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Abstract

Objectives Metabolic syndrome (MS) represents a cluster of metabolic abnormalities. Insulin resistance is a major
component of the syndrome. We analyze in this study the relationship between body fat composition and MS in
comparison to usual obesity indicators in an older adult population.

Design :The PROgnostic indicator OF cardiovascular and cerebrovascular events (PROOF) study is a prospective
longitudinal community cohort study among the inhabitants of Saint-Etienne, France.

Methods The study is a cohort study of 1011 subjects, mean age 65.6+0.8 years old at inclusion, recruited from

the electoral list of the town in 2000. Among them, 806 subjects realized a Dual-energy X-ray absorptiometry (DXA)
used to evaluate body fat and lean mass repartition. We evaluate biological metabolic parameters according to usual
techniques. The indices of obesity were calculated according to standard formula. MS presence and its components
were simultaneously evaluated.

Results All obesity parameters were significantly higher (p <0.0001) in subjects suffering metabolic syndrome as
compared to those without. Body fat index (BFI) presented a stronger correlation to total fat mass, trunk fat mass and
body adiposity index (BAI). The correlations between body indices and metabolic components showed that body
mass index (BMI) and waist circumference were more strongly associated with BFI as compared to BAl and total fat
mass. According to logistic regression analysis, only the waist-hip ratio (WHR) demonstrated a significant association
with MS severity (p <0.0001).

Conclusions Among the obesity indices, BFl and BAI represented the best indicators to characterize global obesity
while WHR only is highly predictive of metabolic syndrome presence and severity. The BAl indicator is an alternative
for measuring obesity. Comparison of long-term impact of such markers on cardiovascular morbidity and mortality is
now questioned.

Keywords Metabolic syndrome, Body fat index, Body mass index, Obesity, Abdominal obesity, Waist circumference,

Adiposity
*Correspondence: 3INSERM, U1059 Sainbiose, Jean Monnet University, Mines Saint Etienne
Frédéric Roche Faculté de Médecine, Campus Santé Innovation, Saint-Etienne
frederic.roche@univ-st-etienne.fr F-42023, France
'Ecole Normale Supérieure, Libreville, Gabon “Rhumatology Dpt, University Hospital, Saint-Etienne F-42055, France
2Clinical and Exercise Physiology Laboratory, University Hospital, Centre VISAS, Batiment A, CHU Nord, Saint Etienne Cedex 2
Saint-Etienne F-42055, France F-42055, France

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-023-01078-x&domain=pdf&date_stamp=2023-5-10

Ntougou Assoumou et al. Diabetology & Metabolic Syndrome

Introduction

The metabolic syndrome (MS) is a group of metabolic
abnormalities with the insulin resistance as a major com-
ponent. It has gone by several different names over the
past two decades. The diagnostic criteria proposed by the
Adult Treatment Program III (ATP III) of the National
Cholesterol Education Program have led to a better
understanding of the components and treatment strate-
gies. Five diagnostic criteria have been listed in the ATP
111 version of MS, [1]. The presence of three of these five
criteria is considered necessary and sufficient to assess
the diagnosis.

The prevalence of metabolic syndrome is increasing
worldwide, especially in the elderly. Elderly subjects, due
to the impact of aging, are at increased risk of developing
“android’, abdominal obesity and associated metabolic
syndrome. Abdominal adiposity [2] has been associated
with a high risk of cardiovascular events [3]. Early studies
focused on the waist-to-hip circumference (WHC) ratio
as a key measure. More recent studies have shown that
an elevated waist circumference (WC) is an indepen-
dent factor for increased risk of cardiovascular events,
hyperinsulinemia, and increased insulin resistance in
metabolic studies. This high waist circumference is also
correlated with an increase in abdominal fat assessed
by techniques such as CT scans [4]. Fat deposits can be
subcutaneous and/or intra-abdominal with very different
cardiovascular consequences. Waist circumference (W<C)
and waist-to-hip ratio (WHR) are therefore often used in
epidemiological and clinical settings as a simple means of
quantifying the distribution of body fat and thus some-
times allow the diagnosis of central adiposity. However,
considerable amounts of fat can also be present within
the muscles, particularly in the elderly (sometimes asso-
ciated with true sarcopenia). It is well recognized that
adipose tissue has different characteristics depending
on its anatomical site of development. Subcutaneous fat
and lean body mass (appendicular) seem to have opposite
associations with metabolic disorders and cardiovascular
risk factors. This may be because subdividing body con-
tent into lean mass and fat mass, and body fat into subcu-
taneous and visceral fat, is at the same time approximate
and inappropriate for studies testing the metabolic con-
sequences of these disorders. A multi-compartmental
analysis of the human body at the tissue (and organ) level
could be much more accurate and would help to bet-
ter understand the complex interrelationships between
human body composition and metabolism [5].

While new indicators of obesity characteristics such as
the body fat index (BFI) and body adiposity index (BAI)
have been proposed in epidemiology, they are still poorly
developed in clinical use. Moreover, their association
with the metabolic syndrome is still poorly established.
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The aim of this study is to analyze the relationship
between body fat composition and metabolic syndrome
in relation to these indicators of obesity in a 65-year-old
population included in the PROOF cohort study (Loire,
France).

Materials and methods

Subjects
The PROgnostic indicator OF cardiovascular and
cerebrovascular events study, the PROOF study

(NCT:00759304) [6] was designed to assess the predic-
tive capacity of features depicting the level of ANS activ-
ity level regarding cardiovascular events and mortality. In
2001 and 2002, an invitation to participate to the PROOF
study was exhaustively sent to every people aged 65 liv-
ing in Saint-Etienne, France. A prospective cohort study
was then performed from the 1011 subjects (mean age
65.610.8 years old) who answered positively. Subjects
with prior myocardial infarction, stroke, congestive heart
disease, type 1 diabetes, and dependant people or people
living in institutions were excluded from the study. The
PROOF study was approved by the IRB-IEC (CCPRB
Rhone-Alpes Loire). All participants signed a consent let-
ter prior to the study.

Assessment of metabolic risk factors

During the clinical evaluation, the height in stocking feet
and weight in light clothing were measured and the body
mass index (BMI) was calculated as weight (kg)/height
squared (kg/m?). WHR (waist to hip ratio) was calculated
as waist circumference / hip circumference according to
the standard. Waist was measured midway between the
lower rib margin and the iliac crest and Hip at the wid-
est part of the buttock. For stratified analyses, overweight
was defined according to the National Institutes of
Health clinical guidelines for adults as a BMI>25 kg/m>
and obesity as a BMI>30 kg/m?> BAI was calculated as
[(hip circumference)/(height)’)] -18 [9].

Systolic (SBP) and diastolic (DBP) blood pressures
were measured by a physician (FR/JCB) using a standard
mercury sphygmomanometer on the right arm while
the subject was quietly seated after at least 5 min of rest.
Ambulatory blood pressure monitoring (Diasys Integra,
Novacor, Rueil-Malmaison, France) was performed on
a 24-hour period using the auscultatory method with
a measure each 20 min during the day period and each
30 min during the night period. Blood for assessments
of biological factors was taken in the morning after an
overnight fasting. Serum levels of lipids, including total
cholesterol, high density lipoprotein cholesterol (HDL),
calculated low density lipoprotein cholesterol (LDL) from
the Friedewald Formula, and triglycerides were assessed
with flex reagent cartridge (Roche Diagnostic SA).
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Table 1 Anthropometric characteristics according to diagnosis of metabolic syndrome

(Men =344, 41.35%; Women =488, 58.65%)
Parameters Metabolic syndrome - Metabolic syndrome + P-value

(n=727;90.20%) (n=79;9.80%)

Mean+SD
Weight (kg) 67.62+11.66 81.22+10.73 <0.0001
Heigh (m) 164.240+8.36 165456 £8.24 ns
BMI (kg/mz) 25.00 +3.49 29.70£3.62 <0.0001
BAI 28.40+4.56 31.83+£6.80 <0.0001
BFI (kg/mz) 8.01+2.89 10.72+£3.51 <0.0001
Fat mass % 31.75+£9.07 36.07+8.87 <0.0001
Fat trunk % 16.01+4.57 18.82+3.90 <0.0001
Fat head % 1.89+£049 1.79+£0.39 ns
Glycaemia (g/L) 0.97+0.05 1.21+0.04 <0.0001
LDL Chol (g/L) 1.36+£0.01 1.35+£0.04 ns
HDL Chol (g/L) 0.65+0.05 0.48+0.02 <0.0001
Triglycerides (g/L) 1.00+0.17 1.70+0.09 <0.0001
SBP (mmHg) 118.09+0.50 127.52+193 <0.001
DBP (mmHg) 7448+4.28 76.6+2.93 <0.01

Data are presented as mean + standard deviation (SD)

BFI: body fat index; BAI: body adiposity index; BMI: body mass index, Chol: cholesterol; SBP: mean 24 h systolic blood pressure; DBP: mean 24 h diastolic blood

pressure

Table 2 Correlation coefficients matrix according to obesity indices

BAI BFI (kg/m?) WC (cm) BMI (kg/m?) % total fat mass % trunk fat mass
BAI 1
BFI (kg/m?) 0.73%%* 1
WC (cm) 0.34%% 0477 1
BMI (kg/m?) 0.51%%* 0.59%** 0.65% 1
% total fat mass 0.61** 0.971%x* 0.14%** 0.29*** 1
% trunk fat mass 0.50%%* 0.81%% 0.38*** 0.37%%* 0.83*** 1

BAI: body adiposity index; BFI: body fat index; WC: waist circumference; BMI: body mass index ***p <0.0001

Definition of the metabolic syndrome

Metabolic syndrome was defined at the inclusion accord-
ing to the National Cholesterol Education Program
criteria [7] as having three or more of the following meta-
bolic risk factors: WC>102 cm for men and >88 cm for
women, fasting plasma glucose concentration level >6.1
mmol/l (110 mg/dl) or on medication, SBP>130 mmHg
or DBP>85 mmHg or on medication, HDL concentra-
tion<1.03 mmol/l (40 mg/dl) if male and <1.29 mmol/l
(50 mg/dl) if female, and fasting or non fasting triglycer-
ide concentration>1.69 mmol/l (150 mg/dl).

Body composition

Dual-energy X-ray absorptiometry (DXA, Delphi WS/
N70453) was used to evaluate body fat and lean mass
composition in 806 subjects consecutively included in the
PROOF study. DXA is a well accepted method for evalu-
ating body composition and is now a standard because
of its precision and simplicity. BFI was calculated as total
body fat mass evaluated by DXA divided by the squared
height in meters [8].

Statistical analysis

Normally distributed data were presented as means and
standard deviation of the means and categorical data in
percentage. ANOVA with Fischer’s exact post hoc test
was used to compare anthropometric and bioclinical data
between subjects with and without metabolic syndrome.
Multiple logistic regressions were performed to analyze
the relationship between metabolic syndrome criteria
and the different obesity indices. Stepwise logistic regres-
sion was performed to analyze the interrelations between
the same parameters. A p-value<0.05 was considered to
be statistically significant. Data were analyzed using Stat-
view 5 (SAS Institute) statistical software.

Results

Our data showed that the increase of most anthropo-
metric parameters was significantly linked (p<0.0001)
to metabolic syndrome. However, parameters such as
fat head-neck composition did not significantly differ
between groups (Table 1). There was a high correlation
among all body fat parameters at p<0.0001 (Table 2).
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Table 3 Correlation coefficients matrix between obesity indices and bioclinical variables
Height (cm) Weight (kg) Gly (g/l) TG (g/1) HDL (g/1) LDL(g/l) CRP(mg/l) SBP DBP
(mm Hg) (mm
Hg)
BAI —0.53%%* 0.13%* 0.02 0.12%* 0.02 0.02 0.06 0.07 0.11%*
BFI (kg/m?) —0.34%* 0.32%** 0.07 0.14** —-0.04 0.03 0.08 0.08* 0.11%*
WC (cm) -0.09% 0.37%** 0.13%** 0.11%* —0.15%%* 0.006 0.11% 0.08* 0.16***
BMI (kg/m2) 0.006 0.80%** 0.21%** 0.27%** — 226" 0.02 0.01 0.19%** 0.247%**
% total fat mass —0.42%** 0.006 —-0.01 0.06 0.07 0.02 0.04 0.03 0.02
% trunk fat mass —0.22%%* 0.23%** 0.10%* 0.15%* —0.12%* 0.01 0.05 0.09* 0.10%*

BAI: body adiposity index; BFI: body fat index; WC: waist circumference; BMI: body mass index, Gly: glycaemia, TG: triglycerides, HDL: high density lipoprotein, LDL:
low density lipoprotéin, CRP: c-reactive protein, SBP: mean 24 h systolic blood pressure, DBP: mean 24 h diastolic blood pressure

***p<0.0001; **p<0.001; *p<0.01

Table 4 Relationship between body indices and metabolic syndrome criteria according to multivariate logistic regression analysis

Metabolic syndrome criteria number

Obesity indices 1 2 3 4 5

OR 95% [CI]
BAI % 1.04 [0.97-1.10] 1.18 [1.19-1.29]*** 1.07 [0.96-1.20] 1.18 [0.99-1.40] 1.11 [0.85-145]
BFI (kg/m?) 1.09 [0.99-1.20] 1.22 [1.07-1.401** 1.37 [1.14-1.64] % 1.28 [0.95-1.72] 1.47 [0.90- 242}
BMI (kg/mz) 1.27 [0.87-1.84] 1.33[0.8 18] 2.94 [1.48-5.85] ** 3.13[0.98- 996] 2.43[0.37-16.12]
WHR 1.17 [0.89-1.99] 1.27 [0.87-2. 84] 1.47 [1.20-1.99] * 1.69 [0.87-3.84] 1.57 [0.90-2.85]

BAI: body adiposity index; BFI: body fat index; BMI: body mass index; WHR: waist hip ratio, OR: odds ratio, Cl: confidence interval

**¥p<0.0001; **p<0.001; *p<0.05

The correlations between body indices showed that
BMI, waist circumference, and trunk fat were more sig-
nificantly associated with biological and clinical than
the other indices (Table 3). From the logistic regression
analysis, only WHR revealed a significant association
with the five metabolic syndrome criteria (p<0.0001)
(Table 4). Finally, the indices Total fat mass, BFI, BAL and
BMI, were significantly altered only when five criteria of
MS were present, excepted for Total fat mass % where the
presence of 4 criteria were already associated with that
alteration (Fig. 1).

Interestingly, fat repartition was modified with the
number of MS criteria, that percentage decreasing for
Head fat mass, while increasing for Trunk; the percent-
age of neck circumference increased then decreased, and
the WHR decreased (Fig. 2). This underlines the central
position of the trunk fat mass during the increasing num-
ber of criteria.

Discussion

In this study, Waist to Hip Ratio showed a significant
correlation with all bioclinical variables (Table 3), under-
lining its importance. Conversely, BFI did not correlate
with cholesterol, glycemia, and inflammatory markers.
BFI and BAI slightly correlated with waist circumference
and triglycerides (TG) (Table 3). BAI and BFI better cor-
relate with MS criteria than BML. For this reason, we can
state that BFI and BAI would be two more suitable tools
than BMI to characterize obesity [9-11]. Interestingly, all

indicators correlate well with diastolic blood pressure,
reinforcing its predictive value.

We showed in a previous study that BFI was the best
indicator of body fat in relation to the progressive
decrease in activity of the autonomic nervous system,
a strong predictor of cardiovascular disease [8]. In fact,
overall and abdominal obesity as defined according to a
BMI>30 kg/m? and a WC greater than 88 or 102 cm take
into account both the lean mass and fat mass. According
to previous observations, it seems that BFI remains the
best indicator to characterize the composition of body
fat, while the BMI seems in relation to the overall weight.
All forms of obesity increase the risk of CVD and diabe-
tes [12, 13]. We propose that the markers of a central-dis-
tributed obesity, in particular WHR, in this case BAI or
BFI in our context, would be more strongly linked to cor-
onary artery disease (CAD) events as compared to BMI
when used as a conventional measure (Table 4) [14, 15].

Obesity represents an increasing public health prob-
lem all around the world. The incidence and the preva-
lence of obesity (estimation based on BMI values only)
is higher in most developed countries and is the lowest
in Asia. Previous studies have explored the relationship
or association between BMI, waist-hip ratio or WC and
CAD [5, 15]. The results of these studies were contradic-
tory some suggesting that BMI was better, others that
BMI is not a quite good marker for abdominal adiposity.
Others authors have suggested that markers of abdomi-
nal obesity may be better predictive, in subpopulations of
younger subjects and in women. Smaller previous studies
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also reported an opposed relationship between increased
hip circumference and diabetes mellitus, systolic/dia-
stolic hypertension, or dyslipidemia, and CVD [15-18].
Our cohort study is a good way of correlating these data
as the subjects are relatively good representative of the
general European population. However, we understand
that choosing NCEP criteria may have given lower fig-
ures than IDF or Harmonized criteria.

Limitations

The inclusion process is a limit of the study, as it is proba-
ble that the healthiest people entered the study. However,
the cohort was verified as a good sample of the French
population [6]. The inclusion was performed by three dif-
ferent doctors, while the populations’ characteristics did
not differ between them. The biology was performed by a
central laboratory, which decrease the eventuality of bio-
logical bias. This manuscript do not present the correla-
tions between the cardiovascular events and the markers
presented here. These data are not yet available.

Conclusions

Among the obesity indices, BFI and BAI represented
the best indicators to characterize global obesity. These
different indicators are real alternatives for measuring
obesity. It should be emphasized that among these car-
diometabolic risk assessment parameters, only the BAI
can be used in the absence of availability of advanced
but cumbersome and expensive techniques such as DXA
and many other tomographic techniques. Conversely, the
calculation of the BFI requires the prior performance of
DXA.

Acknowledgements

The PROOF study was supported by a grant from the French Ministry of Health
(PHRC National PROOF, 1998; PHRC National SYNAPSE, 2002; PHRC. Regional
Telamons, 2003) and by a grant from the LAssociation de Recherche SYNAPSE.
Disclosure statement: This was not an industry supported study. None of the
authors have indicated any financial conflict of interest. The ClinicalTrials.gov
number for this study is NCT 00759304.

Authors’ contributions

H.G.NTougou Assoumou: Conceptualization, Methodology, Formal analysis,
Writing - Original Draft; V.Pichot: Methodology, Formal analysis; J.C.Barthelemy:
Conceptualization, Methodology, Formal analysis, Supervision; S.Celle: Formal
analysis; A.Garcin: Methodology, recruitment, ethical consideration; T.Thomas:
Methodology, Validation, Formal analysis, FRoche: Conceptualization,
Validation, Supervision, Review & Editing.

Funding

The PROOF study was funded by consecutive grants from the French Ministry
of Health (Programmes Hospitaliers de Recherche Clinique: PHRC National
PROOF, 1998; PHRC National SYNAPSE, 2002). Further funding came from the
Association SYNAPSE (Michel Ségura: President) grants.

Data Availability

Due to ethical restrictions approved by the ethics committee of our institution
(University Hospital, Saint Etienne, France), the data used in this study can

be made available for research proposals by a request to Proof’s Publications
Committee.

(2023) 15:98

Page 6 of 7

Declarations

Ethics approval and consent to participate
The PROOF study was approved by the IRB-IEC (CCPRB Rhone-Alpes Loire). All
participants signed a consent letter prior to the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 15 January 2023 / Accepted: 1 May 2023
Published online: 11 May 2023

References

1. Wilson PW, Grund SM. The metabolic syndrome practical guide to Origins
and Treatment: part |. Circulation. 2003;108:1422-4.

2. Demirci D, Demirci DE, Gerald Chi G. Association between obesity grade
and the age of the first acute coronary syndrome: prospective observational
study. Int J Cardiol. 2022;351:93-9.

3. Goossens GH. The metabolic phenotype in obesity: fat mass, body fat distri-
bution and adipose tissue function. Obes Facts 2017 10 207-15.

4. Dwivedi AK, Dubey P, Cistola DP, Reddy SY. Association between obesity and
cardiovascular outcomes: updated evidence from meta-analysis studies. Curr
Cardiol Rep. 2020,22:25.

5. Bosello O, Zamboni M. Visceral obesity and metabolic syndrome. Obes Rev.
2000;1:47-56.

6. Barthelemy JC, PichotV, Dauphinot V, Celle S, Laurent L, Garcin A, Maudoux D,
Kerleroux J, Lacour JR, Kossovsky M, et al. Autonomic nervous system activity
and decline as prognostic indicators of cardiovascular and cerebrovascular
events: the PROOF'study. Study design and population sample. Associations
with sleep-related breathing disorders: the 'SYNAPSE' study. Neuroepidemiol-
ogy. 2007;29:18-28.

7. Expert Panel on Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults. Executive summary of the third report of the national
cholesterol education program (NCEF) Expert Panel on detection, evaluation
and treatment of high blood cholesterol in adults (Adult Treatment Panel Ill).
JAMA. 2001,285:2486-97.

8. Ntougou Assoumou HG, Pichot V, Barthelemy JC, Dauphinot V, Celle S, Collet
P. Gaspoz JM. Frederic Roche. Obesity-related autonomic nervous system
disorders are best associated with body fat mass index, a new indicator. Int J
Cardiol. 2011;153:111-3.

9. Sun G, Cahill F, Gulliver W, YiY, Xie Y, Bridger T, Pace D, Zhang H. Concordance
of BAI and BMI with DXA in the Newfoundland population. Obes (Silver
Spring). 2013;21:499-503.

10.  Zierfuss B, Hobaus C, Herz CT, Pesau G, Koppensteiner R, Schernthaner GH.
Predictive power of new and established indices of obesity for PAD outcomes
during a 5-year follow-up. Nutr Metab Cardiovasc Dis. 2020;30:1179-87.

11. Bergman RN, Stefanovski D, Buchanan TA, Sumner AE, Reynolds JC, Sebring
NG, Xiang AH. Watanabe RM. A better index of body adiposity. Obes (Silver
Spring). 2011;19:1083-9.

12. James BD, Jones AV, Trethewey RE, Evans RA. Obesity and metabolic syn-
drome in COPD: is exercise the answer? Chron Respir Dis. 2018;15:173-81.

13. McLellan F. Obesity rising to alarming levels around the world. Lancet.
2002;359:1412.

14. Pais P, Pogue J, Gerstein H, Zachariah E, Savitha D, Jayprakash S, Nayak PR,
Yusuf S. Risk factors for acute myocardial infarction in Indians: a case-control
study. Lancet. 1996;348:358-63.

15.  Dagenais GR, Yi Q, Mann JF, Bosch J, Pogue J, Yusuf S. Prognostic impact of
body weight and abdominal obesity in women and men with cardiovascular
disease. Am Heart J. 2005;149:54-60.

16. Koliaki C, Liatis S, Kokkinos A. Obesity and cardiovascular disease: revisiting an
old relationship. Metabolism. 2019;92:98-107.

17.  Juhaeri SJ, Chambless LE, Nieto FJ, Jones D, Schreiner P, Arnett D, Cai J.
Associations of weight loss and changes in fat distribution with the remission
of hypertension in a bi-ethnic cohort: the atherosclerosis risk in Communities
Study. Prev Med. 2003;36:330-9.



Ntougou Assoumou et al. Diabetology & Metabolic Syndrome (2023) 15:98

18. Abramowitz MK, Hall CB, Amodu A, Sharma D, Androga L, Hawkins M. Muscle
mass, body mass index, and mortality among adults in the United States: A
population-based cohort study. PLoS ONE 2018 13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7



	﻿Obesity related to metabolic syndrome: comparison of obesity indicators in an older french population
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Subjects
	﻿Assessment of metabolic risk factors
	﻿Definition of the metabolic syndrome
	﻿Body composition
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusions
	﻿References


