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STELLINGEN

1. Ook met betrekking tot de lichaamsvetverdeling van dikke vrouwen kan men
appels (abdominale vetverdeling) niet met peren (gluteaal-femorale vetverdeling)
vergelijken.

Dit proefschrift

2. De aanzienlijke bijdrage van het gewichtsverlies aan de verbetering van het serum-
lipidenprofiel van dikke mensen bij een energiebeperkt dieet benadrukt het belang
van afslanken.

Dit proefschrift

3. Dikke mensen met een overmaat aan visceraal vet (abdominale vetverdeling)
vallen niet makkelijker af dan dikke mensen met weinig visceraal vet (gluteaal-
femorale vetverdeling).

~Dit proefschrift

4, De vetverdeling over het lichaam verandert door gewichtsverlies.
O.a dit proefschrift

5. Peervormige vrouwen zijn vruchtbaarder dan appelvormige vrouwen.
Zaadstra BM, et al. Fat and female fecundity: prospective study of effect of body fat
distribution on conception rates. Br Med J 1993;306:484-487

6. Het meeste baat bij het gebruik van 'afslank’-produkten heeft niet de consument
maar de producent.

7. Eenvoud siert niet alleen de mens, maar gok het wetenschappelijk onderzoek.

8. Het in Pakistan bestaande ‘purdah’-systeem, dat ervoor zorgt dat vrouwen letterlijk
en figuurlijk slecht te bereiken zjn, bemoeilijkt het geven van voedings-
voorlichting.

9. "Studies with a statistically significant resalt for the main outcome of interest are
more likely to be submitted for publication and more likely to be published than
studies with null results. Therefore, conclusions based only on a review of published
data should be interpreted cantiously.”

Easterbrook PJ, et al. Publication bias in clinical research. Lancet 1991;337:867-872




10. "Het is niet belangrijk wat men van ons maakt, maar wat wij zelf maken van wat
men van ons gemaakt heeft.” ("L'important n'est pas ce qu'on fait de nous, mais ce
que nous faisons nous-méme de ce qu'on a fait de nous.")

Sartre J-P. Saint Genét, comédien et martyr, 1952

11. Het feit dat geld voor ontwikkelingssamenwerking niet altijd op de juiste plaats
terecht komt, impliceert niet dat de kraan voor ontwikkelingssamenwerking dicht
gedraaid moet worden.

12. Links rijden en rechts voorrang verlenen is veiliger dan rechts rijden en rechts
voorrang verlenen,

13.  "Over 100 jaar zijn jullie allemaal dood en wij ook!"
Kiein Orieest (Jekkers H & Smit L)

Stellingen behorend bij het proefschrift Visceral fat and weight loss in obese subjects -
relationship to serum lipids, energy expenditure and sex hormones-' van Rianne Leenen.
Wageningen, 28 apnl 1993,
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VISCERAL FAT AND WEIGHT LOSS IN OBESE SUBJECTS
-relationship to serum lipids, energy expenditure and sex hormones-

PhD Thesis, Department of Human Nutrition, Wageningen Agricultural University,
The Netherlands, 28 April 1993.
Rianne Leenen

ABSTRACT

This thesis describes the relationships between visceral fat accumulation and serum
lipids, energy expenditure, and sex hormone levels in healthy obese men and
premenopausal women undergoing weight loss therapy. The subjects, aged 27-51 years,
with an initial body mass index of 28-38 kg/m?, received a controlled diet for 13 weeks
providing a 4.2 MJ/day energy deficit. Magnetic resonance imaging was used to quantify
fat depots.

In women but not in men, visceral fat accumaulation was associated with a less
favourable serum lipid profile independent of age and body fat percentage. In addition,
in women only, visceral fat predominance was positively related to resting metabolic rate
(RMR) and diet-induced thermogenesis (DIT) as well as to a relatively increased
androgenicity. In obese men, no relationship could be found between visceral fat
accumulation and any of the sex hormone levels.

The mean weight reduction of 12.2 £ 3.5 (SD) kg due to the energy-deficit diet,
resulted in larger reductions in serum levels of total cholesterol, LDL. cholesterol, and
triglycerides and a larger increase in the HDL cholesterol/LDL cholesterol ratio in men
compared with women. Men with an initially larger visceral fat depot than women did
not lose more body weight, but they lost more visceral fat than women. Comparison of
these average changes between both sexes suggests a potential role of visceral fat loss
in improving the serum lipid profile. While in women, a loss of visceral fat was related
to an increased HDL cholesterol, a more general beneficial effect of visceral fat loss was
not seen using correlation analyses within each sex. In women but not in men, visceral
fat accumulation before weight loss was associated with improvement of HDL cholesterol
and triglyceride levels after weight loss. In women only, a reduction in the visceral fat
depot also seems to be accompanied by a relative reduction in androgenicity regardless
of total body fat loss.

In this study, the effect of weight loss alone on serum lipids could be separated from
the effect of dietary fat modification usuvally accompanying a dietary weight loss
treatment. The favourable effect of weight loss per se seems to be considerable in
optimizing the serum lipid profile of obese subjects and even greater than that of dietary
fat modification.

It is concluded that there may be gender differences in the associations between
visceral fat accumulation and serum lipids, energy expenditure (RMR and DIT), and sex
hormone levels in healthy moderately obese subjects. In addition, particularly healthy
moderately obese women with a visceral fat predominance benefit from a dietary weight
loss treatment with respect to their serum lipid profile and sex hormone levels. In healthy
moderately obese men, the critical role of the visceral fat depot could not be confirmed.




CHAPTER 1

INTRODUCTION

Human obesity, which is generally defined as an excessive storage of body fat, is a major
public health problem in affluent societies. Estimates of its prevalence range from 10-
50% or more in the adult population, depending entirely upon the criteria used to define
obesity (1-3). It is well known that obesity is associated with a large number of metabolic
complications, including coronary heart disease (CHD), cerebrovascular disease, non-
insulin-dependent diabetes mellitus (NIDDM), gallbladder disease, hormone-dependent
neoplasms such as carcinoma of endometrium, as well as other diseases such as gout and
diseases of joints (4,5). Obese subjects are usually advised to lose body weight by means
of energy intake restriction in order to reduce the increased health risks associated with
obesity.

However, several studies have suggested that not just the amount of excessive fat
deposited in the body, but its localisation may be responsible for some of the known
health hazards of obesity (6). In particular, the adipose tissue stored in the abdominal
cavity i.e. the visceral fat depot, seems to play a crucial role (7-9). Enlargement of the
main peripheral fat depots, the subcutaneous femoral and gluteal fat depots, typically
observed in women, has been found to increase the risk for varicose veins (10) and may
be a source of concern because of aesthetic reasons (11), and might, therefore, constitute
a relatively minor medical risk. There is now increasing support to recommend weight
loss treatment primarily for those obese individuals with abdominal fat predominance
(12,13). However, clear and consistent evidence for this recommendation is still scarce.
The purpose of the research described in this thesis was, therefore, to study the
relationships between visceral fat accumulation and serum lipids, energy expenditure, and
sex hormones in healthy obese men and premencpausal women undergoing weight loss
therapy. In contrast to most other studies, both men and women were involved.

This introduction briefly describes the associations between body fat distribution and
the three mentioned aspects. An outline of this thesis and a short description of the study
design are given at the end of this chapter.

Body fat distribution

Jean Vague (14) was the first to postulate that the pattern of body fat distribution in
humans, classified by the brachio-femoral adipo-muscular ratio, had metabolic
significance. An increased localisation of body fat in the upper body is seen more
frequently in men than in women and has been denoted android, centralised, abdominal
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Chapter 1

or visceral obesity in the literature, depending on the different indices used for
classification. Lower body obesity is regarded as characteristic in women and the
following nomenclature has been used for this type of obesity: gynoid, peripheral or
gluteal-femoral obesity. Both types of fat distribution do, however, occur in men as well
as in women.

Various anthropometric indexes like skinfold thicknesses and body circumference
measurements, have been used to assess body fat distribution (4). The most commonly
anthropometric measurement used to describe body fat distribution has been the ratio
of waist/hip circumference, which is a relatively simple indicator of fat distribution, and
therefore, particularly useful for epidemiological studies. Although by using
anthropometry for the classification of body fat topography, one can distinguish between
upper and lower body fat predominance, one can not differentiate between the varicus
fat depots (15,16).

Currently, the deposition of visceral fat seems to be the most hazardous fat depot for
metabolic disorders (7-9). The recent utilization of imaging techniques such as computed
tomography (CT) and magnetic resonance imaging (MRI), does allow the quantification
of adipose tissue at the various sites of the body accurately (17-19). MRI is a non-
invasive technique without X-ray exposure for the subjects, and thus, an useful alternative
to CT in longitudinal studies with repeated measurements of total body scanning, in
which the total exposure to ionizing radiation could be considerable. The technical and
practical aspects of these two scanning techniques have been discussed in detail

Figure 1. Transversal MRI-images at abdominal level of an obese subject with visceral fat
accumulation (left) and an obese subject with a large amount of subcutaneous fat
(right). Adipose tissue is represented by white areas.

12
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elsewhere (20). In the study described in this thesis, MRI was used to determine the size
of the visceral fat depot. Figure 1 shows transversal MRI-images at abdominal level of
two obese subjects, one with a visceral fat predominance and one with an abundance of
subcutaneous fat.

Body fat distribution and serum lipids

Epidemiological studies have demonstrated that an abdominal fat distribution is a risk
factor for coronary heart disease independent of the degree of obesity (21-23). This
suggests an important role of body fat topography in determining serum lipid levels. It
is known that adipose tissue differs physiologically and morphologically depending on its
anatomical location, and that the visceral adipose tissues in particular have specific
unfavourable characteristics (24-26).

Accumulation of visceral adipose tissue may lead to a considerable free fatty acid
(FFA) flux into the portal vein, exposing the liver to high concentrations of FFA. High
portal FFA concentrations are known to cause increased hepatic secretion of very-low-
density-lipoproteins (VLDL), leading to increased triglyceride levels and decreased levels
of high-density-lipoproteins (HDL) (8). VLDL is secreted from the liver in proportion
to elevated portal FFA levels, thus increasing the risk of increased concentrations of
circulating low-density-lipoproteins (LDL) as well. Another important effect of exposure
of the liver to high concentrations of FFA is an increased hepatic gluconeogenesis (8),
probably via stimulation of regulatory key enzymes (27). Previous studies have shown
that FFAs also effectively inhibit hepatic insulin uptake and catabolism (28,29), which
may lead to pronounced hyperinsulinaemia and peripheral insulin resistance. Kissebah
and Peiris (30) have demonstrated that upper body fat localisation is characterized by
a greater decrease in hepatic and peripheral insulin sensitivity, as well as a marked
reduction in maximal stimulation of peripheral glucose utilization. Hyperinsulinaecmia
seems also to be associated, perhaps causally, with hypertension (31) as well as with
increased VLDL (32). Overall, FFAs in the portal circulation increase circulating
concentrations of VLDL, LDL, glucose, and insulin, as well as indirectly blood pressure,
and decrease HDL concentrations. These end-results represent most of the well-
established risk factors for CHD and NIDDM. They are often found together as a
cluster, which has been termed ‘syndrome X' (32). Abdominal obesity may be an
important element in the causation of this ‘syndrome’.

However, recent studies in which the associations between body fat distribution and
serum lipid levels were investigated in obese and non-obese subjects, yielded several
contradictory results (Chapter 2}. Therefore, in the present study, the relationships
between visceral fat accumulation and serum lipids were examined cross-sectionally as
well as prospectively in men and women.

13




Chapter 1

Body fat distribution and energy expenditure

The common therapeutic approach to reduce the obesity-related risks is to reduece body
weight. Several studies have previously evaluated the ability to lose body weight in
relation to regional fat distribution, but the results of these studies were conflicting (33-
39). Some studies have suggested that obese women with an abdominal type of fat
distribution may lose body weight and fat easier than those with a gluteal-femoral fat
distribution (33-35). Other investigators did not observe associations between the type
of body fat distribution and the extent of weight reduction (36-39).

It has previously been proposed that an excessive accumulation of visceral fat
increases energy expenditure due to its greater metabolic activity and above all, of its
especially high lipolytic activity. However, several studies could not confirm the existence
of a link between body fat distribution and energy expenditure (39-42). This thesis
focused, in particular, on two components of total energy expenditure: resting metabolic
rate (RMR) and diet-induced thermogenesis (DIT). These elements together account for
70-85 percent of total energy expenditure in the average sedentary adult individual.
Detailed description of both components as well as the methodological aspects of these
measurements are reported elsewhere (43).

Body fat distribution and sex hormones

In view of the clear different patterns of fat deposition in men and women (14,44), it
seems reasonable to postulate that upper bedy obesity is associated with ‘masculinity’
(male sex hormones) and lower body obesity with 'femininity’ (female sex hormones).
Thus, obese women having an upper body fat distribution may have hyperandrogenism,
or higher production rates and/or blood levels of androgens, whereas lower body obesity
in men may be associated with relatively increased oestrogen levels. Indeed, obese
women exhibiting overt signs of hyperandrogenism such as hirsutism and poly cystic ovary
syndrome, are found to have a typical male upper body fat distribution (45,46). In men
with decreased androgen and elevated oestrogen production, i.e. Klinefelter's syndrome,
other forms of male hypogonadism, and advanced cirrhosis, a tendency towards a lower
body fat distribution has been reported (47,48). These studies, however, referred mostly
to pathological situations.

It has previously been suggested that sex hormones may play an important role in the
regulation of body fat distribution (49,50), due to their specific effects on adipocyte
metabolism in the different regions of the body. However, comparison of the various
studies in which the relationship between the distribution of adipose tissue and sex
hormones were investigated, revealed many discrepancies (Chapter 6). Nevertheless, the
most consistent finding was an inverse association between abdominal fat distribution
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and sex-hormone-binding globulin (SHBG) levels, although not all studies could confirm
this finding, SHBG acts as a transport protein by reducing the metabolic clearance rate
of most sex hormones and thereby prolonging their effective half-life time in peripheral
blood (51). SHBG levels are determined largely by the ratio of androgens to oestrogens
(52). Since the affinity of SHBG for testosterone is considerably higher than that for
oestradiol (52), SHBG seems to be a sensitive indirect indicator for androgenicity.
Furthermore, SHBG plays a role in the availability for biological activity of these
hormones, since it has been demonstrated that the fraction not bound to SHBG is
biologically available (53). Thus, changes in SHBG concentrations regulate the
availability of free sex hormones in blood plasma and vice versa.

Differences in study populations, and in methods used for the assessment of sex
hormone levels and body fat distribution may be explanations for the inconsistent
findings, in particular with respect to androgen and oestrogen levels. All previous studies
used the waist/hip ratio as a measure of body fat distribution, except for the study of
Seidell and colleagues (54) in which CT was performed for measurement of the visceral
fat depot in male subjects. Pasquali et al. (55) proposed that there seems to exist a
gender difference in the relationship between fat distribution and androgen levels.
However, up to now, there have been no studies which included both men and women.
In addition, data on the effect of reductions of the visceral fat depot on sex hormones
in obese subjects were also lacking. In the present study, the associations between initial
body fat distribution and sex hormone levels were studied as well as between changes
that occurred in response to an energy-deficit diet in men as well as in women.

Outline of the thesis

The cross-sectional associations between visceral fat accumulation and the serum lipid
profile of healthy obese men and women are described in Chapter 2. In Chapter 3, the
relationships between visceral fat accumulation and components of energy expenditure
(RMR and DIT) are reported. In this chapter, also the ability to lose body weight and
body fat from the abdominal fat depots in relation to the initial type of body fat
distribution was investigated. In Chapter 4, the effects of visceral fat loss due to a
controlled energy-deficit diet for 13 weeks on serum lipid levels are presented. The study
design enabled us to investigate the effect of weight loss alone on the serum lipid profile
of obese subjects. The findings are described in Chapter 5. In Chapter 6, the
relationships between visceral fat accumulation and sex hormone levels in obese subjects
undergoing weight loss therapy are shown. Finally, the overall conclusions and the
implications for future research are discussed in Chapter 7.

15



Chapter 1

Study design

The study was part of an extensive project in which the effects of weight loss, weight
regain and several weight maintenance diets varying in nutrient composition, were
investigated on body fat distribution, body composition, risk factors for coronary heart
disease, energy expenditure, and several hormones. In Figure 2, the study design of the
whole project is given.

DIETARY INTERVENTION FOLLOW-UP

1989 ™3~ 13 3+ wk

13 j~3=lwk 18 _Q 4 ] wk
[ ] .{_.l
1990 35—} 13 =3+ wh
f=- 3=f=—5-—~} 13 -3+ wk

t///] High-fat, high-saturated-fat, normal-protein [EZ7ZZ) Low-fat, low-saturated-fak normal-protein

Low-fat, low-saturated-fal, high-protein: . RNy Low-fal, high-saturated-faf, narmal-protein
low level indicates energy restriction K Week
w eeks

¢+ Time point of measurement

Figure 2. Study design

In summary, 96 healthy moderately obese subjects, 48 men and 48 premenopausal
women, were selected for participation. The subjects were divided into 4 groups. Two
groups started in 1989 and the other 2 groups in 1990. In each group, subjects with an
abdominal and gluteal-femoral fat distribution, based on the waist/hip ratio (cut-off
points: 0.85 in women; 1.00 in men}, were matched for age and body mass index within
each sex. The project consisted of a dietary intervention period and a follow-up period.
The dietary intervention was well controlled. The diets were provided and factors known
to affect the variables measured such as drug treatment, cigarette smoking, and alcohol
consumption were absent or minimal and did not change during the intervention period,
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Introduction

while physical activity was also kept as constant as possible. No diets or weight-
maintenance counselling were provided in the follow-up period. During the controlled
dietary intervention, all subjects received an affluent-type diet for 3 weeks, during which
their body weight was kept stable. Some of the subjects stayed on a weight-stable diet
for another 5-7 weeks. The weight loss intervention was identical for each subject, which
consisted of a 4.2 MJ/day energy-deficit diet for 13 weeks. Afterwards, all subjects were
given a weight-stabilising diet for another 3 weeks. The nutrient composition of the
different diets given in this study are presented in the Appendix. The participants were
subsequently studied, on average, 18 and 67 weeks after the dietary intervention period.
The part of the project described in this thesis focused on the relationships between
visceral fat accumulation and serum lipids, energy expenditure, and sex hormones in
healthy obese men and premenopausal women undergoing weight loss therapy. Other
aspects of the project dealing with the effects of weight loss and subsequent weight
regain on body composition, fat distribution and resting energy expenditure, are
described and discussed in detail elsewhere (56).
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CHAPTER 2

VISCERAL FAT ACCUMULATION MEASURED BY MAGNETIC RESONANCE
IMAGING IN RELATION TO SERUM LIPIDS IN OBESE MEN AND WOMEN"

Rianne Leenen, Karin van der Kooy, Jaap C. Seidell and Paul Deurenberg

ABSTRACT

In 91 apparently healthy obese subjects (45 premenopausal women and 46 men),
the associations between specific fat depots and serum lipids were studied.
Magnetic resonance imaging was used to quantify fat depots at abdominal and
hip level. In women, an accumulation of visceral fat was associated with a less
favourable serum lipid profile, even after adjustment for age and body fat
percentage: higher triglyceride levels (p <0.001), lower levels of HDL cholesterol
(p<0.01) and a diminished HDL cholesterol/LDL cholesterol ratio (p <0.01).
In men, however, the significant inverse relationship between an abundance of
visceral fat and the HDL cholesterol/LDL cholesterol ratio and the significant
positive correlations with total-, LDL cholesterol and triglycerides disappeared
after adjustment for age and fat percentage. Within each sex, subcutaneous fat
neither at abdominal level nor at hip level was significantly related to serum
lipids. It is concluded that there are gender differences in the associations
between visceral fat accomulation and serum lipids.

INTRODUCTION

Obesity is known to be associated with the risk of coronary heart disease, non-insulin-
dependent diabetes mellitus and mortality (1), Epidemiological studies have shown that
the distribution of fat rather than obesity itself may be an independent predictor for
coronary heart disease and diabetes mellitus (2-4). However, the results of several
investigations in which the relations between fat distribution and serum lipids were
examined are inconsistent (5-20). This might be due to differences in age and degree of
obesity between study populations as well as to differences in the existence of possible
confounders such as smoking {21), recent weight reduction (22,23), the use of oral

* Atherosclerosis 1992:94:171-181.
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contraceptives (24), consumption of alcohol (21), and composition of the diet (25).

In the majority of studies, adipose tissue distribution was measured by
anthropometrical methods such as skinfolds (5) and the ratio of the waist-to-hip
circumference (6-18). Current hypotheses concerning the associations between fat
distribution and serum lipids emphasise the importance of using direct methods such as
computed tomography (CT) or magnetic resonance imaging (MRI) to quantify ‘portal’
intra-abdominal adipose tissue (26). Only in a few studies was CT used to measure the
absolute and relative intra-abdominal fat distribution directly (6,8,19). Most studies have
been carried out in non-obese subjects (5,7-9,11,13-17) or in obese women
(6,10,12,16,19,20). There have been few reports on the relationship between adipose
tissue distribution and serum lipids in healthy obese men (12,18-20). Only in the study
of Fujioka et al. (19) was CT used to assess the amount of intra-abdominal adipose tissue
in men. In this study, however, patients with glucose intolerance and diabetics were
included.

Therefore, in the present study the relationships between serum lipids and fat
distribution were measured in apparently healthy obese men and obese premenopausal
women, controlling for possible confounders and including indirect and direct methods
for the assessment of body fat distribution.

MATERIAL AND METHODS

Subjects

Ninety-six obese subjects (48 women and 48 men) were selected for this study. All
subjects were apparently healthy, as evaluated by a medical history and physical
examination. Only subjects with a body mass index (BMI=weight/height’) between 28
kg/m? and 38 kg/m’ were allowed to participate. Subjects with giycosuria and proteinuria
were excluded. Their levels of serum lipids before the experiment ranged from 3.67 to
8.35 mmol/L (mean, 6.01 mmol/L) for total cholesterol and from 0.38 to 3.32 mmol/L
(mean, 1.43 mmol/L) for triglycerides. Their serum glucose ranged from 4.24 to 7.10
mmol/L (mean, 5.59 mmol/L) and their systolic blood pressure from 110 to 180 mm Hg
(mean, 139 mm Hg). Seventy-nine subjects did not smoke and the remaining 17 (8
women and ¢ men) smoked less than 5 cigarettes per day. In addition, 17 subjects (10
women and 7 men) did not drink alcohol and the remaining group drank less than 2
alcoholic consumptions per day. None of the volunteers received medication known to
affect serum lipids. All women were premenopausal and did not use oral contraceptives.
Subjects with an abdominal and gluteal-femoral fat distribution, based on the waist/hip
ratio (cut-off points: 0.85 in women; 1.00 in men), were matched for age and body mass
index in each sex. Data of 5 subjects were excluded before the analysis of the results
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because 2 were diagnosed as having subclinical hypothyroidism and 2 were found to have
severe fasting hyperinsulinemia (> 100 pU/mL). One subject withdrew from the study
before measurements were taken,

The aim and protocol of the study, approved by the Medical Ethical Committee of the
Department of Human Nutrition, were fully explained to the volunteers. All subjects
gave their written informed consent.

Diets

The subjects consumed a standardized Western-type diet for 3 weeks. Al food was
supplied and individually tailored to meet each person's energy requirement, which was
estimated from resting metabolic rate and physical activity pattern as described by
Weststrate et al. (27). However, the participants were allowed to choose a limited
mumber of food items, free of fat and cholesterol, which provided a fixed amount of 5%
of the total daily energy intake. The experimental diet consisted of conventional foods
and menus were changed daily.

The nutrient composition of the individual diets was calculated using the 1985 edition
of the Dutch computerized food table (28). The diet consisted of 12% of energy (en%)
as protein, 40 en% as total fat (20 en% as saturated fatty acids, 15 en% as
monounsaturated fatty acids, 5 en% as polyunsaturated fatty acids) and 48 en% as
carbohydrates. Body weights were recorded twice a week and energy intakes were
adjusted to counteract weight changes.

Blood sampling and analyses

Venous blood was sampled in the morning after an overnight fast of 11-13 h twice in the
last week of the study period with an interval of 2 days. The mean value of the 2 samples
was used for statistical analyses. Serum was prepared by centrifugation at 1200 x g within
1 h after venipuncture and stored at -80°C until analysis. Total serum cholesterol was
determined by an enzymatic colorimetric method (29). Serum HDL cholesterol was
measured after precipitation (30) using the same enzymatic method (29). Serum
triglyceride was determined as described by Sullivan et al. (31). All samples of one
subject were analyzed within one run. The within-run coefficient of variation of control
serawas 1.4% for total cholesterol, 1.6% for HDL chalesterol and 1.7% for triglycerides.
Accuracy for total cholesterol and triglycerides was checked by analysis of serum pools
of known value provided by the U.S. Centers for Disease Control (Atlanta,GA).
Accuracy for HDL cholesterol was checked by serum pools of known value produced by
Solomon Park Research Laboratories (Kirkland, WA). The mean bias with regard to
target values of the Centers for Disease Control was +0.13 mmol/L for total cholesterol
and -0.02 mmol/L for triglycerides. The mean bias with regard to the Solomon Park
target value for HDL cholesterol was +0.08 mmol/L. The LDL cholestero! concentration
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was calculated using the Friedewald equation (32). The ratio of HDL cholesterol to LDL
cholesterol was calculated to estimate the atherogenic index.

Body composition

All anthropometric measurements were made with the subjects wearing only swimming
gear or underwear. Body weight was determined to the nearest 0.05 kg on a digital scale
(Berkel ED-66-T, Rotterdam, The Netherlands) and body height was measured by a
wall-mounted stadiometer to the nearest 0.001 m. Body mass index was calculated as
weight/height? (kg/m?). Total body density was measured by the underwater weighing
method with simultaneous measurement of residual lung volume by a helium dilution
technique (33). Body fat percentage was calculated from total body density using the
equation of Siri (34). The fat percentage of 2 subjects, who did not undergo underwater
weighing, was determined from weight and total body water (deuterium oxide dilution)
assuming a hydration coefficient of the fat free mass of 0.73 (35). These women were
afraid of complete immersion under water. In this study population, the deuterium
dilution technique gave comparable results with the underwater weighing method
(r=0.86, standard error of estimate (SEE)=2.4% in women; r=0.84, SEE=2.3% in men).

Fat distribution

Circumference measurements to the nearest 0.001 m were made with the subject
standing upright. Waist circumference was measured in each subject midway between the
lower rib margin and the iliac crest at the end of a gentle expiration. The hip
circumference was measured at the level of the widest circumference over the great
trochanters.

Magnetic resonance imaging (MRI)-scans were made on a whole-body scanner
(GYROSCAN 815, Philips Medical Systems, Best, The Netherlands) using a 1.5-T
magnetic field (64 MHz) and a slice thickness of 10 mm. Transverse MRI-scans were
taken midway between the lower rib margin and the iliac crest and for a subsample of
the study population (32 women, 37 men) at trochanter level, while subjects were lying
supine. The scans were performed and interpreted as described previously by Seidell et
al. (36). In this obese population, the reproducibility of calculating fat areas from the
same scan was 1.8%, 5.0% and 2.2% for the estimation of total-, visceral- and
subcutaneous abdominal fat areas, respectively. The ratio of visceral fat to subcutaneous
abdominal fat (V/S ratic) was calculated.

Statistical methods

Deviations from normality of the distributions of the variables were checked within each
sex. Only triglycerides and intra-abdominal fat area and the V/S ratio had a skewed
distribution and natural logarithmic transformed values were used in statistical analyses.
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Differences between men and women were tested with the Student's r-test. Pearson's
product-moment correlations and partial correlation coefficients were computed within
each sex using univariate and multiple linear regression techniques with serum lipids as
dependent variables and covariates as independent variables. Differences between
equations of men and women were tested for differences in slopes and coincidence by
the method described by Kleinbaum et al. (37). Two-sided p-values were considered
statistically significant at p <0.05. Results are expressed as means + standard deviation
(SD).

RESULTS

Table 1. Descriptive characteristics of the subjects

WOMEN MEN
N 45 4%
Age (yD ¥+ 6 0 £ 6
Anthropometric variables
Weight (kg) 862 = B3 |E = BRI
Height (m) 166 = 006 1% + 006
Body mass index (kg/m2) 312 =+ 24 08 = 24
Body fat (%) 436 * 43 333 & 46
Waist/hip ratio 087 + 067 098 = 005
Eatma(mz)
Abdominal: Subcutancous 90 : 102 38 = TR
Visceral 105 + 43 156 = aam*
Total W = 19 M oz 0
V/S matio 029 = 013 051 = 017
Hip: Subcutancoust 415 * 66 A7+ 48>
Serum lipids (mmot/Ly*
Total cholesterol 559 = 088 581 = 097
LDL cholesterol 378 + 073 401 = 084
HDL cholesterol 123 + 025 09 : 0.19*
HDL/LDL ratio 033 + 007 025 + 007
Triglycetides 127 = 050 18 = 0.71*

Valves are means + SD;

V/S ratio=visceral/subcutancous abdominal fat ratio, LDL =low density lipoprotein, HDL =high density lipoprotein, HDL/LDL

ratio=hdl cholesterol/Idl cholesterol ratio;

t 32 women, 37 men;

+ To convert values for total-, LDL- and HDL cholesterol to mg/dL, multiply by 38.67. To convert values for triglycerides to mg/dL,
multiply by 83.54;

* p<0001, ** p<0.0001: statistical comparison for differences between men and women.
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Table 1 shows some characteristics of the study population, separately for men and
women. All the anthropometric variables were significantly different between men and
women, except for the body mass index, In addition, there were no sex differences in
total abdominal adipose tissue and age. However, men had a larger average area of
visceral fat and smaller subcutaneous fat areas at abdominal and hip level than women.
Consequently, the mean V/S ratio was also higher in men than in women. Men had, on
average, higher concentrations of triglycerides and lower levels of HDL cholesterol than
women. The concentrations of total cholesterol and LDL cholesterol did not differ
between both sexes. Within each sex, no statistically significant differences were found
in characteristics between smokers and non-smokers and between drinkers and non-
drinkers (data not shown).

Table 2. Pearson correlation coefficients between body fat distribution variables and serum
lipids in obese women and men

Total LDL HDL HDL/LDL
cholesterol cholesterol cholesterol ratio Triglycerides

WOMEN
Waist/hip ratio 0.04 -0.01 -0.48*+* -0.48+** 0.40**
Abdominal fat arca:

Visceral fat 0.06 0.02 -0.33* 0.40** 0.49%**

Subcutaneous fat 0.04 0.03 -0.09 0.13 0.12

V/S ratio 0.02 -0.01 0.2t 0.24 031"

Total fat 0.07 0.03 0.19 0.24 030*
Hip fat arca:

Subcutancous fatT 0.06 0.03 -0.01 £0.01 0.34
MEN
‘Waist/hip ratio 032 0.31* -0.16 .38 0.32*
Abdominal fat area:

Visceral fat 0424 041** 021 -0.49%** 0.35*

Subcutancous fat 0.03 0.04 0.04 -0.02 £0.03

V/S ratio 0.30* 0.3¢* -0.20 -0.38** 027

Total fat D22 0.22 -0.07 0.24 .14
Hip fat arca:

Subrutaneous fatt 0.10 0.12 007 005 00t

V/5 ratio=visceral/subcutancous abdominal fat ratio, LDL=low density Jipoprotein, HDL = high density tipoprotein, HDL/LDL
ratio= hdl cholesterol/Idl cholesterol ratio;

+ 32 women, 37 men;

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

Correlation coefficients of serum lipids with body fat distribution variables are shown
in Table 2. In women as well as in men, an abundance of visceral fat was associated with
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higher serum triglyceride levels and with a diminished HDL cholesterol /LDL cholesterol
ratio. In women, visceral fat was inversely related to HDL cholesterol, but did not
correlate with total cholesterol and LDL cholesterol. In men, however, total cholesterol
and LDL cholesterol were positively correlated with visceral fat area, but no correlation
with HDL cholesterol was found. Within each sex, intra-abdominal fat deposition and
waist/hip ratio showed similar tendencies with serum lipids. For both sexes, the amount
of total abdominal fat as well as of subcutaneous fat at abdominal and hip level were not
significantly associated with serum lipids, except for a positive correlation between
serum triglycerides and total abdominal fat in women. In men, the V/S ratio showed the
same significant tendencies as the amount of visceral adipose tissue, although the
correlation with triglycerides did not reach statistical significance. In women, only a
positive significant correlation was found between the V/S ratio and serum triglycerides.

hdt/1dl ratio

0.55 [ women
Y=-0.08 X+0.70
o @ r=-0.40, p<0.01
0.451 o 8 .
%0 .
X ooo ae
035F e .. .""-o._..eo o S °
o
025 * e ‘3!.,..’: ’;\’\
o® » b."o.‘
o ) " - $-..
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J?_v r=-0.09, pe 0.001
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Figure 1. Relation between HDL /LDL ratio and visceral fat in women {0, — ) and men
(."“)

Figure 1 shows the linear relationship for visceral fat and the HDL cholesterol/LDL
cholesterol ratio for both sexes. The 2 regression lines were parallel, although the lines
were not significantly coincident (p < 0.025). In Figure 2, the association between visceral
fat and serum triglycerides is presented. The regression lines of men and women did not
differ significantly in slope and were coincident.
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Figure 2. Relation between serum triglycerides and visceral fat in women (0, — ) and men
(."")

Table 3 shows the correlations of age and body fat percentage with parameters of
abdominal fat distribution and serum lipids. In women, no significant associations were
found, with the exception of age with visceral fat and the V/S ratio. In men, however,
age was associated with a less favourable lipid profile and fat percentage was significantly
negatively correlated with the HDL cholesterol/LDL cholesterol ratic. In addition, in
men, age and fat percentage were positively correlated with variables of abdominal fat
distribution, except for the association between body fat percentage and V/S ratio, due
to the high relationship between fat percentage and the amount of subcutaneous
abdominal adipose tissue (r=0.65, p<0.0001). Adjustment for the potential confounding
effects of age and body fat percentage was necessary to evaluate the independent role
of abdominal fat distribution on lipid profiles.

The age and body fat percentage adjusted correlations are presented in Table 4,
separately for men and women. In women, the correlation coefficients of serum lipids
with regional fat distribution, visceral fat area and the V/S ratio were not appreciably
affected after adjustment for age and body fat percentage. In men, however, the
statistically significant relationships observed in univariate regression analysis (Table 3)
disappeared when the effects of age and body fat percentage on serum lipids were
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Table 3. Pearson correlation coefficients for age and body fat percentage with serum lipids
and the explanatory variables in obese women and men

Age Fat percentage
Women Men Women Men
Serum lipids
Taotal cholesteol 0.1 0.34° 0.05 023
LDL cholestera! 017 032 0.09 0.23
HDL cholesterc] 013 0.26 0.01 -0.18
HDL/LDL ratio -0.08 -0.45* 0.04 0.34*
Triglycerides 007 0.35* 004 028
Fat distribution
Waist/hip ratio 0.25 0.40"" 0.03 0.48***
Visceral fat arca 0.33* 0.59=>** 0.17 0.51%%+>
V/8 ratio 0.33* 0.53%** 0.19 0.04

V/S ratio=viscerat /subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/1di cholestero] ratio;
* p<005, ** p<0.01, *** p<0.001, **** p<0.0001.

controlled for, In men as well as in women still no significant correlations were found
between serum lipids and subcutaneous fat at abdominal and hip level after adjustment
for these variables (data not shown). The waist/hip ratio and visceral adipose tissue
showed the same tendencies with serum lipids within each sex.

Table 4. Partial correlations (adjustment for age and body fat percentage) of body fat
distribution variables with serum lipids

Total LDL HDL HDL/LDL

cholesterol cholesterol chalesterol ratio Triglycerides
WOMEN
Waist/hip ratio 009 0.04 053+ 047+ 0.40**
Visceral fat arca 001 0.02 040** 0.41** 0.50%**
V/S ratio -0.08 <0.10 0.28 -0.22 0.33*
MEN
Waist/hip ratio 0.17 017 -0.02 0.16 ¢4
Visceral fat area 0.25 0.25 -0.01 -0.21 0.09
V/$ ratio 0.18 0.19 .10 0.23 0.14

V/S ratio=visceral/subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/1d1 cholesterol ratio;
* p<005, ** p<0.0L, *** p<0.001.
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DISCUSSION

The findings of the present study indicate that an accumulation of visceral fat in healthy
obese women is associated with an unfavourable lipid profile, even after adjustment for
possible confounding effects of age and body fat percentage. In obese men, however,
neither visceral fat accumulation nor age or body fat percentage are correlated to serum
lipids independently of each other.

Obesity per se is associated with a less favourable lipid profile (38). In the present
study, however, no significant associations were found between serum lipids and total
fatness indices, such as body fat percentage or body mass index (data not shown), except
for a negative correlation between fat percentage and HDL/LDL cholesterol ratio in
men. The lack of these relationships could be due to the selection of the study
population, since all subjects were moderately obese. Despite the fact that men had a
lower body fat percentage than women, the obese men had a lipid profile that indicates
a higher risk for coronary heart disease than premenopausal women with comparable age
and body mass index. The men had significantly higher triglyceride levels and lower HDL
cholesterol levels compared with the women. This finding is consistent with previous
studies (5,12,39). High triglyceride levels are associated with diminished lipoprotein-
lipase activity, resulting in a reduced VLDL catabolism, which finally results in a
diminished HDL cholesterol formation (39). The levels of total- and LDL cholesterol did
not differ between men and women. Krotkiewski et al. reported similar results (20).

Comparison of several studies in which the relationships between abdominal fat
predisposition and serum lipids were investigated in obese subjects reveals discrepancies
(see Table 5). In accordance with the majority of the reported studies, the present study
revealed positive correlations between an abdominal fat predominance and serum
triglycerides. This finding is in agreement with the proposed high lipolytic activity of
intra-abdominal adipose tissue that could stimulate triglyceride synthesis by exposing the
liver to high free fatty acid concentrations (40). There is still conflicting evidence about
the observed correlations between HDL cholesterol and abdominal fat predominance.
The results from this study in obese women are in agreement with those of Després et
al. (6) and Terry et al. (18), who also observed a significant inverse association. The role
of intra-abdominal adipose tissue on HDL cholesterol concentrations is probably
mediated by the enzyme hepatic-triglyceride-lipase (40). It has been proposed that in
women, increased concentrations of testosterone could produce an increase in the
accumulation of visceral fat and an increase in activity of hepatic-triglyceride-lipase, both
leading to reduced HDL-levels (40,41). Increased male sex steroids have been found to
be associated with increased visceral fat accumulation in women (42), but not in men
(43). This might explain the lack of association between the amount of visceral fat and
HDL chalesterol in men in this study.
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The lack of a significant relationship between abdominal fat distribution and total- and
LDL cholesterol concentrations in the female subjects of this study is consistent with the
findings of several previous reported studies (6,10,16,18). The particle size and
composition of LDL cholesterol may play an important role (38). Terry et al. (18) found
no association between abdominal fat distribution and LDL cholesterol, whereas a
significant positive association was found with the small LDL-particles. In men, however,
we observed a positive correlation for total- and LDL cholesterol with the amount of
abdominal adipose tissue. This observation supports previous findings in obese men
{12,19). It has been suggested that a high triglyceride level is associated with increased
cellular cholesterol synthesis and less cholesterol is cleared from the plasma through the
LDL-receptor pathway (40). However, in men, the associations between total- and LDL
cholesterol and abdominal fat predominance did not reach statistical significance after
adjustment for age and body fat percentage.

Discrepancies between the present study and others may be explained by differences
in populations studied {e.g., inclusion of postmenopausal women (10) and patients with
glucose intolerance (19)), the lack of controlling for smoking habits, age, alcohol
consumption, oral contraceptives, diet and the methods used for assessment of body fat
distribution,

This study shows that intra-abdominal adipose tissue seems to be the fat depot that
plays a critical role in the associations with serum lipid concentrations, particularly in
women, This is in agreement with previous findings (6). In contrast, Terry et al. suggested
that femoral adipose tissue, measured by dual-photon absorptiometry, may contribute to
favourable lipoprotein profiles that predict lower risk of coronary heart disease (18). In
the present study, no favourable effects of subcutaneous fat at hip level on serum lipids
were found in both sexes, even after adjustment for age and body fat percentage. In the
study of Terry et al. (18), no distinction was made between subcutaneous and visceral
abdominal fat, so the effect of visceral adipose tissue alone could not be demonstrated.

Only a few studies reported the associations between intra-abdominal adipose tissue
measured by CT and serum lipids (6,8,19). CT involves X-ray exposure of the subjects
and is, therefore, not an attractive tool for studies in healthy people. This study
demonstrated that the risk profile associated with intra-abdominal fat accumulation can
also be confirmed by using magnetic resonance imaging.

From this study with apparently healthy premenopausal obese women and obese men
and the use of MRI to measure intra-abdominal adipose tissue, it can be concluded that
there are gender differences in the associations between visceral fat accumulation and
serum lipids. Although the reason for these gender differences are still unknown, sex-
steroid hormone concentrations may be partly responsible for these differences. Further
research is required to reveal the complex associations between hormonal status, serum
lipids and abdominal fat distribution.
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