
Background: Metabolic syndrome (MetS) and obesity 
are serious health problems in the World, including 
Turkey. Contemporary studies have suggested a mean-
ingful association between insulin resistance (IR), 
MetS parameters, and thyroid function tests.
Aims: We aimed to elucidate the impact of fat distribu-
tion on the anthropometric and laboratory parameters, 
especially indices of MetS, IR and thyroid function, in 
obese women.
Study Design: Cross-sectional study.
Methods: Anthropometric measurements of all par-
ticipants and biochemical tests in their serum samples 
were performed.
Results: Weight, waist circumference (WC), body 
mass index (BMI), and other parameters of fat distribu-

tion were significantly increased in all obese compared 
to control subjects; but there was no significant differ-
ence between central and peripheral obese groups. The 
central obese group had significantly higher insulin 
levels, components of MetS, the ratio free triiodothy-
ronine (fT3) to free thyroxin fT4, and fT4 than those of 
peripheral obese and control groups.
Conclusion: Elevated triglyceride, glucose and insulin 
levels may be associated with increased IR, which in 
turn is related to MetS. Body fat composition may af-
fect thyroid tests in the obese; the changes in fT3/fT4 
could be the consequence of fat distribution.
Keywords: Anthropometry, obesity, Insulin resistance, 
metabolic syndrome, thyroid function
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Obesity is a complex disorder in which excess body fat has 
accumulated excessively so that it may have an adverse effect 
on health, leading to increased disease incidence and decreased 
life expectancy. According to fat distribution, obesity is classi-
fied central (android) and peripheral (gynoid) type (1,2). In the 
central type of obesity, the fat occupies the abdominal region 
of subjects. In the peripheral type, fat is accumulated around 
the hip and thigh areas; this means that the hips are almost 
rounded and the buttocks look larger compared to normal sub-

jects. Central obese are more at risk of having diseases related 
to obesity such as type 2 diabetes, metabolic syndrome (MetS) 
and heart disease. In addition, the possibility of developing 
cardiovascular diseases, gout manifested as hypertension and 
the majority of cancers are linked to the central-type fat distri-
bution. Central obesity can also be shown in some other parts 
of the body’s upper trunk like the upper chest nape area of the 
neck, and even the shoulders. Central obese individuals have 
been known to be more vulnerable to diseases associated with 



obesity, whereas there is proof that peripheral fat distribution 
may be protective (3-5). Obesity is well-defined by using body 
mass index (BMI), a quantification obtained by dividing a per-
son’s weight by the square of the person’s height. An adult who 
has a BMI of 25-30 kg/m2 is defined as overweight, and an adult 
with a BMI >30 is considered obese (6). On the other hand, 
with the current increase in the prevalence of obesity, the study 
of IR and body composition has become an important area of 
research in public health (7). BMI is widely used as an anthro-
pometric estimate of general adiposity, but failures in the iden-
tification of differences in body composition and distribution 
limit the usefulness of BMI (8). The association of obesity and 
IR is an extensive clinical condition, and insulin resistance (IR) 
also integrates these pathologies. Moreover, recent new studies 
have shown a relation between thyroid function tests and MetS 
parameters (9,10). The aim of our study was to explore the re-
lationship or differences between anthropometric indices that 
assess central obesity and peripheral obesity, and the relation-
ship among IR, MetS and thyroid function in female obese and 
healthy control subjects.

MATERIALS AND METHODS

Participants of this study were enrolled in the Department 
of Internal Medicine, Division of Endocrinology, Metabolism 
and Nutrition outpatient clinics. The exclusion criteria were as 
follows: subjects who did not agree, patients with a history of 
diabetes mellitus, cardiovascular, hepatic or renal disease, and 
patients who were being treated with anti-hypertensive and 
-hyperlipidemic medications. Body weight and height were 
measured in all participating women, and having over 30 kg 
of weight was an inclusion criterion for obese persons. After 
the eligibility assessment for the study, fifty female obese per-
sons, twenty peripheral and thirty central obese, and twenty 
female vigorous control subjects were included in the study. 
The study protocol was approved by the local ethical com-
mittee, and all procedures were performed in agreement with 
the general recommendations of the Declaration of Helsinki 
(11). In addition, all participants signed an informed consent. 
Following physical examination, height and weight were mea-
sured twice by standard methods, and the mean of the paired 
values was computed. Participants were weighed to the near-
est 0.1 kg on a single calibrated electronic scale. Height was 
evaluated as the average of three measurements to the nearest 
0.1 cm on a single calibrated wall-mounted Harpenden stadi-
ometer. BMI of the participants was calculated as weight (in 
kg) divided by height (in meters2) and BMI was represent-
ed as a standard deviation score. Waist circumference (WC) 
measurements were obtained with a plastic tape measure at 

the level of the iliac crest and umbilicus; the maximum hip 
circumference (HC) was measured. HC assessment was also 
performed using a measuring tape set down horizontally at 
the place of utmost boundary over the buttocks. All measure-
ments were recorded at the end of expiration with the subject 
standing. The sagittal and transverse abdominal diameters 
(height) were measured using a portable, sliding-beam caliper 
for the estimation if abdominal adiposity. Skinfold thickness 
(ST) was measured by the same caliper at standardized skin 
pinch points to determine the subcutaneous fat layer thickness 
(3,12). Several methods were used for the measurements of 
body composition and body fat distribution, such as computed 
tomography and dual-energy X-ray absorptiometry. However, 
bioelectrical body impedance analysis (BIA) is a simple, low-
cost, safe and accurate method for body composition analysis. 
Body composition was measured using a four-terminal bio-
impedance analyzer (Bodystat 1500, Douglas, England), us-
ing previously described procedures and anatomical sites (13). 
Blood pressure (BP) was recorded in the sitting position after 
5 min of rest in a quiet environment using a mercury sphyg-
momanometer. Systolic and diastolic BP were averaged using 
the last two measurements at 5-min intervals.

Venous blood samples of the subjects were taken and placed 
in polystyrene tubes by venipuncture of the antecubital vein 
while patients rested in sitting position at morning time (be-
tween 08.00 and 09.00), after a 12-h fasting period. The blood 
samples were transported to the routine laboratory within 1 
h and centrifuged at +4°C to remove serum (1000=g for 10 
min). All biochemical (glucose, lipids, enzymes, and others) 
parameter levels were analyzed by Cobas Integra 800 analyzer 
(Roche Diagnostics, Geneva, Switzerland) in serum samples, 
but low-density lipoprotein (LDL) concentrations were calcu-
lated from the Friedewald formula. HbA1c analysis was per-
formed in newly obtained samples by using high-performance 
liquid chromatography (HPLC) (Bio-Rad, Paris, France). 
Analyses were performed on fresh serum, whereas some fast-
ing blood samples were centrifuged and frozen at -20°C for 
insulin measurements. Insulin, thyroid-stimulating hormone 
(TSH), fT3 and fT4 hormone levels were also measured on 
serum samples by chemiluminescent enzyme immunoas-
say system (Immulate 2000, Deerfield, USA). Assays were 
performed according to the manufacturer’s handbook with 
inter-assay and intra-assay coefficients of variation that did 
not exceed 6.4%. Insulin resistance was estimated by homeo-
stasis model assessment (HOMA) index for each participant 
and was calculated for subjects using the computer-driven 
HOMA-IR formula; serum insulin (µIU/mL) x glucose levels 
(mg/dL) / 405 (14); a cut-off limit of 2 was agreed for IR.

The Statistical Package for Social Sciences (SPSS 15.0) for 
Windows (SPSS Inc., Chicago, IL, USA) was utilized to ana-
lyze the data. Kruskal-Wallis test and Mann-Whitney U test 
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for continuous variables were applied to examine the variance 
among groups if suitable. Pearson Chi-square test was utilized 
to investigate the categorical elements. Results were conveyed 
as mean±standard deviation of means for the parameters. P 
values less than 0.05 were considered statistically significant. 
Additionally, the relationship between variables were estimat-
ed by Pearson’s and Spearman’s rank correlation tests, and 
p value <0.05 was noted significant.

RESULTS

As seen in Table 1, there was no difference between the ages 
of the groups. Weight, BMI and WC were significantly higher 
in central and peripheral obese than in healthy control subjects 
(p<0.01). Except for WC and sagittal height, an insignificant 
difference was detected between the central and peripheral 
obese groups. Likewise, parameters of the Bodystat device 
were higher in obese groups, but there was no difference be-
tween central and peripheral obese groups (Table 2). As seen 
in Table 3, there were insignificant differences in glucose lev-
els between all obese individuals and the control group. The 
central obese group had significantly higher insulin levels and 
statistically significant HOMA-IR levels compared to those of 
the peripheral obese and control groups. In terms of the num-
ber of laboratory variables, there were no differences between 
central and peripheral obese groups. However, it was observed 
that uric acid levels were significantly higher in the central 
obese group than in controls, as were BP measurements. As 
also shown in Table 4, the presence of three or more compo-
nents of MetS was much more common in the central obese 
group. Similarly, thyroid function test (especially fT4 and fT3/
fT4) results were higher in the central obese group than in the 
peripheral obese and control groups. Due to the prevalence of 
MetS in obese people, between disease components with an-
thropometric and laboratory measurements correlation analysis 
was performed (Table 5). In all (n: 50) obese subjects, BMI was 
positively correlated with each component of MetS except for 
high-density lipoprotein (HDL). Similarly, other anthropomet-
ric measurements, such as total fat mass (FM), sagittal height 
and subscapular ST, were also positively correlated with this 
component (p<0.01). In addition, it was found that WC, glucose 
and triglyceride levels were positively correlated with fT3/fT4.

DISCUSSION

Obesity has been known as a critical health problem point-
ing out the risk of several chronic diseases including meta-

bolic and cardiovascular disorders. Various anthropometric 
measurements have been used to assess metabolic and cardio-
vascular risk, including BMI and percent body fat, as well as 
site specific measurements, such as peripheral or central fat 
and WC (15). Unlike peripheral obesity, central or abdominal 
obesity can be described by classical indices such as WC and 
waist-to-hip ratio (WHR) (16). Moreover, some newer obesity 
indices were also described including waist to height ratio, 
body adiposity index, and visceral adiposity index (17). The 
use of BMI and anthropometric measurements for diagnosing 
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 Control Peripheral Central 
 group (n: 20) obese (n: 20) obese (n: 30) 
 (mean±SD) (mean±SD) (mean±SD)

Age 33.75±3.70 29.90±6.80ns 32.73±4.60ns, ns

Height (cm) 158.5±5.04 162.1±4.89ns 161.2±6.34b, ns

Weight (kg) 58. 96±5.72 93.30±8.28a 98.31±18.60b, ns

BMI (kg/m2) 23.47±2.43 35.76±2.60a 37.84±5.83b, ns

WC (cm) 75.35±7.27 95.15±4.41a 105.80±11.31b, c

HC (cm) 99.4±5.04 124.6±6.23a 122.9±12.66b, ns

WHR 0.76±0.05 0.76±0.03ns 0.86±0.03b, c

Biceps ST (mm) 13.00±3.93 27.45±8.34a 26.43±5.51b, ns

Triceps ST (mm) 27.55±6.27 44.10±7.40a 42.77±5.50b, ns

Subscapular ST (mm) 17.75±6.44 47.15±6.03a 51.70±9.36b, ns

Paraumblical ST (mm) 31.10±10.95 53.50±7.17a 57.60±9.11b, ns

Suprailiac ST (mm) 23.65±7.40 47.55±8.09a 50.80±7.69b, ns

Sagittal height (cm) 16.10±1.91 22.90±1.75a 25.17±2.90b, c

Transverse height (cm) 23.85±1.45 28.98±2.16a 30.50±2.61b, ns

a: peripheral obese group vs control group; b: central obese group vs control group; 
ns(not significant): central obese group vs peripheral obese group (all p<0.001) 
SD: standard deviation; BMI: body mass index; WC: waist circumference; HC: hip 
circumference; WHR: waist-to-hip ratio; ST: skinfold thickness 
Statistical tests: Kruskal-Wallis and Mann-Whitney U tests

TABLE 1. Age and anthropometric parameters of each group 

 Control Peripheral Central 
 group (n: 20) obese (n: 20) obese (n: 30) 
 (mean±SD) (mean±SD) (mean±SD)

Total FM (%) 25.43±5.32 40.59±3.22a 41.93±5.16b, ns

Total FM (kg) 15.17±4.39 38.01±5.68a 41.95±13.32b, ns

Total FFM tissue (%) 74.56±5.32 59.41±3.22a 58.06±5.16b, ns

Total FFM tissue (kg) 43.78±3.54 55.29±4.14a 56.33±6.33b, ns

Total water (%) 55.86±4.11 43.01±2.74a 42.89±3.49b, ns

Total water (kg) 32.75±2.05 40.02±3.35a 41.33±5.28b, ns

BMR (kCal) 1480.30±85 1751.7±108a 1779.1±158b, ns

a: peripheral obese group vs control group; b: central obese group vs control group; 
c or ns: central obese group vs peripheral obese group (all p<0.001) 
SD: standard deviation; FM: fat mass; FFM: fat-free-mass; BMR: basal metabolic 
rate 
Statistical tests: Kruskal-Wallis and Mann-Whitney U tests

TABLE 2. Parameters of body composition estimated by the Bodystat 
device in control and obese groups 



obesity is well documented in the literature, as they have good 
clinical feasibilities (4). There is no agreement on the best an-
thropometric measurement for this, since a good indicator of 
the location of body fat should be associated with risk markers 
for metabolic diseases regardless of sex, age, and total adipos-
ity. Hence, due to the limitations of central or peripheral body 
fat, other anthropometric measurements are used in epidemio-
logical studies, such as WC, WHR and ST (18). In this study, 
all parameters of anthropometric measurements both periph-
eral and central obesity groups were higher than in the healthy 
control group. However, only two parameters with differenc-
es, WC and abdominal height, were statistically significant 
among peripheral and central obese groups. Central obesity 
is characterized as excess fat accumulation in the abdominal 
area, whereas peripheral obesity is the accumulation of ex-

cess fat in the buttocks, hips and thighs. Therefore, a couple 
of methods have been invented to estimate adiposity such as 
ST. Although determining adiposity in children is particularly 
difficult, Torun et al. showed that childhood obesity was sig-
nificantly different according to BMI (8). We have found that 
mean WC (more than WHR) increased across obesity (BMI) 
classes in both obese groups. Similar results were reported by 
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 Control Peripheral Central 
 group (n: 20) obese (n: 20) obese (n: 30) 
 (mean±SD) (mean±SD) (mean±SD) 

Systolic BP (mmHg)  108.00±7.68 116.00±10.46 115.17±9.42b, x

Diastolic BP (mmHg)  68.00±7.68 77.50±6.39 75.83±9.48b, c

Glucose (mg/dL) 80.65±7.72 86.60±9.06ns 91.13±13.09b, ns

Triglyceride (mg/dL) 83.00±40.16 117.30±46.78x 155.97±67.2b, ns

Total cholesterol 176.30±21.2 177.80±27.42ns 205.00±34.7b, c

HDL-cholesterol 52.40±11.1 45.25±6.3ns 43.00±6.7b, ns

LDL-cholesterol 104.10±16.5 109.15±23.3ns 128.63±27.7b, c

Urea (mg/dL) 10.75±2.01 12.10±3.09ns 11.50±2.475ns, ns

Creatinine (mg/dL) 0.71±0.1 0.71±0.08ns 0,72±0.115ns, ns

Uric aside (mg/dL) 3.88 ±0.65 4.40±0.74ns 4.64±1.36x, ns

CRP (mg/L) 0.45±0.4 0.61±0.43ns 0.64±0.57ns, ns

AST (U/L) 16.8±3.05 18.25±4.60ns 18.53±4.59ns, ns

ALT (U/L) 16.1±4.55 20.70±8.26ns 21.13±8.75ns, ns

GGT (U/L) 14.1±3.8 17.11±4.60ns 21.55±9.89b, ns

HbA1c (%) 5.28±0.16 5.21±0.16ns 5.42±0.32ns, ns

Insulin (μIU/mL) 6.37±2.75 9.96±3.72a 15.25±7.45b, ns

HOMA-IR 1.28±0.6 2.18±1.03a 3.52±2.03b, ns

TSH (mIU/mL) 1.78±1.14 2.05±1.27ns 2.09±1.34ns, ns

fT3 (pg/mL) 4.21±0.44 4.67±0.63ns 4.72±0.56b, ns

fT4 (ng/dL) 15.37±1.52 13.85±1.35a 13.78±1.90b, ns

fT3/ fT4 0.28±0.02 0.34±0.07a 0.35±0.05b, ns

a: peripheral obese group vs control group; b: central obese group vs control group; 
c or ns: central obese group vs peripheral obese group (in all p <0.01, except for x; p 
<0.05) 
SD: standard deviation; BP: blood pressure; HDL: high-density lipoprotein; 
LDL: low-density lipoprotein; CRP: C-reactive protein; AST: aspartate transaminase; 
ALT: alanine transaminase; GGT: gamma-glutamyl transferase; HOMA-IR: homeo-
stasis model assessment-insulin resistance; TSH: thyroid-stimulating hormone; 
fT3: free triiodothyronine; fT4: free thyroxin 
Statistical tests: Kruskal-Wallis and Mann-Whitney U tests

TABLE 3. Comparison of blood pressure measurements and biochemical 
parameters in the serum of control and obese groups 

 Control Peripheral Central 
 group obese obese 
 (n: 20) (n: 20) (n: 30)

WC (>88 cm) 2 19 30 p<0.001

High triglyceride 1 5 15 p<0.01 
(≥150 mg/dL)

Low HDL-Cholesterol 9 15 26 p<0.01 
(<50 mg/dL)

Fasting blood glucose - 1 2 Ns 
(≥110 mg/dL)

Hypertension - 1 1 Ns 
( ≥130/85 mmHg)

Presence of ≥3 criteria - 1 5 p<0.001 
within the group
NCEP-ATP III: National Cholesterol Education Program-Adult Treatment Panel III; 
WC: waist circumference; HDL: high-density lipoprotein 
Statistical tests: Pearson Chi-square and Fisher exact tests

TABLE 4. Presence of metabolic syndrome components among the study 
groups, according to the NCEP-ATP III criteria (all participants; women)

 Waist   HDL- Systolic 
 circumference Glucose Triglyceride Cholesterol BP

BMI r=0.492; r=0.346; r=0.453; r= -0.389; r=0.393; 
 p<0.001 p<0.003 p<0.001 p<0.001 p<0.001

WHR r=0.703; r=0.214; r=0.462; r= -0.422; r=0.146; 
 p<0.001 p=0.075 p<0.001 p<0.001 p=0.229

Total FM r=0.936; r=0.337; r=0,451; r= -0.335; r=0.391; 
 p<0.001 p<0.004 p<0.001 p<0.005 p<0.001

Subscapular r=0.887; r=0.418; r=0.473; r= -0.489; r=0.350; 
ST p<0.001 p<0.001 p<0.001 p<0.001 p<0.003

Sagittal r=0.917; r=0.374; r=0.501; r= -0.430; r=0.390; 
height p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

HOMA-IR r=0.522; r=0.658; r=0.363; r= -0.440; r=0.212; 
 p<0.001 p<0.001 p<0.002 p<0.001 p=0.078

Uric acid r=0.305; r=0.212; r=0.353; r= -0.196; r=0.040; 
 p<0.010 p=0.078 p<0.003 p=0.104 p=0.739

fT3/fT4 r=0.560; r=0.304; r=0.324; r= -0.376; r=0.220; 
ratio p<0.001 p<0.011 p<0.006 p<0.001 p=0.067
BMI: body mass index; WHR: waist-to-hip ratio; FM: fat mass; ST: skinfold thickness; 
HOMA-IR: homeostasis model assessment-insulin resistance; fT3: free triiodothyro; 
fT4: free thyroxin 
Statistical tests: Pearson’s and Spearman’s rank correlation tests

TABLE 5. Pearson correlations between parameters of metabolic syndrome 
and some anthropometrics measurements (between all obese participants; n: 

50 and healthy control subjects; n: 20)



Kamadjeu et al. (19) in the adult metropolitan population of 
Cameroon in both genders. According to their study results, 
WC was found to be powerfully correlated with BMI but ex-
hibited an average correlation with WHR in men and women 
adults. However, we have observed a strong correlation be-
tween WC and WHR. Even so, it is said that WC, as an index 
of central obesity, is a good tool and guide for use in clinical 
practice and epidemiological studies. Bouchard (20) reported 
that BMI, FM and WC are identically well correlated with 
computerized tomography-assessed abdominal visceral fat. 
In this study, when all participants were considered together, 
interestingly subscapular ST and BMI measurements showed 
quite significant accuracy. Bioelectrical body impedance anal-
ysis is an easy, non-invasive method to estimate aspects such 
as FM, fat-free mass and total body water. It is possible to 
make the distinction between central and peripheral obesity 
with this device (21,22). All parameters of BIA in the periph-
eral and central obese groups were found to be higher than in 
the healthy control group, whereas the same parameters were 
not significantly different between the peripheral and central 
obese groups. Likewise, Berker et al. (21) found that anthropo-
metric variables were indistinguishable between genders, but 
WHR quantifications were higher in males than in females. In 
addition, the measurements methods best correlating with vis-
ceral fat area by computed tomography were BIA in male and 
female obese persons. Fundamentally, obesity originates from 
eating too much or the lack of success by the body to consume 
energy for everyday activities; as a result, the extra energy is 
reserved as fat tissue in the organism. Excess body fat may 
increase the risk of metabolic alterations such as dyslipidemia, 
IR, pre-diabetes and hypertension in overweight people (23). 
Subcutaneous thigh adipose tissue is associated with MetS in 
obese men and women. In one study, it was found that patients 
with MetS had notably more abdominal visceral fat compared 
to subcutaneous fat. Moreover, per standard deviation high-
er of visceral fat, the odds of developing MetS increased in 
women (24). Similarly, another study reported that the odds 
of having two or more MetS clinical disorders increased with 
incremental increases in anthropometric measures (25). In this 
study, the results showed that obese participants have MetS 
components: high BP, WC, triglyceride and glucose levels, 
and lower HDL-C levels. According to the Adult Treatment 
Panel III (ATP III) report criteria, obese subjects with three or 
more of these metabolic abnormalities are considered to have 
MetS (15,23). Additionally, it is found that the central obese 
group showed dyslipidemia, and components of IR such as 
higher insulin levels and HOMA-IR indexes. In this study, the 
number of subjects with ≥2 HOMA-IR was higher in the cen-
tral obese group. These findings support the notion of central 
obesity as a cause of IR. Body fat distribution is associated 

with IR and type-2 diabetes. Visceral adipose tissue (central 
obesity) places individuals at a greater risk of MetS disorders 
than adipose tissue located in the lower body or subcutane-
ously (26). However, alternate anthropometric measures of 
abdominal fat appear to be better predictors of IR and type-2 
diabetes than BMI (27). In addition to differences in adipose 
distribution, which also tend to affect hypertension, newly di-
agnosed hypertensives in the study had a large WC, high BMI, 
and high fasting glucose and insulin levels (28).

On the other hand, thyroid hormone disorders are associated 
with changes in body composition, and obesity may have an 
impact on the levels of thyroid hormones as well as the risk 
of MetS in women (9,29). Tarcin et al. (30) showed that MetS 
positive patients had significantly higher fasting glucose, tri-
glyceride, fT4, BP, and lower HDL and fT3/fT4 ratio than 
MetS negative patients. In our study, interestingly, MetS pa-
rameters, except systolic BP, were correlated with the fT3/fT4 
ratio, (HDL negatively), significantly. This association might 
be defined by stabilizing effects of total T3, and probably fT4, 
on energy expenditure and thermogenesis in obese people. 
Moreover, in obese women, lower fT4 levels and consequent-
ly a higher fT3/fT4 ratio were found to be steadily related to 
miscellaneous markers of critical metabolic profile and car-
diovascular risk (31). Additionally, Bilgin and Pirgon (32) re-
ported that obese adolescents with steatohepatitis had elevated 
values for fT3/fT4 ratio. Ortega et al. (33) suggested that fT3 
was related with insulin secretion in euthyroid subjects, and 
T3 levels may be involved in the regulation of insulin secre-
tion. In another study, it was proposed that alterations in thy-
roid hormones could be the result rather than the source of the 
increasing weight (34). One of the limitations of the present 
study is the inclusion of only female participants rather than 
both sexes. The other is that the study group itself contained 
a small group of obese subjects. It is therefore crucial to sub-
stantiate these findings in larger obesity groups.

In conclusion, our study results suggest that there was no 
difference between central and peripheral obese subjects in 
terms of anthropometric measurements. Elevated triglyceride, 
glucose and insulin levels may be associated with increased 
IR, which in turn is related to metabolic syndrome. With the 
results of the present study, it can be concluded that MetS 
components and IR represented by HOMA indexes may be 
related to components of MetS, especially in central obese 
women. Body fat composition may affect thyroid function in 
obese subjects; the changes in the fT4 and fT3/fT4 could be 
the consequence of the fat distribution.
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