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Background: Despite the confluence of multiple cardiovascular risk factors, subclinical atherosclerotic damage and cardiovascu-
lar events remain extremely rare in adults with Down syndrome (DS). We aim to determine the prevalence of obesity and meta-
bolic disorders in an adult cohort with DS and to compare our findings with adults without DS.
Methods: Cross-sectional study of 51 consecutively selected adults with DS living in the community and 51 healthy controls in 
an outpatient clinic of a tertiary care hospital in Madrid, Spain. Epidemiological data (age and gender), anthropometric data 
(body mass index and waist-to-height ratio), coexisting clinical conditions, and laboratory data (fasting glucose, insulin, glycated 
hemoglobin, creatinine, thyroid hormones, vitamins, and lipid profile) were measured and compared between the groups.
Results: Adults with DS were significantly younger and more often men with a higher prevalence of overweight and obesity than 
controls. Their waist-to-height ratio was higher, and they more frequently had abdominal obesity. The results of an analysis ad-
justed for age and gender revealed no differences in fasting insulin levels, homeostatic model assessment indexes, or lipid profile 
between adults with DS and controls. 
Conclusion: Adults with DS presented a high prevalence of overweight and obesity. However, we found no differences in lipid 
profile, prevalence of insulin resistance, or metabolic syndrome between adults with DS and controls.
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INTRODUCTION

Atherosclerosis is the main pathophysiological substrate of car-
diovascular disease (CVD), which is the leading cause of mor-
bidity and mortality in Western countries [1]. The prevalence 
of CVD increases not only with age but also with the presence 
of multiple concomitant risk factors, such as arterial hyperten-
sion, diabetes mellitus, dyslipidemia, obesity, and sedentary 
lifestyle [2]. When present together, high blood pressure and 
metabolic risk factors interact to produce the metabolic syn-
drome, which leads to a greater total CVD risk than the sum of 
its individual components [3]. Obesity and insulin resistance 
play a central role in the pathogenesis of metabolic syndrome 

[4]. The prevalence of obesity is high in all age groups and con-
tinues to rise in most Western countries. Of particular concern 
is the rising prevalence of weight-related disorders in children 
and adolescents, which can increase their risk of CVD in later 
life [5,6]. The economic burden of CVD, including healthcare 
and nonhealthcare-related costs, is increasing in most devel-
oped countries, thus highlighting the importance of these dis-
eases in our milieu [7]. 
  Since the 1980s, the improved survival of children with Down 
syndrome (DS) has resulted in dramatically improved life ex-
pectancy for a growing population of adults [8]. A population-
based study in the United States revealed an increase in median 
age at death of adults with DS from 25 years in 1983 to 49 years 
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in 1997 [9]. This “new” population of adults with DS raises 
unique clinical issues, which differ from those of the pediatric 
population with DS or the general population [10]. Obesity and 
dyslipidemia appear to be more prevalent in both children and 
adults with DS [11-13]. Murdoch et al. [14] found no signifi-
cant differences in mean total cholesterol and triglyceride levels 
between adults with and without DS; however, other studies 
have observed a more atherogenic lipid profile in individuals 
with DS than in the general population [11,13]. Furthermore, a 
higher incidence of type 1 diabetes mellitus has also been ob-
served in individuals with DS [15].
  Despite the confluence of multiple risk factors for CVD, sub-
clinical atherosclerotic damage, and cardiovascular events re-
main extremely rare in adults with DS [16-18]. In 1977, DS was 
reported to be an “atheroma-free model”; atheroma was com-
pletely absent at autopsy in five institutionalized adults with DS, 
while atheroma was present in institutionalized adults without 
DS [14]. Subsequent studies both supported [16] and contra-
dicted this finding [19-21]. Based on carotid intima-media 
thickness or pulse wave velocity, recent studies found no in-
crease in subclinical vascular damage in adults with DS com-
pared to healthy controls, even though both groups had a simi-
larly elevated risk of CVD [17,18]. However, most previous 
studies were cross-sectional evaluations of single CVD risk fac-
tors in small samples and insufficiently powered to generate any 
hypothesis for this relevant clinical discrepancy, which could 
have implications for protection from atherosclerosis in the 
general population. We present a cross-sectional study with a 
comprehensive assessment of multiple CVD risk factors, focus-
ing on carbohydrate metabolism, lipids, and adiposity in a co-
hort of adults with DS. Our working hypothesis was that adults 
with DS would have a higher prevalence of obesity and subse-
quent metabolic disorders than adults without DS. Our objec-
tives were to study the prevalence of weight-related and meta-
bolic disorders (states of glycemic dysregulation such as im-
paired fasting glucose, diabetes mellitus, dyslipidemia, and 
metabolic syndrome) in adults with DS and to describe any dif-
ferences with a cohort of healthy controls.

METHODS

Study design
Ours was a cross-sectional study of 51 adults with DS and 51 
control participants. The former were consecutively selected 
from all patients at the Adult Down Syndrome Outpatient Clin-

ic of the Department of Internal Medicine, Hospital Universita-
rio de La Princesa in Madrid, Spain. The recruitment period ran 
from January 2012 to March 2013. The study was conducted in 
accordance with the provisions of the Declaration of Helsinki 
and Good Clinical Practice Guidelines, and the local Institu-
tional Review Board approved the study protocol. All partici-
pants and family members were extensively informed by two of 
three investigators (DRA, PP, and RC) before the initial evalua-
tion and provided their written informed consent before under-
going any study procedure. All data were treated in the strictest 
confidence, according to the most recent Spanish legislation on 
data protection.

Patients
The inclusion criteria were age over 18 years and presence of 
DS documented by karyotype. All adults with DS included in 
the study had a full trisomy 21 (we found no adults with Rob-
ertsonian translocations or mosaics). Control participants were 
race-matched healthy individuals. Family members and legal 
guardians of adults with DS were invited to participate volun-
tarily in this study. Siblings of adults with DS were used as con-
trols in 44 cases (44/51, 86%); as for the remainder, two were 
parents of adults with DS and five were unrelated healthy indi-
viduals. The exclusion criteria were as follows: severe congeni-
tal heart disease not treated with surgery, severe sensory im-
pairment, inability to provide consent, pregnancy, and a known 
diagnosis of diabetes mellitus or metabolic syndrome.

Measurements
The variables collected in all study participants were as fol-
lows.

Epidemiological variables
Age and gender. 

Anthropometric variables
Height, weight, body mass index (BMI), waist-to-height ratio, 
and total body fat percentage. Height was measured to the near-
est 0.5 cm using a stadiometer, and weight was measured on a 
calibrated balance scale to the nearest 0.5 kg. Body weight cate-
gories (normal weight, overweight, and obesity) were defined 
using internationally accepted BMI cutoff values [22]. Waist-to-
height ratio was calculated, and a cutoff value of 0.5 was consid-
ered diagnostic of abdominal obesity [23,24]. We favored the 
waist-to-height ratio to assess abdominal obesity, since this in-
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dex is superior to waist circumference for the diagnosis of ab-
dominal obesity in the general population and is presumed to 
more truly reflect fat distribution in individuals with a short 
stature [24].

Clinical variables
Clinical variables were obtained through systematic review of 
medical records, as follows: family history of early CVD events, 
presence of arterial hypertension, dyslipidemia, diabetes melli-
tus, smoking, other coexisting conditions (thyroid disorders, 
obstructive sleep apnea, Alzheimer’s disease), relevant medica-
tions (including antihypertensive agents, lipid-lowering agents, 
antidiabetic drugs, anxiolytics, antidepressants, antipsychotics, 
antiepileptics, nonsteroidal anti-inflammatory drugs, levothy-
roxine, glucocorticoids, vitamin B or D supplements, and oral 
contraceptives/estrogen replacement therapy), office blood 
pressure, resting heart rate, and fat/fruit/fiber intake. Blood 
pressure was determined using a validated oscillometric device 
(OMRON M-6 comfort or OMRON 711 models; OMRON 
Healthcare, Vernon Hills, IL, USA). Office blood pressure was 
taken with the participant seated after a minimum 3- to 5-min-
ute rest. Three consecutive measurements were made, with a 1- 
to 2-minute interval between them, and their mean was con-
sidered the final office blood pressure, in accordance with the 
European Society of Hypertension guidelines [25]. Fat/fruit/fi-
ber consumption was assessed using Block screening question-
naires [26].

Blood testing
All participants underwent a fasting blood test after a mini-
mum 10-hour overnight fast. Fasting glucose, fasting insulin, 
glycated hemoglobin, creatinine, thyroid hormones (thyroid 
stimulating hormone [TSH] and free thyroxine [FT4]), vita-
mins (25-OH-vitamin D, vitamin B12, and folic acid), total 
cholesterol, high density lipoprotein cholesterol (HDL-C), low 
density lipoprotein cholesterol, and triglyceride levels were de-
termined in a Roche/Hitachi modular-D analyzer (Roche Di-
agnostics GmbH, Mannheim, Germany). Homeostatic model 
assessment-insulin resistance (HOMA-IR) values were esti-
mated as follows: [glucose (mg/dL)×insulin (mcU/mL)]/405. 
HOMA-β cell function (HOMA-β) values were calculated as 
follows: [360×insulin (mcU/mL)]/[glucose (mg/dL)–63] [27]. 
We used a HOMA-IR cutoff value of 3.8 (90th percentile), ow-
ing to its high specificity for the diagnosis of IR [28]. The defi-
nitions used for diagnosis of impaired fasting glucose or diabe-

Table 1. Anthropometric and clinical characteristics of the 
study sample

Clinical characteristic Total 
(n=102)

Down 
(n=51)

Control 
(n=51) P value

Age, yr 39.2±12 36±11 42.5±12.5 <0.01

Male gender (%) 51 (50) 31 (61) 20 (39) <0.05

Weight, kg 68.0±12.2 65.9±11.2 70.0±13.0 NS

Height, cm 159±12.6 151±8 167±10 <0.001

BMI, kg/m2 27.0±4.9 29.1±5.0 24.9±3.8 <0.001

   Normal weight 44 (43.1) 13 (25.5) 31 (61) <0.001

   Overweight 32 (31.4) 19 (37) 13 (25.5)

   Obese 26 (25.5) 19 (37) 7 (14)

Waist perimeter, cm 91.7±12.2 93.5±12.1 90.0±12.2 NS

   Abdominal obesity 35 (34.3) 18 (35) 17 (33) NS

WHr 0.58±0.09 0.62±0.09 0.54±0.08 <0.001

   Pathologic WHr 79 (77.4) 44 (86) 35 (68) <0.05

SBP, mm Hg 119±14 113±13 125±13 <0.001

DBP, mm Hg 74±10 70±9 77±10 <0.001

Resting heart rate, bpm 72±10 71±11 93±10 <0.001

Hypertension 6 (5.8) 0 6 (12) <0.01

Dyslipidemia 28 (27.5) 17 (33) 11 (22) NS

T2DM 2 (1.9) 2 (3.9) 0 NS

Smoking

   Current smoker 7 (6.9) 0 7 (14) <0.001

   Former smoker 8 (7.8) 0 8 (16)

   Non-smoker 87 (85.3) 51 (100) 36 (71)

Metabolic syndrome 13 (12.7) 5 (10) 8 (17) NS

Hypothyroidism 42 (41) 34 (66) 8 (17) <0.001

Diet

   >30% daily dietary fat 79 (77.4) 41 (80) 38 (74.5) NS

Fruit/vegetables 
   portions, n/day

3.8±1.2 4±1 3.5 ± 1 <0.05

   <3 daily portions 19 (18.6) 5 (10) 14 (28) <0.05

   3–4 daily portions 45 (44.1) 24 (47) 21 (41)

   ≥5 daily portions 32 (31.4) 20 (39) 12 (23.5)

   Not available 6 (5.9) 2 (4) 4 (8)

Dietary fiber intake, 
   g/day

18±4 20±4.5 17±3 <0.001

Values are presented as mean±standard deviation or number (%).
NS, not significant; BMI, body mass index; WHr, waist-to-height ra-
tio; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
T2DM, type 2 diabetes mellitus.
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tes mellitus were those of the most recent American Diabetes 
Association criteria [29]. Dyslipidemia and metabolic syndrome 
were defined according to modified National Cholesterol Edu-
cation Program-Adult Treatment Panel III criteria [4].

Statistical analysis
All data were processed using SPSS version 20.0 (IBM Co., Ar-
monk, NY, USA). We compared the prevalence of obesity and 
overweight, impaired fasting glucose, diabetes, dyslipidemia, 
and metabolic syndrome between adults with DS and controls, 
as well as the distribution of the values for blood sugar, adiposity 
(weight, BMI, waist circumference, and total body fat percent-
age), and lipids. Qualitative results are presented as absolute fre-
quencies (percentages), whereas quantitative results are pre-
sented as means±standard deviations. A chi-square test (with 
Yates correction when applicable) was used to evaluate statisti-
cal significance in the comparison of categorical variables. All 
analyses were adjusted for age and gender. A multiple logistic 
regression analysis with all significant variables from the uni-
variate comparison between groups (which included age, gen-
der, BMI, waist-to-height ratio, abdominal fat percentage, TSH 
levels, and daily fruit and fiber intake), was performed in order 
to identify possible determinants of IR in adults with DS.

RESULTS

The study population comprised 102 participants (51 adults 
with DS and 51 controls). All participants were included in the 
analysis of clinical and anthropometric variables. Three adults 

with DS and 18 controls refused to provide a blood sample. 
Therefore, the laboratory results correspond to 48 adults with 
DS and 33 controls.

Table 2. Description of laboratory parameters in the study 
sample

Parameter Total 
(n=81)

Down 
(n=48)

Control 
(n=33) P value

Fasting glucose, mg/dL 94±8 95±8 93±8 NS

Impaired fasting glucose 15 (14.7) 10 (19.6) 5 (9.8) NS

Fasting insulin, mcU/mL 12.3±9.1 14.1±10.7 9.2±3.8 <0.05

HbA1c, % 5.3±0.3 5.3±0.3 5.3±0.3 NS

HOMA-IR 2.94±2.31 3.4±2.7 2.2±1.0 <0.05

   Insulin resistance 13 (12.7) 11 (25.6) 2 (3.9) <0.05

HOMA-β 136±90.5 157±107 101±34 <0.01

Creatinine, mg/dL 0.9±0.2 1.0±0.2 0.8±0.1 <0.001

Total cholesterol, mg/dL 202±34 201±34 204±35 NS

HDL-C, mg/dL 58±14 56±13 61±14 NS

LDL-C, mg/dL 125±31 126±31 123±30 NS

Triglycerides, mg/dL 101±50 103±45 98±57 NS

25OH-vitamin D 31.6±18.2 33.6±20.8 27.8±11.4 NS

TSH, mU/L 3.1±2.3 3.4±2.8 2.6±1.3 NS

Values are presented as mean±standard deviation or number (%).
NS, not significant; HbA1c, glycated hemoglobin; HOMA-IR, ho-
meostasis model assessment-insulin resistance index; HOMA-β, ho-
meostasis model assessment-β cell function index; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; TSH, thyroid stimulating hormone.

Fig. 1. Distribution of thyroid disorders in the study sample. (A) Prevalence of thyroid disorders in adults with Down syndrome 
(n=51). (B) Prevalence of thyroid disorders in control subjects (n=51).
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Anthropometric differences in adults with DS
The baseline characteristics of the participants are presented in 
Table 1. Adults with DS were significantly younger (36±11 
years vs. 42.5±12.5 years; difference in means –6.5 years; 95% 
confidence interval [CI], –11.1 to –1.9; P<0.01), more frequent-
ly men (31 men with DS [61%] vs. 20 controls [39%]; P<0.05), 
and showed a higher prevalence of overweight and obesity than 
controls (normal weight, 13 adults with DS [25.5%] vs. 31 con-
trols [61%]; overweight, 19 adults with DS [37%] vs. 13 controls 
[25.5%]; obesity, 19 adults with DS [37%] vs. 7 controls [14%]; 
P<0.001 for the distribution). Adults with DS had a higher 
waist-to-height ratio (0.62±0.09 vs. 0.54±0.08, difference in 
means 0.08; 95% CI, 0.05 to 0.11; P<0.001) and were more 
prevalently classified as having abdominal obesity with this in-
dex (44 adults with DS [86%] vs. 35 controls [68%]; P<0.05). 
These differences remained unchanged after adjusting the anal-
ysis for age and gender.

Clinical differences in adults with DS
Coexisting conditions and dietary habits are also listed in Ta-
ble 1. None of the adults with DS presented arterial hyperten-
sion or had ever smoked (P<0.01 for both comparisons with 
controls). Two adults with DS were newly diagnosed with dia-
betes mellitus during the study; and a new diagnosis of meta-
bolic syndrome was reached in five adults with DS. Although 
most participants in both groups presented a high daily fat in-
take, regular use of olive oil in cooking accounted for most of 
the excess observed in both groups. Thyroid-related disorders 
were more frequent in adults with DS, and their distribution 
in the study groups is depicted in Fig. 1. Out of 34 adults with 
DS and a prior diagnosis of hypothyroidism, 14 presented 
subclinical hypothyroidism (average TSH, 6.2±3.3 mU/L), 

and three more presented iatrogenic subclinical hyperthyroid-
ism at evaluation. Only one participant had low FT4 levels. A 
prior diagnosis of hypothyroidism was detected in eight con-
trols, of whom three presented subclinical hypothyroidism at 
the time of the evaluation. Average TSH levels were similar in 
adults with DS and controls (Table 2).
  Regarding the use of medication, adults with DS more often 
received antidepressants (14 adults with DS vs. 2 controls; 
P<0.01), neuroleptic drugs (5 adults with DS vs. 0 controls; 
P<0.05), vitamin D supplements (21 adults with DS vs. 0 con-
trols; P<0.001), and levothyroxine (26 adults with DS vs. 5 con-
trols; P<0.001). All antidepressants were selective serotonin up-
take inhibitors, and all were prescribed at doses equivalent to 
sertraline 100 mg once daily or lower. Antihypertensive agents 
were more frequently taken by controls (0 adults with DS vs. 6 
controls; P<0.05). Statins were taken by six adults with DS and 
three controls (P=not significant). No other relevant differences 
in medication were found between the groups.

Evaluation of biochemical parameters of insulin resistance 
and lipid metabolism
Mean laboratory values are reported in Table 2. Adults with DS 
had higher fasting insulin levels and a higher prevalence of im-
paired fasting glucose, although this difference did not reach 
statistical significance. Both HOMA indexes were also higher 
in adults with DS, who presented a higher prevalence of insulin 
resistance than controls, according to HOMA-IR values. How-
ever, this statistically significant difference in HOMA indexes 
did not remain after adjusting the analysis for age and gender 
(HOMA-IR preadjustment P<0.05, postadjustment P=0.22 
[95% CI, –0.5 to 2.2]; and HOMA-β preadjustment P<0.01, 
postadjustment P=0.1 [95% CI, –9.1 to 95]). A multiple logis-

Table 3. Multivariate analysis of possible predictors of insulin resistance in a cohort of adults with Down syndrome

Independent variable OR Correlation coefficient Standard error z P value 95% CI

Down syndrome 0.05 0.12 –1.29 0.20 0.00–4.54

Age 0.90 0.87 –1.10 0.27 0.74–1.08

Gender 2.36 6.71 0.30 0.76 0.01–620.48

BMI 1.52 0.59 1.09 0.27 0.72–3.25

WHr 7.14E+11 2.11E+13 0.92 0.36 5.08E-14–1.00E+37

TSH 1.10 0.22 0.45 0.65 0.74–1.62

Dietary fruit and vegetable portions 0.57 0.50 –0.63 0.53 0.10–3.22

Daily fiber intake 1.11 0.30 0.39 0.70 0.65–1.89

OR, odds ratio; CI, confidence interval; BMI, body mass index; WHr, waist-to-height ratio; TSH, thyroid stimulating hormone.
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tic regression analysis was performed to identify possible de-
terminants of IR in adults with DS. All variables with a statisti-
cally significant difference between groups were selected for 
the final analysis, which included age, gender, BMI, waist-to-
height ratio, abdominal fat percentage, TSH levels, and daily 
fruit and fiber intake. However, none of the variables present-
ed a significant correlation with the degree of IR in this popu-
lation (Table 3).

DISCUSSION

Abdominal obesity was highly prevalent among adults with DS 
in our study. Eight out of 10 adults with DS in our sample had a 
waist-to-height ratio greater than 0.5, and over two-thirds pre-
sented overweight or obesity according to their BMI. However, 
impaired glucose tolerance and insulin resistance were not more 
frequent among individuals with DS, and no relevant differenc-
es in lipid profile were found between the groups. 
  The proportion of weight-related disorders in our sample is 
somewhat lower than previously reported. Prasher [12] and 
Fujiura et al. [30] observed higher rates of obesity among adults 
with DS (47% of women and 48% of men and 43% of women 
and 25% of men respectively). Rubin et al. [31] found a higher 
rate of overweight individuals in this population (56% of wom-
en and 45% of men), whereas Melville et al. [11] reported a 
lower prevalence of obesity. However, direct comparisons with 
prior series are cumbersome owing to the use of different diag-
nostic BMI cutoff points. To our knowledge, this is the first re-
port of weight-related disorders in adults with DS living in the 
community in a Mediterranean setting. In our study, adults 
with DS ate more daily fruit and vegetables and dietary fiber 
than controls. Regular use of olive oil in cooking accounted for 
the excess in dietary fat observed in both groups. These differ-
ences could have partially accounted for the lower prevalence 
of overweight and obesity compared with cohorts in which a 
Mediterranean diet was not followed [32].
  Surprisingly, differences were not observed in insulin resis-
tance parameters or in the lipid profile between groups, even 
though adults with DS presented higher rates of subclinical hy-
pothyroidism and more regular use of medications which are 
known to predispose to metabolic disorders, such as selective 
serotonin uptake inhibitors or neuroleptics [33,34]. These find-
ings contrast with those of prior studies, where lower HDL-C 
and higher triglyceride levels were consistently documented in 
children and adults with DS [12,13]. Nevertheless, when care-

fully evaluated, the mean differences in lipid levels observed in 
those studies, although statistically significant, were not clini-
cally relevant. Furthermore, despite a higher prevalence of ab-
dominal obesity, previous studies were unable to demonstrate a 
predominance of metabolic syndrome in adults with DS when 
compared to persons with other types of intellectual disability 
or healthy controls [35]. Moreover, the role of subclinical hypo-
thyroidism in lipid metabolism when TSH levels are only mod-
erately elevated (as in our cohort) remains open to debate [36]. 
Since TSH levels were not related to insulin resistance in our 
multivariate analysis, we believe that these factors did not play 
a major role in explaining present results. Moreover, other 
drugs, such as antipsychotics, were prescribed at a low dose. 
We agree with Adelekan et al. [13] that a possible explanation 
for these surprising findings could be the peculiar balance be-
tween leptin and adiponectin in individuals with DS. Corsi et 
al. [37] described relative leptin resistance and higher levels of 
adiponectin in individuals with DS. Surprisingly, Corsi et al. 
[37] found that leptin levels decreased with age, whereas adipo-
nectin levels were higher in adults and elderly persons with DS. 
This pathogenic pathway has yet to be explored. The possible 
effect of a Mediterranean diet in our population could also ex-
plain their improved lipid profile [38]. 
  Our study has several strengths. Biological siblings were 
used as controls, thus reducing the effect of potential genetic 
and environmental factors. We collected relevant metabolic 
and anthropometric variables and performed a multivariate 
analysis to correct our results for possible confounders. Our in-
clusion criteria were broad, enabling our results to be general-
ized to most adults with DS. Our study is also subject to a num-
ber of limitations. The loss of data related to the refusal to give a 
blood sample, especially in the control group, left a small sam-
ple for laboratory analysis, thus minimizing potential differ-
ences in insulin resistance indexes or in the lipid profile. Fur-
thermore, families willing to participate in our study may have 
siblings with more complex medical needs.
  In this study, the prevalence of weight-related disorders (ab-
dominal obesity, overweight, and global obesity) was very high 
in adults with DS. However, the lipid profile and the prevalence 
of insulin resistance and metabolic syndrome in this group was 
very similar to that of controls. The effect of the Mediterranean 
diet and the role of the leptin-adiponectin pathway warrant 
further investigation. 
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