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STELLINGEN 

l.Bij herziening van het advies inzake adipositas van de 
gezondheidsraad (1984) verdienen de volgende punten extra 
aandacht in de aanbevelingen: 
- Het belang van preventieve maatregelen voor overgewicht. 
- Het belang van de vetverdeling in de relatie overgewicht en 

morbiditeit. 
- Leeftijdsspecifieke grenswaarden voor overgewicht. 

2.De weegschaal is een belangrijk instrument voor de huisarts, 
een meetlint is mogelijk nog belangrijker. 

3.De verschillen in psychosociale problematiek rond overgewicht 
tussen mannen en vrouwen geven aan dat 'gewichtsbeleving' een 
onderwerp is wat dringend emancipatie behoeft. 

4.De vetzuursamenstelling van vetweefsel uit het omentum zal 
eerder veranderingen in de vetzuursamenstelling van de 
voeding reflecteren dan die van vetweefsel uit het femorale 
en gluteale gebied. 

5.Het feit dat bij het ouder worden relatief meer vet in de 
buikholte wordt opgeslagen en de opvatting dat juist dit 
intra-abdominale vetweefsel ongunstige eigenschappen heeft 
zijn in tegenspraak met de bevinding dat het 
gezondheidsrisico bij een bepaalde mate van overgewicht 
afneemt bij toenemende leeftijd. 

6.Correlations on the aggregate level of nations do not prove 
anything; their only purpose in research is to stimulate the 
generation of hypotheses 

F. de Waard. Nutrition and Cancer 1986;8:5-8. 

7.Het zou in ieders belang zijn wanneer de adviezen van de 
Gezondheidsraad, hoe deskundig ze ook opgesteld mogen zijn, 
voor publicatie aan multidisciplinaire panels zouden worden 
voorgelegd. 

8.Het algemeen gebruik van multipele regressie vergelijkingen 
bij studies naar de determinanten van hart- en vaatziekten 
waarbij, naast een maat voor obesitas, ook de andere bekende 
risicofactoren voor de eindpunten worden betrokken, geven een 
sterke onderschatting van het gezondheidsrisico behorend bij 
een bepaalde mate van overgewicht. 

9.Het verouderen van een populatie gaat gepaard met een 
toenemende heterogeniteit van fysiologische variabelen. Het 
opstellen van voedingsrichtlijnen voor ouderen zal gebaseerd 
moeten zijn op deze heterogeniteit. 

BI!-.I.IOTHEEK 

IANDBOUWKOG* •' HOOl 
WAGENINGEN 



w 

10.And then there is significance - a word that is probably the 
single greatest intellectual pathogen in both biological and 
statistical domains today. 

Feinstein A.R.'Clinical epidemiology'.Philadelphia, W.B. 
Saunders 1981. 

11.The issues of preventive medicine have little to do with 
science, relative risks, and risk factors. They could be more 
profitably debated within the framework to which they belong 
- ethics, politics, and vested interests. 

Skrabanek P. Lancet 1986;i:143-4. 

12.Een 'population strategy' en een 'high risk strategy' voor 
het gunstig beinvloeden van risicofactoren zijn geen elkaar 
uitsluitende alternatieven maar dienen beiden tegelijkertijd 
te worden toegepast. 

zie ook: Lewis B, Mann J.I., Mancini M. Lancet 1986;i:956-9. 

13.Het schrijven van een onderzoeksvoorstel zou opgenomen moeten 
zijn als onderdeel van een verplicht onderwijselement in het 
studiecurriculum 'Voeding van de mens'. 

14.Diegenen die van vermageren een afval-race maken lopen een 
grote kans als eersten aan te komen. 

Stellingen behorend bij het proefschrift van Jaap C. Seidell. 
Overweight and fat distribution - associations with aspects of 
morbidity. 
Wageningen, 3 oktober 1986. 
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VOORWOORD 

In dit proefschrift worden enkele onderzoeken beschreven naar de assofciaties 

tussen overgewicht en parameters van de gezondheidstoestand. Hoewel de Vakgroep 

Humane Voeding van de Landbouw Hogeschool te Wageningen de thuisbasis was voor 

de onderzoeken, werd het grootste deel van het werk uitgevoerd in samenwerking 

met het Centraal Bureau voor de Statistiek, het Nijmeegs Universitair Huisartsen 

Instituut en het Instituut voor Radiodiagnostiek van de Katholieke Universiteit 

te Nijmegen. 

In de genoemde instituten is het leeuwendeel van de onderzoeksgegevens 

verzameld. Het is natuurlijk onmogelijk alle betrokken medewerkers van deze 

instituten met name te noemen. Een aantal waar ik rechtstreeks mee heb 

samengewerkt heb, wil ik hieronder bedanken voor de plezierige wijze waarop de 

samenwerking steeds is verlopen. Niet alleen bij het verzamelen of het ter 

beschikking stellen van de gegevens ben ik door velen geholpen maar ook bij het 

verwerken van die gegevens, de interpretatie van de resultaten en het schrijven 

van de artikelen zijn velen betrokken geweest. 

In eerste instantie gaat mijn dank uit naar mijn promotor Prof. dr. J.G.A.J. 

Hautvast en mijn co-referent dr. P. Deurenberg die beiden een voortduijende 

stimulans waren voor het onderzoek en mij steeds op uitstekende wijze hebben 

begeleid. Het vertrouwen dat zij in mij stelden heb ik steeds zeer gewaardeerd. 

De praktische en theoretische medische kennis van Karel Bakx en Arie Oosterlee 

was niet alleen onontbeerlijk voor het onderzoek maar vooral de enthousiaste 

wijze waarop zij deze kennis wisten over te brengen maakte de samenwerking met 

hen steeds extra prettig en leerzaam. 

Jan Burema die zowel in wetenschappelijk als muzikaal opzicht de basso continuo 

was in het ONNO-project dank ik voor de nauwgezetheid waarop hij statistische 

adviezen gaf en manuscripten corrigeerde. 

Voor de vele inspirerende discussies en muzikale avonduren wil ik Matti Rookus 

en Wija van Staveren danken. Ook de vele gesprekken met Jan Weststrate en het 

kritisch commentaar van Martijn Katan waren van belang. 

Het meeste typewerk voor dit proefschrift is op voortreffelijke wijze verzorgd 

door Wil Knuiman-Hijl en Annemarie Zijlmans. De Engelse teksten werden 

gecorrigeerd door Seamus Ward en J. Burrough. De medewerkers van de tekenkamer 

van het Biotechnion stonden garant voor grafisch werk van hoge kwaliteit. 

De onnavolgbare manier waarop Ben Scholte en Gebca Velema computerproblemen in 

het algemeen en die van mij in het bijzonder wisten op te lossen dient te worden 



vermeld evenals de wijze waarop Lisette de Groot de C.B.S. bestanden wist uit te 

pluizen. 

De doctoraal studenten die ik heb begeleid: Elly de Boer, Gerda van 't Bos, Hans 

Groenendijk, Gerda Doornbos, Leo Henskens en Rita Schouten wil ik bedanken voor 

nun belangrijke bijdragen aan allerlei onderdelen van verschillende onderzoeken. 

Ook wil ik graag alle nog niet genoemde vaste en tijdelijke medewerkers van de 

Vakgroep Humane Voeding bedanken voor de fijne sfeer waarin ik heb kunnen 

werken. Speciale dank nog voor de medewerkers van het secretariaat en de heer 

Middelburg die, wanneer er practische problemen waren, altijd tijd vrij maakten 

om me daarmee te helpen. 

Van de vele medewerkers van het Nijmeegs Universitair Huisartsen Instituut wil 

ik vooral Prof. dr. F.J.A. Huygen, Henk van den Hoogen en Pierre Hoppener 

bedanken. Zij zijn het geweest die het mogelijk hebben gemaakt om gegevens van 

de voor epidemiologisch onderzoek zeer waardevolle Continue Morbiditeits 

Registratie te gebruiken. De bij deze registratie aangesloten artsen, en nun 

assistentes, hebben veel werk voor mij verzet. Dorien Kaaijk assisteerde bij de 

anthropometric in een van de praktijken. 

Van de medewerkers van de afdeling Gezondheidsstatistieken van het Centraal 

Bureau voor de Statistiek wil ik in ieder geval Jan van Sonsbeek en Jaap van de 

Berg bedanken voor de hulp bij het verwerken van de Gezondheidsenquetes. 

Professor J.H. Ruijs en drs. Martin Thijssen begeleidden mij bij de 

werkzaamheden met de CT-scanner. De artsen en laboranten van de afdeling 

Rontgen-diagnostiek waren bij de praktische uitvoering een enorme steun. 

Prof. dr. W.P.T. James (Edinburgh) ben ik erkentelijk voor de inspiratie bij het 

opzetten van het onderzoek. De diverse leden van begeleidingscommisies wil ik 

danken voor nun interesse in mijn werkzaamheden. Naast het wetenschappelijk werk 

werd ik steeds gemotiveerd door mijn ouders, mijn broer Roel (die ook de omslag 

van het proefschrift verzorgde), en zus Lydia. 

Tenslotte wil ik Ellen bedanken voor de steun door dik en dun. 



OVERWEIGHT AND FAT DISTRIBUTION - ASSOCIATIONS WITH ASPECTS OF MORBIDITY 

THESIS, DEPARTMENT OF HUNAN NUTRITION, AGRICULTURAL UNIVERSITY, WAGENINGEN, THE 
NETHERLANDS, 3 OKTOBER 1986. 

J.C. Seidell 

ABSTRACT 

This thesis reports on the association between estimates of the amount ;aftd 
distribution of fat mass with aspects of morbidity in Dutch adults. A literature 
review on the current insights into these associations is included. The results 
of several cross-sectional and retrospective cohort studies are presented. The 
prevalence of severe overweight, defined as a Body Mass Index (BMI=kg/m ) higher 
than 30 kg/m , is about 6% in women and 4% in men, while about_34% of the men 
and 24% of the women are moderately overweight (BMI 25-30 kg/m ). Among 
overweight persons, especially when severely overweight, the prevalence and 
incidence of various chronic disorders and use of aspects of medical caire was 
higher than in non-overweight persons. For gout and arteriosclerotic disease, 
overweight appeared to be a risk factor at lower levels of BMI in men than in 
women. The.incidence was particularly high in men with an initial BMI between 
27-30 kg/m . The association between BMI and subjective health was more 
pronounced in women than in men. This was true for certain somatic as well as 
psychosomatic complaints. 
Fat distribution, as measured with the waist-hip circumference ratio or 
waist-thigh circumference ratio, was shown to be related to the prevalence of 
certain chronic disorders in men and women. These associations were independent 
of age and BMI. A study in which Computed Tomography scans, taken at the level 
of the L4 vertebra, were related to anthropometric measurements, revealed that 
correlations of circumference ratios with the amount of intra-abdominal fat were 
higher than with subcutaneous abdominal fat. 

It is concluded that overweight is related to aspects of morbidity but that it 
may be particularly relevant to include fat distribution measurements ih the 
evaluation of health risks in overweight subjects. 
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CHAPTER 1 

CBESITY AND FAT DISTRIBUTION IN RELATION TO HEALTH -

CURRENT INSIGHTS AND RECOMMENDATIONS 

J.C. Seidell, P. Deurenberg, J.G.A.J. Hautvast 

Wrld Rev Nutr Diet (in press) 

GENERAL INTRODUCTION 

Obesity research has received much attention during the past decades, during 

which new evidence for aetiologic and prognostic aspects of obesity and 

underlying mechanisms has been accumulating. The recommendations for prevention 

and therapy, however, have not changed dramatically. In February 1985, a 

consensus panel at the National Institute of Health in Bethesda, Maryland, 

discussed the available knowledge on the health consequences of obesity and 

formulated recommendations for the treatment of obesity. Some aspects of the 

evidence that formed the basis for these recommendations are discussed in the 

first part of this review. 

The consensus panel concluded that recent evidence strongly suggests that the 

regional distribution of body fat is an important determinant for the occurrence 

of clinical correlates of obesity such as cardiovascular disease, stroke and 

diabetes. The current knowledge of the assessment and consequences of types of 

fat distribution is discussed in the second part of this review. It can be 

expected that, in the near future, measures of fat distribution will be included 

in recommendations for the diagnosis and treatment of human obesity. 

1. OBESITY, CURRENT RECOMMENDATIONS 

1.1. Definition and assessment of overweight and obesity; agreement on an 

international standard 

Bray [25] has pointed out that it is important to distinguish between overweight 

and obesity. Overweight is defined as an increase in body weight above some 

arbitrary standard defined in relation to health. Obesity is defined as an 

abnormally high proportion of body fat. The term 'abnormal' indicates that 

obesity corresponds to the upper end of range of the body fat percentages 



observed in a particular population. Overweight and obesity can be distinguished 

only if the amount of body fat can be measured. The methods for assessing body 

fat can be divided into direct and indirect methods. These methods have recently 

been well reviewed by Garrow [51]. Table 1 gives a summary of methods currently 

in use. They are of varying accuracy and it is difficult to pinpoint one of the 

indirect methods as the most valid one. 

Table 1. Quantitative methods for the determination of body fat in human 

(adapted from Bray 1985) [25] 

1) Direct carcass analyis 

2) Body density and body volume (by under water weighing; plethysmography) 

3) Isotope or chemical dilution 

- Amount of body fat, by measuring the distribution of cyclopropane or 

Krypton 

- Amount of lean body mass, by measurement of Potassium (40 K) in the body 

- Amount of body water, by measuring the distribution of tritiated water 

(3H20) or antipyrine 

4) Anthropometric measurements 

- Height and weight tables or indices (sometimes including measures of frame 

size) 

- Skinfold thickness (usually triceps, biceps, supra-iliac, subscapular 

skinfolds) 

- Circumference measurements (now often used for the assessment of body fat 

distribution, usually thigh, hips and waist circumferences) 

5) Electrical conductivity of the body 

- Total body electrical conductivity (TOBEC) 

- Bioelectric impedance 

6) Imaging techniques 

- Ultra-sound waves 

- Computerized tomography (CT) or nuclear magnetic resonance (NMR) 

The difficulty of validating the methods has recently been discussed by Garrow 

[51]. A new method of determining body fat content, which allows specification 

of body fat distribution over different body fat depots is computed tonography. 

This method will be discussed in more detail in section 2.1.3 of this review. 

This method can probably be regarded as the best indirect method available, but 



it involves radiation of subjects. Nuclear Magnetic Resonance imaging (NMR) may 

be a good alternative to computed tomography [43] but this requires further 

investigation. 

Currently, weight-height indices are the most widely used measures of adiposity 

and overweight. They have the advantage of easy calculation and can be used in 

epidemiologic studies on large groups of individuals. They suffer, however, from 

misclassification bias. Weight-height indices are constructed on the basis of 

three criteria. 

a) Zero correlation with body height. 

b) High correlation with body fatness. 

c) Correlation with mortality. 

These criteria will now be discussed. 

a) On the basis of the criterion of no correlation with height, Benn [11] 

proposed weight/height" as an obesity index, in which p is a population-

specific value, obtained by minimizing the correlation of the index with 

height [11]. Garrow argued that a disadvantage of this index is that it can 

be applied to individuals only after the correct value for p has been 

determined in the appropriate population [51]. Another disadvantage is that 

results from different populations are difficult to compare and to interpret 

[49]. Quetelet [81] observed in 1869 that individuals' weights were roughly 
2 

proportional to height squared. Since then the index weight/height has been 

shown to satisfy the criterion of low correlation with height. Use of a fixed 

p value (i.e. 2) does not have the disadvantages of the Benn Index. 

b) Although the correlation of Quetelet's Index, or the 'Body Mass Index', with 

the percentage of body fat (as determined by, for instance, under-water 

weighing) is generally found not to be very high (around 0.7 - 0.8), other 

indices rarely show higher correlations [49]. Garrow and Webster [51a] 

critically examined the relation of Quetelet's index to body fat and 

demonstrated that three standard methods (under water weighing, water 

dilution or potassium counting), yield considerably different results and, in 

addition, showed that Quetelet's Index should not be related to percentage 

body fat, because it is a measure of the amount of fat (kg). Indices which 

take measures of frame size into account, show no meaningful improvement in 

estimating body fatness in young adults [10, 86]. The importance of frame 

size in other age groups requires further investigation [90]. 

c) On the basis of analysis of existing mortality data, Garrow [50] proposed a 

classification of obesity on the basis of Quetelet's Index (Table 2 ) . 



Table 2. Garrow's classification of obesity in categories of Body Mass Index or 

Quetelet's Index (kg/m ) [50] 

Grade 0 obesity 

Grade 1 obesity 

Grade 2 obesity 

Grade 3 obesity 

BMI (kg/m ) 

< 20 

20 - 24.9 

25 - 29.9 

30 - 39.9 

>, 40 

Interpretation of BMI in 

category 

Underweight 

Acceptable weight 

Moderate overweight 

Severe overweight, obese 

Morbidly obese 

Some investigators have preferred to use 27 kg/m as a cut-off point for 

obesity in men [65, 98]. As Quetelet's Index has been shown to be somewhat 

inferior to Benn's Index with 1.5 as value for p in women, some investigators 
1 5 have used weight/height " for women [97]. To make comparisons between men and 

women more easy they transformed the different indices into standard scores. The 

advantages of this approach remain to be proven. 

Sofar, Quetelet's Index has been accepted by expert committees as the most 

useful measure of obesity when only height and weight data are available [29, 

53, 87, 91]. Other indices as Broca's index or the ponderal index are now 

generally considered to be less suitable indices of body fatness. 

1.2. Prevalence of overweight and obesity in industrial countries 

Table 3. Prevalence of moderate and severe overweight (obesity) in some 

industrialized countries (in percentages) 

Quetelet's Index 

(kg/m2) 

United Kingdom The Netherlands United States Australia 

men women men women men women men women 

moderate over­

weight; 25 - 29.9 34 24 34 24 31 24 34; 24 

severe 

overweight: >,30 12 12 



In the four countries shown in table 3, moderate overweight appears to be more 

common in men than in women. In European countries, obesity is slightly more 

common in women than in men. Obesity appears to be more prevalent in the United 

States in both men and women than in any of the other industrial countries in 

the table 

1.3. Body fatness and mortality - epidemiological evidence 

1.3.1. Epidemiological evidence 

One of the most comprehensive reviews on obesity and mortality was published by 

Simopoulos and Van Itallie in 1984 [90]. Their review is based on the 

conclusions of a workshop on body weight, health and longevity held in Bethesda, 

Maryland, in 1982. They reviewed a number of large population studies in which a 

relationship between overweight and mortality had been demonstrated. Some 

characteristics of these studies, to which we add a recently published 

population study from Norway [107], are shown in table 4. 

It is typical for all these studies that large populations had to be followed up 

for at least 10 years before any effect of body weight on mortality was 

detectable. Bjorntorp [15] has proposed that the delayed effect may be explained 

by the possibility that excess mortality (especially from cardiovascular 

disease) is present mainly in a subgroup of the obese population. Lumping all 

types of obesity into one category may cause statistical dilution of an effect 

of body fatness on mortality in a subpopulation of the obese. Another feature of 

the studies summarized in table 4 is the J-shaped relation between Body Mass 

Index and mortality. Excess mortality at both ends of the range of Body Mass 

Index are evaluated in section 1.3.2. 

Smoking appears to be an important confounding factor in the relationship 

between body fatness and mortality, and needs to be taken into account assessing 

the risk of overweight and obesity. 

The available epidemiological evidence has led to the conclusion that 

'overweight persons (i.e. persons whose weights are above average) tend to die 

younger than average weight persons, particularly those who are overweight at 

younger ages' [90]. Similar conclusions were drawn by the Royal College of 

Physicians in 1983 [87). 

It remains to be determined, however, whether persons who are moderately 

overweight but not obese might benefit from weight reduction when there is no 

indication of abnormalities (e.g. hypertension, impaired glucose tolerance, 
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Table 4. Some aspects of studies demonstrating a relationship between an obesity index and mortality 

(adapted from Simopoulos and Van Itallie [90] 

Type of studies Mathematical 

relation 

Weight with 

minimum 

mortality 

Sex and age 

difference 

of relation 

BMI and 

mortality 

Average/ 

max 

follow-

up(yrs) 

Remarks on 

study population 

Follow-up 

after which 

an increased 

risk became 

apparent(yrs 

Life insurance 

statistics 

4.2 - Build Study 1979 J-shaped weight below 

million average 

more apparent 6.6/22 Policy-holders, 

in men age 15- mainly male, middle-*-

39 than in class, of apparently 

age 40 - 69 good health 

- Provident mutual 

life study 

weight below 

average 

only men /34 Male policy holders 

Prospective studies 

750000 - American Cancer J-shaped 

Society 

10-20% below of 

average weight 

(non-smokers) 

6 /14 Predominantly middl* 

class healthy volunteers 

self-reported data 

5209 - Framingham Heart J-shaped 

Study 

+ 20% below 

average weight 

(non-smokers) 

effect in men - /26 

decreased with 

age 

Residents of Framin^haa 

3983 - Manitoba Study below average most apparent - /26 

in men 20-40 yrs 

Male pilots 

1.2 - Norway 

million 

J-shaped BMI's between 

23 and 27 kg/m 

for males and 

females 

flatter curve 10 /15 

for women 

minimum increase 

General population 

J-shaped 

(after 23 kg/m' 

adjustment of 

weight change 

in adult hood 

around a BMI of 
2 

- /10 Middle aged men 

BMI = Body Mass Index (weight/height in kg/m ) 



hyperuricaemia or hyperlipoproteinemia) and no evidence of clinical illness or a 

genetic predisposition for such illness. This point has been stressed by Berger 

et al [12] and Andres [2] who have since been frequently misquoted as being 

proponents of the view that overweight subjects should not be treated unless 
2 

they are really obese (BMI > 30 kg/m ). 

The main problem of overweight subjects is that they are at risk of becoming 

obese, and for prevention purposes this group requires attention [50, 59]. More 

important is the finding that fat distribution, even in very moderate degrees of 

overweight, seems to have a substantial impact on health risk. A re-evaluation 

of existing evidence might lead to new diagnostic criteria for estimating the 

risk of overweight and obese individuals (See section 2 for more details). 

Another factor that needs to be taken into account in the evaluation of 

overweight individuals is their age, as it has been shown that weight at minimum 

mortality increases with age [2]. In fact the NIH consensus development 

conference concluded from the Framingham and American Cancer Societies study 

that the increase in mortality with relative weight is steeper for those under 

50 years of age, suggesting increased desirability of treatment in younger age 

groups. 

1.3.2. Causes of death in overweight and underweight individuals 

As discussed in the previous section, it has been shown that mortality rates are 

increased at both ends of the distribution of the Body Mass Index. The main 

causes of death in the underweight and the overweight part of the population are 

dissimilar. Waaler [107] identified lung diseases (including lung cancer, 

tuberculosis and obstructive lung disease) and stomach cancer as typical causes 

of death of underweight individuals. It must be noted, however, that no 

adjustments had been made for possible confounding effects of smoking. 

Cardiovascular disease, cerebrovascular disease and diabetes were found to be 

characteristic causes of death in overweight subjects. Similar conclusions have 

been drawn from other investigations, where increased cancer incidence was 

observed in underweight subjects and increased cardiovascular risk was apparent 

in overweight subjects [9, 46]. Such illness might also be the cause of 

underweight. 

From a Norwegian study [107] it was calculated that obesity is responsible for 

4% of all deaths in women and 5% in men. This is of the same order as for lung 

cancer in men and breast cancer in women. 

Lew and Garfinkel [74] in their much cited analysis of the American Cancer 
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Society Study found that men with weights more than 40% above the average were 

at increased risk of cancer of the colon, rectum and prostate. In obese women, 

increased risk for cancer of the gallbladder, breast, cervix (especially 

post-menopausal), endometrium, uterus and ovarium was found (especially in lower 

socio-economic groups). More evidence for increased risk of cancer at particular 

sites in both underweight and overweight subjects shows that it is impossible to 

give an optimal weight for cancer risk, especially since nutritional factors may 

be important in the association of body weight and cancer risk [46]. Garn 

proposed that low serum and tissue levels of vitamins (particularly vitamin A) 

and low cholesterol levels might explain the increased mortality risk in the 

underweight part of the population. 

Cardiovascular mortality 

Apart from the possible statistical dilution effect due to the failure to take 

the heterogeneity of human obesity into account, sophisticated analyses may 

blurr the picture. It has been proposed [65] that obesity is not a major risk 

factor for cardiovascular disease since it proved not to be a risk factor 

independently of other risk factors, such as elevated blood pressure, ECG 

abnormalities, cholesterol and glucose tolerance. The mechanism by which obesity 

could lead to premature cardiovascular death probably involves these risk 

factors and it is not fully clear how a statistically independent effect of Body 

Mass Index on cardiovascular disease should be interpreted [87]. 

Brunzell [27] has argued that, since cardiovascular disease risk is particularly 

elevated in young adults, genetic factors may play a major role in the 

association. This hypothesis has to be investigated further. 

Hubert et al [60] in a 26 year of follow-up study of 5209 men and women, 

concluded that Metropolitan relative weight at baseline examination was an 

independent predictor of angina pectoris and other coronary disease in men and 

women. In women it was also a predictor of stroke, congestive failure and 

coronary and cardiovascular death. In this relation adjustments were made for 

age, cholesterol, systolic blood pressure, smoking, left ventricular hypertrophy 

and glucose tolerance. As discussed above, there is no obvious underlying 

mechanism for the independent relationship is not directly at hand. Thejdata of 

the Framingham study [60] also revealed that weight gain in young adult years 

conveyed an increased risk of cardiovascular disease in men and women, that 

could not be attributed to initial weight or to risk factors that may result 

from weight gain. 

From this important study it was concluded that intervention in obesity is an 
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advisable goal in the primary prevention of cardiovascular disease. 

1.4. Obesity and morbidity 

From an extensive review of the literature, Berger et al [13] concluded that the 

associations of obesity with several chronic disorders are well established, but 

that the evidence for other claimed associations is not always conclusive. A 

listing of the disorders found, or claimed, to be associated with overweight is 

shown in table 5. 

Table 5. Diseases and metabolic abnormalities proven or claimed to be related 

to obesity (adapted from Berger et al 1985 [13] 

Diseases related to obesity 

(well documented evidence) 

Diseases related to obesity 

(not well documented evidence) 

hypertension 

hyperlipoproteinaemia 

gout 

diabetes mellitis 

glucose intolerance 

cardiovascular disease 

gall stones 

kidney stones 

musculo-skeletal disorders 

hernia 

pulmonary insufficiency 

alveolar hypoventilation 

venous stasis 

haemmorrhoids 

severe impairment of self-image 

susceptibility to psychoneuroses 

impairment of sexual and reproductive functions 

risk of endometrial and breast cancers 

An important problem with the diseases that are not firmly related to obesity, 

shown in table 5, is that they are difficult to study in prospective studies. 

Several variables, associated with environment and life style, may confound the 

relation. Available evidence is based mainly on self-reported data or 

case-control studies in selected populations. As will be discussed in the next 

section, fat distribution may complicate the detection of existing associations. 

Furthermore, slimming efforts might contribute to the onset of diseases such as 

gallstone disease and may thus lead to spurious associations with overweight. 
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Clearly, the relation of body weight to morbidity is a very complex field to 

study. The NIH consensus panel, discussing this subject, placed considerable 

weight on evidence from the two National Health and Nutrition Surveys (NHANES) 

conducted by the National Center for Health Statistics (NCHS) in the USA. The 

NHANES II (1976 - 1980) study revealed strong associations of hypertension, 

hypercholesterolemia and diabetes with BMI values at or above 27.8 for men and 

27.3 for women (the 85th percentile level in the USA), especially in young 

adults (ages 20 - 44). 

Recommendations for weight reduction, based on increased risk of morbidity and 

mortality with overweight, were made for the following circumstances (adapted 

from [29]). 

(i) Excess body weight of 20 percent or more. This corresponds to a BMI 

above 26.4 for men and 25.8 for women (1959 Metropolitan tables), or 

above 27.2 for men and 26.9 for women (1983 Metropolitan tables). For 

extreme obesity, risks are much greater, including a risk of dangerous 

cardiopulmonary conditions, 

(ii) Family history or risk factors for maturity onset (Type-Il) diabetes, 

(iii) High blood pressure, 

(iv) Hypertriglyceridemia or hypercholesterolemia. 

(v) Coronary disease (or atherosclerosis), 

(vi) Gout, 

(vii) Functional impairment due to heart disease, chronic obstructive 

pulmonary disease, or osteoarthritis (spine, hips and knees, which bear 

weight), 

(viii) History of childhood obesity. 

Diagnostic and cardiopulmonary fitness assessments should involve the physician, 

and programs of weight reduction should bring in other health professionals as 

well. 

One of the research areas stressed by the panel as being an important area for 

future study was research on determinants of body fat distribution, and on the 

mechanisms of its adverse effects. 

We may conclude that, although some associations remain to be clarified, obese 

or overweight individuals who have musculoskeletal or respiratory complaints, 

elevated blood pressure, hyperlipoproteinemia, diabetes type II, or glucose 

tolerance can be expected to benefit from weight reduction [16, 59]. 
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2. FAT DISTRIBUTION; A NEW DIMENSION IN OBESITY RESEARCH 

2.1. Introduction 

In the previous section some recommendations made by the consensus panel of the 

NIH in Bethesda, Maryland in 1985 were cited. From the reports of the panel it 

was clear that throughout the discussions the topic of fat distribution was a 

recurrent theme. Similarly, at many important international congresses on 

obesity research (e.g. the International Congress on Obesity in New York in 1984 

and the International Symposium on the Metabolic Consequences of Obesity in 

Marseille in 1985) increasing attention has been paid to the classification of 

types of body fat distribution and its relations to disease. Although the 

importance of a distinction between central and peripheral types of fat 

distribution was stressed by Vague in the early fourties, the subject of human 

fat distribution has been a somewhat neglected subject in obesity research until 

recent years. 

Investigators from many countries (especially Sweden, France and the United 

States) are now clarifying the metabolic basis for the observed relations 

between different types of fat distribution and various clinical associates of 

obesity. 

Table 6 shows a summary of some of the relationships established between a fat 

distribution type, in which fat is predominantly stored in the abdominal region, 

and various diseases. 

Table 6. Diseases or metabolic abnormalities shown to be related to abdominal 

fat distribution 

Men 

Prospective 

studies 

Only in cross-

sectional studies 

Women 

Prospective 

studies 

Only in cross-

sectional studies 

ischemic heart 

disease 

stroke 

diabetes 

arthrosis 

hypertension 

glucose intolerance 

hyperinsulemia 

myocardial 

infarction 

angina 

pectoris 

stroke 

hypertension 

glucose intolerance 

hyperinsulemia 

menstrual 

abnormalities 

unclear: gout, gallstones, kidney stones 
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In the next section of this review we will first discuss some of the methods 

used for the classification of types of fat distribution, and then consider the 

functional characteristics of fat stored in different regions of the body. 

Finally, the relations, summarized in table 6, will be discussed in some detail. 

2.1. An overview of methods used for the classification of types of fat 

distribution 

2.1.1. Subcutaneous fat patterning 

Jean Vague can be regarded as one of the pioneers in research on body fat 

distribution. He introduced, in the early fourties, the concepts of android and 

gynoid types of fat distribution [101]. For classification purposes he developed 

an Index of Masculine Differentiation (IMD) based on the average of the nape to 

sacrum skinfold ratio (corrected for the total thickness of the fat in the two 

regions) and the 'Brachio/Femoral Adipo Musculo Ratio' (B/F AMR). THE B/F AMR 

was calculated from skinfolds at the proximal parts of the arm and thigh and 

circumferences of the limbs at the same level [103]. Relatively high values of 

the IMD were typically found in men (android fat distribution) while lower 

values were found to be characteristic in women (gynoid fat distribution). 

Vague's observations of associations of these types of fat distribution with 

specific disorders and metabolic abnormalities stimulated research in this area. 

Other methods used for the description of subcutaneous fat patterns include 

Z-score pattern profiles [45], ratios of skinfolds such as triceps/subgcapular 

ratios [42], and the ratio of sum of trunk skinfolds to the sum of skinfolds on 

extremities [36, 23, 30]. Principal components analysis of subcutaneous fat 

sites has also been used in the study of human fat patterning, and the 

usefulness of this approach has recently been confirmed [34, 79]. Joos et al 

[62] used discriminant analysis of skinfold thicknessess in order to distinguish 

diabetics from non diabetics. It was shown that in men a contrast of subscapular 

with waist and leg skinfolds and in women of subscapular and leg (calf) 

skinfolds provided the best basis for the classification of subjects into 

diabetics and non-diabetics. 

In obesity research these methods have certain drawbacks, since skinfold 

thickness measurements in obese subjects are often difficult to measure and have 

poor reproducibility [26]. 

Another drawback is that measurement of the distribution of subcutaneous fat 

alone fails to take the intra-abdominal fat depot into account. 
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2.1.2. Circumference ratios for describing fat distribution patterns 

Methods of describing more than the subcutaneous fat pattern alone involve, for 

instance, somatotyping. In such methods, that were frequently used in the 

fifties and sixties of this century, classification of typical forms of body 

build is made by trained raters. Craig and Bayer [31] used photographs and 

outlines of obese women and classified them into categories ranging from 

hyperfeminine to hypofeminine. Damon et al [32] classified Framingham males 

according to the typology of Sheldon and related different types of body build 

to health. 

Ashwell et al [6] redeveloped the concepts of gynoid and android fat 

distribution and rated pictures of obese women as android and gynoid. 

Discriminant analysis was used to construct a Fat Distribution score (FD-score) 

based on body dimension measurements. With this score a similar classification 

of obese subjects into types of fat distribution was obtained compared to the 

classification based on the photographs and the classification system that was 

developed by Vague. The score of Ashwell et al was calculated from the ratio of 

waist diameter to thigh diameter [6]. Later they proved that this 'Fat 

Distribution score' was highly correlated with the ratio of waist to thigh 

circumferences [7]. 

In Sweden, collaborators in research on fat cell metabolism and metabolic 

complications found that the waist circumference was highly correlated with 

metabolic complications. As the waist circumference was closely dependent on the 

size of the individual, the ratio of the waist to hips circumference was used in 

the analyses in order to correct for body size [68]. In an epidemiological study 

of 15532 obese women in a slimming organization in the USA, the ratio of 

reported waist girth and hips girth was used as an index of body fat 

distribution as 'it was similar to the index reported by Aswell et al, and the 

Index proposed by Vague' [57]. Evans et al [38] later confirmed that the 

simplest method for describing fat distribution (i.e. waist/hips circumference 

ratio) was at the same time the most useful one with respect to metabolic 

complications [38]. Later, this ratio of waist to hips circumference was found 

to be a strong predictor of mortality in men and women [73, 72]. Waist/thigh 

ratio is probably an equally useful measure of fat distribution [16, 88] 

although in practice subjects may be more reluctant to have their thigh 

circumference measured than their hips circumference. 
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The waist/hips and waist/thigh circumference ratios does measure the 

predominance of fat storage in either the abdominal region or, respectively, the 

gluteal and femoral region. The abdominal fat depot indicated by the magnitude 

of the waist circumference includes both the subcutaneous fat depot and the 

intra-abdominal fat depot. These fat depots have different morphological and 

metabolic characteristics, and it may be important to distinguish the two in 

studies of metabolic complications, morbidity and mortality. Computed tomography 

has been found to be a useful tool for estimating the amount of abdominal fat 

stored internally and subcutaneously. 

2.1.3. Computed tomography in fat distribution research 

In 1982, Borkan et al [21] published the results of an investigation which 

demonstrated the value of CT scanning in assessing abdominal fat content. Data 

from 8 male patients revealed that a single scan at the level of the ulnbilicus 

provided the most useful information on intra-abdominal and subcutaneous 

abdominal fat. Dixon [35] compared CT-scans of 25 men and 25 women at this level 

(which corresponds in most cases to the level of the L4 vertebra) and observed 

that men had significantly more fat within the abdominal cavity. The total 

amount of body fat in this region was found to be similar in men and women, but 

in women a greater proportion of the fat was stored subcutaneously. Grauer et al 

[55] studied 50 adult males and 62 adult females and assessed fat distribution 

at several other vertebral levels (Ll, L3 and L5). They confirmed that the 

proportion of subcutaneous fat is greater in women than in men but found that 

total fat volume in women was higher than in men. Similar results were obtained 

from obese subjects [100]. Borkan et al [22] showed that total fat mass in men 

did not differ between middle aged (mean age 46 years) and older men (mean age 

69 years), but that the proportion of subcutaneous abdominal fat was lower and, 

correspondingly, the proportion of intra-abdominal fat was higher in the older 

men. Aswell et al [8] studied in 28 women the relationships between the 

circumference ratios described above and the ratio of subcutaneous abdominal fat 

to subcutaneous fat at the umbilicus (L4) level. There was a significant 

correlation between the waist/hips circumference ratio and the proportion of 

intra-abdominal fat. These correlations remained significant after adjustments 

for age and degree of obesity. The authors suggest that the observed 

relationship between a high waist/hips ratio and metabolic complications might, 

at least in women, reflect a relatively large amount of intra-abdominal fat. 
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If this is proven to be the case, it might provide a further explanation for the 

higher risks that men have for metabolic complications, compared to women, at 

the same degree of obesity [68]. On the other hand, there is a discrepancy 

between the observed internalization of fat with increasing age and the decrease 

in morbidity risk of obesity with advancing age. Further research is needed to 

clarify this apparent paradox. Figures 1 and 2 illustrate the use of computed 

tomography performed on two male patients. The patient in figure 2 is older and 

fatter than the patient in figure 1. The larger amount of body fat in the 

abdominal region in patient 2 is clearly predominantly stored as intra­

abdominal fat. 

Figures 1 and 2: 

Computed tomographic scans at L4 level in two male patients. 

Figure 1. Age: 33 years; BMI: 21.1 kg/m ; Surface of intra-abdominal body fat: 
2 2 

30 cm ; Surface of subcutaneous body fat: 124 cm . 
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Figure 2. Age: 55 years; BMI: 26.5 kg/m ; Surface of intra-abdominal body fat: 
2 2 

157 cm ; Surface of subcutaneous body fat: 179 cm . 
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2.2. Functional characteristics of fat stored in different regions 

2.2.1. Morphology of adipocytes in different regions 

It has been known for a long time that women have more body fat than men [77]. 

Sjostrom et al [92] showed, in a study of 11 male and 12 female students, whose 

weights were within the normal range, that women had more subcutaneous body fat 

than men and that this difference could be attributed to a larger fat cell 

number in women than in men. This was demonstrated for the epigastric, 

hypogastric and femoral region but not for the gluteal region. In the gluteal 

region the difference in subcutaneous fat thickness between men and women was 

due to larger fat cell size in women. Krotkiewski et al [67] found that 

non-obese middle aged women had more body fat than non- obese young women, owing 

mainly to the larger fat cells in the older women, particularly in the abdominal 

region. This finding indicated that fat cells of the abdominal region are more 

responsive to nutritional or hormonal factors than fat cells from other regions. 

When Krotkiewski et al [68] extended their studies to a large population (n = 

930) of obese individuals they found that fat cell weight in obese men was 

similar in all four studied regions but fat cell number was found to be highest 

in the abdominal region. In obese women, as in women of normal weight, fat cell 

size and fat cell weight were highest in the gluteal region. 

Thus, the typical characteristics of fat cell morphology and fat distribution in 

men and women of normal weight remains present in obesity. It was shown that in 

the obese, the increasing amount of body fat leads to an increased fat cell 

size, up to a critical value of 0.7 - 0.8 ug per cell. After this increase, a 

more rapid increase of fat cell number was observed in all regions. This finding 

challenged the hypothesis (which was hotly debated some years ago) that fat cell 

number is a characteristic determined early in life and predisposing fat infants 

to lifelong obesity. This hypothesis has now been generally rejected [56, 63]. 

The differences between men and women with regard to fat cell morphology and fat 

distribution may be, according to Bjorntorp [14], explained by the specific 

control of femoral-gluteal fat cells by female sex hormones. 

The role of hormonal regulation of body fat distribution and fat cell size was 

further elucidated by work of Rebuffe-Scrive et al [83] who found that fat cells 

were larger in both abdominal and femoral regions in lactating women than in 

pregnant and non-pregnant women. Lipo-protein Lipase (LPL) activity was higher 

in the femoral than in the abdominal region in non-pregnant and pregnant women. 

Thus, fat is preferentially stored in the femoral region under normal conditions 



and in pregnancy in women. During lactation, however, LPL activity was markedly 

reduced in the femoral region while there was no change in the abdominal region. 

Basal and catecholamine stimulated lipolysis were found to be more active in the 

abdominal region (as had also been observed in other studies [5, 76, 69]). 

During lactation, in contrast to other conditions, lipolysis increased in the 

femoral regions. These findings led to the hypothesis that the characteristic 

female fat storage in the gluteal and femoral fat depots have a function for the 

storage of triglycerides that can be used to provide the extra energy needed for 

lactation. This can probably be regarded as an adaptation that was advantageous 

in pre-industrial civilizations but is no longer of much great physiological 

importance and is, ironically, the cause of cosmetic concern in women living in 

populations where food is abundant in all seasons. 

It has been reported that in the post-menopausal state women become more similar 

to men with regard to regional differences in fat cell morphology, and may be 

influenced by the use of estrogen medication [14, 15]. Other findings which 

support the hypothesis of hormonal regulation of body fat distribution were 

published by Evans et al [39]. They studied adipocyte morphology and metabolic 

profiles in 80 healthy pre-menopausal white women with body weights ranging from 

normal to markedly obese. They reported that increasing androgenicity (reflected 

in decreased plasma - sex hormone binding globulin and an increased percentage 

of free testosterone) was correlated with increasing waist-hips circumference 

ratio and an increase in fat cell size in the abdominal but not in the femoral 

region. 

Although the details of the mechanisms involved remain to be elucidated, 

evidence so far strongly suggests that specific endocrine regulation of 

abdominal and femoral adipocytes explains at least some of the differences 

between men and women and between types of body fat distribution with regard to 

the regional variation in morphology and distribution of adipocytes. 

2.2.2. Additional factors that may influence regional differences in fat 

cell distribution and metabolism 

2.2.2.1. Weight reduction and fasting 

As has been discussed in the previous sections, the abdominal fat depot 

appears to be a more labile depot of triglycerides. It might therefore be 

expected that weight reduction would lead to a reduction in cell size, 

particularly in the abdominal region. This hypothesis is supported by findings 
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of Arner et al [4], who observed that, in 25 obese middle aged women, fat cell 

volume decreased in the abdominal but not in the femoral region during one week 

of fasting. LPL activity decreased, and lipolytic activity increased, in the 

femoral region as result of fasting, but these effects were found to be much 

more pronounced in the abdominal region. Similar observations were made by 

Smith et al [94] who studied seriously obese patients before and after 

jejuno-ileal by-pass. Fat patterns would therefore be likely to be altered 

after substantial weight reduction. Many studies in the past, however, have 

been unable to confirm this. For example, Edwards [37] observed in 1950 that in 

women who lost more than 12.7 kg there was a basic fat pattern that remained 

stable over a broad weight range. G a m [45] studied 13 men during controlled 

weight loss and found that the relative fat pattern remained constant. Craig 

and Bayer [31] re-examined 50 women 2-10 years after conspicious weight loss or 

gain, and concluded on the basis of outlines that whether weight was lost or 

gained the distribution of fat and the androgynic pattern remained the same. 

Vague in 1974 reported that in a study of 13 obese males, 28 obese females and 

21 lean females during weight loss or gain the adipomuscular ratios in 

individuals were more or less characteristic and were inclined to reappear 

whatever weight variations were imposed on the subject [105]. Ashwell et al [6] 

found no correlation of their 'Fat Distribution Score' with weight loss and 

proposed that fat distribution was relatively constant and possibly genetically 

determined. The work of Borjeson [20] in 1976 on monozygotic and dizygotic 

twins suggested that fat distribution might indeed have an important genetic 

component. A recent investigation of weight loss in 187 severely obese women by 

Lanska et al [69] demonstrated that the ratio of waist to hips girth was not a 

useful prognostic indicator of weight change for these women with, it should be 

noted, refractory severe obesity. The assumption that obesity is more catching 

in the abdominal region and that femoral regions are more resistant to slimming 

[3] may be unwarranted [52]. On the other hand, Albrink and Meigs showed, in 

1964, that in 419 male factory workers, skinfold thickness of the trunk was 

correlated with the amount of weight gained since age twenty five, but forearm 

skinfold thickness showed no such correlation [1]. They hypothesized that 

forearm skinfold thickness reflected innate lifelong obesity, while skinfold 

thickness of the trunk reflected, at least in part, obesity acquired during 

adult life. Genetically determined fat storage capacity in different regions 

may become apparent only in later life under the influences of environmental 

factors. This hypothesis, that fat in the extremities is increased in inherited 

but not in acquired obesity, is strengthened by the report of Strendberg 
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(quoted by Wells [108]) of a full thickness skin graft from the abdominal wall 

to the hand of a slim young girl. As an adult this girl acquired excess weight 

about the girth and the skin graft of the hand also became obese, although the 

neighboring forearm adipose tissue did not increase in size. The result, a 

grotesque boxing glove appearance to the hand, suggests that there is a greater 

potential for abdominal fat to expand than for fat of the extremities. Thus, 

environmental influences may be necessary for the expression of genetic factors 

that determine fat distribution. If this is indeed the case, weight gain in the 

'innate' obese should not influence fat distribution, but in those with adult 

onset obesity it should do so. The conflicting results described above could be 

due to differences in the aetiology of the obese subjects that were studied. 

Another feature of the studies described above is that they considered only 

subcutaneous fat patterning before and after weight loss, and may have failed 

to take alterations in the intra-abdominal fat depot into account. As was 

discussed in the previous section, this depot, of all the major fat depots, is 

the most labile pool of triglycerides. Studies in which subjects with a clear 

abdominal fat distribution are compared to those with fat storage predominantly 

in gluteal and femoral depots, before and after controlled weight reduction, 

are needed to clarify this issue. Although it will be difficult to identify 

them without misclassification, individuals who are genetically predisposed 

towards obesity should be separated from those with no family history of 

obesity at all. In such studies, not only should subcutaneous fat distribution 

be studied; variation in the amount of fat within the abdominal cavity should 

also be included. Studies of Bouchard et al [24] suggest that about 60% of the 

subcutaneous fat pattern might be explained by genetic and environmental 

factors, which are both equally important. The important implications for the 

treatment of abdominal obesity mean that priority should be given to studies of 

the effects of weight reduction by various methods on fat distribution and 

associated risk factors. 

2.2.2.2. Age, degree of obesity, age of onset of obesity, parity 

Studies of subcutaneous fat patterns have revealed that, with increasing age, 

fat shifts from the extremities towards the trunk [47, 48, 93]. Aswell et al 

[6] showed that older, fatter women are more likely to have a central type of 

fat distribution. This was confirmed in a study by Seidell et al [88] in which 

Body Mass Index explained 15.9% of the variation in the waist-thigh ratio of 

overweight women, and age explained 9.0%. In overweight men, age was 
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significantly correlated with the waist-thigh ratio (r2 = 16.5%), and to a 

small but significant extent, social class was negatively correlated with the 
2 

waist-thigh ratio (r =3.3%). 

Data from a large cross sectional survey in the United States (52953 women who 

participated in a TOPS, 'Take Off Pounds Sensibly', programme) revealed similar 

results [70]. In this study, in which self-reported waist and hip girths were 

used, the waist to hip circumference ratio increased with age and body weight. 

These effects could not be accounted for on the basis of parity, menopausal 

status or obesity history. Obesity history was defined as the greatest percent 

over 'Ideal Body Weight' attained during the teenage years. The study has the 

advantage of a large number of subjects, but the information was obtained from 

a rather selective population and might be biased by self-reporting of the 

data. In the study of Seidell el al [88], self-reported weight history revealed 

that women belonging to the upper tertile of waist thigh ratio had a later 

onset of obesity than those in the lower tertile of the ratio. In men, no such 

an effect of onset of obesity was found. Such findings have led investigators 

to hypothesize that obesity, acquired early in life would lead to generalized 

obesity with expansion of all fat depots, while in adult onset obesity this 

expansion would be confined to the abdominal region. As fatness in children is 

associated with early maturation, one might expect long-term differences in the 

fat distribution of early- and late-maturing individuals [44]. The effect of 

maturation on body fat distribution has been studied by Frisancho and Flegel 

[44] who examined the data from the National Health and Nutrition Examination 

Survey I in the United States (NHANES I). Percentage trunk fat (defined as 

subscapular skinfold devided by the sum of the triceps and the subscapular 

skinfold) was found to be related to bone age (in children) and age of menarche 

(in adult women). Their results suggested that early maturation from 7 years 

onwards (except for males aged 13 to 16 years) is associated with larger 

triceps and subscapular skinfold thickness. This was more evident in the 

subscapular skinfold. The authors concluded that advanced maturation is 

associated with an accentuation of the centripetal (abdominal) distribution of 

fat during adolescence and adulthood. They suggested that environmental 

influences may bring about the expression of genetic factors that determine fat 

distribution. Their paper was critisized by Deutch and Mueller [34] who argued 

that in females the difference ascribed to maturity was likely to be a 

secondary effect of the correlation between percentage trunk fat and body 

fatness. In contrast to Frisancho and Flegel, they found that, using principal 

component analysis of subcutaneous fat distribution in adolesence and young 
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adults, obesity in adolescence and young adulthood was associated with fat 

concentrated in the upper part of the trunk. This effect was independent of 

maturity, which was found to be a significant correlate of the trunk/extremity 

patterning component but not of the upper/lower trunk-fat component (in males). 

Only long term prospective studies, in which both body weight development and 

fat distribution are followed, can clearly give the answer to the question 

whether fat distribution is related to the onset of obesity, menopausal status, 

and/or parity. 

2.2.2.3. Regional differences in fatty acid and glucose metabolism in 

adipocytes. 

It is difficult to study cells from the intra-abdominal fat depot. Those who 

have studied these cells, obtained them from the omentum major of patients 

undergoing abdominal surgery. Omental fat cells were found to differ from 

subcutaneous fat cells in their lipolytic response. It has been demonstrated 

that omental fat cells are more responsive to the lipolytic effect of 

epinephrine and nor-epinephrine [54]. Bolinder et al [18] showed that in non-

obese adult men and women, omental fat was less responsive to the antiliipolytic 

effect of insulin than subcutaneous abdominal fat. They demonstrated that the 

difference could be explained by differences in insulin receptor affinity, and 

by a difference in insulin action at the post-receptor level. It can be 

expected, therefore, that in vivo relatively large amounts of free fatty acids 

will be released from abdominal adipocytes into the bloodstream. From the 

intra-abdominal fat depot the free fatty acids will drain directly into the 

portal vein, so the liver will be exposed to an increased concentration of free 

fatty acids. From the subcutaneous fat depot the released free fatty acids will 

go into the systemic circulation. Figure 3 shows a tentative overview of the 

possible consequences of the release of large amounts of free fatty acids (FFA) 

by the abdominal depots (adapted from Bjorntorp 14, 15). 
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Figure 3, Schematic representation of the (hypothetical) mechanisms by which 
increased fat mass may lead to metabolic complications. 
(Adapted from BjSrntorp (15). 

The relation between predominance of trunk fat (as opposed to fat on the 

extremities) and plasma triglycerides was shown by Albrink and Meigs in 1964 

[1], and has since been confirmed several times [40, 64]. As discussed in the 

previous section, Albrink and Meigs found a correlation of trunk fat (but not 

forearm fat) with weight gain since age twenty-five. In men with slender 

forearms, triglyceride concentration increased significantly with abdominal 



skinfold thickness. In men with fat forearms no such correlation was found. 

Albrink and Meigs suggested that this finding, and the fact that mean 

triglyceride levels in innately thin men (with slender forearms) who became 

obese later in life were higher than in the innately fat men (with fat 

forearms), may have been the result of overloading of existing adipose cells. 

Despres et al [33] in a study on 234 women and 238 men of 18 - 50 years of age, 

confirmed that abdominal and subscapular fat depots are more closely associated 

with serum lipids than other fat depots, particularly in men. The abdominal and 

subscapular skinfolds were found to be positively correlated with serum 

triglicerides and total cholesterol, negatively with HDL-cholesterol, and most 

strongly with the ratio of HDL-cholesterol to total cholesterol. This regional 

trend remained significant after correction for concomitant variables such as 

age, cigarette smoking, habitual energy intake and energy expenditure, maximal 

aerobic power and alcohol consumption. Such associations were less clear in 

women who, although they were fatter than the men in the study, had lower 

triglyceride and total cholesterol concentrations and higher values of the HDL 

cholesterol/total cholesterol ratio than the men. More recently other parts of 

the mechanism described in figure 3 have been proven. Thiebaud et al [99] 

demonstrated that increased plasma FFA levels in 25 healthy young volunteers, 

established by means of intralipid infusion, impaired the ability of insulin to 

stimulate glucose oxidation and storage. This inhibitory effect of elevated FFA 

levels on glucose storage contributed more to the impairment of glucose 

tolerance than the defect in glucose oxidation. They found no effect of FFA on 

baseline insulin levels. Smith has recently cited evidence [95] that perfusion 

with a high free fatty acid concentration in the rat, reduced insulin 

clearance. Decreased hepatic insulin removal is an important cause of 

hyperinsulinemia in obesity, especially in diabetics [19]. High FFA in the 

portal vein might thus, as suggested in figure 3, be responsible for 

hyperinsulinemia. Although more evidence is needed to understand the mechanisms 

described in figure 3, this field of research is developing rapidly, and it can 

be expected that within a few years the true cascade of events will be 

established. One question of particular importance is which of the two 

abdominal fat depots (intra-abdominal or subcutaneous) causes the metabolic 

aberrations associated with a central fat distribution. 
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2.3. Clinical correlates of human fat distribution 

The hypothetical mechanisms shown in figure 3 provide a possible explanation 

for the findings of epidemiological and clinical research revealing an 

association between abdominal obesity and disorders such as ischemic heart 

disease, diabetes mellitus (type II), hypertension, and stroke. The evidence 

for these associations will now be discussed in more detail. 

2.3.1. Ischemic heart disease 

Jean Vague was probably the first to report a relationship between fat located 

in the upper part of the body and ischemic heart disease (characteristic in his 

android type of obesity). He called fat mass located in the upper part of the 

body, 'diabetogenic' and 'atherogenic' fat mass [101, 102, 103, 104, 105]. In 

1959 he and his co-workers published a study on 82 obese men and 158 obese 

women [106]. They compared subjects with clinical symptoms of atherosclerotic 

disease to those without evidence of such disease. It was found that between 

the groups there were no differences in age and total fat mass, but that the 

B/F AMR was significantly higher in the men and women with symptoms of 

atherosclerotic disease. They proposed, on the basis of preliminary evidence, 

that minor hypercorticism, that would accompany android obesity, could, in 

part, be responsible for the progression of obesity towards atherosclerosis. 

His retrospective evidence in a rather selective population has long remained 

unrecognized. Damon et al [32] found that in Framingham males cases of coronary 

heart disease were 'fatter, more muscular and stockier' than others . The 

relationships were not very clear and it is difficult to translate body build 

into terms of fat distribution. 

Only recently have clear relationships between abdominal fat distribution and 

several cardiovascular endpoints been established in large prospective studies. 

In Goteborg, in Sweden, investigators included waist and hips circumference 

measurements in their set of anthropometric baseline data, when they started 

their long-term follow up studies of males and females. A thirteen-year follow-

up of 54-year old men born in 1913 revealed that a significant association 

between the waist to hips circumference ratio and the occurrence of ischemic 

heart disease. In fact, it proved to be the most powerful predictor for these 

endpoints, of all the anthropometric variables studied (including Body Mass 

Index) [73]. 

The waist to hips ratio predicted ischemic heart disease independently of 
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measures of obesity, but not when risk factors like smoking, systolic blood 

pressure and serum cholesterol were taken into account. What is remarkable is 

that the risk for ischemic heart disease was highest in men in the highest 

tertile of waist to hips ratio and in the lowest tertile of Body Mass Index. 

These findings were confirmed in the Paris prospective heart study [36J. In 

this study circumferences had not been measured at baseline examination, but an 

index of fat distribution was constructed on the basis of skinfolds at several 

sites. The ratio of the sum of skinfolds on the trunk to the sum of skinfolds 

on the extremities proved to be an independent predictor of cardiovascular 

endpoints in a 10-year follow up of middle-aged men. Lapidus et al [721 showed 

that in a 12-year follow up of women aged 38 - 60 years, similar associations 

were found to be even more pronounced than in men. The waist/hips rati© was 

associated with the incidence of myocardial infarction and angina pectoris even 

when age, body mass index, smoking habits, serum cholesterol and triglycerides, 

and systolic blood pressure were taken into account. One drawback of these 

studies is that subsequent events are linked only to measurements at baseline 

examination: changes in body weight and fat distribution during follow-up 

cannot be taken into account. Such an approach would involve frequent 

re-examinations, which are impossible in practice. The study of Larson et al 

raise the question why relatively lean men with high waist/hips ratios, have 

the highest risk for developing coronary heart disease. 

Studies on eight non-obese women with familial partial lipodystrophy [85], 

which is characterized by fat storage predominantly as subcutaneous abdominal 

fat, and a patient with Werner's syndrome [96], showed that even in non-obese 

individuals an increased ratio of central to peripheral fat is associated with 

metabolic complications. 

2.3.2. Diabetes Mellitus, glucose intolerance and hyperinsulinemia 

Diabetes Mellitus type II was the first disorder found to be associated with 

abdominal, upper body and/or android types of fat distribution was. Vague 

observed that in obese patients increasing severity of diabetes was 

accompanied by an increase in B/F AMR [106]. Lister and Tanner [75] contpared 

'acutely' diabetic patients with 'non-acute' diabetics and found that the non-

acute diabetics were more endomorphic than those whose diabetes had appeared 

during early life. Endomorphy is characterized by roundness of the body 

contour, a tendency to obesity, a smooth skin with fine hair, and short 

tapering limbs with small hands and feet. It is clear that these persons, who 


