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STELLINGEN

1. Ook met betrekking tot de Iichaamsvetverdeling van dikke vrouwen kan men
appels(abdominalevetverdeling) nietmetperen (gluteaal-femorale vetverdeling)
vergelijken.
Ditproefschrift
2. Deaanzienlijkebijdragevanbetgewichtsverliesaandeverbeteringvanhetserumlipidenprofielvandikkemensenbijeenenergiebeperktdieetbenadrukthetbelang
van afslanken.
Ditproefschrift
3. Dikke mensen met een overmaat aan visceraal vet (abdominale vetverdeling)
vallen niet makkelijker af dan dikke mensen metweinigvisceraalvet (gluteaalfemorale vetverdeling).
-Ditproefschrift
4. Devetverdeling over het lichaamverandert doorgewichtsverlies.
O.a. ditproefschrift
5. Peervormigevrouwen zijnvruchtbaarder danappelvormigevrouwen.
ZaadstraBM, etat Fatandfemalefecundity:prospectivestudyofeffectofbodyfat
distribution onconceptionrates. BrMedJ1993;306:484-487
6. Het meestebaatbij het gebruikvan 'afslank'-produkten heeft niet de consument
maar de producent
7. Eenvoud siert niet alleen de mens,maar ookhetwetenschappelijk onderzoek.
8. HetinPakistanbestaande'purdah'-systeem,datervoorzorgtdatvrouwenletterlijk
en figuurlijk slecht te bereiken zijn, bemoeilijkt het geven van voedingsvoorlichting.
9. "Studieswithastatisticallysignificant resultfor the main outcome ofinterest are
more likelytobe submitted for publication and more likelytobepublished than
studieswithnullresults.Therefore,conclusionsbasedonlyonareviewofpublished
data shouldbeinterpreted cautiously."
EasterbrookPJ, etaL Publication biasinclinicalresearch. Lancet1991;337:867-872

10. "Het isnietbelangrijk watmenvan onsmaakt,maarwatwijzelf makenvanwat
menvanonsgemaaktheeft."("L'importantn'estpascequ'onfait denous,maisce
quenousfaisons nous-memede cequ'on a fait denous.")
SartreJ-P. SaintGenet, comidien etmartyr, 1952
11. Het feit dat geld voor ontwikkelingssamenwerking niet altijd op dejuiste plaats
terecht komt,impliceertnietdat dekraanvoor ontwikkelingssamenwerkingdicht
gedraaid moetworden.
12. Linksrijdenen rechts voorrang verlenen is veiliger dan rechts rijden en rechts
voorrangverlenen.
13. "Over 100jaar zijnjullie allemaal dood en wijook!"
Klein Orkest (JekkersH& SmitL)
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VISCERAL FATANDWEIGHTLOSS IN OBESE SUBJECTS
-relationship to serum lipids,energyexpenditure and sexhormonesPhD Thesis, DepartmentofHuman Nutrition,WageningenAgricultural University,
TheNetherlands, 28April1993.
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 27-51years,
with an initial body mass index of 28-38 kg/m2, received a controlled diet for 13weeks
providinga4.2MJ/dayenergydeficit. Magneticresonance imagingwasused to quantify
fat depots.
In women but not in men, visceral fat accumulation was associated with a less
favourable serum lipid profile independent of age and body fat percentage.In addition,
inwomen only,visceral fat predominancewaspositivelyrelated torestingmetabolic 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 inthe HDLcholesterol/LDLcholesterol 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
toanincreased HDLcholesterol,amore general beneficial effect ofvisceral fat losswas
not seen using correlation analyses within each sex. In women but not in men, visceral
fat accumulationbeforeweightlosswasassociatedwithimprovement ofHDL cholesterol
and triglyceride levels after weight loss. In women only, a reduction in the visceral fat
depot also seems to be accompanied bya relative reduction in androgenicity regardless
of total body fat loss.
In this study,the effect ofweight loss alone on serum lipids could be separated from
the effect of dietary fat modification usually accompanying a dietary weight loss
treatment. The favourable effect of weight loss per se seems to be considerable in
optimizingtheserum lipid profile ofobesesubjects and evengreater than that of dietary
fat modification.
It is concluded that there may be gender differences in the associations between
visceralfat accumulation and serumlipids,energy expenditure (RMR andDIT),and sex
hormone levels in healthy moderately obese subjects. In addition, particularly healthy
moderately obesewomenwithavisceralfat predominance benefit from a dietaryweight
losstreatmentwithrespect totheirserum lipidprofile andsexhormone levels.Inhealthy
moderately obese men,thecritical roleof thevisceral fat depot could notbe confirmed.

CHAPTER 1
INTRODUCTION

Human obesity,whichisgenerally defined asan excessivestorage ofbodyfat, isa major
public health problem in affluent societies. Estimates of its prevalence range from 1050%ormoreinthe adultpopulation, dependingentirelyupon thecriteriausedto define
obesity (1-3).Itiswellknownthat obesityisassociated withalargenumber of metabolic
complications, including coronary heart disease (CHD), cerebrovascular disease, noninsulin-dependent diabetesmellitus (NIDDM),gallbladder disease, hormone-dependent
neoplasmssuchascarcinoma ofendometrium, aswellasother diseasessuchasgout and
diseasesofjoints (4,5).Obese subjects areusually advised to losebodyweightby 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 inwomen, hasbeen found to increase the risk for varicoseveins (10) and may
be asourceofconcernbecause ofaestheticreasons (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
relationshipsbetweenvisceralfataccumulation andserumlipids,energyexpenditure,and
sex hormones in healthy obese men and premenopausal women undergoing weight loss
therapy. In contrast to most other studies,both men and women were involved.
Thisintroduction briefly describesthe associationsbetween bodyfat distribution and
thethreementioned aspects.Anoutlineofthisthesisandashort descriptionofthestudy
design are given at the end of this chapter.

Bodyfat 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 inmen than inwomen and hasbeen denoted android, centralised, abdominal
11
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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 aswell
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
ofwaist/hip circumference, which isa relatively simple indicator of fat distribution, and
therefore, particularly useful for epidemiological studies. Although by using
anthropometry for the classification ofbodyfat topography, one can distinguish between
upper and lower body fat predominance, one can not differentiate between the various
fat depots (15,16).
Currently,the deposition ofvisceral fat seems tobe the most hazardous fat depot for
metabolicdisorders (7-9).Therecentutilizationofimagingtechniquessuchascomputed
tomography (CT) and magnetic resonance imaging (MRI), does allowthe quantification
of adipose tissue at the various sites of the body accurately (17-19). MRI is a noninvasivetechniquewithoutX-rayexposureforthesubjects,andthus,anuseful 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. TransversalMRI-images at abdominallevel of an obesesubjectwithvisceralfat
accumulation(left)andanobesesubjectwithalargeamount ofsubcutaneousfat
(right). Adiposetissue isrepresented bywhite areas.
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elsewhere (20).Inthe studydescribed inthisthesis,MRIwasused todetermine thesize
of the visceral fat depot. Figure 1showstransversal MRI-images at abdominal level of
twoobese subjects, onewith avisceral fat predominance and one with an abundance of
subcutaneous fat.

Bodyfat 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
isknownthat adipose tissue differs physiologically and morphologically depending onits
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 ofvery-lowdensity-lipoproteins (VLDL),leadingtoincreasedtriglyceridelevelsanddecreased 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) aswell.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. Hyperinsulinaemia
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, aswellasindirectly blood pressure,
and decrease HDL concentrations. These end-results represent most of the wellestablished 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
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Bodyfat distribution and energy expenditure
The common therapeutic approach to reduce the obesity-related risks isto reduce body
weight. Several studies have previously evaluated the ability to lose body weight in
relation to regional fat distribution,but the results of these studieswere conflicting (3339). 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
especiallyhighlipolyticactivity.However,severalstudiescouldnotconfirm the existence
of a link between body fat distribution and energy expenditure (39-42). This thesis
focused, inparticular, ontwocomponents of total energy expenditure: resting metabolic
rate(RMR)anddiet-inducedthermogenesis(DIT).Theseelementstogetheraccountfor
70-85 percent of total energy expenditure in the average sedentary adult individual.
Detailed description ofboth components aswell asthe methodological aspects of these
measurements are reported elsewhere (43).

Bodyfat 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 body 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 mayhave hyperandrogenism,
orhigherproduction ratesand/or blood levelsofandrogens,whereaslowerbodyobesity
in men may be associated with relatively increased oestrogen levels. Indeed, obese
womenexhibitingovertsignsofhyperandrogenism suchashirsutism andpolycysticovary
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 haspreviouslybeen suggested that sexhormones mayplayanimportant 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
hormoneswereinvestigated, revealed manydiscrepancies (Chapter 6).Nevertheless, the
most consistent finding wasaninverse association between abdominal fat distribution

14
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andsex-hormone-bindingglobulin (SHBG) levels,although not allstudiescould confirm
this finding. SHBG actsas a transport protein byreducing the metabolic clearance rate
of most sexhormones and thereby prolonging their effective half-life time in peripheral
blood (51).SHBG levels are determined largely bythe 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 sexhormones 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, inparticularwithrespect toandrogen and oestrogen levels.Allprevious studies
used the waist/hip ratio as a measure of body fat distribution, except for the study of
Seidell and colleagues (54) inwhich CTwasperformed 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 werealso 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 aswell 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 dietfor 13weeksonserumlipid levelsarepresented.The study
design enabled usto investigate the effect ofweight lossalone onthe serum lipid profile
of obese subjects. The findings are described in Chapter 5. In Chapter 6, the
relationshipsbetweenvisceralfat accumulationandsexhormonelevelsinobese subjects
undergoing weight loss therapy are shown. Finally, the overall conclusions and the
implications for future research are discussed in Chapter 7.

15
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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

1989

h3H-

K3-H

1990

7

-13-

-t-3Hwk

•+•

-13-

FOLLOW-UP

H-3Hwk

K3-H—5—H-

-13-

H - 3 - I wk

r-3-r—5-

•13-

-3-I wk

High-fat, high-saturated-fat, normal-protein
|

I Low-fat, low-saturated-fat, high-protein:
low level indicates energy restriction
•

-18—-Q-

-W

-Q wk

W!M\ Low-fat, low-saturated-fat, normal-protein
H H U Low-fat, high-saturated-fat, normal-protein
wk

Weeks

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 inwomen; 1.00 in men),were matched for age and body massindexwithin
each sex.The project consisted of a dietary intervention period and a follow-up period.
The dietaryinterventionwaswellcontrolled.The dietswereprovided and factors known
to affect the variables measured such as drug treatment, cigarette smoking, and alcohol
consumption wereabsent orminimal anddid not changeduringthe intervention period,
16
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while physical activity was also kept as constant as possible. No diets or weightmaintenance counselling were provided in the follow-up period. During the controlled
dietary intervention,allsubjects received an affluent-type diet for 3weeks,duringwhich
their body weight was kept stable. Some of the subjects stayed on a weight-stable diet
for another 5-7weeks.Theweight lossintervention wasidentical 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, 18and 67weeksafter 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 RELATIONTO SERUM LIPIDS IN OBESEMENANDWOMEN*

Rianne Leenen, KarinvanderKooy, Jaap C.SeidellandPaulDeurenberg

ABSTRACT
In91apparentlyhealthyobesesubjects(45premenopausalwomenand46men),
the associations between specific fat depots and serum lipids were studied.
Magnetic resonance imagingwas 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:highertriglyceridelevels(p<0.001),lowerlevelsofHDLcholesterol
(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 accumulation and serum lipids.

INTRODUCTION
Obesity is known to be associated with the risk of coronary heart disease, non-insulindependent diabetes mellitus and mortality (1).Epidemiological studieshave 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 aswell 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 lipidsemphasise 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 studieswas CTused to measure the
absoluteand relativeintra-abdominal fat distributiondirectly(6,8,19).Moststudieshave
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
ofFujioka etal.(19)wasCTused toassesstheamountofintra-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.

MATERIALANDMETHODS
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/height2) between 28
kg/m2and38kg/m2wereallowedtoparticipate.Subjectswithglycosuria and proteinuria
were excluded. Their levels of serum lipids before the experiment ranged from 3.67 to
8.35 mmol/L (mean, 6.01mmol/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,5.59mmol/L) andtheir systolicbloodpressure from 110to 180mmHg
(mean, 139 mm Hg). Seventy-nine subjects did not smoke and the remaining 17 (8
women and 9 men) smoked less than 5 cigarettes per day.In addition, 17subjects (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.Allwomenwerepremenopausal and did not use oral contraceptives.
Subjects with an abdominal and gluteal-femoral fat distribution, based onthe waist/hip
ratio (cut-off points:0.85inwomen; 1.00 in men),werematched for age andbodymass
index in each sex. Data of 5 subjects were excluded before the analysis of the results
22

Visceralfat and serum lipids
because2werediagnosed ashavingsubclinicalhypothyroidism and2werefound tohave
severe fasting hyperinsulinemia (>100 jiU/mL). One subject withdrew from the study
before measurements were taken.
Theaimandprotocolofthestudy,approvedbytheMedicalEthicalCommittee ofthe
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. All food was
supplied and individually tailored to meet each person's energy requirement, whichwas
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
number of food items,free of fat and cholesterol,whichprovided a fixed amount of5%
of the total daily energy intake. The experimental diet consisted of conventional foods
and menus were changed daily.
The nutrient composition oftheindividual dietswascalculated usingthe 1985edition
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 wassampled inthe morningafter anovernight fast of 11-13htwiceinthe
lastweek ofthestudyperiodwithaninterval of2days.The meanvalue ofthe2samples
wasusedfor statisticalanalyses.Serumwasprepared bycentrifugation at 1200xg 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
serawas1.4% for total cholesterol, 1.6% for HDLcholesterol 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).
Accuracyfor HDLcholesterol waschecked byserumpools ofknownvalueproducedby
Solomon Park Research Laboratories (Kirkland,WA). The mean bias with regard to
targetvaluesofthe Centersfor Disease Controlwas +0.13mmol/Lfor total cholesterol
and -0.02 mmol/L for triglycerides. The mean bias with regard to the Solomon Park
targetvalueforHDLcholesterolwas +0.08mmol/L.TheLDLcholesterol concentration
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wascalculatedusingtheFriedewald equation (32).TheratioofHDLcholesterolto LDL
cholesterol was calculated to estimate the atherogenic index.
Body composition
Allanthropometric measurements weremadewiththe subjects wearing onlyswimming
gear orunderwear. Bodyweightwasdetermined to the nearest 0.05kgonadigital scale
(Berkel ED-60-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/height2 (kg/m2). 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 2subjects, whodid not undergo underwater
weighing,wasdetermined from weight and total bodywater (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 errorofestimate(SEE)=2.4%inwomen;r=0.84,SEE=2.3%inmen).
Fat distribution
Circumference measurements to the nearest 0.001 m were made with the subject
standingupright.Waistcircumferencewasmeasuredineachsubjectmidwaybetweenthe
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 S15, Philips Medical Systems, Best, The Netherlands) using a 1.5-T
magnetic field (64 MHz) and a slice thickness of 10mm. Transverse MRI-scans were
taken midway between the lower rib margin and the iliac crest and for a subsample of
the study population (32women, 37men) at trochanter level,while subjects were lying
supine.The scanswere performed and interpreted as described previously bySeidell 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 ratioofvisceralfat to subcutaneous
abdominal fat (V/S ratio) was calculated.
Statistical methods
Deviationsfrom normality ofthe distributions ofthevariableswerecheckedwithin each
sex. Only triglycerides and intra-abdominal fat area and the V/S ratio had a skewed
distribution and natural logarithmic transformed valueswereused instatistical analyses.
24

Visceralfat andserum lipids
Differences between men and women were tested with the Student's Mest. Pearson's
product-moment correlations and partial correlation coefficients were computed within
each sexusingunivariate and multiple linear regression techniqueswith 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 atp<0.05.Results are expressed as means ± standard deviation
(SD).

RESULTS
Table1. Descriptive characteristics of the subjects
WOMEN
N
Age(yr)

45
39

Anthropometric variables
Weight (kg)
Height (m)
Body mass index (kg/nr)
Body fat (%)
Waist/hip ratio

86.2
1.66
31.2
43.6
0.87

Fat areas (cm 1
Abdominal: Subcutaneous
Visceral
Total
V/S ratio
Hip: Subcutaneous*

390
105
495
0.29
415

Serum lipids (mmol/L) +
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

539
3.78
1.23
0.33
1.27

*

6

+

8.3
0.06
2.4
4.3
0.07

+

±
+
+

+

±
+
+
+

+
+
+
+
+

MEN
46
40

+

6

98.6
1.79
30.8
33.3
0.98

+

8.7**
0.06"
2.4
4.6"
0.05"

102
43
109
0.13
66

318
156
474
031
267

+

0.88
0.73
0.25
0.07
030

5.81
4.01
0.96
0.25
1.86

±
+
+
+

+
+
+
+

+
+
+
+

±

78*
44"
93
0.17"
48"

0.97
0.84
0.19"
0.07"
0.71"

Values are means ± SD;
V/S ratio=visceral/subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/ldl cholesterol ratio;
t 32women, 37men;
+ Toconvertvaluesfortotal-,LDL-andHDLcholesterol to mg/dL, multiplyby38.67.Toconvertvaluesfortriglyceridestomg/dL,
multiplyby8834;
* p<0.001, **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 hiplevel than women.
Consequently, the mean V/S ratiowasalso higher in men than inwomen. Men had, on
average,higherconcentrations oftriglycerides andlowerlevelsofHDLcholesterol 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 nondrinkers (data not shown).

Table2.Pearson correlation coefficients between bodyfat distribution variables andserum
lipids in obesewomenand men
Total
cholesterol
WOMEN
Waist/hip ratio
Abdominal fat area:
Visceral fat
Subcutaneous fat
V/S ratio
Total fat
Hip fat area:
Subcutaneous fat'
MEN
Waist/hip ratio
Abdominal fat area:
Visceral fat
Subcutaneous fat
V/S ratio
Total fat
Hip fat area:
Subcutaneous fat*

LDL
cholesterol

HDL
cholesterol

HDL/LDL
ratio

Triglycerides

-0.04

-0.01

-0.48***

-0.48***

0.40**

0.06
0.04
0.02
0.07

0.02
0.03
-0.01
0.03

-0.33*
-0.09
-0.21
-0.19

-0.40**
-0.13
-0.24
-0.24

0.49***
0.12
0.31*
0.30*

0.06

-0.03

-0.01

-0.01

0.34

0.32*

0.31*

-0.16

-0.38**

0.32*

0.42"
0.03
0.30*
0.22

0.41**
0.04
0.30*
0.22

-0.21
0.04
-0.20
-0.07

-0.49***
-0.02
-0.38**
-0.24

0.35*
-0.03
0.27
0.14

0.10

0.12

0.07

-0.05

-0.01

V/S ratio=visceral/subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/Idl cholesterol ratio;
t 32women, 37men;
* p<0.05, **p<0.01, ***p<0.001.

Correlation coefficients ofserum lipidswithbodyfat distributionvariables are shown
inTable 2.Inwomen aswellasinmen,anabundance ofvisceral fat wasassociatedwith
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higherserumtriglyceridelevelsandwithadiminishedHDLcholesterol/LDLcholesterol
ratio. In women, visceral fat was inversely related to HDL cholesterol, but did not
correlatewith total cholesterol and LDLcholesterol. In men, however, total cholesterol
and LDLcholesterolwerepositively correlated withvisceralfat area,but no correlation
with HDL cholesterol was found. Within each sex, intra-abdominal fat deposition and
waist/hip ratio showed similar tendencieswithserum lipids.Forboth sexes,the amount
oftotalabdominal fat aswellasofsubcutaneous fat at abdominal andhiplevelwerenot
significantly associated with serum lipids, except for a positive correlation between
serum triglycerides and total abdominal fat inwomen.Inmen,theV/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
positivesignificant correlationwasfound betweentheV/S ratioandserumtriglycerides.

hdl/ldl ratio
0.55r
Y=-0.08 X+0.70
r=-0.40, p< 0.01

0.45
0.35

0
0.25

."*****0^
o

0.15

••
Y=-0.11 Xt0.78
r =-0.49, p< 0.001
I
I

4.5

5.5

6.5

log [visceral fat] (cm )
Figure 1. Relationbetween HDL/LDL ratio andvisceralfat inwomen (o,— )and men
(•"-)

Figure 1 showsthe linear relationship for visceral fat and the HDL cholesterol/LDL
cholesterol ratio for both sexes.The 2 regression lines were parallel, although the lines
werenot significantly coincident (p<0.025).InFigure2,theassociationbetween visceral
fat and serum triglycerides ispresented.The regressionlines ofmen andwomen did not
differ significantly in slope and were coincident.
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Figure 2. Relationbetweenserum triglyceridesandvisceralfat inwomen(o,— )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,
agewasassociatedwithalessfavourable lipidprofile andfatpercentagewas significantly
negatively correlated with the HDL cholesterol/LDL cholesterol ratio. In addition, in
men, age and fat percentage were positively correlated with variables of abdominal fat
distribution,except for the associationbetween bodyfat percentage and V/S ratio, due
to the high relationship between fat percentage and the amount of subcutaneous
abdominal adiposetissue (r=0.65,/><0.0001).Adjustment for thepotential 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. Inwomen, 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 inunivariate regression analysis (Table 3)
disappeared when the effects of age and body fat percentage on serumlipidswere
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Table3. Pearson correlation coefficientsfor age andbodyfat percentage with serum lipids
and theexplanatory variables inobesewomenand men
Age

Serum lipids
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides
Fat distribution
Waist/hip ratio
Visceral fat area
V/S ratio

Fat percentage

Women

Men

Women

0.20
0.17
0.13
-0.08
0.07

0.34*
0.32*
-0.26
-0.45**
0.35*

-0.05
-0.09
0.01
0.04
0.04

0.40**
039****
033***

0.03
0.17
-0.19

0.25
0.33*
0.33*

Men

0.23
0.23
-0.18
-0.34*
0.28

0.48***
0.61***
0.04

V/S ratio=visceral/subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/ldl cholesterolratio;
* p<0.05, **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 hiplevel after adjustment
for these variables (data not shown). The waist/hip ratio and visceral adipose tissue
showed the same tendencies with serum lipidswithin each sex.

Table4. Partialcorrelations (adjustmentfor age and bodyfat percentage)of body fat
distribution variables withserum lipids
Total
cholesterol

LDL
cholesterol

WOMEN
Waist/hip ratio
Visceral fat area
V/S ratio

-0.09
0.01
-0.08

-0.06
-0.02
-0.10

MEN
Waist/hip ratio
Visceral fat area
V/S ratio

0.17
0.25
0.18

0.17
0.25
0.19

HDL
cholesterol

HDL/LDL
ratio

Triglycerides

-033***
-0.40"
-0.28

-0.47**
-0.41**
-0.22

0.40**
030***
0.33*

-0.02
-0.01
-0.10

-0.16
-0.21
-0.23

0.14
0.09
0.14

V/S ratio=visceral/subcutaneous abdominal fat ratio, LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL
ratio=hdl cholesterol/ldl cholesterol ratio;
* p<0.05, ** p<0.01, ***p<0.001.
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DISCUSSION
Thefindingsofthe present studyindicate that an accumulation ofvisceral fat in healthy
obesewomen isassociated with anunfavourable lipid profile, even after adjustment for
possible confounding effects of age and body fat percentage. In obese men, however,
neithervisceral fat accumulation nor ageorbodyfat 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,suchasbodyfat percentage orbodymassindex (datanot 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 bodyfat percentage thanwomen, the obese men had a lipid profile that indicates
ahigherriskfor coronaryheartdiseasethanpremenopausalwomenwithcomparable age
andbodymassindex.Themenhadsignificantly highertriglyceridelevelsandlower HDL
cholesterol levels compared with the women. This finding is consistent with previous
studies (5,12,39). High triglyceride levels are associated with diminished lipoproteinlipase activity, resulting in a reduced VLDL catabolism, which finally results in a
diminishedHDLcholesterolformation (39).Thelevelsoftotal-andLDLcholesterol 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 serumlipidswereinvestigated inobesesubjects reveals discrepancies
(seeTable 5).In accordance withthe 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 adiposetissuethatcould stimulatetriglyceridesynthesisbyexposingthe
liver to high free fatty acid concentrations (40).There isstill conflicting evidence about
the observed correlations between HDL cholesterol and abdominal fat predominance.
The results from this study in obesewomen are in agreement with those of Despres et
al.(6)andTerryet al.(18),whoalsoobserved 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 ofvisceralfat andanincreaseinactivityofhepatic-triglyceride-lipase, both
leading to reduced HDL-levels (40,41).Increased male sexsteroids 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 cholesterol in men in this study.
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Chapter2
Thelackofasignificant relationshipbetweenabdominalfat distributionandtotal-and
LDLcholesterol concentrations inthefemale subjects ofthisstudyisconsistentwith the
findings of several previous reported studies (6,10,16,18). The particle size and
composition ofLDLcholesterol mayplayan important role (38).Terryet al. (18) found
no association between abdominal fat distribution and LDL cholesterol, whereas a
significant positiveassociationwasfound withthesmallLDL-particles.Inmen,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 isassociated with increased
cellular cholesterol synthesisand lesscholesterol iscleared from theplasmathrough the
LDL-receptorpathway (40).However, inmen,the associationsbetweentotal-and LDL
cholesterol and abdominal fat predominance did not reach statistical significance after
adjustment for age and body fat percentage.
Discrepancies between the present studyand others maybe explained by differences
inpopulations studied (e.g.,inclusion ofpostmenopausal women (10) and patientswith
glucose intolerance (19)), the lack of controlling for smoking habits, age, alcohol
consumption, oral contraceptives, diet and the methods used for assessment ofbody 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.Thisisinagreementwithpreviousfindings (6).Incontrast,Terryetal.suggested
thatfemoral adiposetissue,measured bydual-photon absorptiometry, maycontribute 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 inboth sexes,even after adjustment for age andbodyfat percentage. In the
study of Terry et al. (18), no distinction was made between subcutaneous and visceral
abdominal fat, so the effect ofvisceral 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 riskprofile associated with intra-abdominal fat accumulation can
also be confirmed byusing magnetic resonance imaging.
From thisstudywithapparently healthypremenopausal obesewomen andobese men
and theuse of MRI tomeasure intra-abdominal adipose tissue,it canbe 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, sexsteroid hormone concentrations maybepartly responsible for these differences. Further
research isrequired toreveal the complex associations between hormonal status, serum
lipids and abdominal fat distribution.
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CHAPTER 3
VISCERALFATACCUMULATIONINOBESESUBJECTS:RELATIONTOENERGY
EXPENDITUREAND RESPONSETOWEIGHTLOSS*

Rianne Leenen, KarinvanderKooy, PaulDeurenberg, Jaap C.Seidell, JanA Weststrate,
FransJ.M. SchoutenandJosephG-A.J. Hautvast

ABSTRACT
Seventy-eight healthy obese subjects, 40 premenopausal women and 38 men
aged 27-51 yr received a 4.2 MJ/day energy-deficit diet for 13 wk. Resting
metabolic rate (RMR) and diet-induced thermogenesis (DIT) were measured
by indirect calorimetry. Abdominal subcutaneous and visceral fat areas were
calculated from magnetic resonance imagingscansbefore and after weightloss.
Before weight loss, visceral fat accumulation was positively correlated with
higher levels of RMR (p<0.05) and DIT (p<0.01) in women but not in men.
The meanweight reduction was 12.2 ± 3.5 kg(mean ± SD).In men but not in
women, an initially large visceral fat depot was associated with a reduced loss
ofweight and total fat mass (p<0.05).Within each sex,an initial abundance of
visceralfatwassignificantly related toalarger lossofvisceralfat (p<0.001)and
inmentoa smallerlossofsubcutaneous fat (p<0.05).These resultssuggest that
there may be gender differences in the associations between visceral fat
accumulation and components ofenergy expenditure (RMR and DIT) in obese
subjects. Obese subjects with an initial abundance of visceral fat do not lose
more body weight but more visceral fat than subjects with lessvisceral fat.

INTRODUCTION
Obesity is one of the most prevalent nutritional problems in affluent societies and is
often treated by energy intake restriction. Obese subjects can be classified according to
types of body fat distribution (1).The distribution of fat independently of the degree of
obesity isrelated to several metabolic disorders (2).Several investigators reported that

* American Journal of Physiology: Endocrinology & Metabolism 1992;263(26):E913E919.
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it is easier for people with abdominal obesity to lose weight when energy intake is
restricted thanitisfor obesesubjectswithagluteal-femoral typeoffat distribution(3-5).
These findings could have important consequences for weight reduction therapy of
obesity.Other investigators did,however, not confirm this(6-9).Contradictions between
the results of these studies may be explained by differences in study population or by
differences in methodology and experimental design.
In addition, the results of the studies in which the relations between body fat
distributionandcomponentsofenergyexpendituresuchasrestingmetabolicrate (RMR)
and diet-induced thermogenesis (DIT)were examined alsoyielded contradictory results
(9-14).Adipose tissue distributionwas,inmost studies,measured bythewaist/hip ratio,
which does not allow one to distinguish between the various abdominal fat depots,
something which ispossible with imaging techniques (15).To our knowledge, only one
cross-sectional studyhasbeen carried out inobesemen (12).Currently,onlyinthe study
of den Besten et al.(9) hasthe relation betweenwaist/hip ratio and energy expenditure
beenprospectivelyinvestigated before and after weightlossinalimited number ofobese
women («=15).
In the present study, the influence of body fat distribution on the degree of weight
reduction and the components ofenergyexpenditure (RMR and DIT)were determined
before and after a standardized energy-deficit diet in 78 healthy obese men and
premenopausal women. Magnetic resonance imaging was used to assess body fat
distribution.

MATERIALAND METHODS
Subjects
Participants were recruited by means of advertisements in local newspapers. Ninety-six
obese subjects (48 women and 48 men) were selected on the basis of their body mass
index (between 28 and 38 kg/m2), age (between 25 and 51 yr), premenopausal state,
smoking behavior (<5 cigarettes/day), and drinking behavior (<2 alcoholic
consumptions/day). All subjects were apparently healthy, as evaluated by a medical
historyandphysicalexamination.Noneofthevolunteersreceivedanymedication known
to affect thevariables measured, and the women did not use oral contraceptives. None
of the subjects had been on a slimming diet for several months before the study.Within
each sex, abdominal and gluteal-femoral obese subjects, based on the waist/hip ratio,
were matched for age and body mass index.
Fourteen subjects did not complete the dietary treatment successfully (4 due to
intercurrent illness, 6for personal reasons,and 4were excluded because ofsuspicion of
bad compliance). In addition, data of 4 subjects were also excluded because 2 subjects
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were later diagnosed as having subclinical hypothyroidism, and 2 were later found to
haveseverefasting hyperinsulinemia (>100jiU/mL).Results of78subjects (40women
and 38 men) remained for statistical analysis.
The studywascarried outwith the approvalof the Medical Ethical Committee of the
Department of Human Nutrition of the Wageningen Agricultural University. The
procedures had been fully explained to the volunteers. All subjects gave their written
informed consent.
Experimental design and diet
After 3wkonaweight-stable diet,baselinemeasurementswereperformed to determine
body composition, bodyfat distribution, blood parameters, and energy expenditure.The
diets were individually tailored to meet each person's energy requirement, which was
estimated from RMR and physical activity pattern, as described by Weststrate and
Hautvast (16).Bodyweightswererecorded twotimes aweekbythesubjects, and energy
intakes were adjusted individually, if necessary, toprevent weight changes. Some of the
subjects remained on aweight-stable diet upuntil 7wkbefore theweight loss treatment
started. In these subjects, the assessment of body composition, waist/hip ratio, and
energy expenditure was repeated at the end of this weight-stable period. The weightstable period was followed by a weight reduction period of 13 wk during which the
subjects received a 4.2 MJ/day energy-deficit diet. The energy-deficit diet consisted of
25 energy percent (en%) protein, 33 en% fat (11 en% saturated fatty acids, 11 en%
monounsaturated fatty acids, 11 en% polyunsaturated fatty acids), and 42 en%
carbohydrates. Individual energy deficits were based on estimated daily energy
requirements at the end of theweight-stable period. After the energy-deficit period the
subjectsweregivenadietfor 3wktomaintainthenewachievedbodyweight.Attheend
of this period, measurements of body composition, fat distribution, and energy
expenditurewererepeated.Ninety-five energypercent ofthefood ineach dietaryperiod
was supplied to the volunteers. The participants were allowed to choose a limited
number of food items,free of fat and cholesterol,whichprovided a fixed amount of5%
ofthe total daily energy intake.Theweight-stable diets consisted of conventional foods,
whereastheenergy-deficit dietwasacombinationofslimmingproductsand conventional
foods. The nutrient composition of the individual diets was calculated using the 1985
edition of the Dutch computerized food table (17).
The subjects were instructed to maintain their habitual physical activity pattern and
smoking habits during the study period. They were asked to record any sign of illness,
deviations of diet, medication used, free item choice, and changes in both smoking and
activity patterns in a diary. Compliance of the diet was checked byweight control and
meetings with trained dieticians every fortnight.
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Bodycomposition
Allanthropometric measurements weremadewith the subjects wearing onlyswimming
gear orunderwear.Bodyweightwasdetermined tothe nearest 0.05kgon adigital scale
(Berkel ED-60-T, Rotterdam, The Netherlands), and body height was measured to the
nearest 0.001 m using a wall-mounted stadiometer. Body mass indexwas calculated as
weight (kg) divided by height squared (m2). Whole body density was determined by
underwater weighing (18). Residual lung volume was measured simultaneously by a
helium dilution technique (19).Percent body fat was calculated from total body density
using the equation of Siri (18). Percent body fat of 2 subjects was determined from
weight andtotalbodywater, assessedbydeuterium oxidedilution,assuminga hydration
coefficient of the fat free mass of 0.73 (20). These women were afraid of complete
immersion under water. The total amount of body energy loss (MJ) was calculated as
describedbyGrande (21),assumingthat 'lean bodyweight' has 19.4%protein and using
values of 16.8and 37.8kj/g protein and fat, respectively.
Fat distribution
Circumference measurements to the nearest 0.001 m were made with the subjects
standing.Waist circumference wasmeasured midwaybetween the lower rib margin and
the iliac crest at the end of 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 S15, Philips
Medical Systems, Best, The Netherlands) using a 1.5-Tmagnetic field (64 MHz) and a
slicethicknessof 10mmbefore and after weightloss.Transverse MRIscanswere taken
midway between the lower rib margin and the iliac crest, while subjects were lying
supine.The scans were performed and interpreted as described previously (22).In this
obesepopulation, the reproducibility of calculatingfat areas from the same scan before
weight loss was 1.8%, 5.0%, and 2.2% for the estimation of total, visceral, and
subcutaneous abdominalfat areas,respectively.Theratioofvisceralfat to subcutaneous
fat (V/S ratio) was calculated. In 6subjects (3women, 3 men) only the measurements
before weight loss were used for statistical analysis due to practical problems with the
measurements after weight loss.
Energy metabolism
Energy metabolism (RMR and DIT) was measured two times in each measurement
periodwithaninterval of 1 day.For each subject, allthemeasurements were performed
either in the morning or in the afternoon. When RMR was measured during the
morning,thesubjects were ina 12-to 14-hpostabsorptive state.Afternoon RMR values
weremeasuredwithsubjects ina5-to6-hpostabsorptive state after alight standardized
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breakfast of <2 MJ. The subjects were instructed to refrain from sleeping, drinking
coffee, andstrenuousphysicalactivityinthemorningbefore theafternoon tests.Previous
research from our laboratory showed that there are no differences in RMR and DIT
when the same subjects are measured in the morning and afternoon (23).Furthermore,
in thepresent studytherewere no differences between the subjectswhowere measured
in the morning and in the afternoon with respect to fat distribution (neither waist/hip
ratio nor visceral and subcutaneous fat). On the day of each measurement the
participantsweretakentothelaboratorybycar.After voiding,theylaysupinebut awake
and practically motionless on a hospital bed. After a rest period of 15min, RMR was
measured continuouslyduring45min.After theRMRmeasurement thesubjectsingested
a standardized liquid test meal through a straw within 5 min. According to duplicate
chemical analysis the test meal had an energy content of 1,520 kJ and consisted of 12.4
en% protein, 31.5 en% total fat, and 56.1 en% carbohydrates. Postprandial energy
expenditure (PEE)wasmeasured continuouslyfor3hoursafter consumingthetestmeal.
During the energy measurements the subjects watched video films and were asked to
relax. The cumulative postprandial increase above the RMR over 3 hours was defined
as the DIT (DIT=PEE-RMR). The DIT (kJ/min) is expressed in absolute terms, as a
percentage of the increase over RMR, and asa percentage of the metabolizable energy
content of the test meal. In this study, the within-person day-to-day coefficient of
variationfor theRMRmeasurementsbeforeweightlosswasonaverage4.3%forwomen
and 4.0% for men. For the DIT measurements the within-person day-to-day variation
coefficients before weight losswere 25.4% and 26.4%, respectively.
Gas exchange measurements
RMRandPEEmeasurementswereperformed byuse ofan open-circuitventilated hood
systemaspreviouslydescribed (24).Duringeach measurement, apump (OceanSCL210,
Dieren,TheNetherlands) drewfresh outside airthrough thetransparent hood.The flow
rate through the hood was measured by a thermal mass flowmeter (Brooks 5812N,
Veenendaal, The Netherlands) and was maintained at 40 L/min by an electrically
operated control valve (Brooks 5837,Veenendaal, The Netherlands). Oxygen (0 2 ) and
carbon dioxide (C0 2 ) content of the expired air were continuously analyzed by,
respectively, a paramagnetic 0 2 analyzer (Servomex 1100A, Zoetermeer, The
Netherlands) and an infrared COz analyzer (Servomex 1410, Zoetermeer, The
Netherlands).Before eachmeasurement,calibrationwasperformed withcalibrateddried
standard gasses.Everyhourduringtheenergymeasurements,0 2 andC0 2 concentrations
in dried filtered outside air were measured. The outputs from the gas analyzers were
continuously recorded with a multipen recorder (Kipp and Zonen BD101, Delft, The
Netherlands).C0 2productionand0 2consumptionweresubsequentlycalculatedasmean
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values for each 2-min interval period with the Haldane correction (24).The metabolic
ratewascalculated accordingtothe equationdescribedbyWeir (25).Movements of the
participant duringthemeasurementwererecordedbyaloadcell(TokyoSokki Kenkyujo
TKA-200A, Tokyo, Japan) under the hospital bed and were also registrated by the
multipen recorder asan indexvalue.Ifhigh 0 2 consumption and C0 2 production values
appeared in combination with a high body movement index (corresponding to shifting
the body on the bed), these valueswere excluded. Valueswere also excluded when the
subjects needed to visit the lavatory. The invalid values during the DIT measurement
were replaced bythe mean of the2preceding and the 2following values.Lessthan 4%
of the recorded values had to be corrected per measurement session, so the impact on
the RMR and DIT levelswas negligible.
Blood parameters
Two blood samples were taken with an interval of 2 days after an overnight fast. The
mean value of the 2 samples was used for statistical analyses. Serum total cholesterol,
high-density-lipoprotein (HDL) cholesterol, and triglyceride levels were measured as
previously described (26). Glucose levels were determined enzymatically (Abbott b.v.,
Amstelveen, The Netherlands), and insulin was analyzed in one blood sample in
duplicate using the enzyme-linked immunoabsorbent assay method (Boehringer
Mannheim GmbH,Almere,The Netherlands).The insulin/glucose ratio was calculated
as an index of insulin sensitivity.
Statistical methods
The distributions of triglycerides, insulin,the insulin/glucose ratio,visceral fat, the V/S
ratio and the changeinvisceral fat were slightly skewed.Therefore, natural logarithmic
transformed values for these variables were used in statistical analyses. However, no
transformation for change in visceral fat was used, because this resulted in findings
principally identical to analyses based on normally distributed variables. Differences in
variables before and after the dietary treatment were tested using the Student's paired
r-test. Pearson's product-moment correlations and partial correlation coefficients were
computed within each sex using univariate and multiple linear regression techniques.
Differences between equations of men andwomen were tested for differences in slopes
and intercepts by the method described by Kleinbaum et al. (27). Correlations were
tested for equality using the Fisher's z transformation (27). Two-sided p-values were
considered statisticallysignificant atp<0.05.Resultsare expressed asmeans ± standard
deviation (SD).
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RESULTS
The baseline characteristics are presented in Table 1. There were significant sex
differences for all variables, except for age,body mass index, total abdominal fat area,
totalcholesterol, insulin, theinsulin/glucose ratio,and theDITexpressed as percentage
increase over RMR.

Table1. Descriptive charateristics ofsubjects
WOMEN

MEN

N
Age(yr)
Weight (kg)
Body mass index (kg/m 2 )
Body fat (%)
FFM(kg)
Fat mass (kg)
Waist/hip ratio

40
39 ± 6
85.8 ± 8.2
31.2 + 2.1
43.9 + 4.4
48.0 + 45
37.9 ± 6.2
0.87 + 0.07

38
41 + 6
97.4 + 7.8»«*
30.7 ± 2.1
33.5 ± 3.9***
64.7 + 5.8***
32.7 + 5.0"
0.99 + 0.05*"

Abdominal fat areas
Visceral (cm )
Subcutaneous (cm2)
Total (cm 2 )
V/S ratio

106 + 44
390 + 103
496 + 109
0.29 - 0.14

156
314
470
0.52

Blood parameters
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Triglycerides (mmol/L)
Glucose (mmol/L)
Insulin (uU/ml)t
Insulin/glucose (uU/umol)'

5.57 + 0.83
1.24 ± 0.26
1.27 + 0.52
5.19 ± 0.33
13.3 + 9.6
2.6 ± 2.0

5.77 + 0.87
0.95 ± 0.17***
1.89 + 0.65***
5.36 + 0.37*
12.2 + 6.2
2.3 ± 1.1

4.25 + 0.39
0.089 ± 0.008
0.54 ± 0.14
12.7 ± 3.4
6.3 + 1.8

5.23 ^ 0.41***
0.081 ± 0.006**
0.70 ± 0.17***
13.5 ± 3.6
8.3 + 2.0***

Energy expenditure
RMR (kJ/min)
RMR/FFM (kJ/min'kg)
DIT (kJ/min)
DIT/RMR (%)
DIT/En-test (%)

+

39***
67**
+ 77
± 0.17***
+

Values are means ± SD;
FFM=fat free mass, V/S ratio=visceral/subcutaneous fat ratio, HDL=high density lipoprotein, RMR=resting metabolic rate,
DIT=diet induced thermogenesis, En-test=energycontent of test meal;
t 37 men;
* p<0.05, **p<0.001, ***p<0.0001:women versus men.
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Table 2 shows the bivariate correlations of age and initial fat mass with initial
parametersofenergyexpenditure andbodyfat distribution.Inwomen,agewaspositively
correlated withthevariables ofbodyfat distribution, and fat masswaspositively related
with RMR in absolute terms aswellaswith RMR expressed per kilogram fat-free mass
(FFM). In men, age and fat mass were significantly correlated with the body fat
distributionvariables(exceptfor theassociationbetweenfat massandtheV/S ratio)but
not to energy expenditure variables.FFMwas not significantly correlated with thebody
fat distribution variables in men nor in women. The correlation between FFM and
visceral fat wasr=0.01,p=0.99 inwomen and r=-0.15,/>=0.38in men.Adjustment for
the potential confounding effects of age and body fat mass was performed to evaluate
the independent contribution of abdominal fat distribution on energy expenditure.
The age and fat mass adjusted baseline correlation coefficients between body fat
distribution and energy expenditure variables are shown in Table 3. Additional
adjustment for FFM ordaytimeperiod ofenergyexpenditure measurement (morningor
afternoon) did not affect the observed correlations (data not shown). Inwomen, an

Table2. Pearsoncorrelation coefficients for ageandfat mass with baselinevariables of
energy expenditure and bodyfat distribution
Age(yr)
Women
Enerev expenditure
RMR (kJ/min)
RMR/FFM (IcJ/min'kg)
D1T (kJ/min)
Fatdistribution
Waist/hip ratio
Visceral fat (cm )
V/S ratio

-0.15
0.12
0.13

0.33*
0.41"
0.37*

Men

Fat mass (kg)
Women

Men

-0.06
-0.01
-0.13

05V
0.37*
-0.26

0.15
0.10
0.20

0.31
0.49'
0.44*

-0.03
0.11
-0.27

0.45*
0.46*
-0.08

RMR=resting metabolic rate, FFM=fat free mass, DIT=diet induced thermogenesis, V/S ratio=visceral/subcutaneous fat ratio;
* p<0.05, **p<0.01, •** p<0.001.

abundance of visceral fat was significantly associated with higher levels of RMR and
DIT.Subcutaneousabdominaladiposetissueinwomenwassignificantlyinverselyrelated
to RMR but not to DIT (p=0.17). No significant correlations were found between the
waist/hip ratio and RMR (p=0.64) or DIT (p=0.17) in women. In men, neither the
amount of visceral fat nor the waist/hip ratio were significantly correlated with the
components of energy expenditure. The correlations for visceral fat accumulation with
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Table3. Partialcorrelations (adjustedfor age andfat mass)between baseline variables of
energy expenditure andfat distribution
RMR (kJ/min)

Waist/hip ratio
Visceral fat (cm )
Subcutaneous fat (cm 2 )
V/S ratio

Women

Men

-0.08
0.33*
-0.37*
0.42**

-0.14
-0.15
-0.08
-0.07

DIT (kJ/min)
Women

Men

0.23
0.42"
-0.23
0.43"

-0.01
0.06
-0.04
0.05

RMR=resting metabolic rate, DIT=diet-induced thermogenesis, V/S ratio=visceral/subcutaneous fat ratio;
* p<0.05, " p<0.01.

Table4. Changes in variables afterweight reduction^
MEN

WOMEN
N
Weight (kg)
Body fat (%)
FFM(kg)
Fat mass (kg)
Waist/hip ratio

3.8"
7.2 t 3.0"
1.4 ± 1.3"
10.3 ± 3.6"
0.03 ± 0.03*

38
12.6
6.9
2.9
9.8
0.07

Abdominal fat areas (cnv*)+
Visceral
Subcutaneous
Total

35 ±
117 +
152 +

61 ± 2 6 " *
113 ± 4 5 "
174 ± 5 3 "

Energy expenditure
RMR (kJ/min)
RMR/FFM (kJ/min*kg)
DIT (kJ/min)
DIT/RMR (%)
DTT/En-test(%)

11.7

+

25"
58"
64"

0.27 + 0.40*
0.003 ± 0.008
-0.01 + 0.17
-1.0 + 4.3
-0.1 ± 2.0

0.50
0.004
0.07
0.2
0.8

±
±
±
±
±

±
±
±
±
±

3.2**
2.7"
1.7"*
3.1"
0.03"*

0.26"§
0.004"
0.23
4.7
2.7

Values are means ± SD;
FFM=fat free mass, RMR=resting metabolic rate, DIT=diet induced thermogenesis, En-test=energycontent of test meal;
t Change invariable was assessed asvalue before minus after weight loss;
+ 37women, 35 men;
* p<0.05, " p<0.0001:before versus after weight loss;
§ p<0.01,t p<0.0001:women versus men.

RMR were significantly different between both sexes,and the difference in correlations
with DIT was borderline significant (p=0.10). Within each sex, DIT expressed as
percentage increase over RMR aswell as expressed aspercentage of energy content of

43

Chapter3
test meal showed similar tendencies withbody fat distribution variables as the absolute
DIT did (data not shown).
InTable4,theeffects ofweightlossonbodycomposition, fat distribution,and energy
expenditure are presented for women and men.After weight loss all body composition
variables and indicators of fat distribution decreased significantly in either sex.Loss of
body weight and fat mass did not differ significantly between men and women. A
relativelylargeproportion ofthetotalbodyweightlosswasfat mass,inwomen88%and
in men 78%.After weight loss in both sexes, the mean RMR was significantly reduced
in absolute terms as well as expressed on the basis of FFM. No significant changes in
DIT valueswere observed inwomen or men.
Table 5showsthe correlations between changes in energy expenditure variables and
changes in body fat distribution. Only in women was the change in DIT significantly
related to the change in visceral fat and the change in V/S ratio. However, these
significant positive correlations weremainlydependent ononewoman, withthelargest

Table5. Pearsoncorrelationcoefficientsbetweenchangesinenergyexpenditureandchanges
in bodyfat distribution*
RMR (kJ/min)
Women
Waist/hip ratio
Visceral fat (cm 2 ) +
V/S ratio+

-0.17
0.24
0.19

Men
-0.22
-0.22
-0.09

DIT (kJ/min)
Women

Men

0.12
0.41'
0.34*

0.07
0.19
0.17

RMR=resting metabolic rate, DIT=diet induced thermogenesis, V/S ratio=visceral/subcutaneous fat ratio;
t Change invariable was assessed asvalue before minus after weight loss;
+ 37women, 35men;
• p<0.05.

decrease in visceral fat and DIT. Without this outlier the significant correlations
disappeared (r=0.23,p=0.18; r=0.27, p=0.12, respectively). The observed significant
correlations in women did not differ significantly from the correlations in men.
The age and fat mass adjusted correlations between body fat distribution variables
before weight losswith changesinbodycomposition and the calculated total amount of
body energy losswith weight reduction are given inTable 6.In both sexes,none of the
correlations between initial waist/hip ratio and changes in body composition reached
statistical significance. Inmen, the initial amount ofvisceral fat wassignificantly related
toa reduced lossinbodyweight andfat mass.Inwomen,nosuchsignificant associations
were observed, although the observed significant correlations in men were not
44

Visceralfat, energy expenditure and weight loss
significantly different from the correlations inwomen. Within each sex,the correlations
between the various indicators of fat distribution with changes in body fat mass were
comparable to those with the calculated amount of body energy losses due to the high
relationship between loss of fat mass and the amount of body energy loss inboth sexes
(r=0.999,p<0.0001).

Table6. Partialcorrelations betweenfat distribution variables before weightloss (adjusted
for age andfat mass) withchanges in bodycomposition and calculated amount
of bodyenergy loss^
Change in
Initial parameters

Body weight (kg)

Fat mass (kg)

Body energy loss* (MJ)

WOMEN
Waist/hip ratio
Visceral fat (cm2)
V/S ratio

0.02
-0.10
-0.26

-0.14
-0.24
-0.36*

-0.13
-022
-0.35*

MEN
Waist/hip ratio
Visceral fat (cm )
V/S ratio

0.05
-0.34'
-0.31

0.07
-0.34*
-0.28

0.06
-0.34*
-0.28

V/S ratio=visceral/subcutaneous fat ratio;
t Change invariable was assessed asvalue before minus after weight loss;
t Body energy losswas calculated according to Grande (21);
* p<0.05.

Table7showsthepartial correlationsbetweenfat distributionvariablesbefore weight
loss (adjusted for age and fat mass)with changesin abdominal fat depots.Inbothsexes,
theinitial amount ofvisceral fat wasnot significantly related to anincreased or reduced
loss in the total abdominal fat depot. However, an initially largevisceral fat depot and
a high initial V/S ratio were significantly associated with a larger loss of visceral fat
compared with a smaller loss of subcutaneous abdominal fat. In women, however, the
inverseassociationbetweeninitialamountofvisceralfat andchangeinsubcutaneous fat
did not reach statistical significance (p=0.14). Within both sexes, an initial abundance
of visceral fat was not significantly related to neither changes in RMR nor changes in
DIT (data not shown).
The unadjusted relationships between initial visceral fat accumulation and loss of
visceral fat are illustrated in Figure 1for the whole study population. The regression
lines of men and women did not differ significantly in slope and intercept.
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Table 7. Partial correlations between fat distribution variables before weight loss (adjusted
for age and fat mass) with changes in abdominal fat depots*
Change in (cm 2 )
Initial parameters

Total

Visceral

WOMEN (n=37)
Waist/hipratio
Visceral fat (cm 2 )
V/S ratio

-0.05
-0.02
-0.26

0.15
0.59*
0.60*

-0.11
-0.26
-0.52*

0.32

0.31
0.59*
0.50*'

0.21
-0.43*
-0.63*

MEN(n=35)
Waist/hipratio
y

-0.08

Visceral fat (cm )
V/S ratio

-0.30

Subcutaneous

V/S ratio=visceral/subcutaneous fatratio;
t Change invariablewas assessed asvalue before minusafter weight loss;
* p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

visceral fat loss (cm2)
150

menandwomen
Y=52X-199
r =0.71, p-0.0001

3.8

V2

4.6

5.0

5.4
5.8
6.2
log [visceral fat] (cm2)

Figure 1. Relationshipbetween initialamountofvisceralfat beforeweightlossandchanges
invisceralfat withweight loss inthewholestudypopulation (37women (o)and
35men (•))
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DISCUSSION
The present study showsthat, inhealthy premenopausal obesewomen but not in obese
men,visceral fat accumulation waspositively correlated with higher levels of RMR and
DIT. Furthermore, obese men with an initial abundance of visceral adipose tissue lost
less body weight and fat mass than gluteal-femoral obese men. In both sexes, the
mobilization of visceral fat seems to be increased at the expense of a reduced loss of
subcutaneous abdominal fat inobesesubjectswith initiallylargeamounts ofvisceral fat.
Itiswellknownthatrestingenergyexpenditure isdependent onseveral constitutional
factors such as sex, age, and the amount of FFM (28-30). In this study, no significant
associations were found between age and variables of energy expenditure in bothsexes,
probably due to the small age range of the study population. Body fat mass was
significantly associated with RMR inwomen but not in men.This isin accordance with
previous findings (13,28). Cunningham (28) demonstrated that fat mass may be a
significantpredictorofrestingenergyexpenditureinobesewomen,althoughthismaynot
be observed in the general population. This phenomenon together with the proposed
higher proportion of metabolically less 'active' tissues in FFM in men compared with
women (29) may partially explain the difference observed in RMR expressed per
kilogram FFM between both sexes. Consistent with other studies (28,29),we observed
positive correlations between RMR and FFM in both women and in men (r=0.47,
/><0.01;r=0.62,p<0.0001, respectively).Previous studies demonstrated that it may not
be correct to use the ratio of RMR to FFM neither in cross-sectional studies (31) nor
in weight loss studies (32).
Studies in obese women (9-11,13,14) in whom the relations between body fat
distributionandenergyexpenditurewereinvestigatedhaveyieldedcontradictoryfindings.
Some investigators did not observe an association between RMR and body fat
distribution (10,13,14).InthestudyofdenBestenetal.(9),anonsignificant trend toward
higher RMR values in abdominal obese women was found. Weststrate et al. (11)
reported a significantly higher RMR in obese women with an abdominal type of fat
distribution in comparison with obese women with a gluteal-femoral type of fat
distribution. This is consistent with our findings. They speculated that among obese
women theproportion ofmetabolically 'active' organs inthe FFM maybe higher in the
abdominal obese than in the gluteal-femoral obese.Only in the study of Vansant et al.
(10)wasasignificantly higherglucose-induced thermogenesisinabdominalobesewomen
found. Theysuggested that elevated insulinlevelsinabdominal obesecould activate the
sympathetic nervous system, which may have a stimulating effect on the thermogenic
response. In the present study, in obese women an accumulation of visceral fat was
associated with a higher DITin response to a mixed meal aswell aswith higher insulin
levels (r=0.40,/?<0.05).Also in obese men, a significant positive correlation was found
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between visceral fat and insulin levels (r=0.43,p<0.05). However, no higher rate of
energyexpenditure couldbedemonstrated inmenwithinitiallylargeamountsofvisceral
fat, which is in agreement with findings of van Gaal (12). Recently, Wahren (33)
reported that sympathetic nervous activity may not be required for meal-induced
thermogenesis inhumans.Possible reasonsfor thedifferences intherelation ofvisceral
fat to energy expenditure between both sexes are still unclear. It is possible that
differences in sex steroid concentrations between both sexes play a role.Vansant et al.
(34) reported that estradiol could be important asa determinant of energy expenditure,
whereastherole of androgens islimited.Astrup et al.(35)demonstrated that variations
in plasma androstenedione contribute to the interindividual variance in energy
expenditure of women. The complex associations between hormonal status, energy
expenditure, and body fat distribution requires further investigation.
In the majority of the above-mentioned studies, the waist/hip ratio was used as an
indicator of body fat distribution. The present study showed that different conclusions
about the relationship between fat distribution and energy expenditure are obtained
when the different adipose tissue depots are quantified more precisely by the use of
imaging techniques. In both sexes,waist/hip ratio was not significantly correlated with
RMR, whereasvisceral fat was positively correlated to RMR inwomen compared with
a negative association with subcutaneous abdominal fat.
Contradictory results have been obtained from studies in which the associations
betweenbodyfatdistributionandtheprognosisofweightreductionwereexamined(3-9).
Thisstudydoesnotsupportthefindings ofpreviousstudiesthatabdominal obesedolose
bodyweight and fat more easily than gluteal-femoral obese (3-5).In the present study,
aninitiallylargevisceralfat depositionwasinfact significantly associatedwithareduced
loss of weight and fat mass in men, whereas, in women, this trend was not significant.
Wadden et al. (6) also found a smaller loss of total body fat in upper-obesity. Other
investigators, however, did not observe associations between fat distribution and the
abilitytoloseweight (7-9).Differences inthe definition and measurement techniquesof
bodyfat distribution,characteristics ofthestudypopulation, orexperimental designmay
be responsible for differences observed between the results of the present study and
others.Incontrast toprevious studies inwhich all subjects received the same amountof
calories, in this study, each subject had equal energy deficits at the start of the weight
reduction period. It may be that the larger weight losses in women with abdominal
obesity inprevious studiesare duetothelarger energydeficits inthesewomen resulting
from the same standardized caloric-restricted diet for the whole study population.
In the present study, we were able to distinguish the reduction in visceral and
subcutaneous abdominal fat. Although obese subjects with an initial abundance of
visceral fat did notlosemore bodyweight than subjects with smaller amounts ofvisceral
fat, the reduction ofthevisceralfatwasincreased at theexpenseofareduced lossofthe
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subcutaneous fat in these subjects. Changesinfat mass and changesinvisceral fat were
not significantly related in women (r=0.18,/?=0.28) and men (r=0.28,/?=0.11). The
preferential reductionofvisceralfatisconsistentwiththeproposedfindings thatlipolysis
in visceral fat cells is increased compared with subcutaneous fat cells (36). Visceral
adipose tissue seemstobe the fat depot that playsa critical role inthe associationswith
anunfavorable lipidprofile (37).Therefore, thepreferential reductionofvisceralfatmay
be expected tolead tofavorable changesinserumlipoproteins and other riskfactors for
metabolic disorders.
Weconcludethattheremaybegenderdifferences intheassociationsbetweenvisceral
fat accumulation and components of energy expenditure in obese subjects.The reasons
for these gender differences remain unclear, and further investigations are needed. In
addition, obese subjects with visceral fat accumulation do not lose body weight more
easily than subjects with less visceral fat. However, in obese men and women, an
abundance of visceral fat, the most hazardous fat depot related to metabolic disorders,
is associated with a larger reduction of visceral fat with weight loss.
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CHAPTER 4
VISCERAL FAT LOSS MEASURED BY MAGNETIC RESONANCE IMAGING IN
RELATION TO CHANGES IN SERUM LIPID LEVELS OF OBESE MEN AND
WOMEN*

RianneLeenen,Karin vanderKooy,Anneke Droop, JaapC. Seidell, PaulDeurenberg, Jan
A. Weststrate, JosephGAJ. Hautvast

ABSTRACT
The effect of weight reduction on serum lipids in relation to visceral fat
accumulationwasstudied in78healthyobesesubjects (40premenopausal women
and 38 men) aged 27-51years and with an initial body mass index of 30.7 ± 2.2
kg/m2 (mean ± SD).The subjects received a 4.2 MJ/day energy-deficit diet for
13weeks. Magnetic resonance imaging was used to assess abdominal fat areas
before and after weight loss.Weight reductions of 12.6 ± 3.2kgin men and 11.7
± 3.8kginwomenresulted inlargerreductionsinthefasting serumlevelsoftotal
cholesterol (p<0.05), LDL cholesterol (p=0.06), and triglycerides (p<0.01) and
a larger increase in the HDL cholesterol/LDLcholesterol ratio (p=0.05)in men
compared withwomen. Men also lost more visceral fat (p<0.0001),whereas the
reductions in the total and subcutaneous abdominal fat depots were similar. In
women, visceral fat loss was significantly related to an increase of the HDL
cholesterol level,independent of the degree oftotal fat loss.Inmen,however, no
significant correlationswere observed between changes invisceral fat and anyof
the serum lipids. Comparisons of average changes in obese men and women
suggestthatvisceral fat lossisassociated with animprovement of the serum lipid
profile. However, correlation analysis does not support a critical role of visceral
fat indetermining serumlipid concentrations onanindividual level,exceptfor an
improvement oftheHDLcholesterol levelwithvisceral fat lossinobesewomen.

INTRODUCTION
Previousstudieshaveclearlyshownthat theoccurrence ofseveralmetabolic aberrations
of obesity, such as diabetes mellitus and coronary heart disease, are related to body fat

* Arteriosclerosis and Thrombosis 1993;13:487-494.
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distribution (1,2).Arelativepredominance ofvisceralfat intheabdominal regionseems
tobeamoreimportantpredictor for thesemetabolicdisordersthanistotalbody fatness.
In numerous studies, the influence of weight reduction on changes in serum lipids in
obesityhasbeenexamined.Therehavebeenonlyafewstudiesinvestigatingtherelations
between changes in body fat distribution and changes in serum lipid levels in response
to weight reduction (3-5).In two of these studies (3,4),changes in body fat distribution
weremeasured bythewaist/hipratio,whichisthecommonlyusedanthropometric index
for adipose tissue distribution. However, it has been previously demonstrated that
changesinthewaist/hip ratio seemto be inappropriate for the evaluation of changesin
visceral fat (6,7). Only Fujioka et al. (5) have reported, in a study of obese Japanese
women,relationsbetweenchangesinvisceralfatmeasuredbycomputedtomographyand
changes in serum lipids. To our knowledge, no previous studies have investigated the
associations between changes in serum lipid levelsand changes in thevisceral fat depot
in obese men. Men have morevisceral fat (8) and a serum lipid profile that indicates a
higher risk for coronary heart disease compared with women (8,9).
Visceral adipose tissue hasbeen proposed tobe the most important fat depot related
to an unfavorable lipid profile (10). Recently, we have shown that there is a larger
reduction invisceral fat with weight loss in obese subjects with an initial abundance of
visceral fat than in obese subjects with smaller amounts of visceral fat (11). This
preferential reductioninvisceralfat,whichmaybeduetotheproposed elevated lipolytic
capacity of the visceral adipocytes (12), is expected to be accompanied by favorable
changes in the serum lipid profiles after a period of energy restriction, particularly in
obese subjects with visceral fat accumulation.
The purpose of this studywas to investigate the effects of a controlled slimming diet
during 13 weeks on serum lipidsand on body fat distribution in obese men aswell asin
obesewomen.Particular attentionwasfocused onwhether reductions inthevisceral fat
depot,measuredbymagneticresonance imaging,werecorrelatedwithfavorable changes
in the serum lipid profile in obese subjects.

METHODS
Subjects
Participants were recruited by means of advertisements in local newspapers. Ninety-six
obese subjects (48 women and 48 men) were selected on the basis of their body mass
index (between 28and 38kg/m2), age (between 25and 51years),premenopausal state,
smoking behavior (fewer than 5 cigarettes per day), and drinking behavior (fewer than
2 alcoholic consumptions per day). All subjects were apparently healthy, asjudged by
theirmedicalhistoryandaphysicalexamination.Subjectswithglycosuriaand proteinuria
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wereexcluded.Throughout thestudy,noneofthevolunteersreceived medication known
to affect the variables measured in this study, and the women did not use oral
contraceptives before or during the study.None of the subjects had been on a slimming
dietforseveralmonthsbefore thestudy.Subjectswithanabdominal and gluteal-femoral
fat distribution, based on the waist/hip ratio (cutoff points, 0.85 in women and 1.00 in
men), were matched for age and body mass index by sex. Fourteen subjects did not
complete the dietary treatment successfully: 4 were excluded because of intercurrent
illness,6were excluded for personal reasons,and 4were excluded because of suspicion
ofpoordietarycompliance.Inaddition,datawereexcluded for2subjectswhowere later
diagnosed as having subclinical hypothyroidism and 2 who were later found to have
severe fasting hyperinsulinemia (>100 jiU/mL). Data for statistical analysis remained
for 78subjects (40women and 38men).Allsubjects gavetheirwritteninformed consent
toparticipate inthisstudy,whichwasapprovedbythe MedicalEthicsCommittee of the
Department of Human Nutrition. The procedures had been fully explained to the
volunteers.
Experimental design and diet
Subjectsweredividedinto4groups;eachgroupwasgivenadifferent weight-maintaining
dietbefore weightloss.Thegroupsdidnot differ withrespect tofat distribution (neither
in thewaist/hip ratio nor in abdominal fat depots).The dietswere individually tailored
to meet each person's energy requirement, whichwas estimated from resting metabolic
rate and physical activity pattern as described previously (13). Body weights were
recorded twice a week by the subjects, and energy intakes were adjusted to maintain
individual weight stability. After this weight-stable period of 3-10 weeks, baseline
measurements were performed to determine body composition, fat distribution, and
serum lipids in theweek preceding the weight-loss treatment. The weight-stable period
was followed by a period of 13weeks during which the subjects received a 4.2 MJ/day
energy-deficit diet.Individualenergydeficitswerebasedonestimateddailyenergyintake
at the end of the weight-stable period preceding the period of energy restriction. After
the energy-deficit period, the subjectsweregivena diet for 3weeks to maintain the new
achieved body weight; this diet had the same nutrient composition as the weightreduction diet (post-slimming diet). At the end of this period, all measurements were
repeated.
The nutrient composition of the diets was calculated with the use of the Dutch
computerized food-composition table (14). Ninety-five percent of the energy intake in
each dietary period was supplied individually to the volunteers by the Department of
HumanNutrition.Inaddition, theparticipantswereallowed tochoose alimited number
offood items,free offat and cholesterol,thatprovided afixed amount of5%ofthe total
daily energy intake. Duplicate portions of each diet were collected, stored at -20°C,
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pooledperdietperiod,andanalyzed after thestudy.Thesechemicallydeterminedvalues
were combined with the values calculated (14) for the free-choice items (Table 1).
Theweight-stabledietsconsistedofconventionalfoods,whereastheenergy-deficit diet
was a combination of slimming products and conventional foods. The subjects were
instructed to maintain their habitual physical activitypattern and smoking habits during
the studyperiod.Theywereasked torecord anysignofillness,deviations from the diet,
medication used, free-item choice, and changes in smoking and activity patterns in a
diary. Compliance to the diet waschecked byweight control and meetingswith trained
dietitians every 2weeks.

Table1. Nutrient composition of the diets*
Type of diet
Weightreduction
Protein (%of energy)
Fat (%of energy)
Saturated fatty acids
Monounsaturated fatty acids
Polyunsaturated fatty acids
Carbohydrates (%of energy)
Alcohol (%of energy)
Cholesterol (mg/MJ)*
Dietary fiber (g/MJ)*

23.3
33.4
9.9
11.1
11.1
43.0
0.4
33.5
3.6

Post-slimming
21.7
33.7
11.2
11.5
10.1
44.2
0.6
28.0
2.9

t Nutrientcompositionwasbasedonchemicalanalysisof duplicatediets(95%ofenergy)andnutrientcompositionofthefree-choice
items (5%of energy);
* To convert values for the intake of cholesterol to milligrams and dietary Tiberto gramsper 1,000 kcal, multiplyby4.184.

Blood sampling and analyses
Venous blood was drawn twice in the morning after an overnight fast of 11-13 hours,
with an interval of 2 days. The mean concentration of the 2 samples was used for
statistical analysis.Serumwasprepared by low-speed centrifugation within 1hour after
venipuncture andstored at-80°Cuntilanalysis.Totalserum cholesterolwasdetermined
by an enzymatic colorimetric method (15). Serum high density lipoprotein (HDL)
cholesterol was measured by the same enzymatic method (15) after precipitation by
dextran sulfate-Mg2* (16).Serum triglycerides were determined aspreviously described
(17). The within-run coefficient of variation of control sera was 1.3% for total
cholesterol, 1.6% for HDL cholesterol, and 1.6% for triglycerides. The between-run
coefficient of variation of control sera was 0.7% for total cholesterol, 1.1% for HDL
cholesterol, and 0.9% for triglycerides. Accuracy for total cholesterol and triglycerides
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was checked byanalysis of serum pools of knownvalue provided bythe US Centers for
Disease Control (Atlanta,GA). Accuracy for HDL cholesterol was checked by serum
poolsofknownvalueproduced bySolomonParkResearch Laboratories (Kirkland,WA).
Themeanbiaswithregard totargetvaluesoftheCenters for DiseaseControlwas +0.11
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
low density lipoprotein (LDL) cholesterol concentration was calculated using the
Friedewald equation (18).TheratioofHDLcholesteroltoLDLcholesterol (HDL/LDL
ratio) was calculated as an index of atherogenicity.
Body composition
Allanthropometric measurements were madewiththe subjects wearing onlyswimming
gear orunderwear. Bodyweightwasdetermined tothenearest 0.05kgon adigital scale
(model ED-60-T,Berkel,Rotterdam, The Netherlands), and body height was measured
to the nearest 0.001 m using a wall-mounted stadiometer. Body mass index was
calculated as weight (kg) divided by height squared (m2). Whole-body density was
determined by underwater weighing (19). Residual lung volume was measured
simultaneouslybyaheliumdilutiontechnique (20).Percentbodyfatwascalculated from
total body density by the equation of Siri (19). Percent body fat of 2 subjects was
determined from weight and total body water as assessed by deuterium oxide dilution,
assuming a hydration coefficient of the fat free mass of 0.73 (21). These subjects were
afraid of complete immersion under water.
Fat distribution
Waist circumference was measured midway between the lower rib margin and the iliac
crest at the end of agentle expiration.The hipcircumference wasmeasured at the level
of the widest circumference over the great trochanters. Both circumferences were
measured to the nearest 0.001 m with the subjects in a standing position. Magnetic
resonanceimagingscansweremadeonawhole-bodyscanner (GYROSCAN S15,Philips
Medical Systems,Best, The Netherlands) using a 1.5-Tmagnetic field (64 MHz) and a
slice thickness of 10 mm. Transverse magnetic resonance imaging scans were taken
midwaybetweenthelowerribmarginandtheiliaccrestwhilesubjectswerelyingsupine.
The scans were performed and interpreted as described previously (22). In this obese
population, the reproducibility of the fat area determinations from the same scan,
expressed as the coefficient of variation, before weight losswas 1.8%, 5.0%, and 2.2%
for the estimation of total,visceral, and subcutaneous abdominal fat areas, respectively;
after weight loss, the values were 2.3%,5.7%, and 2.0%, respectively. In 6 subjects (3
women and 3 men), only the measurements before weight loss could be used for
statistical analysis because of incorrect measurements after weight loss.
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Statistical methods
Deviationsfromnormality ofthedistributions ofthevariableswerecheckedwithin each
sex. The distributions of triglycerides, visceral fat, and the changes in visceral fat and
triglycerideswereslightlyskewed.Naturallogarithm-transformed valuesfor triglycerides
andvisceralfat wereperformed instatistical analyses.Notransformations for change in
visceral fat and change in triglycerides were used because this resulted in findings
principally identical to analyses based on normally distributed variables.Differences in
variables before and after the weight loss treatment were tested by Student's paired t
test. Pearson's product-moment correlations and partial correlation coefficients were
computed within each sexbyusingunivariate and multiple linear regression techniques
with serum lipids as dependent variables and the covariates as independent variables.
Differences between theregressionlinesfor menandwomenweretested for differences
in slopes and intercepts as described byKleinbaum et al. (23).Regression analysiswas
also used to determine the effects of changes invisceral fat onthegender differences in
changes in serum lipid levels.Two-sided probability valueswere considered statistically
significant at/?<0.05. Results are expressed asmeans ± standard deviation (SD) unless
otherwise indicated.

RESULTS
The characteristics of the study population before weight loss are summarized in Table
2.The differences invariablesbetween men andwomenwereall statistically significant,
exceptfor age,bodymassindex,total abdominal fat area,andtotalandLDLcholesterol.
Although men had, on average, a smaller fat mass compared with women, men had
higher triglyceride concentrations and lower values for HDL cholesterol and the
HDL/LDL ratio than women. Men had larger visceral fat areas and higher waist/hip
ratios, whereas women had more subcutaneous abdominal adipose tissue.
Table3showsthe changesinbodyweight,bodycomposition, and fat distribution after
weightreductionfor menandforwomen.Withineachsex,allvariableswere significantly
lower (p<0.0001) after weight loss.Losses of bodyweight and fat mass induced by the
energy-deficit diet did not differ significantly between men and women. Although men
and women lost similar amounts of total and subcutaneous abdominal fat, men lost
significantly more visceral fat than women, and the decrease inthe waist/hip ratiowas
also significantly larger in men. In both sexes, the mean body weight remained stable
from the end oftheweight reduction period tothe end ofthepost-slimming diet: +0.07
± 0.87 kg (p=0.62) in women and -0.07 ± 1.22 kg (p=0.74) in men.
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Table2 Characteristics of the subjects before weight loss

N
Age(yr)
Weight (kg)
Body mass index (kg/m 2 )
Body fat (%)
Fat mass (kg)
Waist/hip ratio

WOMEN

MEN

40
39 ± 6
85.0 + 8.4
30.9 + 2.2
43.0 + 4.5
36.7 + 6.2

38
41 ± 6

0.87

+

0.07

96.5 + 7.7"
30.5 ± 2.2
32.5 + 4.1"
31.5 ± 5.1"
0.98 - 0.05'

Abdominal fat areas fcm'1
Visceral
Subcutaneous
Total

106 4; 44
390 ± 103
4% + 109

156 + 39"
314 ± 67*
470 - 77

Serum lipids (mmol/L)'
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

5.39 + 0.80
3.63 ± 0.67
1.19 ± 0.25
0.34 + 0.08
1.27 + 0.52

5.63 + 0.87
3.88 ± 0.78
0.91 + 0.15*
0.24 + 0.05*
1.87 + 0.66*

Values are means i SD;
LDL=lowdensitylipoprotein, HDL=high density lipoprotein, HDL/LDL ratio=hdl cholesterol/Idl cholesterolratio;
t To convert from mmol/L to mg/dL, multiplycholesterol values by 38.67 and triglyceride values by8834;
* p<0.001, **p<0.0001:women versus men.

Table3. Changes invariables afterweight reduction*
WOMEN
N
Weight (kg)
Body mass index (kg/m )
Body fat (%)
Fat mass (kg)
Waist/hip ratio
Abdominal fat areas (cm 2 ) +
Visceral
Subcutaneous
Total

40

38

11.7

+

4.3
7.2

+

10.3
0.03

MEN

+

+
+

3.8*
1.4*
3.0*
3.6*
0.03

35 + 25*
117 ± 58*
152 + 64*

12.6 ± 3.2*
4.0 + 1.0*
6.9 ± 2.7*
9.8 + 3.1*
0.07 + 0.03**

61 ± 26**
113 + 45*
174 + 53*

Values are means ± SD;
t Change invariable was assessed asvalue before minus after weight loss;
+ 37women, 35men;
* p<0.0001:before versus after weight loss;
* p<0.0001:women versus men.
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Figure 1. Bargraph showingchangesinserumlipids in38obesemen (openbars) and 40
obesewomen (hatchedbars) withweight reduction (means ± SEM)*
TC=total cholesterol, LDL=low density lipoprotein cholesterol, HDL=high density lipoprotein cholesterol,
TG=triglycerides;
f Change invariablewas assessed asvalue before minus after weight loss;
* p<0.05, **p<0.01:women versus men.

The effects of weight loss on the changes of the various serum lipid levels are
illustratedinFigure 1.Thechangesofallserumlipidswerehighlysignificant (p<0.0001),
except for HDL cholesterol inwomen (p=0.15).The decreases in total cholesterol and
triglycerideswere significantly larger inmen than inwomen.The differences in changes
in LDL cholesterol and in the HDL/LDL ratio between both sexeswere of borderline
significance atp=0.06 andp=0.05, respectively.The HDL/LDL ratio rose,on average,
inwomen by 0.05 ± 0.04 (p<0.0001) and in men by 0.07 ± 0.05 (p<0.0001).
InTable4,thecorrelationsbetweenchangesinserumlipidlevelsandchangesinbody
weight and fat massare presented.Inmen, a reduction inbodyweight was significantly
associated with an improvement of the serum lipid profile and a loss of fat mass with
increases in HDL cholesterol and the HDL/LDL ratio as well as a decrease in
triglycerides (p=0.05).Inwomen,reductionsinbodyweight and fat masswerepositively
related to decreases in total, LDL and HDL cholesterol concentrations, although the
correlationbetweenchangesinbodyweightandHDLcholesteroldidnotreach statistical
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significance (p=0.13). Ithasbeen demonstrated that theextent ofchangesin cholesterol
levelsthat occurwithweightlossisalsopartlydependent ontheinitialserumlevels(24).
Thereweresomesignificant differences ininitialserumlipidlevelsbetweenthe4groups
thatreceived different pre-slimmingdiets(datanotshown).However,adjustment for the
contribution of the initial serum lipid levels on changes in serum lipids did not
appreciably affect the observed correlations in both sexes, except for higher significant
correlations between changes in fat mass and changes in total cholesterol (r=0.38,
/?<0.05),LDLcholesterol (r=0.31,p=0.07), and triglycerides (r=0.52,p<0.001) inmen.

Table4. Pearson correlation coefficients between changes inserumlipidsanddecreasesin
bodyweight andfat massafterweight reduction*
Decrease in body weight (kg)

Decrease in fat mass (kg)

Change in (mmol/L)

Women (n=40)

Men (n= 38)

Women (n= =40)

Men (n=38)

Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

035***
0.48**
0.24
-0.14
0.19

0.49**
0.42**
-0.44**
-05V"
0.49**

0.55***
052'"
0.35*
-0.09
0.02

0.25
0.23
-0.43**
-0.41**
0.32

LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL ratio=hdl cholesterol/ldl cholesterol ratio;
t Change invariable was assessed asvalue before minus after weight loss;
* p<0.05, **p<0.01, ***p<0.001.

Thecorrelationsbetweenchangesinserumlipidlevelsanddecreasesinfat distribution
parameters due to weight loss are given in Table 5. In men and women, none of the
correlationsbetween changes invisceral fat or thewaist/hip ratio and changes in serum
lipids reached statistical significance. Reductions in the total and subcutaneous
abdominalfat depotsweresignificantly associatedwithimprovementofthelevelsoftotal
and LDL cholesterol inwomen, whereas in men these reductions were associated with
improvement ofHDLcholesterol and the HDL/LDL ratio.Inboth sexes,a decrease in
totalfat masswasstronglyrelated todecreases intotal (r=0.77and/?<0.0001 inwomen,
r=0.64 and/7<0.0001 in men) and subcutaneous abdominal fat depots (r=0.78 and
p<0.0001in women,r=0.58 andp<0.001in men). After adjustment for the degree of
total fat loss, only the correlation between reduction in the visceral fat depot and
improvement ofthe HDL cholesterol levelin women reached statistical significance
(r=-0.41,p<0.05),and additional adjustment for the initial serum lipid level showed the
same tendencies compared with analyses with adjustment for degree of total fat loss
alone.
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Table5. Pearson correlation coefficientsbetween changes inserumlipids anddecreases in
bodyfat distribution variables afterweight reduction*
Decrease in
Abdominal fat depots (cm )

Change in (mmol/L)

Total
fat

WOMEN rn=37}
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

0.34*
0.33'
0.11
-0.10
0.10

MEN(n=35)
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

0.13
0.14
-0.48**
-0.41*
0.20

Subcutaneous
fat

Visceral
fat

Waist/hip
ratio

0.41*
0.41*
0.26
-0.02
0.01

-0.08
-0.09
-0.31
-0.19
0.26

0.03
0.11
-0.18
-0.13
-0.03

0.07
0.0S
-0.41*
-0.35*
0.22

0.13
0.19
-0.25
-0.22
0.02

0.26
0.19
-0.24
-0.23
033

LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL ratio=hdl cholesterol/ldl cholesterolratio;
t Change invariable was assessed asvalue before minus after weight loss;
* p<0.05, **p<0.01.

InFigure 2,the unadjusted relations for changes invisceral fat withchangesin levels
of total cholesterol (panel A) and HDL cholesterol (panel B) are presented for the
whole study population. In both cases,the regression lines for men and women did not
differ significantly with respect to the slopes.Onlythe regression linesbetween changes
in total cholesterol and visceral fat differed significantly in the intercept (p<0.05).
Gender differences inchangesintotal cholesterol and triglyceride levelscouldnot be
fully explained by adjustment for the change in visceral fat area. Such adjustment
reduced the gender differences by approximately 6% for total cholesterol and 16% for
triglycerides,buttheyremainedstatisticallysignificant (p<0.05and/>=0.01,respectively).
The borderline-significant differences between men and women for changes in LDL
cholesterol and the HDL/LDL ratiowere reduced byapproximately 13%(p=0.15) and
38% (p=0.20), respectively, after controlling for visceral fat loss.The gender difference
in change in HDL cholesterol was already not significant (p=0.16), and adjustment for
change in visceral fat area reduced this difference by approximately 66% (p=0.56).
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Figure 2. Plots showingrelationsbetweenchangesinvisceralfat with changesintotal
cholesterollevels (panelA) andchangesinHDL cholesterollevels (panelB)with
weight lossin37obesewomen (o) and 35obesemen (»)*
t Change invariable wasassessed asvalue before minus after weight loss.

Table6showsthecorrelationsbetweenindicatorsofbodyfatdistributionbeforeweight
lossand changesinserum lipidsinresponse toweightreduction after controllingfor age
and initial totalfatmass.Adjustment for these 2parameters wasnecessarybecause age
in both sexes and initial fatmass inmen were significantly correlated with visceralfat
accumulation: r=0.49 andp<0.01versus age and r=0M andp<0.01versus initialfat
massin men, andr=0.41 andp<0.01 versus age inwomen. Inboth sexes,no significant
correlations betweentheinitialwaist/hipratioand changesinserumlipid profile could
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beobserved,although inwomenthecorrelationwithHDLcholesterolwasofborderline
significance (p=0.05). Inwomen, an initial abundance ofvisceral fat before weight loss
was significantly associated with an improvement of HDL cholesterol and triglyceride
levels after weight loss, whereas in men it was associated with a deterioration of the
HDL cholesterol level. Additional adjustment for degree of total fat loss did not
appreciably affect the observed correlations inwomen, although in men the significant
relation disappeared.

Table6. Partial correlations (adjusted for age and initialfat mass) between body fat
distribution variables beforeweight lossand changes inserumlipids afterweight
reduction*
Initial parameters
Abdominal fat depots (cm )

Change in (mmol/L)

Total
fat

Subcutaneous
fat

WOMEN (n=40)
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

0.05
-0.01
-0.07
0.01
0.20

0.16
0.14
0.16
0.06
-0.03

-0.27
-0.30
-0.48"
-0.10
0.36'

-0.09
-0.08
-0.32
-0.12
0.18

MEN(n=38)
Total cholesterol
LDL cholesterol
HDL cholesterol
HDL/LDL ratio
Triglycerides

0.12
0.11
-0.04
-0.05
0.08

0.12
0.08
-0.28

-0.01
0.02
0.37*
0.31
-0.21

0.08
-0.02
0.13

-0.23
0.23

Visceral
fat

Waist/hip
ratio

0.12
0.18

LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL ratio=hdl cholesterol/ldl cholesterol ratio;
t Change invariable was assessed asvalue before minus after weight loss;
* p<0.05, *• p<0.01.

DISCUSSION
This studyin healthy, moderately obese subjects showed that, with similar reductions in
body weight and fat mass, men had larger reductions in serum total cholesterol, LDL
cholesterol, and triglyceride levels and a larger increase in the HDL/LDL ratio
compared withwomen. Men also lost morevisceral fat, whereas reductions in total and
subcutaneous abdominal fat were similar. Although these results suggest that a larger
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reduction in visceral fat is associated with a better improvement of the serum lipid
profile, correlations between changes in the visceral fat depot and changes in serum
lipids were not significant in either sex. Only the change in HDL cholesterol was
inversely associated with a change invisceral fat in women.
The average weight reduction of approximately 12 kg caused by caloric restriction
resulted in changes to more favorable serum lipid levels in both sexes,except for HDL
cholesterol inwomen.Thisweight losswasaccompanied bysubstantial changes inbody
fat distribution inmenaswellaswomen.Thelarger lossinvisceralfat inmen compared
withwomen isin accordance with our previous findings that larger baseline amountsof
visceralfat are associatedwithlargerreductions inthevisceralfat depotwithweightloss
(11).
Analysis of the data at baseline revealed that in the studied obese men the amount
ofvisceral fat wasnot significantly related to serum lipid levelsindependent of age and
percent body fat (8). In this context, it is not surprising that in these men the loss of
visceral fat did not correlate with any of the changes in serum lipids levels.In contrast,
the total amount of body fat lost was significantly related to improvement of all serum
lipids in men. This suggests that total body fat loss seems to be more important in
improving the serum lipid profile of obese men than loss of visceral fat.
Inwomen, initialvisceral fat wasfound to be strongly inversely associated with HDL
cholesterol and positively with triglyceride levels but not with levels of total and LDL
cholesterol (8).Reductions in visceral fat inwomen did lead to improvement of levels
of HDL cholesterol but not of triglycerides, independent of the degree of total fat loss.
Thelackofsignificant correlationsbetweenchangesinvisceralfat andtriglyceridelevels
may be partly due to the relatively large within-person variations in both variables
(22,25).
Theonlyotherprospectivestudyinwhichimagingtechniqueswereused demonstrated
a significant correlation between reduction ofthevisceralfat depot and improvement of
triglyceridelevelsinobeseJapanesewomen,whereasnosignificant relationwasobserved
withimprovementoftotalandHDLcholesterol (5).Thedifferent resultsintheJapanese
studyandthepresent studycouldperhapsbepartlyexplained bytheinitialhigher serum
triglyceride levelsoftheJapanesewomen, thelarger obtained reduction intriglycerides,
and the fact that serum lipids were probably not measured at the end of a completely
weight-stable period.Ithasbeen reported that itisimportant tomeasure concentrations
of HDL cholesterol in a weight-maintenance state (26,27).
The relatively large measurement error of visceral fat areas, as described previously
by Seidell et al. (22), might cause attenuation of the correlations. Despite these
limitations, the correlation between reduction of visceral fat and improvement of the
HDL cholesterol level in women was obvious in the present study. Especially obese
women with an initial abundance ofvisceral fat maybenefit from weight reductionwith
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regard totheirHDLcholesterol levelsbecausetheyloserelativelymorevisceralfat than
womenwithlessvisceralfat at baseline (11).The exact mechanismbywhichvisceral fat
influences HDL concentrations isnot fully resolved. It has been proposed that the high
hepatic triglyceride lipase activity in obese womenwith visceral fat accumulation could
be responsible for the reduction in plasma HDL cholesterol levels, particularly HDLj
cholesterollevels,whereasvariationsinsexsteroidlevelsmayplayapotentialroleinthe
associations between visceral fat and hepatic triglyceride lipase activity (28). Therefore,
gender differences in sex steroid concentrations may be partly responsible for the
associations between improvement of HDL cholesterol and visceral fat reduction in
women only.
It has been suggested that body fat distribution may be responsible for the gender
differences in serum lipid concentrations (29). This seems to be particularly true for
HDL cholesterol and triglycerides. It is less clear for total and LDL cholesterol, as
indicated in a previous study (8) and in others (29,30). In the present study, average
initial levelsof total and LDLcholesterol weresimilar inmen andwomen.The changes
in total and LDL cholesterol and visceral fat loss,however, were all larger in men than
in women, despite the same degree of total fat loss.These latter findings suggest that
visceral adipose tissueseemstoplaya role indetermining serum cholesterol levels.The
reason for this discrepancy is still unknown.
Inconclusion,thelargerobservedreductioninvisceralfatandthebetter improvement
of the serum lipid profile accompanying weight loss in healthy, moderately obese men
compared with premenopausal, moderately obese women suggests a crucial role of the
visceral fat depot in the improvement of the serum lipid levels of obese subjects.
However,within each sex,no significant correlations between reductions of the visceral
fat depot and improvement ofthe serumlipid profile could befound, withthe exception
of a significant association in women between visceral fat loss and an increase in HDL
cholesterol. It maybe that evenwith imaging techniques the changes in the visceral fat
depots cannot be measured precisely enough because of the large within-subject
variability in the estimate of visceral fat and that the present study population was too
homogeneous with respect to ranges of body fatness and serum lipids. In addition,
measurement of changes in total visceral fat does not allow separation of the effects of
changes in the different intra-abdominal fat depots (retroperitoneal, mesenteric, and
omental). Particularly, the mesenteric and omental fat depots ('portal tissues') are
proposed to be associated with metabolic disorders (2). It may be that associations
between these fat depots and serum lipids are diluted bylooking at all intra-abdominal
fat depots simultaneously. There are no techniques that make it possible to distinguish
between these different intra-abdominal fat depots. With the use of the present
techniques,theimportance ofvisceralfat inprospectivestudiesonchangesinrisk factors
for coronary heart disease seems to be less clear than previously anticipated (1,2).
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CHAPTERS
RELATIVEEFFECTS OFWEIGHTLOSSAND DIETARYFAT MODIFICATION ON
SERUM LIPID LEVELS INTHEDIETARYTREATMENTOFOBESITY*

Rianne Leenen, KarinvanderKooy, SasMa Meyboom,Jaap C.Seidell, PaulDeurenberg,
JanA. Weststrate

ABSTRACT
The independent effects of weight loss and dietary fat modification on serum
lipids were investigated in two groups of healthy moderately obese men and
women, who were first fed a weight-stable high-fat,high-saturated-fat diet for 3
weeks. In one group ('sequential' group, n=19), a weight-stable low-fat,lowsaturated-fat diet (Low-Sat) was given for 7 weeks, followed by a 4.2 MJ/day
deficit Low-Sat diet and a weight stabilising Low-Sat diet for 3 weeks. Another
group ('simultaneous group', n=22) was subjected to the same regime, but the 7
weeks weight-stable Low-Sat diet was omitted. Both groups lost similar amounts
ofbodyweight ofabout 13kgand hadsimilar overallchangesintotal cholesterol,
LDL cholesterol, HDL cholesterol, the HDL/LDL ratio, and triglycerides.
Analysis ofthe separate effects ofthe Low-Sat dietwithout energyrestriction and
of weight loss in the 'sequential' group showed that weight loss per se was
responsiblefor about50%ofthetotalreductionintotalcholesterol,andfor about
60% and 70% of the fall in LDL cholesterol and triglycerides, respectively. Fat
modification without weight loss reduced HDL cholesterol by 11.1% and the
HDL/LDL ratio by 7.7%, while weight loss per se led to increases in HDL
cholesterol of 12.5%and in the HDL/LDL ratio of 24.0%.Weconclude that the
effects of reduction in fat and saturated fat intake and weight loss are additive.
The net favourable effect of weight loss seems to be greater than that of dietary
fat modification in optimizing the serum lipid profile of obese subjects.

INTRODUCTION
One of the health hazards in affluent countries is obesity, which is associated with an
increased risk of coronary heart disease (1,2). Obese subjects tend to have elevated

* Submitted for publication.
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serum levels of total cholesterol, low-density-lipoprotein (LDL) cholesterol, and
triglycerides,whereas their levels of high-density-lipoprotein (HDL) cholesterol tend to
be reduced. Elevated total cholesterol levels aswell as reduced HDL cholesterol levels
are both risk factors for coronary heart disease (3,4).
Obese subjects, especiallywhen they are hypercholesterolemic, areusually advised to
lose weight in order to improve their serum lipid profile. The effects of weight loss on
serum lipid levels in obese subjects have been investigated extensively. However,
differences in experimental design, type of diet, heterogeneity of the subjects studied as
well as lack of controlled dietary regimens in some studies, make comparison of these
studies difficult. The most controversial issue in weight loss studies is whether or not
there is a change in HDL cholesterol concentration after weight loss.Recently, a metaanalysis of 70weight loss studies has been published, which revealed beneficial effects
of weight reduction on all serum lipid levels, including an increase in HDL cholesterol
at a stabilised reduced weight (5).However, in this meta-analysis, it was not possible to
distinguish between the independent effect of dietary alterations, usually accompanied
by weight loss, and of weight reduction per se. It might be that the changes in lipid
concentrations could,at leastpartly,be explained bychangesintotal fat intake and fatty
acid composition of the diets. The current recommendations regarding the dietary
management of hypercholesterolemia include a low-fat diet with a high ratio of
polyunsaturated tosaturated fat (P/S-ratio) (6,7).Toour knowledge,noprevious studies
have examined the independent effects of losing body weight on the one hand and of
lowering the total fat intake and increasing the P/S-ratio of the diet as indicated by
dietaryguidelinesontheotherhand,onalteringtheserumlipidprofile inobese subjects.
The purpose of the present studywas to evaluate the effects of these factors separately
byintroducing a change innutrient composition either simultaneouslywith or preceding
a period of energy restriction.

SUBJECTS AND METHODS
Subjects
This study was part of a project concerning the effects of weight loss on energy
metabolism,serumlipids,bodycomposition, and severalhormones inrelation tovisceral
fat accumulation (8,9). Participants were recruited by means of advertisements in local
newspapers. Fifty obese subjects (26women and 24men) were selected on the basisof
their body mass index (between 28 and 38 kg/m2), age (between 25 and 51 years),
premenopausal state, smoking behaviour (less than 5 cigarettes per day) and drinking
behaviour (less than 2 alcoholic consumptions per day). The subjects selected were
apparently healthy, as evaluated by a medical history, a physical examination, an urine
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test for glycosuria and proteinuria, and a blood screening for serum levels of total
cholesterol, triglycerides and glucose. The levels of serum lipids of the subjects before
the experiment ranged from 3.67 to 7.78 mmol/L (mean, 6.00 mmol/L) for total
cholesterol andfrom 0.38to2.65mmol/L(mean, 1.45 mmol/L) for triglycerides.Serum
glucoselevelsranged from 4.90to7.10mmol/L (mean,5.71mmol/L) and systolicblood
pressure from 110to 180mmHg (mean, 141mmHg).Throughout the study,none of the
volunteers received anymedicationsknownto affect serumlipidsand thewomendid not
use oral contraceptives. None of the subjects had been on a slimming diet for several
months before the study.
Seven subjects did not complete the dietary treatment successfully: 3 subjects due to
intercurrent illness,3subjects for personal reasons and 1subject was excluded from the
analysis, because of suspicion of poor dietary compliance. The lipid levels of this latter
subject was unknown at the time of exclusion. In addition, data of 1woman who was
later diagnosed as having subclinical hypothyroidism and of 1 woman who was later
found to have severe fasting hyperinsulinemia (>100 jiU/mL), were also excluded.
Results of 41subjects (20women and 21men) remained for statistical analysis.
The protocol for the study, which had been approved by the Medical Ethical
Committee oftheDepartment ofHuman Nutrition,wasfully explained tothevolunteers
and all subjects gave their written informed consent. No monetary incentive was given
except for the free food.
Diets and design
Figure 1shows the experimental design of the study.Ten subjects per week entered the
studyoveraperiod of5weeks.Allsubjects consumed a standardized affluent-type highfat,high-saturated-fat diet (High-Sat) for 3 weeks, during which their body weight was
kept stable. At week 1and 3 of this run-in period, body composition and serum lipid
levels were determined. After this period, the subjects were divided into 2 groups
matched for age and body mass index within each sex.
One group ('sequential' group:8women, 11men)was fed aweight-stable low-fat,lowsaturated-fat diet (Low-Sat) for 7weeks.This diet consisted of a lowpercent of energy
provided bytotal fat and a high P/S-ratio. At the end ofweek 7,all measurements were
repeated. The subjects subsequently received a 4.2 MJ/day energy-deficit diet for 13
weeks with the same nutrient composition as the Low-Sat diet. The individual amount
of energy provided equalled daily energy intake at the end of theweight-stable Low-Sat
diet minus 4.2 MJ/day. Measurements of body composition were repeated after 7 and
13weeks in this slimming period. After this period, the subjects were given a weightstabilising diet for 3weeks with the same nutrient composition as the Low-Sat diet. At
the end of this stabilisation period, all measurements were repeated.

69

Chapter 5

'Sequential'group(/?=19)
J"
Weeks:
Measurements:

h—3—+—
t
t

-13t

—+—3—I

'Simultaneous' group(n=22)
_T
Weeks:
Measurements:

I—3—I—
t
f

-13-

-4—3-H

High-tat, high-saturated-tat diet (High-Sat)
I Low-fat, low-saturated-fat diet (Low-Sat), low level indicates energy restriction
t

Body weight +blood sampling

t

Body weight

Figure 1. Experimentaldesign of thestudy

Theother group('simultaneous'group:12women,10men)receivedthe energy-deficit
Low-Sat diet immediately after the run-in period, followed by the 3weeks stabilisation
period comparable with the 'sequential' group. The 7-weeks period on a weight-stable
Low-Sat diet was thus omitted in this group.
For both groups, the weight-stable diets were individually tailored to meet each
person's energy requirement, which was estimated from resting metabolic rate and
physical activity pattern at the beginning of the weight-stable periods as described
elsewhere (10). Body weights were recorded twice a week by the subjects and energy
intakeswere adjusted by us to maintain individual weight stability.
The nutrient composition of the diets was calculated with the use of a Dutch
computerized food-composition table (11). Ninety-five percent of the energy intake in
each dietary period was supplied individually to the volunteers. In addition, the
participants were allowed to choose a limited number of food items, free of fat and
cholesterol, that provided 5% of the total daily energy intake in order to give subjects
some possibility to vary their choice and, thereby, to improve their cooperation. The
weight-stable diets consisted of conventional foods and the energy-deficit diet was a
combination of slimmingproducts and conventional foods.The subjects were instructed
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to maintain their habitual pattern of physical activity and smoking habits during the
study. They were asked to record any sign of illness, deviations from the diets,
medications used, free-food choice and changes in smoking and activity patterns in a
diary. Compliance with the diets was checked by trained dieticians by means of
interviews, checking the diary and measuring body weight every 2weeks.
Duplicate portions of each diet were collected on alternate days for three imaginary
participants with different daily energy intakes on every three days, stored at -20°C,
pooledperdietperiod,andanalyzed after thestudy.Thesechemicallydetermined values
were combinedwith thevalues calculated (11) for the free-food-choice items (Table 1).

Table 1. Mean dailyintakeof energy and nutrient composition of the diets*
Low-fat,low-saturated-fat

High -fat,
iiigu-oaiuiaicu-

fat

Weightstable
(7 weeks)

Energy deficit

Weight stable
(3 weeks)

Energy (MJ/day)
(kcal/day)

10.3 ± 1.7
2458 i 410

10.8 ± 2.1
2572 ± 507

65 ± 1.7
1561 ± 409

9.5 ± IS
2272 ± 370

Protein (%of energy)

14.4

21.5

23.3

21.3

ftt (% of energy)
Saturated fatty acids
C12:0+C14:0+C16:0
C18:0
Monounsaturated fatty acids
Polyunsaturated fatty acids

40.2
18.3
12.1
3.5
15.2
5.0

33.2
11.0
6.5
3.0
11.5
9.2

33.2
9.6
6.0
2.5
11.5
10.8

34.2
11.5
6.8
31
11.7
9.6

Carbohydrates (% of energy)

44.7

44.9

43.2

44.0
0.6
25.1
31

Alcohol (%of energy)
Cholesterol (mg/MJ)*
Dietaryfibre(g/MJ)*

0.7

0.5

0.3

27.8
3.7

24.2
3.0

30.6
3.8

Based on chemical analysisof duplicate diets (95%of energy) and calculated nutrient composition of the free-choice items(5%
of energy);Analysis of ancillaryduplicate diets providing7.8,10.8and 12.3MJperday in theweight-stable periods and 3.6, 6.6,
and 81 MJperdayin the energy-deficit period, showed that the variation between subjects in the composition of the diets was
negligible, therefore, no standard deviations aregiven for the nutrients;
To convert values for the intake of cholesterol to milligrams and dietary fibre to gramsper 1,000 kcal, multiplyby4.184.

Blood sampling and analyses
Venous blood was drawn in the morning after an overnight fast of 11-13 hours, twice
with an interval of 2 days. The mean concentration of the 2 samples was used for
statistical analysis. Serumwas obtained by low-speed centrifugation within 1hour after
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venipuncture,storedat-80°C,andanalyzedenzymaticallyfor total-andHDLcholesterol
andtriglycerides(12-14).Thewithin-runcoefficient ofvariationofcontrolserawas 1.5%
for total cholesterol, 1.8% for HDL cholesterol, and 1.2% for triglycerides. The
coefficient ofvariation ofcontrol serabetween runswas0.7%for total cholesterol,0.8%
for HDL cholesterol, and 1.1% for triglycerides. The mean bias with regard to target
values of serum pools provided by the U.S. Centers for Disease Control
(Atlanta,GA,USA) was +0.11 mmol/L for total cholesterol and -0.07 mmol/L for
triglycerides. The mean bias with regard to target values of serum pools obtained from
the Solomon Park Research Laboratories (Kirkland,WA,USA) was +0.10 mmol/L for
HDL cholesterol. The LDL cholesterol concentration was calculated using the
Friedewald equation (15).Theratio ofHDLcholesteroltoLDLcholesterol (HDL/LDL
ratio) was calculated as an index of atherogenicity.
Body composition
Bodyweightwasdetermined tothenearest 0.05kgusingadigitalscale (BerkelED-60-T,
Rotterdam, The Netherlands) with the subjects wearing only swimming gear or
underwear. Body height was measured to the nearest 0.001 m using a wall-mounted
stadiometer. Body mass index was calculated as weight (kg) divided by height squared
(m2).Whole-bodydensitywasdeterminedbyunderwaterweighing(16)withsimultaneous
measurement of the residual lung volume by a helium dilution technique (17).
Percentage body fat wascalculated from total body density bythe equation of Siri(16).
Onewomanwasafraid of complete immersion under water. Percentage body fat of this
subject was determined from weight and total bodywater as assessed by the deuterium
oxide dilution technique, assuming 73%of the fat free mass to be water (18).
Statistical methods
Deviations from normality of the distributions of the variables were checked. Only the
distribution ofHDLcholesterol atweek3oftheHigh-Satperiodwasslightlyskewedand
natural logarithm-transformed values for this variable were used in statistical analysis.
Differences invariables at week 3 of the High-Sat period and differences in responses
between the 'simultaneous' group and the 'sequential' group were performed using
unpaired Student'sMests.Changes invariables due to the dietswithin each group were
tested using Student's paired Mests. Pearson's product-moment correlation coefficients
were computed between the changes in body weight and the responses in serum lipids
for both sexes. Two-sided p-values were considered statistically significant at p<0.05.
Results are expressed as means ± standard deviation (SD) unless otherwise indicated.
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RESULTS
Table 2presents the baseline characteristics of the41subjectswho completed the study
successfully. No significant differences in variables were found between the
'simultaneous' group and the 'sequential' group. Comparison of the characteristics of
women(n=20) withthose ofmen(«=21) demonstrated that menhadsignificantly lower
levels of percent body fat (p<0.0001),fat mass (p<0.01), HDL cholesterol (p<0.0001)
and the HDL/LDL ratio (p<0.0001),whereasthe levelsofbodyweight (p<0.0001) and
serum triglycerides (p<0.001)were significantly higher inmen than inwomen (data not
shown).

Table 2. Characteristics of the 'simultaneous'group and the 'sequential'group*
'Simultaneous' group
means ± SD
N (females/males)
Age(yr)
Weight (kg)
Body mass index (kg/m )
Body fat (%)
Eat mass (kg)

22 (12/10)
41 ± 6
90.7 ± 8.5
30.6 ± 2.0
39.3 ± 6.2
35.5 ± 5.9

Serum lipids'1'
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
HDL/LDL ratio
Triglycerides (mmol/L)

5.62 ±
3.83 ±
1.10 ±
0.30 ±
1.53 ±

0.71
0.65
0.22
0.08
0.59

'Sequential' group
range

31-51
70.7-103.9
27.6-34.4
30.1-51.4
25.4-46.6

4.34-7.08
2.74-5.28
0.69-1.69
016-0.47
0.45-2.75

means ± SD
19 (8/11)
40 ± 5
89.7 ± 9.4
30.5 ± 2.3
39.0 ± 7.8
34.7 ± 6 3

5.57 ±
3.85 ±
0.99 ±
0.26 ±
1.63 ±

0.81
0.73
0.21
0.07
0.62

range

2848
73.2-110.4
27.1-363
25.9-50.7
24.1483

4.00-717
238-5.09
0.72-131
018-0.40
038-2.83

LDL=low density lipoprotein, HDL*high density lipoprotein, HDL/LDL ratio=hdl cholesterol/ldl cholesterol ratio;
t Characteristics were taken atweek 3 on a high-fat, high-saturated-fat diet;
+ To convert from mmol/L to mg/dL, multiplycholesterol values by38.67 and triglyceride values by 8834.

Changes in body weight during the study are illustrated in Figure 2 for the 2 groups
separately. During the High-Sat period, the mean body weight fell by 1.4 ± 1.0 kg
{p<0.0001) in the 'simultaneous' group and by 1.6 ± 0.9 kg (p<0.0001) in the
'sequential' group. During the 7 weeks on a Low-Sat diet, body weight was reduced
further by 1.5 ± 1.4 kg (p<0.001) in the 'sequential' group. No significant correlations
were found between changes in bodyweight and changes in serum lipids in this period,
calculated either for allsubjects together orformenandwomen separately.Weightloss
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due to energy restrictionwasnot statistically different between the 'simultaneous' group
and the "sequential' group (p=0.84), and body weights remained stable during the
following weight stabilisation period. The total reductions in body weight and fat mass
during the weight loss and final stabilisation period together were 13.5 ± 3.3 kg
(p<0.0001) and 11.8 ± 3.4kg(p<0.0001),respectivelyinthe 'simultaneous' groupversus

KG
B0DY WEIGHT

100-

80-

HIGHSAT

60-

1

LOW-SAT
weight stable |

K3-H
—-•—-

energy deficit

7'simultaneous' group

•weight
stable

-3H wk

-13-

'sequential' group

Figure 2 Body weight (means ± SEM) for the 'simultaneous' group (n=22) and the
'sequential'group(n=19) duringthe study
High-Sal=highfat,highsaturatedfat;Low-Sat=lowfat,lowsaturatedfat.

13.2 kg ± 3.0 kg (p<0.0001) and 10.9 kg ± 2.3 kg (p<0.0001), respectively in the
'sequential' group.
Table 3shows the separate effects of change in dietary fat without energy restriction
and of pure weight loss on serum lipids in the 'sequential' group. As a result of the
weight-stable Low-Satdiet aswellasofweightloss,the levelsof serum total cholesterol,
LDL cholesterol and triglycerides reduced significantly: -7.2%, -5.2%and -12.9% after
the Low-Sat diet, and -7.9%, -8.5% and -33.1% after weight loss,respectively.The levels
of HDL cholesterol and HDL/LDL ratio decreased significantly after the Low-Sat diet:
-11.1% and -7.7%, respectively, whereas after weight loss a significant increase in HDL
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cholesterol and in HDL/LDL ratio could be observed, +12.5% and +24.0%,
respectively. During the weight loss period, changes in body weight were positively
associated with changes in serum total cholesterol (r=0.58,p<0.01), LDL cholesterol
(r=0.42, /?=0.08) and triglyceride levels (r=0.64, p<0.01). In contrast, no significant
correlations could be observed with changes in levels of HDL cholesterol or the
HDL/LDL ratio.

Table 3. Theseparateeffects ofchange indietaryfat and weightlossonserumlipids inthe
'sequential'group(n=19)

Total cholesterol (mmol/L)
before
after
change
LDL cholesterol (mmol/L)
before
after
change
HDL cholesterol (mmol/L)
before
after
change
HDL/LDL ratio
before
after
change
Triglycerides (mmol/L)
before
after
change

Change in dietary fat

Weight loss

5.57 i 0.81
5.16 ± 0.87
-0.40 ± 0.30"*

5.16 ± 0.87
4.75 ± 0.71
-0.41 i OSV

3.85 ± 0.73
3.65 S 0.81
-0.20 ± 0.25"

3.65 ± 0.81
3.34 ± 0.65
-0.31 + 0.42'

0.99 ± 0.21
0.88 ± 016
-0.11 ± 0.08*"

0.88 ± 0.16
0.99 ± 0.19
+011 ± 0.07*

0.26 ± 0.07
0.25 ± 0.06
-0.02 ± 0.03*

0.25 t 0.06
0.31 ± 0.08
+0.06 + 0.04<

1.63 ± 0.62
1.42 ± 031
-0.21 ± 0.33*

1.42 ± 031
0.95 ± 0.30
-0.47 ± 0.40'

Values are means ± SD;
LDL=low density lipoprotein, HDL=high density lipoprotein, HDL/LDL ratio=hdl cholesterol/ldl cholesterol ratio;
To convert from mmol/L to mg/dL, multiplycholesterol values by38.67 and triglyceride values by8834;
* p<0.05, **p<0.01, •** p<0.0001:before versus after diet orweight loss.

The combined effects of change in dietary fat and weight lossfor both groups aswell
as the separate effects for the 'sequential' group on serum lipid levels are illustrated in
Figure 3.As a result of the combined effects of change in diet composition and weight
loss, the serum levels of total cholesterol, LDL cholesterol and triglycerides fell to the
sameextentinbothgroups:-0.82 ± 0.50mmol/L,-0.51± 0.35mmol/L and-0.68 ± 0.52
mmol/L, respectively in the 'sequential' group, and -0.81 ± 0.40 mmol/L, -0.59 ± 0.38
mmol/L and -0.55 ± 0.44 mmol/L, respectively in the 'simultaneous' group. All these
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reductionswere statistically significant (p<0.0001).Inthe 'sequential' group,theweightstable Low-Sat diet produced a fall in HDL cholesterol, while weight loss per se led to
a comparable increase in HDL cholesterol,resulting in an overall unchanged HDL

change in serum lipids (mmol/L)
0.2-

TC

LDL

TG

HDL
ssa

m
-0.2
-0.4 i
-0.6
-0.8 H

Sq Sm

Sq Sm

Sq Sm

Sq Sm

Sq ='sequential' group
I J J M Low-fat, l o w - s a t u r a t e d - f a t diet
I

| Weight loss

Sm='simultaneous' group
BSSSSi Low-fat, l o w - s a t u r a t e d - f a t diet + weight loss

Figure 3. Changes in serum lipid levelsfor the 'sequential' group (n=19) and the
'simultaneous'group(n=22) during the study*
TC=total cholesterol, LDL=low density lipoprotein cholesterol, HDL=high density lipoprotein cholesterol,
TG=triglycerides;
t Changes are expressed as after minusbefore diet and/orweight loss.

cholesterol level (-0.002 ± 0.10 mmol/L). In the 'simultaneous' group, the HDL
cholesterol level also did not change significantly (+0.03 ± 0.14 mmol/L). As a
consequence, the HDL/LDL ratio increased significantly within each group: +0.04 ±
0.05 in the 'sequential' group (p<0.01) and +0.06 ± 0.05 in the 'simultaneous' group
(p<0.0001). The differences in the overall responses between both groups were not
statistically significant for any of the serum lipids.
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DISCUSSION
The mainfindingsof this strictly controlled study in moderately obese subjects are that
the nett favourable effect of body weight loss on serum lipids as a result of energy
restriction seems to be greater than that of reduction in fat intake and increase in P/Sratio of the diet. Furthermore, the separate effects of weight loss and dietary fat
modification appear tobeadditive.TheHDLcholesterol-lowering effect ofalow-fat diet
with a high P/S-ratio was effectively counteracted by the effect of losing body weight.
The design of the present study makes it possible to distinguish the effects ofweight
loss per se from the effects of dietary fat modification. Switching from an affluent-type
diet to a diet with a decreased percent of energy provided bytotal fat and an increased
P/S-ratio without energyrestrictionbyobesesubjects,resulted inreductions ofallserum
lipid levels, including HDL cholesterol. Dietary guidelines recommend a decrease in
intake of total fat from the current average of 40 percent of energy in most affluent
societies down to about 30 percent. In particular, the intake of saturated fatty acids
should be reduced (6,7). However, it has been suggested that a reduction in total fat
intake maylower HDL cholesterol levels (19-21).In the present study, HDL cholesterol
was significantly reduced on a weight-stable low-fat,low-saturated-fat diet both in males
and in females. The reduction inwomen was significantly greater (p<0.05)than that in
men (-0.16 ± 0.08 mmol/L (14.5%) and -0.07 ± 0.05 mmol/L (7.8%), respectively).
Whether or not this isa real gender difference inresponse to a low-fat,low-saturated-fat
diet remains to be established.
The changeinserumtotal cholesterol asaresult ofthechangetothe low-fat dietwith
a high P/S-ratio in this study was less than the 0.58 mmol/L predicted from the Keys'
equation (22). Cole et al. (23) also demonstrated smaller decreases than predicted by
Keys' equation in obese subjects. They speculated that obesity may diminish the
responsiveness todietarychange.Thisisinaccordancewiththeobservations ofGoff and
colleagues,which indicated that fatter men apparently do not benefit from a diet lower
in cholesterol (24). In the present study, the subjects were highly motivated and the
average weight loss was of a magnitude expected from a 4.2 MJ/day deficit diet.
Distortion of the results due to lack of dietary compliance is, therefore, thought to be
minimal.
It should be noted that isocaloric replacement of dietary fat by carbohydrates as
advocated by the dietary guidelines instead of byprotein in this study,might produce a
less favourable serum lipid profile than observed in the present study. In a study with
moderately hypercholesterolemic subjects, it has been demonstrated that isocaloric
substitution of dietary protein for carbohydrate lowers total-, LDL cholesterol, and
triglycerides and increases HDL cholesterol (25),while the findings of Lithell et al. (26)
indicated that carbohydrates increase the VLDL level and slightly decrease HDL
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cholesterol compared with dietary protein.
Pure weight loss of approximately 13kg of which 83%wasfat, had beneficial effects
on all serum lipid levels.During this weight loss period, changes in body weight were
positively associated with changes in serum total cholesterol, LDL cholesterol and
triglyceride levels, whereas no significant correlations were observed with changes in
HDL cholesterol or the HDL/LDL ratio.This latter result could possiblybe explained
by the relatively small variation in the responses of HDL cholesterol in this study.
Another explanation could be that the amount of weight loss per se might not entirely
be responsible for changes in HDL cholesterol concentrations. Previous studies have
reported that significant increasesofserumHDLcholesterolmayoccurinobese subjects
in response toweight lossafter their bodyweight has been stable for some time (5,27).
Inagreementwiththese findings, SchwartzandBrunzell(28)found anenhanced activity
of adipose tissue lipoprotein-lipase after weight stabilisation at a reduced body weight,
resulting in increased HDL cholesterol levels, whereas during active weight loss a
decreased lipoprotein-lipase activity has been observed (29).
Inthepresent study,the averageweightlossesper seinmen andwomenwere similar,
12.8 ± 3.0 kg and 13.8 ± 3.1 kg, respectively. Comparing the responses of serum lipids
to the weight losses of obese men with those of women clearly demonstrated no sexspecific pattern: decreases in serum levels of total cholesterol, LDL cholesterol and
triglycerides were -9.2%, -9.8%, and -33.5% in men and -6.3%, -6.6%, and -33.3% in
women,respectively.Therewereconsiderable increasesinaverageHDLcholesterol and
the HDL/LDL ratio in men (+13.3%, +25.0%, respectively) as well as in women
(+11.7%, +19.2%, respectively).
Thepresent studyshowsthat the effects ofweight lossand that of changeto a low-fat
diet with a high P/S-ratio were additive: the total effect of slimming on reducing serum
levels of total-, LDL cholesterol and triglycerides could be ascribed for 50%, 61%, and
69%,respectively,toweight lossper se.Theunfavourable reductionsinHDL cholesterol
and the HDL/LDL ratio in response to the recommended dietary fat modification
without energy restriction,were compensated byweight loss.In conclusion, our findings
support beneficial effects of a diet lowin total fat and a high P/S-ratio on some serum
lipid levels in obese subjects. The considerable additive effects of weight loss per se
underscores the importance of establishing successful dietary treatment and weight
maintenance programmes for obesity.
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CHAPTER 6
VISCERALFATACCUMULATIONINRELATIONTOSEXHORMONESINOBESE
MENANDWOMEN UNDERGOING WEIGHTLOSSTHERAPY*

Rianne Leenen, Karin van der Kooy, Jaap C. Seidell,Paul Deurenberg, Hans P.F.
Koppeschaar

ABSTRACT
In70healthyobesesubjects (37menand33premenopausalwomen:age27-51yr,
body mass index 28-38 kg/m2), associations between initial body fat distribution
and sexhormone levelswere studied aswell asbetween changes that occurred in
response to a 4.2 MJ/day deficit diet for 13weeks. Visceral and subcutaneous
abdominal fat areaswere determined bymagneticresonance imaging.Inwomen,
visceral fat accumulation was significantly related to diminished levels of sexhormone-binding-globulin (SHBG) and the ratio of free 176-estradiol (ly/free
testosterone (T) and to elevated levels of free T, after adjustment for age and
total fat mass.Inmen,total bodyfatness and subcutaneous abdominal fat, but not
visceral fat, were significantly inversely associated with total T and free T levels.
The mean total fat losswas 11.3 ± 3.3 (SD) kg as a result of the energy-deficit
diet.Inwomen,lossofvisceralfat wassignificantly related torises inSHBG level
and the free E^/free T ratio independent of total body fat loss,whereas in men,
onlythecorrelationbetweenvisceralfat lossandincreaseinestronelevel reached
statistical significance. Inconclusion,inobesepremenopausal women,visceral fat
predominance seemstobeassociated witharelativelyincreased androgenicity.In
obese men, sex steroid levels appear to depend mainly on the degree of obesity.
In obesewomen but not in obese men,visceral fat loss seems tobe accompanied
by a relative reduction in androgenicity regardless of total body fat loss.

INTRODUCTION
Several studies have shown that obesity (1-8) and,particularly, the distribution of body
fat (9-19) are associated with various abnormalities of sex hormone metabolism.

* Submitted for publication.
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Abdominal fatdistributionhasbeenfound tobeanindependentriskfactor for metabolic
disorders such as coronary heart disease and diabetes mellitus (20-21). It has been
suggested that sex steroids may play an important role in the regulation of regional fat
accumulation and mobilization (22,23),and theymaybe determinants of coronary heart
disease aswell (24,25).
Numerous studies have investigated the relationship between abdominal fat
distribution and sexsteroidsinperipheral blood (7-19,26).The majority ofthese studies
demonstrated that an abdominal type of fat distribution isaccompanied by diminished
levelsofsex-hormone-binding-globulin (SHBG).Furthermore, ithasbeen reported that
predominance offat intheabdomen isassociated withlowandrogen levelsinmen(10),
whereas inwomen,with increased androgenicity as reflected by elevated levels of total
testosterone (T) (13,16,19),free T (16,17,19) orpercentages offree T (11,12).However,
not all studies could confirm these findings. The discrepancies may be explained by
differences in study population and in methods used for the assessment of hormone
levels and body fat distribution. In virtually all studies, the waist/hip ratio (WHR) was
used asameasure of fat distribution. Imagingtechniques suchascomputed tomography
and magnetic resonance imaging, however, give more accurate information about the
separate adipose tissue depots (visceral and subcutaneous) than the WHR. Only in the
studyof Seidell et al. (10)were fat areas included,whichwere determined bycomputed
tomography.
In general, weight loss has been reported to reverse abnormal levels of sex steroids
in obese subjects, suggestingthat these endocrine abnormalities are a result rather than
a causeofobesity (3-7,27).Toour knowledge,onlyPasquali et al.(27)have investigated
whether changesinfat distributionduetoweightreductionwereassociatedwith changes
insexsteroid levelsinobesehyperandrogenic amenorrheicwomen.However, they have
measured changes in body fat distribution by the WHR, which is reported to be an
inappropriate indicator for the evaluation of changes in visceral fat (28). To our
knowledge,nostudieshavereported ontheeffects of reduction ofthevisceralfat depot
on sex steroids in obese subjects.
In the present prospective study, the relationships between visceral adipose tissue,
measured bymagneticresonanceimaging,andsexsteroidswereexamined inmoderately
obese men and premenopausal women undergoing weight loss therapy.

SUBJECTSAND METHODS
Subjects
Participants were recruited by means of advertisements in local newspapers. Ninety-six
obesesubjects (48women and48men)wereselected onthebasisoftheirage (between
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25and 51 yr),bodymassindex (between 28and 38kg/m2),smokingbehavior (less than
5cigarettesper day)anddrinkingbehavior (lessthan2alcoholicconsumptionsperday).
All subjects were apparently healthy, as evaluated by a medical history and physical
examination. Throughout the study, none of the volunteers received any medication
known to affect any of the variables studied. The women selected did not use oral
contraceptives and reported normal menstrual cycles.Theywere screened for hirsutism
atthephysicalexamination.Noneofthesubjects hadbeen onaslimmingdietfor several
monthsbefore thestudy.Withineachsex,abdominal andgluteal-femoral obese subjects,
based on the waist/hip ratio,were matched for age and body mass index.
Fourteen subjects did not complete the dietary treatment successfully: 4 due to
intercurrent illness, 6for personal reasons and 4were excluded because of suspicion of
poor dietary compliance.The serum lipid and hormone levels of these latter 4 subjects
were unknown at the time of exclusion. Data of 2subjects whowere later diagnosed as
havingsubclinicalhypothyroidism, andof2subjectswhowerelaterfound tohavesevere
fasting hyperinsulinemia (>100jiU/mL),werealsoexcluded.Furthermore,in4subjects
not enough blood for determining hormone levelscould be taken before or after weight
loss. Data of 4 women were additionally excluded, because they were not in the early
follicular phase of the menstrual cycle at the time of blood sampling before or after
weightloss.Womenwereconsidered tobeintheearlyfollicular phase,whentheir blood
sampleswere takenwithin the first 10daysof the menstrual cycle.The complete results
of 70 subjects (33women and 37 men) remained for statistical analysis.
The study was approved by the Medical Ethical Committee of the Department of
Human Nutrition.Allsubjects gave theirwritten informed consent after the procedures
had been fully explained to the volunteers.
Experimental design and diet
After 3weekson astandardized affluent-type weight-stable diet,baseline measurements
were performed to determine body composition, body fat distribution, and blood
parameters.This diet consisted of 12energypercent (en%) protein, 40en% fat, and 48
en% carbohydrates. The diet was individually tailored to meet each person's energy
requirement, which was estimated from resting metabolic rate and physical activity
pattern as described elsewhere (29). Body weights were recorded twice a week by the
subjects themselves, and energy intakes were adjusted to maintain individual weight
stability if necessary. Some of the subjects remained on a weight-stable diet up until 7
weeks before the weight loss treatment started. The weight-stable period was followed
by a weight reduction period of 13 weeks during which the subjects received a 4.2
MJ/daydeficit diet.Thisenergy-deficit dietconsisted of25en%protein,33en%fat, and
42 en% carbohydrates. The individual amount of energy provided equalled the daily
energyintake at theend oftheweight-stableperiod minus4.2MJ/day.After theenergy83
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deficit period, the subjects weregivenaweight-stabilising diet for 3weeks;this diet had
the same nutrient composition as the weight-reduction diet. At the end of this weightstable period, all measurements were repeated.
The subjects were instructed to maintain their habitual physical activity pattern and
smokinghabitsduringthestudy.Theywereaskedtorecord anysignofillness,deviations
from the diets, the first day of menstruation, medications used, and changes in both
smoking and activity patterns in a diary for the entire study period. More information
about the dietsand dietary compliance has been reported indetail elsewhere (30).
Hormonal analyses
Venousblood sampleswere taken inthemorning after an overnight fast of 11-13hours.
Serum was obtained by centrifugation within 1hour after venipuncture, distributed in
aliquots insmallplasticcups,and stored at -80°Cuntil analysis.Levels of sex-hormonebinding-globulin(SHBG)weredeterminedusingtheimmunoradiometricassayofFarmos
Diagnostica (Oulunsalo, Finland) with interassay variations of 4.9% at the level of 25
nmol/L, and 4.4% at levels of 54 nmol/L and 106 nmol/L (all levels: n=18). Total
testosterone (T) was measured by radio-immuno-assay (RIA) after extraction with
diethylether as described previously (31).The interassay variations were 8.7%, 10.9%,
and 12.7%at levelsof0.53 nmol/L,2.9nmol/L,and 7.4nmol/L, respectively (alllevels:
n=24). Androstenedione (A) was also determined by RIA (31) after extraction with a
hexane-toluene mixture (80:20,v/v) with an interassay variation of 9.1% at 2.3 nmol/L
(n=28),7.4%at 7.1nmol/L («=25), and 11.0%at 12.6nmol/L (n=25). Determinations
of dehydroepiandrostenedione-sulphate (DHEAS) were done by RIA (31) directly in
serumusingthecommerciallyavailablereagentsfrom DPC(LosAngeles,USA,'Coat-acount').Theinterassayvariationswere9.4%,9.7%,and 9.1%at 1.3 nmol/L,5.4 jimol/L,
and9.7 jimol/L,respectively(alllevels:«=30).Estrone (Ej) andtotal 176-estradiol(E2)
wereextractedwithdiethylether,purified andseparatedbychromatographyonSephadex
LH-20 columns using toluene:methanol (92:8,v/v) as eluent and quantitated by RIA
(31). Interassay variations for E, were 19.0%, 9.6%, and 7.2% at 148 pmol/L, 457
pmol/L, and 1160pmol/L, respectively (all levels:n=25), and for E^ 23.6%and 10.0%
at levelsof88pmol/L and 411pmol/L, respectively (all levels:n=25). The percentages
free T and free Ejwerecalculated indirectlybytheuse of theequations asdescribedby
Nanjee andWheeler (32),and Mooreetal.(33),respectively, andwereusedto estimate
the concentrations of free T and free Ej, respectively.
Body composition
All anthropometric measurements were madewith the subjects wearing only swimming
gear orunderwear. Bodyweightwasdetermined to thenearest 0.05kgon a digital scale
(Berkel ED-60-T, Rotterdam, The Netherlands), and body height was measured to the
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nearest 0.001 m using a wall-mounted stadiometer. Body mass index was calculated as
weight (kg) divided by height squared (m2). Whole-body density was determined by
underwater weighing (34). Residual lung volume was measured simultaneously by a
helium dilution technique (35).Percent body fat wascalculated from total body density
according to Siri's formula (34). One woman was afraid of complete immersion under
water.Percentbodyfat ofthiswomanwasdetermined from weightand totalbodywater,
assessedbydeuterium oxidedilutionassumingahydration coefficient ofthefatfree mass
of 0.73 (36).
Fat distribution
Bodyfat distributionwasassessedbycircumference measuresandbymagneticresonance
imaging (MRI). Waist circumference was measured midway between the lower rib
margin and the iliac crest at the end of a gentle expiration. Hip circumference was
measured at the level of the widest circumference over the great trochanters. The
circumferences weremeasured tothenearest 0.001mwiththesubjects standingupright.
MRI was performed with a whole-body scanner (GYROSCAN S15, Philips Medical
Systems, Best, The Netherlands) using a 1.5-T magnetic field (64 MHz) and a slice
thickness of 10mm. Transverse MRI-scanswere taken midway between the lower rib
marginandtheiliaccrestwhilesubjectswerelyingsupine.Imaginganalysisto determine
thevisceral and subcutaneous fat areas,was carried out as described previously (37).In
this obese population, the reproducibility of calculating fat areas from the same scan
expressed asthe coefficient of variation,wasbetter than 6% for visceral fat, and better
than 2.5% for subcutaneous abdominal fat. In 6 subjects (3 women, 3 men), only the
measurements before weight loss were used for statistical analysis due to practical
problems with the measurements after weight loss.
Statistical methods
The distributions of DHEAS, free T, and the free Ej/free T ratio before weight loss
wereslightlyskewed.Naturallogarithm-transformed valuesfor thesevariableswereused
in statistical analyses.The distributions of the changes in SHBG, DHEAS and the free
E^free T ratio in response to weight loss were also lightly skewed. However, no
transformations for the changes in those variables were used because this resulted in
findings principally identical to analyses based on normally distributed variables.
Differences in baseline characteristics as well as the differences in responses due to
weight lossbetween the sexesweretested bythe Student's unpaired Mest.The effect of
weight loss on variables within each sex was tested with the Student's paired /-test.
Pearson's product-moment correlations and partial correlation coefficients were
computed within each sexbyusingunivariate and multiple linear regression techniques.
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Two-sided/7-valueslessthan 0.05 were considered tobe statistically significant. Results
are expressed as means ± standard deviation (SD).

RESULTS
Data concerning some specific characteristics of the subjects are presented in Table 1.
There were no significant differences between both sexes in age,body mass index, and
DHEAS level.As couldbe expected, men had, on average,a lowerbodyfat percentage
andtotalfat massthanwomen,although theyhadalarger amount ofvisceral abdominal
fat and a higher waist/hip ratio. The concentrations of total T and free T were
significantly higher in men compared with women, whereas the levels of SHBG,
estrogens,thefree I^/free Tratio,andAweresignificantly lowerinmenthaninwomen.

Table1. Characteristics of the subjects
WOMEN
N
Age(yr)
Weight (kg)
Body mass index (kg/m )
Body fat (%)
Fat mass (kg)
Waist/hip ratio
Abdominal fat areas (car)
Visceral
Subcutaneous
Hormones
SHBG (nmol/L)
Ej (pmol/L)
Total Ej (pmol/L)
Free E2 (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
FreeEj/FreeT
DHEAS (umol/L)
A (nmol/L)

33
39

5
86.9 + 7.6
31.3 + 2.2
44.2 ± 4.7
38.6 ± 6.3
+

MEN

37
40

+

6

0.87 ± 0.07

97.4 ± 8.0**«
30.7 + 2.2
33.5 + 3.9***
32.7 + 5.1*"
0.99 + 0.05**

103
39S

35
111

155 ± 38***
314 + 68"

30 ± 14
216 + 66
254 + 143

17 + 6"*
143 ± 4 8 " '
102 + 2 9 * "
232 + 0.59"

4.98

1.2
0.03

168

+
+

+

2.63

+

0.3

+

0.01

+

104

5.30 ± 2.41
5.21 ± 1.28

12.7 + 3.2*"
0.41 ± 0.08**
S3 ± 1.6***
6.22 + 2.85
439 + 1.19*

Values are means ± SD;
SHBG=sex hormonebindingglobulin,Ej=estrone, Ej^lTB-cstradiol,T=testosterone, DHEAS=dehydroepiandrosteron sulphate,
A=androstenedione;
* p<0.01, " p<0.001, **• p<0.0001:women versus men.
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Table2. Pearsoncorrelation coefficients betweenage, fat mass and bodyfatdistribution
variables withsexhormonelevels in obesewomen (n=33)
Abdominal fat areas (cm 2 )

SHBG (nmol/L)
Ej (pmol/L)
Total E2 (pmol/L)
Free E2 (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
Free E2/Free T
DHEAS (|imol/L)
A (nmol/L)

Age

Fat mass

(yr)

(kg)

Subcutaneous

Visceral

Waist/hip
ratio

-0.04
0.24
0.05
0.07
-0.26
-0.26
0.10
-0.30
-0.11

-0.06
-0.03
-0.16
-0.20
0.09
0.11
-0.26
-0.30
-0.02

0.18
-0.02
-0.08
-0.18
0.04
-0.11
-0.13
-0.13
-0.11

-0.48"
-0.03
-0.26
-0.17
-0.11
0.21
-0.28
-0.15
0.13

-0.38*
-0.17
-0.38'
-0.32
-0.19
0.05
-0.31
-0.23
0.01

SHBG=sex hormonebindingglobulin, Ej=estrone, E2=17B-estradiol,T=testosterone, DHEAS=dehydroepiandrosteron sulphate,
A=androstenedione;
• p<0.05, " p<0.01.

Table 2 shows the correlations between age, fat mass, and body fat distribution
variables with sexhormone levels inwomen.None of the correlations between age, fat
mass or subcutaneous abdominal fat area with sex hormone levels reached statistical
significance.Visceralfat areaandthe WHRwerenegatively associatedwiththe SHBG

Table3. Pearsoncorrelation coefficients betweenage, fat mass and bodyfat distribution
variables withsexhormonelevels in obesemen (n=37)
Abdominal fat areas (cm )

SHBG (nmol/L)
Ej (pmol/L)
Total E j (pmol/L)
Free E j (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
FreeEj/FreeT
DHEAS (umol/L)
A (nmol/L)

Age

Fat mass

(yr)

(kg)

Subcutaneous

Visceral

Waist/hip
ratio

0.30
0.07
-0.01
-0.06
-0.06
-0.29
0.12
-0.24
-0.01

-0.16
-0.06
-0.25
-0.26
-0.42"
-0.42"
-0.01
-0.11
-0.23

-0.06
-0.14
-0.22
-0.23
-0.33*
-0.38*
-0.02
-0.24
-0.33*

0.02
-0.17
-0.07

-0.07
-0.26
•0.17
-0.18
-0.30
-0.37*
0.05
0.14
-0.22

-0.09
-0.10
-0.11
-0.03
-0.04
-0.13

SHBG=sex hormonebindingglobulin, Ej=estrone, E2=178-estradiol,T=testosterone, DHEAS=dehydroepiandrosteron sulphate,
A=androstenedione;
* p<0.05, " p<0.01.
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level and (not shown) positively with the percentages of free E^ and free T. In the
present study, the SHBG level was highly inversely correlated with the calculated free
percentages of free T and free E2 in both sexes (r>0.97). The WHR was also
significantly inversely related to the total Ej level inwomen,whereas for visceral fat an
inverse trend was observed (p=0.08).
InTable3,the correlationsbetween age,fat mass,abdominal fat areas,and the WHR
withsexhormonelevelsinmenaregiven.Thefat massandthesubcutaneous abdominal
fat area as well as the WHR were inversely related to levels of total T and free T.
Subcutaneous abdominal fat area was also negatively associated with the A level,
whereasvisceralfat area wasnot significantly related toanyofthe sexhormonelevels.

Table4. Pearson correlation coefficients (adjustedfor age andfat mass)between bodyfat
distribution variables and sexhormonelevels in obesewomen (n=33) and men
(n=37)
WOMEN

SHBG (nmol/L)
Ej (pmol/L)
Total Ej (pmol/L)
Free 63 (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
Free Ej/free T
DHEAS (nmol/L)
A (nmol/L)

MEN

Visceral fat
(em2)

Waist/hip
ratio

Visceral fat
(cm2)

Waist/hip
ratio

-0.51**
-0.14
-0.31
-0.21
-0.01
0.35*
-0.36*
-0.01
0.19

-039*
-0.27
-0.42*
-0.37*
-0.12
0.14
-0.37*
-0.14
0.05

-0.02
-0.21
0.04
0.05
0.13
0.23
-0.08
0.11
-0.04

-0.10
-0.29
-0.0S
-0.07
-0.14
-0.17
0.03
0.30
-0.14

SHBG=sex hormonebindingglobulin, E,=estrone, E2=17B-estradiol,T=testosterone, DHEAS=dehydroepiandrosteronsulphate,
A=androstenedione;
* p<0.05, **p<0.01.

InTable 4,the ageand fat massadjusted correlations are shownbetween the amount
of visceral fat and the WHR with sex hormone levels, separately for women and men.
Adjustment for the potential confounding effects of age and fat mass was necessary,
because age in both sexes and fat mass in men were positively associated with visceral
adipose tissue, r=0.42,p<0.05 inwomen and r=0.47,p<0.01; r=0.46,/?<0.01 in men,
respectively. In women, the amount of visceral fat as well as the WHR remained
negatively associated with the SHBG level. After adjustment, the visceral fat area in
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womenwaspositivelyrelated tofree Tconcentrations and negativelytothe free E2/free
T ratio,andatendency towardsdecreasingEjlevelswithvisceralfat accumulation could
beobserved.Inmen,theinverseassociationbetween WHR andfree Tdisappeared after
adjustment for age and fat mass.
Theeffects ofweightreduction onthevariablesmeasured aregiveninTable5.Within
each sex,all the body composition and fat distribution variables decreased significantly
after weight reduction. The reductions in WHR and visceral fat area were significantly
larger in men than inwomen.The levels of SHBG and DHEAS increased significantly
inboth sexes,and Ej increased onlysignificantly inmen.The levels of total E2,free Ej,
and A decreased significantly within each sex, while the total T and free T levels
decreased only significantly in women. Only the changes in Ej levels were significantly
different in men and women.

Table5. Changes invariables withweight reduction^
WOMEN

MEN

N
Weight (kg)
Body mass index (kg/m )
Body fat (%)
Fat mass (kg)
Waist/hip ratio

33
-12.4 + 4 . 3 " "
•AS + 1 . 6 " "
-8.2 + 2.8**"
-113 ± 3.7****
-0.04 ± 0.03****

37
-133 + 33****
•A3 + 1.1****
-7.9 ± 2.6****
-11.0 + 3.0****
-0.07 ± 0.03**** t

Abdominal fat areas (cm 2 ) +
Visceral
Subcutaneous

-33 + 21****
-117 ± 58****

-61 ± 26**** t
-114 + 46****

Hormones
SHBG (nmol/L)
Ej (pmol/L)
Total E2 (pmol/L)
Free E2 (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
Free E ^ r e e T
DHEAS (umol/L)
A (nmol/L)

7
-1
-51
-1.18
-0.17
-0.01
6.0
1.93
-1.38

± 12**

*
±

±
±
±
±
±

*

56
141*
2.40**
0.20****
0.01****
108
3.26**
1.10****

4

+

5****

28 + 4 9 " §
-16 ± 3 0 "
-0.38 + 0.67**
0.64 ± 3.33
-0.01 + 0.10
-OS + 3.1
1.95 + 2.40****
-0.90 + 1.05""

Values are means ± SD;
SHBG=sexhormone bindingglobulin, Ej=estrone, B^=17B-estradiol, T=testosterone, DHEAS=dehydroepiandrosteron sulphate,
A=androstenedione;
t Changes invariables are expressed as after minusbefore weight loss;
+ 30women, 34 men;
* p<0.05, " p<0.01, *•* p<0.001, *"* p<0.0001:after versus before weight loss;
$ p<0.05, t p<0.0001:women versus men.
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ThecorrelationsbetweenvisceralfatandSHBGlevelbeforeweightlossareillustrated
inFigure 1Afor eachsexseparately.InFigure IB,therelationshipbetweenchangesin
the visceralfat depotand changesinthe SHBG levelsduetoweight loss are shown.

SHBG(nmol/L)

SHBG (nmol/L)

60-

60

women
r=-0A8,p<0.01
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r=0.02 p=0.69

45

45

3<H

.30-

15

lb

•
t

0

0
0
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80
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visceral f a t l c m 2 )
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•

•

120 160 200 240 280
visceral fat (cm 2 )
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Figure 1. Relationship between visceralfat andSHBG levelbefore weightloss (A)andin
response toweightloss (B) inwomen (o) andmen (0)*
SHBG=sex hormone bindingglobulin;
t Changes are expressed as after minusbefore weight loss.

Table6showsthecorrelationsbetweenchangesinfat massandabdominal fat areas
withchangesinsexhormonelevels.Inwomen,thereductioninthevisceralfatdepotwas
significantlyrelatedtoincreasesintheSHBGlevelandthefreeE^free Tratio,whereas
subcutaneousabdominalfat losswasalsoassociatedwithariseinSHBG.Inmen,none
of the correlations between changes in fat mass and both abdominal fat areas with
changesinsexhormonelevelswerestatisticallysignificant,exceptforaninverserelation
betweenvisceralfatandE v Neitherin womennorinmenwere thereductionsinWHR
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Table6. Pearson correlationcoefficients between changes in fat mass and body fat
distribution withchangesinsexhormonelevelsinobese women (n-30) and men
(n=34)

SHBG (nmol/L)
Ej (pmol/L)
Total E2 (pmol/L)
Free E2 (pmol/L)
Total T (nmol/L)
Free T (nmol/L)
FreeE^reeT
DHEAS (pmol/L)
A(nmol/L)

WOMEN

MEN

Abdominal fat areas (cm )

Abdominal fat areas (cm )

Fat mass (kg)

Subcutaneous

Visceral

Fat mass (kg)

Subcutaneous

Visceral

-0.33
0.13
-0.07
-0.09
-0.09
0.06
-0.11
0.18
-0.05

-0.37'
0.25
-O.01
-0.01
-0.11
-0.02
-0.03
0.31
-0.03

-0.41*
-0.14
-0.27
-0.26
0.02
0.24
-0.40*
0.27
-0.01

-0.10
-0.09
-0.09
-0.08
-0.04
-0.01
0.04
-0.08
0.20

-0.27
-0.05
-0.13
-0.10
-0.02
0.06
-0.01
-0.07

0.01
-0.38*
-0.07
-0.07
0.07
0.05
-0.08
0.05
-0.20

0.23

SHBG=sex hormone bindingglobulin,Ej=estrone, E2=17B-estradiol,T=testosterone, DHEAS=dehydroepiandrosteronsulphate,
A=androstenedione;
* p<0.05.

significantly related to any of the changes in the sex hormone levels (data not shown).
In addition, after adjustment for the reduction in fat mass, because of the high
interrelationship between loss of total fat mass and subcutaneous abdominal fat loss
(r=0.81,/?<0.0001inwomen, andr=0.69,p<0.0001 in men),the significant correlation
between the loss of subcutaneous abdominal fat and change in SHBG level in women
disappeared, whereas this adjustment did not appreciably affect the other observed
correlations in women and men (data not shown).

DISCUSSION
The present study demonstrated that in healthy obese premenopausal women, an
abundance ofvisceral fat seems to be related to a relatively increased androgenicity. In
obese men, an association between visceral fat accumulation and sex hormone levels
couldnotbeconfirmed. Weightlosswasbeneficial innormalizingmostofthesexsteroid
levels in both sexes. In women but not in men, a reduction in the visceral fat depot
seems to be accompanied by a relative reduction in androgenicity independent of the
degree of total fat loss.
It iswell documented that obesity in men andwomen can be associated with several
abberations in sex hormone regulation. In the present study, the amount of total body
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fat mass was only in men significantly related to some sex hormones. An inverse
relationshipwasfound between totalbodyfatness andlevelsoftotalT andfree T.These
latter observations are similar to what has been reported previously in men (1,4,5,810,19).The fact that the basal hormonal concentrations in the present study were not
consistently related to the degree of overweight, may be due to the relatively narrow
range of body fatness of the study population. It should be noted that this study was
particularly designed to study the contribution of body fat distribution rather than the
degree of obesity on sex steroid levels.
Comparison of the average SHBG levels of the obese men and women studied,
supports the hypothesis that body fat distribution isinversely related to SHBG binding
capacity as described by previous studies (9-12,14-16,18,19). Instead of expected lower
SHBG levelsinwomen than in men as a result of the larger adiposity inwomen, obese
women had, on average, higher SHBG levels compared with obese men as well as
smaller amounts of visceral fat. This is in accordance with the observed inverse
relationshipbetweenvisceralfat predominance andSHBG levelwithinthefemale obese
population studied, regardlessofthedegreeofobesity.Thisfirst studyinwomen capable
todistinguish theassociationsbetweentheseparateabdominalfat depots andsexsteroid
levels,clearly demonstrates that the relationship between an abdominal fat distribution
and SHBG isprimary attributable tothe amount ofvisceral fat and not to subcutaneous
fat. Inwomen,SHBG levelsare mainlydetermined bytheratio ofcirculating androgens
toestrogens,hence,SHBGmaybeasensitiveindicator for androgenicityinwomen(38).
A decline in SHBG would cause a greater change in free T than in free E2, since the
affinity of SHBG for T isconsiderably higher than that for E2 (38)and this might result
in a relative increase in androgenic activity.
The studiesinwomen inwhichtherelationshipsbetween regionalfat distribution and
androgen levels were investigated, yielded, however, contradictory results (7,1113,16,17,19,26). In the present study, no significant associations between visceral fat
accumulation and total androgen levels could be found inwomen.This isin agreement
withsomeprevious studies (7,11,12),although other studies inwomenwere able to find
a positive relationship between WHR and total T levels (13,16,19). Evans et al. (11)
suggested that a decrease in SHBG might result in a relative increase in androgenic
activitywhichmaybe toosmall to be reflected in changesin androgen levels.However,
in this study as well as in others (16,17,19), abdominal fat distribution was positively
related to the biologically active free T concentrations. In two other studies (11,12),
positiveassociationswereobservedbetween theWHR andpercentage free T,consistent
with our findings. Wedid not focus onfree percentages,because inthepresent studyas
well as in others (12),SHBG levelswere extremely highly inversely correlated with the
calculated free percentagesofTaswellasofE2.Itwillbe clearthat the different indices
of androgenicity and the differences inpopulations studied,make it difficult to compare
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the results of the above-mentioned studies.
At present, the evidence for a relationship between abdominal fat distribution and
estrogen levelsinwomen, isalsofar from clear-cut (7,11,12,16,19).Positive correlations
between WHR and levels of total Ej and free Ej were reported by Kirschner et al.
(16,19)inwomen,although other investigators failed to find suchassociations (7,11,12).
Thepresent studyshowsatendencytowardsanegativecorrelationbetween^ levelsand
visceralfatpredominanceinwomen,whereastheratiooffree Ej/free Twassignificantly
inversely related to visceral fat accumulation. Overall, declining levels of SHBG and a
diminished free Ej/free T ratio accompanied byincreasing free Tlevels,as observed in
this study, strongly suggests a relatively increased androgenicity in women with an
abundance of visceral fat, although this was not reflected by changes in total androgen
and estrogen levels.
The few studies in men in which the contribution of body fat distribution on sex
hormones was examined, reveal also discrepancies (8-10). Similar to the findings of
Pasquali et al. (8), no association could be demonstrated between SHBG level and
abdominal fat distribution in our study,although inthe remaining studies (9,10) inverse
relationships were observed. Seidell et al. (10)were the only investigators who found a
negative relationbetweentotal and free Tconcentrations andtheamount ofvisceral fat,
measured by CT, in a male population covering a wide range of fatness and fat
distribution.This isin accordance with the results of Marin et al. (39).They found that
administration of moderate doses oftransdermal preparations ofT inmiddle-aged men
withabdominalobesity,resulted inareductionofthevisceraladipose tissuemass.In the
present study, however, none of the sex steroids were associated with visceral fat
accumulation. We previously reported that the amount of visceral fat was also not
independently related to serum lipid levels in the obese men studied (40). Significant
negative associations between T levels (total as well as free) and the amounts of total
fat mass and subcutaneous abdominal fat were found in the present study. This is in
agreement with the findings of Pasquali et al. (8) indicating that the degree of obesity
rather than adipose tissue distribution may be involved in determining abnormalities of
sex hormone metabolism in moderately obese men.
The weight reduction of approximately 13kgresulted in favourable changes in most
of thesexsteroid levelsand allbodyfat distributionvariables.Levels of SHBG increase
in both men and women after weight loss. Zumoff (5) and O'Dea et al. (3) also found
a rise in SHBG in response to weight loss. On the contrary, other previous studies in
women (6,7) and men (4) did not find a change in SHBG after weight loss. However,
comparison of these results should be done with caution because of the differences in
experimental design (e.g., duration of therapy and amount of weight loss) and in
heterogeneity of the subjects studied (e.g., pre- or postmenopausal women, differences
in degree of body fatness).
93

Chapter 6
The fact that the changes in sex hormones seen in the subjects studied were not
significantly correlated with the reduction in body fat mass within each sex, does not
necessarilymean that losses ofweight and fat do not playa role inchangingsexsteroid
levels.Correlations of changes should be interpreted with caution. There is a relatively
largebetween-andwithin-subjectvariabilityinsexsteroidlevels,particularlywithregard
toestrogen levelsinwomen.These substantialvariations mighthave caused attenuation
of correlations. Additionally, the measurement error of visceral fat areas is relatively
large as described previously (37). Despite these limitations, the observed relations
between changes in sex steroids and changes in the visceral fat depot do support the
results obtained from the cross-sectional correlations.Withinwomen, SHBG levels and
the free Ej/free T ratio are associated with the amount ofvisceral fat before aswell as
accompanying weight loss. It is interesting to note that a significant relation could be
observed betweenvisceral fat lossand increase of the Ej level inmen,suggesting a role
of the visceral fat depot in determining Ej levels. Moreover, before weight loss, a
negative tendency between the amount of visceral fat and Ej was shown in men. This
might be an explanation for the observed difference in increase of the average Ej level
betweenmenandwomeninresponsetoweightloss.However,thephysiological meaning
of this phenomenon isunknown and whether this is real or remained by chance needs
further investigation.
Inconclusion,thesefindings inhealthymoderatelyobesemenandwomensuggestthat
inwomen,visceral fat accumulation isrelated to a relatively increased androgenicity. In
men, the degree of obesity rather than the type of regional fat distribution seems to be
important in sexhormone regulation. In women but not in men,visceral fat loss seems
to be accompanied by a relative reduction in androgenicity regardless of the degree of
total fat loss.Thus,there seems to exista gender difference inthe relationship between
sex hormone regulation and visceral fat predominance.
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CHAPTER 7
GENERAL DISCUSSION

In the past decades, difference in the anatomical distribution of body fat has been an
intensive field of interest in obesity research. It has been suggested that an abdominal
fat predominance, which reflects an excess of visceral adipose tissue, should be
considered as an important clinical entity. There appears to be increasing support that
this form of obesity should therefore be treated preferentially. The research described
in this thesis focused on the relationships between visceral fat accumulation and serum
lipids, energy expenditure, and sex hormone levels in healthy obese men and
premenopausal women undergoing a strictly controlled weight loss therapy.

Magnetic resonance imaging
Magneticresonance imaging(MRI)-scanswereusedfor the quantification ofthevarious
fat depotsinthepresentstudy.Thestudypopulationwastoosmalltoseparate subgroups
with extreme high and low levels of visceral fat, hence, linear associations between
visceral fat accumulation and the variables measured were examined.
MRIand the other available techniques suitable for human intervention studies do,
however, not distinguish between the different visceral fat depots (1,2). There appears
tobe increasing evidence that inparticular thevisceral 'portal' adipose tissues (omental
and mesenteric fat) which deliver free fatty acids (FFA) into the portal vein, and not
retroperitoneal fat, are responsible for the metabolic disorders (3). In men,
approximately20%ofthetotalvisceralfat massconsistsofretroperitoneal fat (4).Itmay
be that associations between the visceral fat depot and the variables measured are
attenuated by the use of the total amount of visceral fat depot instead of omental,
mesenteric and retroperitoneal fat separately.
It should be noted that in the present study, fat areas of different fat depots were
calculated from one MRI-scan, and were assumed to represent the total amount of fat
in a specific depot. Due to logistic reasons onlya single scan was performed during the
MRI-measurements,but previous studies have shown that the visceral fat area assessed
from a single scan taken at L4-L5 level was highly correlated to the volume of visceral
fat estimated from multiple scans (5,6).
Although the commonly used waist/hip ratio is an useful tool in cross-sectional
studies,it seemsnot tobe appropriate for assessing the changesinthevisceral fat depot
(7). Correlations reported in this thesis between visceral fat loss and changes in the
several variables measured should, however, also be interpreted with caution, because
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of the possible error in the estimation of visceral fat (1) which reduce the precision of
the estimate changes.

Body fat distribution and serum lipids
Cross-sectional
Visceral adipose tissuehasbeen proposed to be the most important fat depot related to
an unfavourable serum lipid profile (8). Comparison of the average serum lipid values
and the amounts of visceral fat in obese men and women as described in Chapter 2,
indeed suggests a crucial role of the visceral fat depot in determining the serum lipid
profile.Although menhad,onaverage,lowerbodyfat percentagesthanwomen,menhad
larger amounts of visceral fat, higher serum triglyceride levels, lower levels of HDL
cholesterol and a lower HDL cholesterol/LDLcholesterol ratio compared withwomen.
However, within each sex, the importance of the visceral fat depot in the associations
with alessfavourable serum lipidprofile could onlybe confirmed inthe females studied
(Chapter 2).
Terry et al. (9) suggested that an increased deposition of subcutaneous fat in the
gluteal or femoral region, measured by dual-photon absorptiometry, may actually be
associated with a favourable serum lipid profile. It remains to be determined whether
this is a real biological phenomenon, because an obese person with excess body fat
predominantly stored inthe subcutaneous regionsmayhavelessfat inthe abdominal fat
depots compared with equally obese subjects with less subcutaneous fat. The present
study could not confirm theproposed favourable protective role of the subcutaneous fat
layer.The subcutaneous adipose tissues at abdominal and hip level were not related to
any of the serum lipids in either sex.
Ageandtheextent ofobesityare,inaddition togender,themostimportant variables
that affect body fat distribution (10,11). Despite the attempt in the present study to
match both men and women with high and low waist/hip ratios properly for age and
body mass index, age in both sexes and body fat percentage or fat mass in men were
positivelyassociated withthe amount ofvisceral fat. It iswellknownthat thebody mass
index is a relatively good, but not perfect indicator of the degree of adiposity. Body fat
percentage as measured by hydrostatic weighing seems to be a better indicator (12).
After adjustment for age and body fatness in the men studied, the significant positive
relations between an abundance of visceral fat and total-, LDL cholesterol and
triglyceridesaswellastheinverseassociationwiththeHDLcholesterol/LDLcholesterol
ratio disappeared. From a review of the literature, Seidell (13) suggested that three
behavioral characteristics (physical activity pattern, smoking and alcohol consumption)
mayalsoplayaroleintherelationshipsbetweenbodyfat distribution and metabolic and
clinical abnormalities. In the present study, these possible confounding factors were
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absent or minimal and the variability in physical activity pattern in our, in general,
sedentary individuals waslow.
As proposed in the introduction, portal levelsof FFAsderived from visceral adipose
tissue may be a direct causative link between visceral fat accumulation and the
generation of risk factors for metabolic disorders related to abdominal obesity. In the
present study, however, in both sexes no relationship between FFA concentrations in
peripheral blood and visceral fat predominance was observed (unpublished results).
Explanations for this failure might be the determinations of FFAs in peripheral blood
instead ofportalblood and/or thelargewithin-subject variabilityofFFAconcentrations.
It has previously been proposed that exposure of the liver to highportal FFAsmaylead
to increased levels of insulin by interfering with the hepatic clearance of insulin (3).
Indeed, inboth sexes,visceral fat accumulation wasrelated toincreased levelsof insulin
and to an elevated insulin/glucose ratio,even after adjustment for age and body fatness
(Chapter 3).Recently,investigators suggested that a family history of diabetes mayplay
a potential role in the relationship between body fat distribution and insulinlevels(14).
Unfortunately, adequate information concerning a family history of diabetes were not
available in the present study.It has been proposed that hyperinsulinaemia maylead to
elevated triglycerideconcentrations anddecreased HDLcholesterol concentrations(15),
and consequently,elevated insulinlevelsmaybepartiallyresponsiblefor the associations
betweenvisceralfat accumulation andanunfavourable serumlipidprofile.Itisclearthat
further research is required to reveal the complex associations between visceral fat
accumulation and the risk factors for metabolic disorders associated with obesity.
Response to weight loss treatment
Obesesubjectswithaninitialabundanceofvisceralfat losemorevisceralfat onastrictly
controlled energy-deficit diet than obese subjects with smaller amounts of visceral fat
(Chapter 3), which may be expected to lead to beneficial changes in the serum lipid
profile particularly inobesesubjectswithvisceralfat predominance.Inobesewomenbut
notinmen,visceralfat accumulationbeforeweightlosswasassociatedwith improvement
of HDL cholesterol and triglyceride levels after weight loss (Chapter 4).
Comparison of the observed larger reduction in visceral fat and the more marked
improvement of the serum lipid profile in men than inwomen inresponse to the weight
loss treatment, suggests a potential role ofvisceral fat loss in improving the serum lipid
levels of obese subjects. While in women a loss of visceral fat was associated with an
increased HDL cholesterol, a more general beneficial effect of visceral fat losswas not
seen using correlation analyses within each sex (Chapter 4).
Onlyveryfewstudieshaveinvestigated therelationshipsbetweenchangesinbody fat
distribution and changes in serum lipid profile in obese women undergoing weight loss
treatment (16-18)and, to our knowledge,thisisthe first studycarried out in obese men.
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These intervention studies revealed, however,equivocal results.Fujioka et al.(16) found
that inseverelyobeseJapanesewomen,visceralfat loss,measured byCT,wasassociated
with improvement of triglyceride levels but not with total- and HDL cholesterol. From
the description of their study design, it isnot clear whether they measured serum lipid
levels in a realweight-maintenance state,which isparticularly important with regard to
HDL cholesterol levels (19). The other two studies in women (17,18) used changes in
waist/hip ratio as an indicator of changes inbody fat distribution. Changes in waist/hip
ratio, however, do not seem to reflect changes in the visceral fat depot adequately (7).
Effects of factors known to affect body fat distribution aswell as serum lipid levels
such as smoking, physical activity pattern and alcohol consumption, were kept to a
minimum by selection of the subjects and by instructions not to change any of these
behaviours duringthe course ofthe study.It should be noted that inaddition to changes
in body weight and the various fat depots in response to the energy-deficit diet, the
nutrient composition of this diet per se might be, at least partly, attributable to the
observed changesinserumlipid levels.Onthebasisofthe analysesdescribed inChapter
4,it isimpossible to distinguish completely the specific contributions ofvisceral fat loss,
loss of body weight and changes in diet on improving the serum lipid profile of obese
subjects.Thisphenomenon isinherent todietaryweightlossprograms.The independent
effects of weight loss and dietary fat modification on serum lipids are reported in
Chapter 5.

Weight loss,dietary fat modification and serum lipids
Weight lossper sewithout changes inthe composition ofthe diet, had beneficial effects
onall serumlipid levels.Dietaryfat modification according todietary recommendations
(reductions in intake of total fat and saturated fatty acids (20,21)) without energy
restriction, also had favourable effects on total-,LDL cholesterol, and triglycerides, but
it led to unfavourable reductions in HDL cholesterol and HDL cholesterol/LDL
cholesterol ratios.The effects ofweight lossper se and dietary fat modification seem to
be additive.The resultant effect ofweight loss and fat modification combined on HDL
cholesterol waspractically nihil (Chapter 5).
In the present study, the diets were aswell controlled as ispossible in an outpatient
setting. As mentioned before, confounding factors known to affect serum lipids were
absent or were kept constant during the study. It is therefore likely that the effects
observed can be attributed to the imposed dietary changes and changes in body
composition.
Despite thegreat effort to maintain thebodyweightsof the subjects stable preceding
theweightlossperiodbyadjustments ofindividualenergyintakes,asmallaverageweight
loss was observed. This phenomenon has also previously been reported by other
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investigators (22). Taking into account this small weight loss as well as the fact that
dietary fat was isocaloric replaced by carbohydrates, as actually advocated by dietary
guidelines, instead of by protein (23,24), the favourable contribution of the dietary fat
modification without energy restriction on the serum lipid profile may expected to be
slightly less than observed in this study. Recently, some studies suggested that obesity
maydiminish the responsiveness to certain dietary changes (25,26).Thus, inthe dietary
treatment of obesity, weight loss seems to be important in optimizing the serum lipid
profile of obese subjects and seems to be even greater than that of dietary fat
modification, although these latter differences were not statistically tested.
Unfortunately, the groups of men and women which remained for these analyses,
were too small to derive definite conclusions with respect to gender differences.
Particulary, differences in body fat deposition could be an important aspect to take into
consideration.

Body fat distribution and energy expenditure
The impact of body fat distribution on energy expenditure has been investigated by
several research groups.Research on human energy expenditure has mainly focused on
studying the resting metabolic rate (RMR) and diet-induced thermogenesis (DIT),
because these two components of daily energy expenditure are quantitatively important
for overallenergyexpenditure and canbe assessed relativelyeasywiththeuseofindirect
calorimetry. The resultsinChapter 3showedthat,inobesewomenbut notinobesemen,
a relative predominance of visceral fat was positively related to RMR and DIT. The
reasons for these observed gender differences are unknown, but it should be noted that
relationships between visceral fat and other variables were generally stronger in the
women than in the men of this study population. The proposed explanations in the
literature fortheincreased RMR and DITinabdominal obese incomparison toglutealfemoral obese asdescribed inChapter 3, are infact applicable toboth men andwomen.
Differences in sex hormone concentrations between both sexes might be a possible
explanation, although at the moment there is only little evidence to support this
possibility.
The question how to interpret the relatively higher RMR and DIT among obese
females withlargeramounts ofvisceralfat isintriguing.Obesityisclearlyassociatedwith
a highabsolute RMR, although thevariation intherelativeRMR at anygivenbodysize
can be substantial (27). Controversy exists whether or not the obese are characterized
by a defective DIT (27,28). In the present study, no comparison could be made with
results in lean subjects. Among the studies inwhich the relationships between body fat
distribution and energy expenditure were investigated, only Weststrate et al. (29)
included an age-matched non-obese control group of women in their study.They found
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that the gluteal-femoral obese can be characterized by relatively reduced RMRs in
comparison with either abdominally obesewomen or lean women.This might implicate
thatagluteal-femoral typeofobesityseemstobe morecloselyassociatedwith decreased
energy expenditure rather than abdominal obesitywith increased energy expenditure.It
is obvious, however, that more research is necessary to investigate this issue more
properly.
The relatively higher observed RMR and DIT in women with abdominal obesity
mightbeanexplanationwhypreviousstudieshavefound largerweightlossesinresponse
to a dietary weight loss treatment in these women compared with obese women with a
gluteal-femoral fat distribution.Ifthesamestandardized energyrestricted dietwasgiven
to obese subjects with different types of body fat distribution, which was the case in
previous studies,womenwith abdominal obesitymight havelarger energydeficits which
might have led to larger losses of bodyweight.In thepresent study,all obese individuals
weresubjected tothesame4.2MJ/dayenergy-deficit diet,whichtheoreticallywouldlead
tosimilaramountsofweightlossinallsubjects.Obese subjectswithaninitial abundance
of visceral fat did not lose more body weight and body fat, but they lost more visceral
than subjects with lessvisceral fat (Chapter 3).

Body fat distribution and sex hormones
In the obese men studied, no relationship could be found between visceral fat
accumulation and anyofthe sexhormone levels.On the contrary, inthe premenopausal
obese women, an abundance of visceral fat appeared to be associated with a relatively
increased androgenicity, which was reflected by reduced levels of sex-hormone-binding
globulin (SHBG), a diminished free 176-oestradiol/free testosterone ratio aswell asby
elevated levels of free testosterone, but not by differences in total androgen and
oestrogenlevels(Chapter 6).Diminished SHBGlevelsmayresultinincreased metabolic
clearance rates of testosterone and other androgens for which it has a high binding
affinity, and it maylead to enhanced turnover and tissue exposure to androgens despite
normal plasma levels (30).Thus, metabolic clearance and production rates reveal more
aboutsexhormonestatusthanperipheral concentrations ofsexhormones,and therefore,
more sophisticated studies are necessary in which these complicated variables can
accurately be measured.
The weight loss intervention wasbeneficial in normalizing most of the sex hormone
levels in both sexes. In women but not in men, a reduction in the visceral fat depot
seems to be accompanied by a relative reduction in androgenicity regardless of the
degree of total fat loss (Chapter 6). It should be noted, however, that these observed
changes in sex hormone concentrations are not only attributable to changes in body
composition per se but might also be the result of changes in the nutrient composition
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of the diets.It has been reported that dietary lipids mayalter some sexhormone levels
(31,32), although an other study could not support these findings (33).
Comparison of the present results with previous published studies, in which the
contribution of the body fat distribution pattern on sex hormones was investigated, is
rather difficult due tothe different indicesof androgenicity and the heterogeneity of the
subjects studied.In thisstudy,onlyhealthy obesemen andpremenopausal obesewomen
with regular menstrual cycleswereincluded. At the selection, thewomenwere screened
for hirsutism in order to prevent inclusion of females with a poly cystic ovary (PCO)
syndrome, who have increased levels of androgens. In this study, serum testosterone
levelswere all in the normal range, therefore, the possibility of having included women
with PCO syndrome was unlikely. An underlying problem with interpreting the results
of sex hormone measurements in women is the length of the menstrual cycle. An
epidemiological study in 32,856women, demonstrated that the prevalence of relatively
longmenstrual cyclesishigher inwomenwithalargerwaist/hip ratio (34).Thissuggests
that at the time ofblood sampling, thewomenwith an abdominal fat distribution might
have been in an earlier stage of the menstrual cycle than the women with a glutealfemoral type of fat distribution. It isnoteworthy, however, that despite this confounding
aspect, which potentially could mask an association, cross-sectionally as well as
prospectively the same relationships between body fat distribution and sex hormone
levels were obtained.
Sexhormonesmayplayamajor roleindetermining theriskofcoronaryheart disease
(35,36). Several hypothetical mechanisms were proposed to explain the relationship
between sex hormones and serum lipid metabolism, but any discussion of the nature of
this relationship must include other metabolic variables such as hyperinsulinaemia and
body fat distribution, as previously reviewed by Wild (37). Preliminary data from the
presentstudyinhalfofthestudypopulation indeed suggested anassociationbetweensex
hormone concentrations and serum lipid levelsinobesemen andwomen (38).However,
inwomen only,the relationship between sexhormones and serum lipids appeared to be
mediated by differences in body fat distribution (38). In addition, some investigators
proposed that hyperandrogenism may be, at least partly, responsible for
hyperinsulinaemia and insulin resistance in abdominally obese women (39,40). Vice
versa, it has been suggested that insulin may be a factor amplifying LH-dependent
ovarian androgen synthesis (41). Nestler et al. (42) found it unlikely that
hyperandrogenism causes insulin resistance, because normal men do not have insulin
resistance despite they have high androgen levels. In previous studies in men, the
associations between androgens, insulin metabolism and abdominal fat distribution as
observed inwomen, could not be confirmed (43,44).Pasquali et al. (44) suggested that
hyperinsulinaemia may be involved in the regulation of sex hormone metabolism in
obese men bymechanisms that probably differ from those involved in the development
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of hyperandrogenism in obese women. The underlying mechanisms have, however, not
yet been clarified. Further research isrequired to reveal the complex inter-relationships
between sex hormones, serum lipids, insulin levels and body fat distribution.

Study population and gender differences
It is noteworthy that healthy moderately obese men and premenopausal women were
included in the present study in order to preclude the effects of metabolic disturbances
onthe observations.Thisselection oftheparticipantsmayhavesomedisadvantageswith
respect to the applicability of the results to a general obese population (e.g., including
postmenopausal women, hyperlipidaemic subjects, adolescents, diabetics or morbidly
obesesubjects).Theselimitations shouldbekeptinmindwhenextrapolatingtheresults.
Asa consequence of the selection criteriaused, thepresent studypopulationwas rather
homogeneous with respect to the degree of body fatness and serum lipids,whereas the
ranges in body fat distribution were considerable in men as well as in women.
The present findings suggests that there may be gender differences in the
relationshipsbetweenvisceralfataccumulation andserumlipids,energyexpenditure,and
sex hormones (Chapter 2,3,4,6). It is surprising to note that in women, the visceral fat
depot playsanimportant role in allthese three aspects,whereasinmen,thevisceral fat
depot seems not to be important. In both sexes, the variability in waist/hip ratio, body
fatness, age and in the amounts of the different fat depots were similar. Most previous
studies,inwhichtheimportance ofthevisceralfat depothasbeenestablished,havebeen
carried out in obesewomen. It might be that the few studies performed in men did not
correct for thepossible confounders of ageand thedegree ofadiposity.One should keep
in mind that in samples of subjects showing large variations in levels of total body fat,
anyindicator of total bodyfatness mayberelated tothe amount ofvisceral fat. Whether
or not thesegender differences are real or due to thisspecific population studied should
beconfirmed infuture studies.Inaddition,thepreciseunderlyingmechanismspotentially
responsible for these gender differences should be further investigated as well, because
they could not be derived from the present study.

Conclusions
Health authorities recommend obese subjects tolosebodyweight inorder toreduce the
risk for metabolic complications associated with obesity. It has been suggested that
weight loss strategies should be aimed primarily to those individuals with abdominal
obesity, due to their elevated risk for such health hazards. However, clear scientific
evidence for these propositions is still scarce.
The present findings suggest that there seem to be gender differences in the
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associations between visceral fat accumulation and the serum lipid profile, components
of energy expenditure (RMR and DIT), and sex hormone levels in healthy moderately
obese subjects.Inwomenbut not inmen,visceral fat predominance wasrelated toa less
favourable serum lipid levels, higher levels of RMR and DIT, as well as to a relatively
increased androgenicity.Inobesemen,thecriticalroleofthevisceralfat depot couldnot
be confirmed. The reasons for these gender differences remain to be elucidated.
The impact of weight loss per se appears to be substantial in optimizing the serum
lipid profile of obese subjects in weight loss programmes. Dietary fat modification as
advocated bydietary guidelines (reducingtheintake oftotalfat and saturated fatty acids
(20,21))alsohadbeneficial effects onsomeserumlipid levels.The considerable additive
effects ofweightlossperseunderscoresthe importance ofestablishing successful dietary
weight loss treatment for obesity. It is, however, notoriously difficult for post-obese
subjects tomaintain thereduced bodyweight (45)and, therefore, moreemphasis should
be paid to the improvement of the long-term prognosis of the treatment of obesity and
most of all to the prevention of obesity.
In addition, it is concluded that particularly healthy moderately obese women with
a visceral fat predominance benefit from a dietary weight losstreatment with respect to
their serum lipid profile and sex hormone levels,whereas in healthy moderately obese
men, a distinction with respect to the amount of visceral fat seems not to be relevant.
Extrapolation from this selected group of obese subjects to a general obese population
should be done with caution. It should be kept in mind that the present findings do not
reveal whether weight loss treatment will indeed reduce the number of subjects with
coronary heart disease. Therefore, in future, long-term follow-up studies are needed to
evaluate the efficacy of weight loss treatment for the prevention of this hazardous
disease.
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LIST OF ABBREVIATIONS

A
ABD/TfflGH MASS
BMI
CHD

co 2
CT
DHEAS
DIT
DPA
Ex
E2

EN%
EN-TEST
FFA
FFM
HDL
HDL/LDL
fflGH-SAT
H-TGL
LDL
LH
LOW-SAT
MRI
NIDDM

o2

PCO
PEE
P/S
RIA
RMR
SD
SEE
SEM
SHBG
SM
SQ

androstenedione
abdomen/thigh fat mass ratio
body mass index
coronary heart disease
carbon dioxide
computed tomography
dehydroepiandrostenedione sulphate
diet induced thermogenesis
dual photon absorptiometry
oestrone
176-oestradiol
energy percent
energy content of test meal
free fatty acids
fat free mass
high density lipoprotein
hdl cholesterol/ldl cholesterol ratio
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SUMMARY

Obesity is a major public health problem in affluent societies,which is associated with
alargenumberofmetaboliccomplications.Healthauthoritiesrecommend obesesubjects
to losebodyweightinorder to reduce the increased health risksassociated with obesity.
However, it has been suggested that particularly the distribution of body fat rather than
overall body fatness may be responsible for specific health hazards of obesity. In
particular, the adipose tissue stored in the abdominal cavity i.e. the visceral fat depot,
seems to playan important role.Atpresent, there appears to be increasing support that
weight lossstrategies should be aimed primarily to those obese individuals withvisceral
fat predominance.However,clearscientific evidence for thesepropositions isstillscarce.
The purpose of the research described in this thesis was to investigate the
relationshipsbetweenvisceralfataccumulationandserumlipids,energyexpenditure,and
sexhormone levelsinhealthyobesemenand premenopausal womenundergoingweight
loss therapy. The subjects, aged 27-51 years, with an initial body mass index of 28-38
kg/m2, received a strictly controlled diet for 13weeks 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 accumulation was associated with a less
favourable serum lipid profile independent of age and body fat percentage: higher
triglyceride levels, lower levels of high-density-lipoprotein (HDL) cholesterol and a
reduced HDL cholesterol/low-density-lipoprotein (LDL) cholesterol ratio.Within each
sex, subcutaneous fat neither at abdominal level nor at hip level was related to serum
lipid levels (Chapter 2). In addition, in women only, visceral fat predominance was
positivelyrelatedtorestingmetabolicrate(RMR)anddiet-induced thermogenesis(DIT)
(Chapter 3). Furthermore, in women, an abundance of visceral fat was associated with
a relatively increased androgenicity as reflected by diminished levels of sex-hormonebinding-globulin (SHBG)and theratiooffree 176-oestradiol(ly/free testosterone (T),
and elevated levelsfree T.In men, a relationship between visceral fat accumulation and
sex hormone levels could not be confirmed (Chapter 6).
Obese women and men with an initial abundance of visceral fat did not lose body
weight moreeasilythan obesesubjectswithlessvisceral fat, but theylost larger amounts
ofvisceral fat (Chapter 3).As a consequence of the initially larger visceral fat depot in
men than in women, men had a larger reduction in visceral fat compared with women.
Themeanweightreduction of 12.2 ± 3.5(SD)kgdue tothe energy-deficit diet, resulted
also in larger reductions in serum levels of total cholesterol, LDL cholesterol, and
triglycerides and a larger increase inthe HDLcholesterol/LDLcholesterol ratio in men
than in women. Comparison of these average changes between both sexes suggests a
potential role of visceral fat loss in improving the serum lipid profile of obese subjects.
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However, within each sex, no significant associations between visceral fat loss and
changes in serum lipids could be found, except for a significant relationship in women
betweenvisceralfat lossand improvementoftheHDLcholesterol level.Inobesewomen
but not in men, visceral fat accumulation before weight loss was associated with
improvement of HDL cholesterol and triglyceride levels after weight loss (Chapter 4).
In addition, in women only, a reduction in the visceral fat depot was accompanied by
rises in SHBG levels and the free E2/free T ratio, and thus, by a relative reduction in
androgenicity regardless of total body fat loss (Chapter 6).
In this study, the independent effect of weight loss on serum lipids could be
separated from the effect of dietary fat modification usually accompanying a dietary
weightlosstreatment. Weightlossper sehad abeneficial effect onallserum lipidlevels.
Dietary fat modification asadvocated bydietary guidelines (reducing the intake of total
fat and saturated fatty acids) without energy restriction, also had a favourable effect on
total-, LDLcholesterol, and triglycerides, but it led to unfavourable reductions in HDL
cholesterol and HDL cholesterol/LDLcholesterol ratios.The effects of weight loss per
se and dietary fat modification seems to be additive (Chapter 5).
The considerable additive effects ofweight lossper sein optimizing the serum lipid
profile of obese subjects underscores the importance of establishing successful dietary
weight loss treatment for obesity. It is, however, notoriously difficult for post-obese
subjects to maintain the reduced body weight and, therefore, more emphasis should be
paidtotheimprovement ofthelong-termprognosisofthetreatment ofobesityand most
of all to the prevention of obesity. Furthermore, the present findings suggest that there
seemstobegender differences intheassociationsbetweenvisceralfat accumulation and
serum lipids, energy expenditure (RMR and DIT), and sex hormone levels in healthy
moderately obese subjects. The reasons for these gender differences remain to be
elucidated. It is concluded that 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,whereas in healthy moderately obese
men, a distinction with respect to the amount of visceral fat seems not to be relevant.
Extrapolation from this selected group of obese subjects to a general obese population
should be done with caution. It should be kept in mind that thepresent findings do not
reveal whether weight loss treatment will indeed reduce the number of subjects with
coronary heart disease. Therefore, in future, long-term follow-up studies are needed to
evaluate the efficacy of weight loss treatment for the prevention of this hazardous
disease.
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Obesitas (vetzucht) is een groot probleem voor de volksgezondheid in welvarende
landen. Gezondheidsorganisaties adviseren dikke mensen af te slanken om zo de
verhoogde gezondheidsrisico's die samengaan met obesitas, zoals coronaire hartziekten
en niet-insuline afhankelijke diabetes, te reduceren. In diverse studies wordt echter
beweerd datvooral devetverdelingenniet zozeerde matevanovergewicht de specifieke
metabole complicaties van obesitas veroorzaakt. Met name het vet dat opgeslagen isin
de buikholte (het zogenaamd visceraal vet) schijnt hierbij een belangrijke rol te spelen.
Momenteel wordt in toenemende mate gesuggereerd dat vooral dikke mensen met een
overmaat aanvisceraalvetgeadviseerd zou moetenworden omaf te slanken. Duidelijke
wetenschappelijke bewijzen voor deze beweringen zijn nog niet geleverd.
Dit onderzoek had alsdoelde relatiestebestuderen tussen dehoeveelheid visceraal
vet enerzijds en de serum lipiden, het energieverbruik en de geslachtshormonen
anderzijds bijgezonde, obesemannen en premenopausale vrouwen die een afslankdieet
volgden. De proefpersonen varierend in leeftijd van 27 tot 51 jaar en met een
queteletindex van 28 tot 38 kg/m2, ontvingen gedurende 13 weken een gecontroleerd
dieet dat 4,2 MJ (1000 kcal) lager was dan hun normale energiebehoefte. De
verschillende vetdepots werden gekwantificeerd met behulp van een beeldvormende
techniek gebaseerd op magnetische resonantie.
In tegenstelling tot bij mannen, werd bij vrouwen geconstateerd dat een overmaat
aan visceraal vet, onafhankelijk van leeftijd en vetpercentage, gerelateerd was aan een
minder gunstig serum-lipidenprofiel: hogere triglyceriden spiegels, lagere concentraties
hoog-densiteit-lipoproteine (HDL)-cholesterol en een lagere verhouding tussen HDLr
cholesterol en laag-densiteit-lipoproteine (LDL)-cholesterol. Voor beide sexen bleek er
geen relatie te bestaan tussen de hoeveelheid onderhuidsvet ter hoogte van de buik en
de heupen, en het gehalte aan serum lipiden (Hoofdstuk 2).Bovendien werd alleen bij
vrouwen een positief verband gevonden tussen dehoeveelheid visceraal vet enerzijds en
de ruststofwisseling en de door voeding gei'nduceerde thermogenese anderzijds
(Hoofdstuk 3).Vrouwen met een overmaat aan visceraal vet bleken tevens een relatief
verhoogde androgeniteit te hebben, hetgeen tot uitdrukking kwam in een lagere
geslachtshormoon-gebonden-globuline (SHBG) spiegel,eenverhoogde vrije testosteron
(T) spiegel en een lagere verhouding vrij 178-oestradiol (Ey/vrij T. Bij mannen kon
echter geen relatie worden aangetoond tussen de hoeveelheid visceraal vet en
geslachtshormonen concentraties (Hoofdstuk 6).
Obesevrouwen enmannen met relatief veelvisceraalvetbleken niet gemakkelijker
hun lichaamsgewicht te verminderen dan obese mensen met minder visceraal vet.
Daarentegen verloren zij wel grotere hoeveelheden visceraal vet (Hoofdstuk 3).
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Aangezien mannen meervisceraalvethebben danvrouwen,verloren obese mannen dus
ookmeervisceraalvet.Hetgemiddeldegewichtsverliesvan 12,2 ± 3,5(SD)kgalsgevolg
vanhet energiebeperkt dieet, resulteerdebijmannen ineengrotere afname inhet totaal
cholesterol-,LDL-cholesterol-en triglyceridengehalte, enineengrotere toenamevande
HDL-cholesterol/LDL-cholesterol verhouding dan bij vrouwen. Vergelijking van deze
gemiddelde veranderingen tussen beide sexen suggereert dat een reductie van de
hoeveelheid visceraal vet van belang is bij het verbeteren van het serum-lipidenprofiel
van obese mensen. Binnen beide sexen konden echter geen significante relaties worden
aangetoond tussen de hoeveelheid visceraal vetverlies en veranderingen in de serum
lipiden spiegels, met uitzondering van een significant verband bij vrouwen tussen een
reductie vanvisceraal vet en een verhoging van het HDL-cholesterolgehalte. Alleen bij
obese vrouwen bleek een overmaat aan visceraal vet voor afslanken gerelateerd te zijn
aan een verbetering van zowel de HDL-cholesterol- als de triglyceriden spiegel na
afslanken (Hoofdstuk 4).Bovendien werd bij vrouwen een verband gevonden tussen de
hoeveelheid visceraal vetverlies enerzijds en een verhoging in de SHBG Spiegel en de
verhouding vrij Ej/vrij T, en dus een relatieve reductie in androgeniteit, anderzijds
(Hoofdstuk 6).
In deze afslankstudie washet mogelijk om het effect van het gewichtsverlies op het
serum-lipidenprofiel afzonderlijk te bestuderen van het effect van veranderingen in de
voedingssamenstelling. Het gewichtsverlies had een gunstig effect op alle serum lipiden
spiegels. Een verandering in voedingsvet volgens de voedingsrichtlijnen (vermindering
van totale vet- enverzadigde vetzurenconsumptie) zonder een beperking in de energieinname bleek ook een gunstig effect te hebben op het totaal cholesterol-, LDLcholesterol-entriglyceridengehalte. Het leiddeechter ooktot eenafname vanhet HDLcholesterolgehalte endeHDL-cholesterol/LDL-cholesterolverhouding.De effecten van
gewichtsverlies en deveranderingen in devoedingbleken cumulatief te zijn (Hoofdstuk
5).
De aanzienlijke bijdrage van het gewichtsverlies aan de verbetering van het serumlipidenprofiel van obese mensen bij een energiebeperkt dieet benadrukt het belangvan
afslanken. Voor afgeslankte mensen is het echter moeilijk om hun gereduceerde
lichaamsgewicht te behouden. Daarom zou meer aandacht moeten worden besteed aan
het handhaven van een succesvolle gewichtsafname en vooral aan de preventie van
obesitas. De resultaten van dit onderzoek suggereren dat er bij gezonde, matige obese
mensen verschillen bestaan tussen mannen en vrouwen voor wat betreft de relaties
tusseneen overmaat aanvisceraalvetenerzijds en deserum lipiden,het energieverbruik
(de ruststofwisseling en de door voeding geinduceerde thermogenese) en de
geslachtshormonen anderzijds. Eenverklaringvoorditverschiltussen desexenmoetnog
worden onderzocht. Concluderend kan gesteld worden dat met name gezonde, matige
obese,premenopausale vrouwenmet een overmaat aanvisceraalvetbaat hebbenbij een
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afslankdieet vanwege een verbetering van het serum-lipidenprofiel en de
geslachtshormoonspiegels. Bij gezonde, matige obese mannen daarentegen, lijkt een
onderscheid ten aanzien van de hoeveelheid visceraal vet niet relevant te zijn.
Extrapolatie van de resultaten uit dit onderzoek, uitgevoerd bij een geselecteerde groep
obese mensen, naar een algemene obese populatie zou met voorzichtigheid betracht
moeten worden. Verder moet men zich realiseren dat de huidige resultaten niet
aangeven of afslanken inderdaad leidt tot minder gevallen met coronaire hartziekten. In
de toekomst zijn daarom lange termijn follow-up studies nodig die het effect van
afslanken op de preventie van deze ziekten evalueren.
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