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CHAPTER 2

Body fat distribution, in particular visceral fat, is associated with 
cardiometabolic risk factors in obese women

T.W. Elffers , R. de Mutsert , H.J. Lamb, A. de Roos, K. Willems van Dijk, 
F.R. Rosendaal, J.W. Jukema, S. Trompet 
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ABSTRACT

Background
Body fat distribution is, next to overall obesity, an important risk factor for cardiometabolic outcomes 
in the general population. In particular, visceral adipose tissue (VAT) is strongly associated with 
cardiometabolic risk factors. Since it is unclear whether body fat distribution is also important in men 
and women with obesity we investigated the associations between measures of body fat distribution 
and cardiometabolic risk factors in men and women with obesity.

Methods
In this cross-sectional analysis of obese men and women (BMI≥30 kg/m2) included in the Netherlands 
Epidemiology of Obesity Study, waist:hip ratio (WHR), waist circumference, and MRI-based abdominal 
subcutaneous adipose tissue (aSAT) and VAT were determined. Associations between measures of 
body fat distribution and presence of ≥1 risk factor, such as hypertension or hypertriglyceridemia, 
were examined using logistic regression analyses; stratified by sex and adjusted for age, ethnicity, 
education, tobacco smoking, alcohol consumption, physical activity and depending on the association 
additionally for total body fat or VAT. 

Results
We included 2,983 obese individuals (57% women) with a mean age of 56 and standard deviation 
(SD) of 6 and mean BMI of 34.0 kg/m2 (4.0), after exclusion of individuals with missing values of 
cardiometabolic risk factors (n=33). 241 individuals were obese without other cardiometabolic risk 
factors. In obese women, all measures of body fat distribution except aSAT (OR per SD: 0.76, 95%CI: 
0.53, 1.10) were associated with having ≥1 cardiometabolic risk factor, of which VAT most strongly 
associated (5.77; 3.02, 11.01). In obese men, associations of body fat distribution and the presence of 
cardiometabolic risk factors were attenuated. (e.g. VAT:1.42; 0.84, 2.41).

Conclusions
In obese women, but less so in men, measures of body fat distribution, of which VAT most strongly, are 
associated with cardiometabolic risk factors. 
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INTRODUCTION

Obesity has become a major health problem and in several countries its prevalence keeps 
rising 1,2. It has been estimated that obesity was responsible for 3.4 million deaths in 2010 
worldwide 3. Obesity is an important risk factor for the development of cardiovascular 
diseases (CVD) through cardiometabolic abnormalities such as insulin resistance and 
hypertension.  In addition to overall obesity, body fat distribution, abdominal obesity in 
particular, has emerged as an important risk factor for type 2 diabetes and CVD in the 
general population 4,5. It has been proposed that the excess risk of cardiometabolic disease 
associated with abdominal obesity is due to the presence of large amounts of visceral 
adipose tissue (VAT), which is highly metabolically active 6. Next to insulin resistance, VAT 
has also been associated with hypertension and subclinical atherosclerosis in the general 
population 7. Since body fat distribution is sexually dimorphic and sex hormones may play a 
role in the adverse effects of VAT, associations of VAT with cardiometabolic risk factors may 
differ between men and women 8,9. 

It is unclear whether these associations of abdominal adiposity with cardiometabolic 
risk factors are also present in obese individuals. Although obesity is associated with 
adverse cardiometabolic effects and CVD, not all obese individuals have cardiometabolic 
abnormalities. It has been suggested that 10-30% of obese individuals do not have obesity-
associated cardiometabolic disorders 10-14. This ‘healthy obese’ phenotype has been 
associated with a lower amount of visceral and ectopic fat relative to subcutaneous fat 15-17. 
It thus appears that abdominal adiposity, and especially amount of VAT is also important in 
individuals 18,19. Therefore, we aimed to investigate the associations between measures of 
abdominal adiposity with several cardiometabolic risk factors in obese men and women in 
the NEO Study.

METHODS

Study design and population
The Netherlands Epidemiology of Obesity (NEO) study is a population-based, prospective 
cohort study designed to investigate pathways that lead to obesity-related diseases, 
including 6,671 individuals. Men and women aged between 45 and 65 years with a self-
reported BMI of 27 kg/m2 or higher living in the area of greater Leiden (in the West of 
The Netherlands) were eligible to participate in the NEO study. In addition, all inhabitants 
aged between 45 and 65 years from one municipality (Leiderdorp) were invited irrespective 
of their BMI, allowing for a reference distribution of BMI. Individuals were invited to 
a baseline visit at NEO study centre of the LUMC after an overnight fast. At the time of 
inclusion, individuals completed a screening form, asking about anything that might 
create a health risk or that might interfere with imaging (most notably metallic devices, or 
claustrophobia). An additional contraindication for magnetic resonance imaging (MRI) was 
a body circumference of more than 1.70 m. Of the individuals without contra-indications 
for MRI, approximately 35% were randomly selected to undergo MRI. Prior to the study 
visit, individuals completed a questionnaire at home with demographic, lifestyle, and clinical 
information. At the study centre all individuals underwent an extensive physical examination, 

Elffers.indd   23 5-12-2018   08:17:36



24	

including anthropometry and blood sampling. In the present study, individuals without 
obesity and individuals with missing values of waist circumference, glucose, triglycerides, 
HDL-cholesterol concentrations, or blood pressure were excluded. Further details of the 
study design and population have been described in detail elsewhere 20. The Medical Ethical 
Committee of the Leiden University Medical Center (LUMC) approved the design of the 
study and all individuals gave their written informed consent.

Data collection
The ethnicity of individuals was self-identified in eight categories on the questionnaire 
and then grouped into white and other. Level of education was reported in 10 categories 
according to the Dutch education system and grouped as low (none, primary school or lower 
vocational education) versus high education. Tobacco smoking was categorized into current 
smoker, former smoker, or never smoker. Alcohol consumption was reported using a food 
frequency questionnaire and calculated into grams/day 21. Physical activity was reported by 
the individuals using the Short Questionnaire to Assess Health-enhancing physical activity 
(SQUASH) 22. We calculated the energy expended during physical activity in leisure time in 
hours per week of metabolic equivalents (MET-h/week). Individuals were asked to bring 
all the medication they were currently using to the study visit and to report their medical 
history of diabetes or CVD. Brachial blood pressure was measured in a seated position on the 
right arm using a validated automatic oscillometric device (OMRON, Model M10-IT, Omron 
Health Care Inc, IL, USA). Blood pressure was measured three times with 5 minutes rest 
between consecutive measurements. The mean systolic and diastolic blood pressure were 
calculated. Blood plasma was sampled after an overnight fast of 10 hours. Fasting glucose, 
triglyceride and high-density lipoprotein concentrations were measured with standard 
methods in the central clinical chemistry laboratory of the LUMC 20.

Measures of body fat 
Height and weight were measured without shoes and 1 kg was subtracted from the weight 
to correct for clothing. BMI was calculated by dividing the weight in kilograms by the height 
in meters squared. Obesity is defined as BMI ≥ 30 kg/m2. The waist circumference was 
measured with a horizontally placed flexible tape in the middle of the distance between the 
lowest rib and the iliac crest. The hip circumference (HC) was measured at the maximum 
circumference of the buttocks. The waist-hip-ratio (WHR) was calculated by dividing the 
waist circumference by the HC. With a bio-impedance device (TBF-310, Tanita International 
Division, UK) total body fat (TBF) was estimated. Abdominal subcutaneous adipose tissue 
(aSAT) and VAT were assessed by MR imaging (1.5 Tesla MR imaging, Philips Medical 
Systems) using a turbo spin echo imaging protocol in a subgroup of 2580 individuals. Three 
transverse images with a slice thickness of 10 mm were obtained during a breath-hold at the 
level of the fifth lumbar vertebra. The fat depots were converted from the number of pixels 
to centimeters squared. In the analyses, the average of the three slices was used.
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Cardiometabolic risk factors
To define different cardiometabolic risk factors, we used four components of the definition 
of metabolic syndrome as proposed by the National Cholesterol Education Program (NCEP) 
Adult Treatment Panel III (ATPIII), with minor modifications as stated in the American Heart 
Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) statement 23. 
We used 1) raised serum triglyceride concentrations (≥1.7 mmol/L) or on drug treatment to 
reduce triglyceride concentrations; 2) reduced serum HDL-cholesterol concentrations (<1.03 
mmol/L for men, <1.3 mmol/L for women) or on drug treatment to elevate HDL-cholesterol; 
3) raised blood pressure (≥130 mmHg systolic/≥85 mmHg diastolic) or on antihypertensive 
drug treatment; 4) raised fasting plasma glucose concentrations (≥5.56 mmol/L) or on drug 
treatment to lower glucose concentrations.

Statistical analysis
Baseline characteristics are presented as mean (SD), median (interquartile range) or as 
percentage. We standardized the measures of body fat to a mean of zero with a standard 
deviation of one. Then we performed logistic regression analyses and calculated odds ratios 
(ORs) and 95% confidence intervals, per standard deviation of measure of body fat, on having 
at least one risk factor compared with men and women without any other cardiometabolic 
risk factors than obesity. 

Crude associations were adjusted for sex, age, ethnicity, smoking, alcohol intake, education 
level, physical activity and statin use. Associations of WHR, waist circumference and VAT 
were additionally adjusted for total body fat and associations of aSAT were additionally 
adjusted for VAT. Data were analysed using STATA (Statacorp, College Station, Texas, USA), 
version 14.

RESULTS

After excluding individuals with missing data on fasting plasma glucose concentrations or 
glucose lowering therapy (n=26), blood pressure or use of antihypertensive therapy (n=5) and 
serum triglyceride concentrations or use of medication to reduce triglyceride concentrations 
(n=2), we ultimately included 2,983 individuals in our analyses of which in 1,071 individuals 
VAT and aSAT measurements were available. The baseline characteristics are shown in Table 
1. Of our study population, 241 individuals did not have any cardiometabolic risk factors and 
2,742 individuals had at least one cardiometabolic risk factor. However, 3% of individuals 
in the group without cardiometabolic risk factors did use lipid lowering medication. Next 
to 8% participants without any cardiometabolic risk factors, 26% had one risk factor, 34% 
had two risk factors, 21% had three risk factors and 11% had 4 risk factors. Compared with 
individuals without any risk factors, individuals with at least one other risk factor were older, 
more often men, more often former or current smoker and had a higher alcohol intake. 
There was no difference in physical activity between the groups.
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Table 1. Baseline characteristics of the study population

Cardiometabolic health status

0 risk factors (n=241) ≥1 risk factor (n=2,742)

Age, years 53 (6) 56 (6)

Sex, men, % 23 45

Ethnicity, white, (%) 95 94

Smoking

Never, % 41 32

Former, % 45 53

Current, % 14 16

Alcohol intake, g/day 4.3 (1.0-14.5) 7.8 (1.0-21.7)

Physical activity (MET-hour/week) 24.8 (15.0-42.5) 24.5 (11.1-44.0)

Education level, low, (%)a 27 33

History of CVD, % 3 9

BMI, kg/m2

Men 32.7 (2.9) 33.3 (3.3)

Women 33.5 (3.3) 34.7 (4.5)

Waist:hip ratio

Men 0.99 (0.1) 1.02 (0.1)

Women 0.88 (0.1) 0.90 (0.1)

Waist circumference, cm

Men 112.9 (8.3) 115.2 (9.3)

Women 104.0 (9.1) 107.4 (11.0)

aSAT, cm2

Men 360.1 (110.6) 330.3 (87.1)

Women 448.0 (95.4) 432.9 (93.3)

VAT, cm2

Men 148.5 (69.6) 180.4 (64.8)

Women 90.0 (30.7) 132.4 (51.2)

Systolic blood pressure, mmHg 116.3 (7.8) 135.7 (16.8)

Diastolic blood pressure, mmHg 76.6 (5.5) 87.2 (10.1)

Use of antihypertensive therapy, % 0 45

Triglycerides, mg/dL 88.6 (67.3-111.6) 130.2 (93.0-176.3)
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Table 1. Continued

HDL-cholesterol, mg/dL 

Men 51.1 (7.9) 44.7 (10.9)

Women 65.5 (11.4) 56.4 (14.2)

Use of lipid lowering therapy, % 3 21

Fasting glucose, mg/dL 92.8 (5.5) 109.1 (24.0)

Use of glucose lowering therapy, % 0 10

Data are presented as mean (SD), median (25th, 75th percentiles), or percentages. MET, metabolic 
equivalent of task during leisure time; BMI, body mass index; VAT, visceral adipose tissue; aSAT, 
abdominal subcutaneous adipose tissue. CVD, cardiovascular disease; HDL, high-density lipoprotein. 
a lower education: none, primary school, lower vocational education

Table 2 and Figure 1 show ORs and 95% confidence intervals per standard deviation of 
measure of body fat distribution on having at least one cardiometabolic risk factor in the 
whole study population and in men and women separately. In the whole study population, 
one SD higher WHR (0.1) was associated with an OR of 1.40 on having at least one 
cardiometabolic risk factor compared with individuals without any risk factors (95%CI: 1.15 
, 1.70). One SD higher waist circumference (11cm) was associated with an OR of 1.29 (1.05 , 
1.59) and one SD higher VAT (64cm2) most strongly with an OR of 2.91 (1.94 , 4.36) on having 
at least one cardiometabolic risk factor. In the whole study population, no association was 
found between aSAT and having at least one cardiometabolic risk factor (OR: 0.79; 95%CI: 
0.60 , 1.04). Also, there was a clear dose-response between number of cardiometabolic risk 
factors and measures of body fat distribution, with higher WHR, waist circumference and 
VAT associated with higher number of risk factors. This was not visible for aSAT. (Data not 
shown)

In women, 1 SD higher WHR was associated with an OR of 1.45 on having at least one 
cardiometabolic risk factor compared with individuals without any risk factors (95% CI: 1.17, 
1.80), 1 SD higher waist circumference with an OR of 1.29 (1.03, 1.63)  and 1 SD higher VAT 
with an OR of 5.77 (3.02, 11.01). Abdominal SAT was not associated with an OR of 0.76 
(0.53, 1.10) per SD on having at least one cardiometabolic risk factor.

In men, the associations of the measures of body fat distribution and cardiometabolic risk 
factors were much weaker than in women or even absent. In women one SD higher VAT 
(64.0 cm2) was associated with an OR of 5.77 (95% CI: 3.02, 11.01) on having at least one 
cardiometabolic risk factor, while in men one SD higher VAT was associated with an OR of 
1.42 (0.84 , 2.41) on having at least one cardiometabolic risk factor. (p-value interaction: 
0.002) In men, WHR (OR: 1.21; 95%CI: 0.75, 1.95), waist circumference (1.15; 0.71 , 1.86) 
and aSAT (0.73; 0.46 , 1.16) were not associated with an increased cardiometabolic risk.
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Figure 1. Association of measures of body fat distribution on having at least one cardiometabolic risk 
factor.
Data are presented as odds ratio (95% CI) per standard deviation of measure of body fat distribution 
in men and women. WHR, waist:hip ratio; WC, waist circumference; aSAT, abdominal subcutaneous 
adipose tissue; VAT, visceral adipose tissue adjusted for age, ethnicity, education, tobacco smoking, 
alcohol consumption and physical activity. Associations of WHR, WC and VAT are additionally 
adjusted for total body fat and associations of aSAT additionally for VAT.
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DISCUSSION

In this cross-sectional study, we examined several measures of body fat distribution in relation 
to cardiometabolic risk factors in obese men and women participating in the NEO study. 
In obese women, WHR, waist circumference and VAT were associated with an increased 
cardiometabolic risk, whereas aSAT was not. Furthermore, in obese women, VAT was most 
strongly associated with an increased cardiometabolic risk. In obese men, associations 
between measures of body fat distribution and cardiometabolic health were much weaker, 
if present at all. Several studies in the general population have also shown associations of 
abdominal adiposity, and visceral adiposity in particular, with cardiometabolic risk factors 
(reviewed in 6). In the Framingham Heart Study, it was found that also in obese individuals, 
VAT was associated with hypertension, impaired fasting plasma glucose and the metabolic 
syndrome 24. In a study in obese adults, VAT was associated with impaired fasting plasma 
glucose and type 2 diabetes mellitus, whereas general adiposity was not 25. 

VAT could be associated with increased cardiometabolic risk through several mechanisms. 
VAT is characterised by a high rate of lipolysis, resulting in an excess production of free fatty 
acids. These free fatty acids are released into the portal circulation and transported to the 
liver, which could result in excess intra-hepatic fat, a risk factor for cardiometabolic disease 
26,27. In addition, VAT has a high secretion rate of growth factors, cytokines, and hormones 
that are involved in the pathogenesis of cardiometabolic diseases 28-30. Furthermore, when 
adipocytes become larger with an increase in the amount of VAT , they also become more 
dysfunctional, for example through hypoxia, which leads to the increased release of free 
fatty acids and cytokines 31. 

We observed clear differences in associations of fat distribution and cardiometabolic risk 
factors between men and women. In obese women, measures of body fat distribution 
were associated with cardiometabolic health status, while in men they were not or only 
weakly associated. Differences in associations of measures of body fat distribution and 
cardiometabolic risk factors between men and women have previously been reported 
from other studies. In the Framingham Heart Study, in both obese men and women, VAT 
was associated with hypertension and the metabolic syndrome. The association of VAT 
with impaired fasting plasma glucose was only present in obese women 24. A study with 
older individuals observed that VAT was stronger associated with diabetes in women than 
in men. However, this study did not investigate obese individuals in particular 32. Another 
study of normal-weight individuals observed that VAT was associated with cardiovascular 
risk factors only in women, but not in men 33. The exact explanation for these sex differences 
is to our knowledge not known, but sex steroids likely play a role 8. Body fat distribution 
is sexually dimorphic and it is well-known that men accrue more visceral fat and women 
accrue more subcutaneous fat in general 9. After the menopause, adipose tissue of women 
shifts toward the visceral fat depot, likely due to decreasing oestrogen levels 34. A study with 
68 individuals showed that increasing VAT was associated with an increased contribution 
of VAT lipolysis to hepatic free fatty acid delivery and that this association was stronger in 
women than in men 35. Also, some pituitary hormones are known to influence adipocyte 
function. Prolactin and growth hormone have both been shown to stimulate lipolysis and 
the effects of growth hormone seem to differ between internal or subcutaneous adipose 
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tissue sites 36. Furthermore, it is known that these pituitary hormones can be influenced 
by sex hormones or have different mRNA levels in men and women 37,38. Because of their 
influence on both the distribution and the function of adipose tissue, it is thus likely that sex 
hormones play an important role in the observed differences between men and women 39,40. 

A strength of our study is the large study population (n=2,983) and the extensive 
phenotyping of the individuals at baseline. Despite the extensive measurements of 
potential confounding factors in the NEO study, we cannot exclude the possibility of 
residual confounding. Furthermore, in our study VAT and aSAT were directly assessed by MR 
imaging. A weakness of this study is that we cannot determine causal relations, because of 
the observational cross-sectional design. Furthermore, our study population consists mostly 
of white individuals, and associations between fat depots and cardiometabolic risk factors 
might differ between ethnic groups. Also, VAT was measured using three transverse slices at 
the level of the fifth vertebra and then converted to centimetres squared, which does not 
completely correspond with total VAT volume 41. 

In conclusion, our results are in line with previous literature, indicating that abdominal 
adiposity is an important determinant of cardiometabolic health. On top of previous 
literature, we showed that in obese women, but less so in obese men, VAT is most strongly 
associated with cardiometabolic risk factors, compared with the other measures of body 
fat distribution. Future studies should aim at unravelling the underlying mechanisms of the 
detrimental metabolic effects of visceral fat in women.

Acknowledgments 
We express our gratitude to all individuals who participate in the Netherlands Epidemiology 
in Obesity study. We are grateful to all participating general practitioners for inviting eligible 
participants. We furthermore thank all research nurses for collecting the data and I. de 
Jonge, MSc for all data management of the NEO study.

Elffers.indd   31 5-12-2018   08:17:38



32	

REFERENCES

1.	 Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al. National, regional, 
and global trends in body-mass index since 1980: systematic analysis of health examination 
surveys and epidemiological studies with 960 country-years and 9.1 million participants. Lancet. 
2011;377:557-67.

2.	 Stevens GA, Singh GM, Lu Y, Danaei G, Lin JK, Finucane MM, et al. National, regional, and global 
trends in adult overweight and obesity prevalences. Popul Health Metr. 2012;10:22.

3.	 Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk 
assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters 
in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. 
Lancet. 2012;380:2224-60.

4.	 Lean ME, Han TS, Morrison CE. Waist circumference as a measure for indicating need for weight 
management. BMJ. 1995;311:158-61.

5.	 Pouliot MC, Despres JP, Lemieux S, Moorjani S, Bouchard C, Tremblay A, et al. Waist 
circumference and abdominal sagittal diameter: best simple anthropometric indexes of 
abdominal visceral adipose tissue accumulation and related cardiovascular risk in men and 
women. Am J Cardiol. 1994;73:460-8.

6.	 Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006;444:881-7.
7.	 Chandra A, Neeland IJ, Berry JD, Ayers CR, Rohatgi A, Das SR, et al. The relationship of body 

mass and fat distribution with incident hypertension: observations from the Dallas Heart Study. 
J Am Coll Cardiol. 2014;64:997-1002.

8.	 Palmer BF, Clegg DJ. The sexual dimorphism of obesity. Mol Cell Endocrinol 2015;402:113-9.
9.	 Blaak E. Gender differences in fat metabolism. Curr Opin Clin Nutr Metab Care. 2001;4:499-502.
10.	 Karelis AD. To be obese--does it matter if you are metabolically healthy? Nat Rev Endocrinol. 

2011;7:699-700.
11.	 Bluher M. The distinction of metabolically ‘healthy’ from ‘unhealthy’ obese individuals. Curr 

Opin Lipidol. 2010;21:38-43.
12.	 Karelis AD, St-Pierre DH, Conus F, Rabasa-Lhoret R, Poehlman ET. Metabolic and body 

composition factors in subgroups of obesity: what do we know? J Clin Endocrinol Metab. 
2004;89:2569-75.

13.   Marini MA, Succurro E, Frontoni S, Hribal ML, Andreozzi F, Lauro R, et al. Metabolically healthy 
but obese women have an intermediate cardiovascular risk profile between healthy nonobese 
women and obese insulin-resistant women. Diabetes care. 2007;30:2145-7.

14.	 van Vliet-Ostaptchouk JV, Nuotio ML, Slagter SN, Doiron D, Fischer K, Foco L, et al. The 
prevalence of metabolic syndrome and metabolically healthy obesity in Europe: a collaborative 
analysis of ten large cohort studies. BMC Endocr Disord. 2014;14:9.

15.	 Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The metabolically obese, normal-weight 
individual revisited. Diabetes. 1998;47:699-713.

16.	 Bluher M. Are there still healthy obese patients? Curr Opin Endocrinol Diabetes Obes. 
2012;19:341-6.

17.	 Stefan N, Haring HU, Hu FB, Schulze MB. Metabolically healthy obesity: epidemiology, 
mechanisms, and clinical implications. Lancet Diabetes Endocrinol. 2013;1:152-62.

18.	 Primeau V, Coderre L, Karelis AD, Brochu M, Lavoie ME, Messier V, et al. Characterizing the 
profile of obese patients who are metabolically healthy. Int J Obes. 2011;35:971-81.

Elffers.indd   32 5-12-2018   08:17:38



	 33

7

A

4

10

2

8

B

5

11

3

9

C

6

13

12

19.	 Boonchaya-anant P, Apovian CM. Metabolically healthy obesity--does it exist? Curr Atheroscler 
Rep. 2014;16:441.

20.	 de Mutsert R, den Heijer M, Rabelink TJ, Smit JW, Romijn JA, Jukema JW, et al. The Netherlands 
Epidemiology of Obesity (NEO) study: study design and data collection. Eur J Epidemiol. 
2013;28:513-23.

21.	 Verkleij-Hagoort AC, de Vries JH, Stegers MP, Lindemans J, Ursem NT, Steegers-Theunissen RP. 
Validation of the assessment of folate and vitamin B12 intake in women of reproductive age: the 
method of triads. Eur J Clin Nutr. 2007;61:610-5.

22.	 Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the 
short questionnaire to assess health-enhancing physical activity. J Clin Epidemiol. 2003;56:1163-
9.

23.	 Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and 
management of the metabolic syndrome: an American Heart Association/National Heart, Lung, 
and Blood Institute Scientific Statement. Circulation. 2005;112:2735-52.

24.	 Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et al. Abdominal visceral 
and subcutaneous adipose tissue compartments: association with metabolic risk factors in the 
Framingham Heart Study. Circulation. 2007;116:39-48.

25.	 Neeland IJ, Turer AT, Ayers CR, Powell-Wiley TM, Vega GL, Farzaneh-Far R, et al. Dysfunctional 
adiposity and the risk of prediabetes and type 2 diabetes in obese adults. JAMA. 2012;308:1150-
9.

26.	 Rebuffe-Scrive M, Andersson B, Olbe L, Bjorntorp P. Metabolism of adipose tissue in 
intraabdominal depots of nonobese men and women. Metabolism. 1989;38:453-8.

27.	 Mauriege P, Galitzky J, Berlan M, Lafontan M. Heterogeneous distribution of beta and 
alpha-2 adrenoceptor binding sites in human fat cells from various fat deposits: functional 
consequences. Eur J Clin Invest. 1987;17:156-65.

28.	 Lemieux I, Pascot A, Prud’homme D, Almeras N, Bogaty P, Nadeau A, et al. Elevated C-reactive 
protein: another component of the atherothrombotic profile of abdominal obesity. Arterioscler 
Thromb Vasc Biol. 2001;21:961-7.

29.	 Yatagai T, Nagasaka S, Taniguchi A, Fukushima M, Nakamura T, Kuroe A, et al. 
Hypoadiponectinemia is associated with visceral fat accumulation and insulin resistance in 
Japanese men with type 2 diabetes mellitus. Metabolism. 2003;52:1274-8.

30.	 Miyazawa-Hoshimoto S, Takahashi K, Bujo H, Hashimoto N, Saito Y. Elevated serum vascular 
endothelial growth factor is associated with visceral fat accumulation in human obese subjects. 
Diabetologia. 2003;46:1483-8.

31.	 Trayhurn P. Hypoxia and adipose tissue function and dysfunction in obesity. Physiol Rev. 
2013;93:1-21.

32.	 Kanaya AM, Harris T, Goodpaster BH, Tylavsky F, Cummings SR, Health A, et al. Adipocytokines 
attenuate the association between visceral adiposity and diabetes in older adults. Diabetes care. 
2004;27:1375-80.

33.	 Tanaka S, Togashi K, Rankinen T, Perusse L, Leon AS, Rao DC, et al. Sex differences in the 
relationships of abdominal fat to cardiovascular disease risk among normal-weight white 
subjects. Int J Obes Relat Disord. 2004;28:320-3.

34.	 Toth MJ, Tchernof A, Sites CK, Poehlman ET. Effect of menopausal status on body composition 
and abdominal fat distribution. Int J Obes Relat Disord. 2000;24:226-31.

35.	 Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic lipolysis in human obesity. J 
Clin Invest. 2004;113:1582-8.

Elffers.indd   33 5-12-2018   08:17:38



34	

36.	 Flint DJ, Binart N, Boumard S, Kopchick JJ, Kelly P. Developmental aspects of adipose tissue in 
GH receptor and prolactin receptor gene disrupted mice: site-specific effects upon proliferation, 
differentiation and hormone sensitivity. J Endocrinol. 2006;191:101-11.

37.	 Tong YA, Zhao HF, Labrie F, Pelletier G. Ontogeny of prolactin mRNA in the rat pituitary gland as 
evaluated by in situ hybridization. Mol Cell Endocrinol. 1989;67:11-6.

38.	 Meinhardt UJ, Ho KK. Modulation of growth hormone action by sex steroids. Clin Endocrinol. 
2006;65:413-22.

39.	 Karastergiou K, Smith SR, Greenberg AS, Fried SK. Sex differences in human adipose tissues - the 
biology of pear shape. Biol Sex Differ. 2012;3:13.

40.	 Geer EB, Shen W. Gender differences in insulin resistance, body composition, and energy 
balance. Gend Med. 2009;6 Suppl 1:60-75.

41.	 Demerath EW, Shen W, Lee M, Choh AC, Czerwinski SA, Siervogel RM, et al. Approximation 
of total visceral adipose tissue with a single magnetic resonance image. Am J Clin Nutr. 
2007;85:362-8.

Elffers.indd   34 5-12-2018   08:17:38



Elffers.indd   35 5-12-2018   08:17:38



Elffers.indd   36 5-12-2018   08:17:38




