolic Mean
blood arterial
pressure pressure

0
Systolic
blood
pressure

-2

Apo E3
N=23

-4

Apo E4
N=21

-6
**

-8

Diastolic Mean
blood arterial
pressure pressure

***

***

* p<0.05
** p<0.01
*** p<0.001

Fig. 11. Percentage changes of blood pressure during the low-fat and h i g h fat diets. Groups E3 and E4 are the same as in Fig. 9.

(Report IV): The systolic and diastolic blood pressures dropped during the weight
reduction, although the changes observed did not differ statistically from those in the
control group.

5.5. Plasma CETP activity
(Reports I–III): Plasma CETP activity increased significantly when the subjects switched
from the low-fat diet to the high-fat diet (36±20 nmol/ml/h, p < 0.001), the increase
being similar in men (38±18 nmol/ml/h, p < 0.001) and women (34±22 nmol/ml/h, p <
0.001). The increase of plasma CETP activity correlated with the increase in plasma LDL
cholesterol (r=0.30, p<0.05).
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(Report IV): Plasma CETP activity remained unchanged in the control subjects. In the
intervention subjects, the plasma CETP activity decreased during the first two weeks of
caloric restriction (–8±9 nmol/ml/h, p < 0.05), but returned to the basal level at the end
of the two-month intervention period.
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Fig. 12. Amount of cholesteryl ester transfer protein and l i p o p r o t e i n
lipase mRNA in control and intervention subjects. Open circle, mRNA
measured from visceral adipose tissue, closed circle, mRNA measured f r o m
abdominal subcutaneous adipose tissue.

5.6. Liver and adipose tissue CETP mRNA
(Report IV): The amount of CETP mRNA in the liver tissue of weight-reduced subjects
was not significantly different from that of the controls. The liver CETP mRNA
correlated with the plasma CETP activity ( r= 0.47, p < 0.05). The adipose tissue CETP
mRNA amount tended to be lower in intervention subjects compared to the controls
(–20%), especially the amount of mRNA measured from abdominal subcutaneous adipose
tissue (Fig. 12). The plasma CETP activity did not correlate with adipose tissue CETP
mRNA.

5.7. Adipose tissue LPL mRNA
(Report IV): The expression of LPL mRNA, especially when measured from
subcutaneous adipose tissue, was significantly lower in the intervention subjects than the
control subjects (Fig. 12). Both the weight loss (r = –0.58, p < 0.05) and the reduction in
triglycerides (r = 0.70, p < 0.05) correlated with the LPL mRNA amount in the
intervention subjects.
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5.8. Effect of apolipoprotein B DNA polymorphisms on the
response to the diet
(Report III): Among the 200 subjects screened for the dietary intervention trial, the apo B
XbaI, MspI, BspI and apo B signal peptide polymorphisms were associated with the
plasma lipid and lipoprotein concentrations (Table 8).
In our dietary intervention trial conducted on 44 healthy subjects, the XbaI
polymorphism significantly affected the diet-induced responses of plasma total and LDL
cholesterol concentrations when all the dietary periods were analyzed together (p<0.05,
repated measures ANOVA). The subjects with the genotype X-X- had the greatest increase
in their plasma total and LDL cholesterol concentrations during the high-fat diet and the
greatest decrease during the low-fat diet. Also, the M+ allele of the apo B MspI
polymorphism and the R- allele of the apo B EcoRI polymorphism were associated with a
greater response during the high-fat diet.
For a meta-analysis of the role of the apo B polymorphisms in the response to diet,
all published dietary intervention studies were identified by literature searches. Including
our own study, 14 eligible reports were found, including a total of 593 study subjects.
The average diet-induced alterations in the plasma total cholesterol, HDL cholesterol, and
triglyceride concentrations did not differ between the genotypes X+X+, X+X- and X-X-,
and a comparison of effect sizes between the genotype groups did not reveal any
systematic effect of the XbaI X+ or X– allele. The apo B EcoRI R– allele and the apo B
MspI M+ allele were related to a greater response to diet, especially in the plasma apoB
concentration.
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Table 8. Fasting plasma lipid values of screenees in the Reports I-III. (The values are
expressed as mean ± SEM)

Apo B
Polymorphism

Number of
subjects
(F/M)

Plasma
total
cholesterol
(mmol/L) 1

Plasma
triglyceride
(mmol/L) 1

Plasma
HDLcholesterol
(mmol/L) 1

Plasma
LDLcholesterol
(mmol/L) 1

All

188 (78/110)

5.39±0.07

1.18±0.05

1.67±0.03

3.23±0.08

XbaI
X-XX+XX+X+

187 (78/109)
74 (33/41)
88 (37/51)
25 (8/17)

5.25±0.12
5.40±0.11
5.79±0.20

1.19±0.09
1.15±0.08
1.21±0.15

1.65±0.05
1.65±0.08
1.74±0.08

3.12±0.13
3.22±0.12
3.51±0.21

EcoRI
R+R+
R+RR-R-

187 (78/109)
111 (46/65)
64 (26/38)
12 (6/6)

5.51±0.10
5.26±0.13
5.01±0.29

1.22±0.07
1.06±0.09
1.41±0.21

1.72±0.04
1.58±0.05
1.66±0.11

3.28±0.11
3.24±0.14
2.70±0.32

MspI
M+M+
M+M-

185 (77/108)
157 (61/96)
28 (17/11)

5.32±0.08
5.79±0.192

1.19±0.06
1.10±0.14

1.66±0.03
1.72±0.08

3.14±0.09
3.73±0.222

Signal Pept. 185 (77/108)
II
104 (40/64)
ID
70 (32/38)
DD
11(6/5)

5.30±0.10
5.41±0.12
6.22±0.31

1.25±0.07
1.05±0.09
1.26±0.22

1.67±0.04
1.67±0.05
1.67±0.11

3.09±0.11
3.29±0.13
3.98±0.322

Bsp
B+B+
B+BB-B-

5.30±0.10
5.41±0.12
6.36±0.323

1.20±0.07
1.22±0.09
1.33±0.24

1.67±0.04
1.67±0.04
1.67±0.12

3.12±0.11
3.25±0.13
4.09±0.332

1

185 (77/108)
100 (38/62)
75 (34/41)
10 (6/4)
2

3

Values are mean ±SD. p<0.05 and p<0.001, Tukey’s test.

6. Discussion
6.1. Methodological considerations
6.1.1. Study populations
The Finnish population is genetically more homogeneous than many other populations
(256). This can be explained by the small original population (about 1000 subjects), by
the fact that Finland (about 2000 years ago), and especially Northern Finland (about 400500 years ago), was populated relatively recently and that the Finnish population has
grown without immigration. The genetic homogeneity is one of the reasons why the
Finnish population has been as ideal target for genetic clinical studies.
Even though the incidence of and mortality from CHD in Finland has decreased during
the last thirty years, we are still one of the leading countries in the incidence of CHD
mortality in Western Europe (257, 258). Genetic factors explain about 40% of the
morbidity of CHD among middle-aged patients (259), and environmental factors such as
smoking, diet and sedentary lifestyle, interacting with genetic factors explain the rest of
it. In Finland, the prevalence of familial hypercholesterolemia is not different from that
seen in other countries but the apo B 3500 mutation has not been found in the Finnish
population. Thus, according to the data available, no single genetic factor explaining the
high CHD morbidity in Finland has been found.
In Finland, the average plasma total cholesterol concentration is high compared with
the other countries in Western Europe, and the prevalence of hypertension is high (260).
The traditional Finnish diet contains large amounts of fatty dairy products and animal fat.
Of the environmental factors, the diet has changed most dramatically during the last three
decades, which explains a notable part of the decrease in CHD mortality and morbidity.
The successful education programs, such as the North Karelia Project, were followed by a
decrease of the average plasma total cholesterol concentration. But we still have to pay
attention to the dietary counselling and education.
Because the individual responsiveness to dietary changes varies a lot and the cause for
individual variation in response to diet can be regulated by some genetic factors, the
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search for such causes is suitable to be conducted especially among Finns, who are
genetically homogeneous.
The risk factors for gallstones are obesity, female sex, age and genetic predisposition.
The apo E4 allele is associated with supersaturation of bile and an increased risk of
gallstones (261). We selected obese female patients with gallstone disease for the weight
reduction trial, because the elective gallbladder operation would provide tissue samples for
measuring the gene expression after weight reduction. Most of the gallstones are
cholesterol stones. Gallstone patients may have genetic factors that predispose to both
obesity and lipid abnormalities as well as to gallstones, but these factors are so far
unknown.
Because our weight reduction trial was conducted on human subjects, it was not
possible to obtain tissue samples (liver and adipose tissue) on two occasions (before and
after weight reduction). We thus needed a control group of obese gallstone patients similar
to the intervention group. Using several criteria (age, sex, lipid levels, general health), a
careful selection of all study subjects was done before randomization into the control or
weight reduction groups. The group sizes were relatively small because of the nature of
the study.

6.1.2. Dietary interventions, study designs and feasibility of
the diets
Epidemiological studies may not be so practical as intervention trials when the causality
between specific genes and environmental factors is investigated. In epidemiological
studies, the accuracy of dietary data may not be so good as during intervention trials.
Dietary habits in a single population may vary so little that it is hard to detect small
differences in dietary intakes and, as a consequence, relationship between dietary intake of
fat and plasma lipids remains unconfirmed (262). In such a case, any significant
interaction between diet and genetic variation regulating the plasma lipids and lipoproteins
may be difficult to be found. The number of study subjects needed would be high, and the
time needed for follow-up would be long.
In human dietary intervention studies, some problems may arise. The way in which
the dietary intervention is performed dictates the accuracy and reliability of the study.
Experimental studies conducted on metabolic wards are relatively free of problems
concerning the feasibility of the diet. Anyway, during studies conducted on
institutionalized subjects, their daily activities are modified, too, and it may thus be
difficult to generalize the results to community-living subjects. Placebo-controlled design
is almost impossible in dietary trials.
Controlled prospective dietary studies in which the research unit prepares and serves
all the meals can be considered a reliable and feasible method to investigate the role of
genetic variation in response to diet (263). This was the design in our dietary intervention
study (Reports I-II). In report III, the apo B DNA polymorphisms were determined after
the dietary intervention. Thus, the study design cannot be considered prospective and the
results must be interpreted carefully. The data analyzed in meta-analysis (Report III) were
partly from prospective and partly from retrospective studies; the dietary interventions
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were performed either on metabolic wards, where the meals were served under strict
control, or in research units, where the meals were partly served and partly delivered, or
the interventions were conducted on community-living subjects, who were given detailed
written and/or oral instructions of the study diets. The weight reduction trial (Report IV)
was based on dietary counselling. Better feasibility and, eventually, more effective weight
reduction and greater changes of plasma lipids and lipoproteins could have been achieved
with controlled diets. At any rate, the target of one kilogram weight reduction per two
weeks was achieved.
Both interventions in our controlled dietary study (Reports I-III) were conducted for
one month. Blood lipids and lipoproteins were measured each week and, depending on the
changes in the plasma total cholesterol concentration, the maximal change was achieved
after two weeks (Report II). The average duration of dietary interventions among the
studies relevant for meta-analysis was six weeks (from three to twelve weeks). In the
weight reduction trial (Report IV), the average two months duration of the study was
considered suitable for several reasons. Firstly, the study patients had been scheduled for a
gallbladder operation and, two months is the average waiting time in our hospital.
Secondly, the presumed alteration of gene expression was estimated to start as soon as a
significant weight reduction (more than 5 % of body weight) was achieved.

6.1.3. Quantitative RT-PCR
The quantifications of adipose tissue CETP and LPL mRNA and hepatic CETP mRNA
were performed in Report IV with competitive RT-PCR. The sensitivity of the RT-PCR
method depends on the strategy selected. PCR can be performed without a standard, and
the PCR product is quantified during the exponential phase of amplification. This strategy
is not so sensitive as competitive PCR, in which an internal standard is used. The
internal standard has the same primer-binding sites as the target (264).
In our study, a specific RNA standard for competitive RT-PCR was developed, and the
use of a RNA standard is generally regarded as an ideal way to increase the sensitivity of
the competitive RT-PCR method. Our RNA standard contained a small deletion (48 bp
deletion for CETP RNA standard and 42 bp deletion for LPL RNA standard), making it
possible to separate the standard band from the target band on electrophoresis. The
specificity of the method was verified by sequencing PCR products. Thus, the results
obtained from RT-PCR are reliable. Because the sequence lengths of the standard and the
target were almost equal, they were amplified in PCR with the same efficiency. According
to gel electrophoresis and the sequence of the PCR products, no signs of heterodimers
were found. The reproducibility of the RT-PCR method was good because the
coefficients of variation in the analysis ranged from 2 to 14%, which values are better
than those published earlier (264).
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6.1.4. Meta-analysis
Meta-analysis is defined as a quantitative analysis of primary data which yields an overall
summary statistics and is, to some degree, more objective and more quantitative than a
conventional review (265). By using meta-analysis in analyzing the results of separate
dietary studies, a large amount of information can be combined, and even though the
method is time-consuming, it is efficient and both quicker and less costly than a new
dietary trial. Also, the possibilities to generalize the findings, to increase the statistical
power and to reduce the risk of random and systematic errors are better in meta-analysis
compared to conventional review.
During the processing of the meta-analysis, the explanations for the inconsistencies
and contradictions in the data must be clarified. The background information from every
study included is needed to minimize the clinical and statistical heterogeneity of the data.
The sources of clinical heterogeneity in dietary studies are variations in patient selection
(healthy / diseased), randomization, losses on follow-up (all data should be included with
the principle of an intention to treat), baseline differences in relevant variables
(normocholesterolemia / hypercholesterolemia) and the duration of follow-up (couple of
weeks / several months). Statistical heterogeneity may be caused by clinical heterogeneity
or methodological differences between studies. Also, some unknown or unrecorded
variables may cause statistical heterogeneity (266).
By using meta-analysis, new reliable findings can be achieved and some of them may
even lead to new treatment practices, as was the case with the use of streptokinase in
acute myocardial infarction (267). Anyway, it is critical to identify all relevant studies.
With a computerized literature search, only about 50% of relevant studies are identified,
partly because some of the journals are not indexed (268) or the relevant study is not
indexed correctly. Also, the publication bias, i.e. the fact that some of the studies are
never published, mainly because of statistically insignificant result, may lead to biased
data for meta-analyses. In a meta-analysis, it is assumed that when effect sizes are
estimated, the regressions are linear. In the dietary intervention studies analyzed in Report
III, the variables of interest were the plasma lipids and lipoproteins, which have a linear
relation to dietary changes. The genetic effect was also assumed to be linear.

6.2. Dietary effect on lipids and lipoproteins
The following lipid abnormalities are associated with obesity: increased concentrations of
plasma triglycerides and decreased plasma HDL cholesterol concentration (45). The plasma
triglycerides were slightly increased and the HDL cholesterol concentration was slightly
reduced among the obese gallstone patients (Report IV) compared with the normal-weight
female subjects (Report I). The mechanism by which triglyceride levels are elevated is an
increase of the adipose triglyceride pool and overproduction of VLDL triglycerides.
Several mechanisms may explain the reduced HDL cholesterol concentrations in obesity.
Changes may be related to altered triglyceride metabolism, or excess adipose tissue may
remove HDL from circulation and thereby lower serum HDL levels (96). In addition,
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hyperinsulinemia and insulin resistance, which are often associated with obesity, may
contribute to abnormalities in plasma lipids and lipoproteins (269).
In Reports I-III, the dietary intervention was designed to lower the plasma total
cholesterol concentration with a low-fat diet and, on the other hand, to increase it with a
high-fat diet. Dietary changes were achieved by changing the amount of ordinary
vegetables, whole-grain products and some vegetable oils and by changing the amount of
fatty dairy products and cold meats in the diets. This was a controlled study, and the
feasibility of the diets can be considered good. The observed changes in plasma lipids and
lipoproteins can be considered to be caused only by the dietary changes because no
significant changes of body weights were noticed.
Excessive dietary cholesterol and saturated fat leads to an increased plasma cholesterol
concentration, and decreased dietary fat and cholesterol leads to a decreased plasma
cholesterol concentration. In addition to the reduction of dietary saturated fat and
cholesterol, the low-fat diet included other changes leading to reduced plasma total and
LDL cholesterol: the amount of MUFA, PUFA and dietary fiber increased. On the highfat diet, opposite changes took place.
According to the empirical formulas (104,186,187) designed to estimate the
quantitative effects of dietary changes, the observed changes in plasma lipids and
lipoproteins (Reports I-III) were even greater than expected in our study population. In
fact, during the high-fat diet, the increase of the plasma LDL cholesterol concentration in
our study group was greater (39%) than in the dietary studies relevant for the metaanalysis (3-35%). A probable explanation could be the ideal study diets and also some
genetic properties of the study subjects.
The reduction of dietary total fat and cholesterol and the replacement of SAFA with
PUFA were accompanied by a reduced plasma HDL cholesterol concentration (98, 101).
This also happened during the low-fat diet (Report I). The diet-induced reduction of the
plasma HDL cholesterol concentration may be considered harmless, especially if the
LDL/HDL ratio remains constant (101).
There are several mechanisms by which the diet alters lipid metabolism and the
plasma lipid levels. Raising the dietary cholesterol intake suppresses the activity of LDL
receptors and simultaneously increases the hepatic synthesis of apoB-containing
lipoproteins (96, 270). The mechanism by which dietary SAFAs manifest their
cholesterol-raising effect is not completely understood, but SAFAs seem to interfere with
LDL-receptor mediated clearance of LDL (96). The cholesterol-lowering effect of MUFAs
is unknown, but it can be the release of suppression of SAFA on LDL receptor activity.
The reducing effect of PUFAs on plasma triglycerides is probably mediated by inhibition
of the hepatic synthesis of apoB-containing lipoproteins and the cholesterol-reducing
effect by increasing LDL receptor activity. Dietary carbohydrates increase triglyceride
concentrations (271, 272), and diets high in carbohydrates and low in fat have the
paradoxical action of raising plasma triglycerides (271-274). This was observed in our
low-fat diet, too (Report I). Some of the mechanisms described above are mediated by
altered gene expression, e.g. dietary cholesterol inhibits the transcription of HMG-CoA
reductase gene (275).
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6.3. Role of apolipoprotein E polymorphism in the dietary
response
The interindividual variation of responsiveness to diet in plasma lipids can be partly
explained by the basal plasma lipid levels and the age of the subjects. Also, some results
support the theory of differences in responsiveness between male and female subjects
(189). A certain part of the serum lipoprotein response to dietary manipulation have a
genetic component. The polymorphisms of the candidate genes can be used to study the
interactions between genes and environmental factors (276).
The genetic variation of apo E is associated with the atherogenic lipoprotein
phenotype (56, 277). 20% of the variance in the apo E level and 14% of that in the
plasma cholesterol level is determined by the apo E protein polymorphism (56), subjects
with the apo E4 phenotype having the highest initial cholesterol level. In theory, the
mechanism which could explain the eventual differences in dietary responsiveness is the
difference in the fractional efficiency of cholesterol absorption from the gut between apo
E3 and apo E4 subjects (197-200). In addition, the apo E4 affinity to LDL receptors may
be higher, leading to larger up-regulation of the LDL receptor than for apo E3 or apo E2.
Also, differences in apoB production, bile acid synthesis, cholesterol synthesis and
postprandial lipoprotein clearance could explain the differences in the response to diet
changes, but final confirmation is still missing.
The apo E phenotype was not associated with dietary responsiveness of plasma lipids
and lipoproteins in our trial (Report I). This finding has been confirmed by other trials
(278-288), although some reports showed greater responsiveness in subjects with the ε4
allele (289-298, 199). The differences of basal lipids may cause some confounding effect
when the role of apo E polymorphism and the response to diet are investigated because
the basal cholesterol level contributes to the sensitivity to at least dietary cholesterol. The
basal lipid values were equal among the subjects with the apo E3 and apo E4 phenotypes
in our trial. In addition, the study design may have some impact on the outcome; the
design of our study, and most of the other studies confirming our result later, has been
prospective, whereas the design in most of the intervention studies showing differences
in responsiveness between the apo E phenotypes, has been retrospective. On the
contrary, a recent study by Sarkkinen et al. (298) was prospective, and the effect of dietary
fat and cholesterol modification were studied separately. The finding of this study was that
the apo E polymorphism did have an effect on lipid response to both modification of
dietary fat and cholesterol, E4/4 subjects having the greatest response in plasma total
cholesterol.
It has been hypothesized that because the genetic variation is not independent of
environmental and ethnic factors, the association between apo E4 and the elevated plasma
total cholesterol concentration is expressed especially in populations consuming diets rich
in SAFA and cholesterol (299). According to this hypothesis, the ε4 allele effect would
be expressed especially during dietary interventions in which the amounts of SAFA and
dietary cholesterol are increased simultaneously. Our finding did not confirm this
hypothesis. Also, the modification of dietary total fat irrespective of dietary cholesterol or
dietary fat saturation has been suggested to be an important way to reveal apo E4-related
hyperresponsiveness (299).
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Postprandial lipoprotein responses to fat ingestion may play a significant role in
atherogenesis, and there are some reports showing differences in the postprandial
responses between subjects with ε3 and ε4 alleles (300, 301), suggesting that the ε4
allele may be associated with accumulation of chylomicron remnants postprandially. On
the other hand, the ε4 allele is associated with hyporesponsiveness to HMG-CoA
reductase inhibitor therapy (302, 303).
Our result show (Report II) that a significant diet-induced alteration in blood pressure
can be achieved, the response being more marked among apo E4 subjects than apo E3
subjects. There is some evidence of an interaction between blood pressure and the plasma
cholesterol concentration (123, 304). Because the correlation between blood pressure and
the plasma cholesterol concentration was stonger in subjects with the apo E4 phenotype
than in subjects with the apo E3 phenotype, it can be hypothesized that apo E may act as
a link between blood pressure and the plasma cholesterol concentration. Anyway, the
exact mechanism is currently unknown.

6.4. Role of apolipoprotein B DNA polymorphism on the
dietary response
Another logical candidate gene affecting the dietary responsiveness is the apo B gene. Its
common variations have been determined in several populations, and their associations
with differences in plasma lipid levels are well established. The apo B gene has several
polymorphisms, some of them causing amino acid changes, which can then alter the
transcription of the gene or affinity of LDL to its receptor. The secretion of apo B can
also be altered, and its structural stability or the interactions of apo B-containing
lipoproteins with other lipoproteins, cells, or enzymes may be altered. The XbaI
polymorphism explains 3-8% of the variance in plasma cholesterol, but the functional
sequence variation in the apo B gene is not the XbaI polymorphism, because it does not
change the amino acid sequence. Thus, the functional sequence variation may be in
linkage disequilibrium with the XbaI polymorphism.
Several studies elucidated the role of the apo B polymorphism in response to diet
(278, 286, 287, 294, 305-313), and showed an association in some (278, 287, 294, 305309, 312) but not all cases (286, 310, 311, 313). A meta-analysis conducted on the
relevant data did not confirm the role of the apo B XbaI polymorphism (Report III),
although meta-analysis supported the finding of the significant role of the EcoRI and
MspI polymorphisms in response to diet. The major problems when combining data from
different dietary trials are the variations in the study groups (ages, genetic backgrounds),
the differences in cultural backgrounds, the dietary protocols, and the difficulties to ensure
compliance in each trial. Taken together, the data suggest that although the effects
associated with the apo B genotype are likely to make a small contribution, it is clear that
the genes involved in determining the strong genetic effects that have been observed in the
dietary response have yet to be identified. Further studies are needed to provide a better
understanding of the genetic component of the dietary response and to help to identify
individuals who would benefit from dietary intervention.
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6.5. CETP and the diet
LDL formation requires lipolysis of most VLDL triglyceride, transfer of free
cholesterol and phospholipid to HDL, loss of all VLDL proteins except apo B, and a
significant increase in the cholesteryl ester content in VLDL. Cholesteryl ester is
transferred from HDL in exchange for LDL triglyceride. The exchange reaction is catalysed
by plasma CETP. A contribution of CETP activity to differences in plasma LDL
cholesterol between individuals was suggested (314), and several dietary studies provide
data supportive of the contribution of CETP to diet-induced changes in LDL cholesterol
levels (215, 216, 213). According to these studies, CETP could be directly responsible for
about one third of the increase observed in LDL cholesterol in response to dietary
saturated fat. Trans-fatty acids also increase CETP activity (315). In our dietary
intervention the plasma CETP activity was increased upon a shift from a low-fat diet to a
high-fat diet by 36±20 nmol/ml/h, and it correlated with the increase in plasma LDL
cholesterol (r=0.30, p<0.05). Dietary cholesterol and fatty acids regulate the hepatic gene
expression of the CETP, which is the main regulator of the plasma CETP activity and
concentration.
Plasma CETP activities in obese subjects are increased and may explain, at least
partly, the lipid abnormalities observed in obesity. During weight reduction some
beneficial effects on plasma lipids and lipoproteins are usually observed, and a metaanalysis has yielded quantitative estimate (50). In the weight reduction trial, the plasma
CETP activity decreased during the first two weeks of caloric restriction, but returned to
the basal level at the end of the two-month intervention period. The CETP mRNA
amount was also almost the same among the control subjects and the weight-reduced
subjects when measured at the end of the study, and even plasma LDL cholesterol levels
remained unchanged during a moderate weight reduction. Only plasma triglycerides were
reduced significantly. Adipose tissue CETP mRNA did not correlate with plasma CETP
activity, but hepatic CETP mRNA correlated with plasma CETP activity. Thus, adipose
tissue CETP expression may have a lesser role in lipid abnormalities in obesity.

6.6. LPL gene expression and weight reduction
LPL regulates the size, density and composition of HDL and triglyceride-containing
lipoproteins. The fasting plasma and adipose tissue LPL activities are increased in
obesity. LPL is responsible for the extrahepatic hydrolysis of circulating triglycerides.
LPL-mediated lipolysis of triglycerides provides a large amount of free fatty acids to
extrahepatic tissues. The main sites for LPL production are adipose tissue and muscle. In
addition to its hydrolytic activity, LPL might play an important role as a ligand or
bridging factor for lipoprotein receptors, thereby facilitating the cellular uptake of
lipoprotein particles by cells (316). LPL has been thought to play a role in the initiation
and development of adiposity, and variation of LPL activity in various adipose depots
was shown to correlate with regional differences in the development of obesity (317).
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Thus, the tissue-specific changes in LPL activity may have major effects on lipoprotein
and energy metabolism.
The effect of weight reduction on plasma and adipose tissue LPL activities has been
variable and seems to depend on the degree of obesity, the amount of weight lost and the
phase of weight reduction. Also, the dietary change to achieve weight reduction may play
a role. In a Finnish study, plasma and adipose tissue LPL activities were reduced by 50%
during moderate weight reduction when the stable weight maintaining phase was not
reached (318). During the caloric restriction in Report IV, plasma triglycerides were
reduced significantly, and the LPL mRNA mainly from the subcutaneous adipose tissue
decreased among the intervention subjects compared to the controls. The weight reduction
achieved correlated significantly with the LPL mRNA level. Extensive weight reduction
was achieved during a relatively short period with caloric restriction in the studies by Ong
and Kern (46, 319). In these studies, at the post-weight-reduction stable phase, increased
expression and activity of LPL was observed, and the finding was explained by the
mechanism in obesity-prone subjects to regain body weight.

7. Conclusions
The present study was designed to evaluate the magnitude of the response in plasma lipids
and lipoproteins in genetically selected subjects. The roles of specific genetic variants
were studied to find out possible indicators of responsive and non-responsive groups.
Also, the effect of dietary modifications on the blood pressure level in subjects with
normal blood pressure was studied and the role of genetic variation was evaluated. In
addition, to study the role of altered gene expression in lipoprotein metabolism during
dietary manipulation, a weight reduction trial was conducted.
The study subjects were healthy, middle-aged men and women in northern Finland
(Reports I-III) and obese women with gallstone disease who were otherwise healthy
(Report IV), and the meta-analysis data were obtained from studies conducted on healthy
men and women who volunteered for dietary intervention trials in southern Finland,
eastern Finland, Canada, New Zealand, Israel, USA and Great Britain.
The diets (Reports I-III) were designed based on ordinary food items: in the low-fat diet
the current recommendations concerning the amount of total fat, the fatty acid
composition and the amount of dietary cholesterol were taken into consideration. In the
high-fat diet, the fat content, fatty acid composition and amount of dietary cholesterol
were nearly the same as in ordinary Finnish food. The caloric restriction (Report IV) was
based on dietary counselling, the energy content was advised to be 5.0 MJ daily, and the
goal to reduce weight was 0.5 kg of body weight each week, which was quite moderate.
In conclusion, the plasma total and LDL cholesterol concentrations can be changed by
dietary modifications significantly in community-living, healthy subjects. The individual
variation in the genetically relatively homogeneous group was high, as it has been shown
to be in other populations, too. The role of environmental factors in determining the
plasma total and LDL cholesterol variation in a population is important; 60-70% of the
variation is regulated by environmental factors, the most important of them being the
diet. The genetic variation of apolipoprotein E and apolipoprotein B are likely to make
only a small contribution in the response to diet, and the genes involved in determining
the major genetic effects have yet to be identified. The body weight reduction is
accompanied by a reduction of plasma triglycerides and serum insulin. Simultaneously,
the gene expression of lipoprotein lipase is reduced. These changes are beneficial and
encourage physicians to recommend moderate weight reduction programs for obese
subjects.
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Combination of data from separate studies is one way to save the limited resources
and could be ideal in finding out the genetic factors regulating the response to diet. To
make this possible, the collaboration between research centers should be easy and open,
and the study plans should take into consideration all possible confounding factors. The
nutritional regulation of gene expression is one of the important topics at the moment. In
the future, we hope to have better information on the transcriptional regulation of
different genes by specific nutrients.
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