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Abstract
Background: Obesity is commonly associated with insulin resistance (IR), and is a common cause of type 2 diabetes.
Adiponectin is an adipose tissue protein that enhances insulin sensitivity and has anti-atherogenic properties. Objective: This
study was done to determine the adiponectin level and its relations to key components of the metabolic syndrome in obese
diabetic (OD), obese non-diabetic (OB) and control [non-obese, non-diabetic (NOND)] Qatari subjects. Research design and
Methods: We examined 64 (OD), 61 (OB) and 72 (NOND) male and female subjects. After a 12 h overnight fasting, blood
samples were withdrawn for determination of plasma glucose, insulin, adiponectin, HbA1C, uric acid, total cholesterol,
triglycerides, HDL-C and LDL-C. Results: Plasma levels of adiponectin in OD (10.60 ± 3.64µg/mL) and OB (11.21 ±
3.41µg/mL) were significantly lower than NOND controls (14.73 ± 4.97µg/mL). Significant, inverse correlations were
observed between adiponectin levels and BMI (r=-0.241, p<0.05), plasma glucose (r=-0.221, p<0.05), insulin (r=-0.280,
p<0.05), C-peptide (r=-0.334, P<0.01), total cholesterol (r=-0.243, p<0.01,), triglycerides (r=-0.438, p<0.01), LDL-C (r=0.214, p<0.05) and uric acid (r=-0.286, p<0.05). In addition, correlated positively with HDL-C(r=0.386, p<0.01). In multiple
regression analysis, only TG was inversely associated with plasma level of adiponectin in all groups. Conclusion: This study
provides the first evidence that adiponectin is reduced in Qatari obese subjects with and without diabetes. The measurement
of circulating adiponectin among Qatari obese subjects is suggested to monitor cardiovascular disease (CVD) risks. Whether
the plasma adiponectin level could be a suitable biomarker for following the clinical progress of CVD among Qatari obese
and diabetic subjects warrants further investigation.
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Introduction
Obesity is commonly associated with insulin resistance,
hyperinsulinemia and is a major risk factor for the
development of type 2 diabetes mellitus and cardiovascular
diseases.1 The increased cardiovascular risk related to
obesity has traditionally been ascribed to the presence of
metabolic syndrome, which includes hypertension, insulin
resistance, and dyslipidemia.2

as a cardiovascular disease (CVD) risk factor,10 obese and
type 2 diabetic subjects with low level of this peptide would
have increased risk of developing atherosclerosis and
coronary artery diseases (CAD).
The State of Qatar is a small country in the Arab Gulf area
with a small population of approximately 820,000
inhabitants. The rapid transition in socioeconomic
development after the discovery of oil has had a great
impact on urbanization and life style of Qatar community. It
results in an increase in the prevalence of obesity from
16.58% to 17.38% in males and from 27.92% to 29.31% in
females from 2003 to 2005. Moreover, it is expected that
the prevalence of obesity is going to increase to 18.7% and
31.6% among males and females of Qatari population in
year 2010, respectively.11 In addition, the International
Diabetes Federation (IDF) estimated that ≈33% of Qatari
people aged between 20 and 79 years has diabetes and
impaired glucose tolerance (IGT) in 2003 and it is expected
that the rate will increase among the Qatari population to
≈39% in 2025.12

Adiponectin is an adipose-specific plasma protein that has
been shown to be an insulin-sensitizing hormone and has
drawn substantial attention in research on metabolic
syndrome.3, 4 It suppresses hepatic glucose production,
promotes lipid oxidation in muscle and may have a
protective role against atherosclerosis.5
It has been showed that plasma adiponectin concentration is
decreased in Caucasian, Pima Indians and Japanese subjects
with obesity and type 2 diabetes.6-9 Thus, given that low
circulating adiponectin concentration is now considered
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There are currently no equivalent data on adiponectin levels
related to metabolic syndrome criteria and CVD risks
available for the Qatari population. This is an important
omission, given the increased focus on the prevalence of
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metabolic syndrome, diabetes and CVD in this region. Thus,
we expect to determine the baseline level of adiponectin in
this population. We therefore conducted a cross-sectional
study to assess the plasma concentration of adiponectin and
their correlation with various components of the metabolic
syndrome among obese subjects with and without diabetes
in State of Qatar.

Table 1: Characteristics of the study subjects

Such study may be useful to unravel the complex interplay
between adiponectin, and CVD risks among high risk obese
and diabetic patients. The ultimate goal is to assist in early
identification and management of patients with high
propensity of developing coronary artery diseases.
Methods
Subjects
A total of 197 subjects [(97 males and 100 females); Table
1] were involved in this study. Obese and obese type 2
diabetic patients were recruited randomly from the
Endocrine Outpatient Clinic at Hamad Medical Corporation
(HMC), Qatar who received an annual health check-up for
obesity and diabetes from March 2005 to June 2006. The
non-obese non-diabetic subjects as a control group were
recruited from healthy control volunteers from the
Hematology Department HMC, Qatar and through posters
and flyers. Interested persons were required to perform oral
glucose tolerance test (OGTT) to exclude undiagnosed
diabetes. The study was performed according to the
principles expressed in the Declaration of Helsinki.
Informed consent was obtained from each subject after full
explanation of the purpose, nature, and risk of all
procedures used.

Characteristics

Males

Females

n

97 (49.2 )

100 (50.8%)

Age (years)

39.11±12.56

39.94 ±11.37

Obesity (%)

62.89

64.00

Diabetes (%)

34.02

31.00

Body mass index (kg/m2)

29.93 ± 7.62

33.74 ± 8.97*

Fasting glucose (mmol/l)

7.06 ± 3.84

7.97 ± 4.26

HbA1c (%)

6.52 ± 1.81

7.26± 2.00

Fasting insulin (µIU/ml)

12.66 ± 8.63

12.20±7.68

Fasting
(µU/ml)
HOMA-IR

2.84 ± 3.00

2.88 ± 2.14

3.83 ± 1.81

4.32 ± 3.53

U.A(µmol/l)

347.6 ± 76.80

TC (mmol/l)

5.12 ± 1.18

260.98 ±
72.88*
5.15 ± 0.92

TG (mmol/l)

1.75 ± 1.33

1.66 ± 1.24

HDL –C (mmol/l)

1.19 ± 0.35

1.38 ± 0.33*

LDL –C (mmol/l)

3.26 ± 1.03

3.09 ± 0.87

TC/HDL

4.55 ± 1.32

2.39 ±2.15***

Adiponectin (µg/ml)

10.83 ± 5.85

13.46 ± 6.15*

C-peptide

Data are mean ± SD. *p<0.05, **p<0.01, ***p<0.001 for levels of
significance between male and female patients

were stored at -80OC until collection of the desired samples
for study. Fasting glucose, uric acid, total cholesterol (TC),
triglycerides (TG), and high-density lipoprotein cholesterol
(HDL-C) were assayed by routine automated laboratory
methods at the clinical chemistry laboratories at HMC using
Hitachi-917 (Gmbh Diagnostic, Mannheim, Germany).
Low-density lipoprotein cholesterol (LDL-C) level was
estimated using the Friedewald formula.14 HbA1c was
evaluated by turbidimetric inhibition immunoassay
technique (TINIA) for hemolyzed whole blood. Fasting
insulin and C-peptide levels were measured by
radioimmunoassay (RIA) using commercially available kits
at the radioimmunoassay laboratory at HMC. The insulin
resistance (IR) was assessed using fasting insulin and
glucose concentrations in homeostatic model assessment
(HOMA).15 Plasma adiponectin was measured by ELISA
with a commercially available kit (Linco Research, St
Charles, MO, USA) as described by the manufacturer.

The studied subjects were subdivided into three groups by
gender based on the cut-off points for body mass index
(BMI) according to World Health Organization (WHO)
criteria,13 and the presence of diabetes. Diabetes mellitus
was diagnosed by the medical team of the diabetic unit
(HMC). Group one, subjects with BMI < 25 kg/m2 and had
no diabetes, termed as "control group" with abbreviation
(NOND). Group two, subjects with BMI ≥ 30kg/m2 and had
no diabetes termed as "obese group" with abbreviation
(OB). Group three, subjects with BMI ≥ 30kg/m2 and had
diabetes termed as "obese diabetic group" with abbreviation
(OD).
A standardized medical history was obtained. Patients were
excluded from the study if they had CAD or history of CAD
or clinical evidence of atherosclerosis. Also, subjects with
renal, liver and immune disorders were also excluded from
the study. A trained nurse with standard equipments
measured height and body weight. BMI was calculated as
body weight in kilograms divided by the square of height in
meters (kg/m2).

The cut-off points for the selected metabolic syndrome in
our study were based on the NCEP ATP III criteria 2001. 16
DM was defined as fasting plasma glucose ≥7 mM or 2 h
plasma glucose ≥11.1 mM measured during oral glucose
tolerance tests (OGTT); dyslipidemia was measured as
fasting TG ≥1.70 mM or specific treatment for this lipid
abnormality and/or HDL-C <1.036 mM for males and
<1.029 for females; insulin resistance index by HOMA
formula was ≥ 2.5.15

Biochemical Measurements
After an overnight fasting, blood samples were withdrawn
and analyzed for various metabolites and hormones.
Aliquots of these samples were used for the biochemical
analysis immediately, but aliquots for plasma adiponectin
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groups by gender. Obese males had significantly higher
plasma adiponectin levels than obese diabetic (p<0.05,
Table 2). In females, OB and OD groups had a significantly
lower plasma adiponectin concentrations than in NOND
group (p <0.05, table 2).
In males, OD group exhibited a significantly higher; fasting
glucose, HbA1c, insulin, C-peptide, HOMA-IR index and
TG, than in OB and NOND groups. (p<0.05, Table 2). In
addition, OD females exhibited a statistically significant
higher glucose, HbA1c, HOMA-IR, and TG than in OB
females, (p<0.05, Table 2). In comparison to NOND group
in females, OD group had a statistically significant higher;
glucose, HbA1c, insulin, C-peptide, insulin sensitivity
index, uric acid, TG and TC/HDL ratio.

Figure 1: The mean ± SD plasma adiponectin levels among study
subjects with various numbers of CVD risk factors. P value =
0.033 by ANOVA.

Statistical analyses
Data are expressed as mean ± SD. All statistical analyses
were performed using the SPSS program for Windows
(version 12 statistical software; Texas Instruments, IL,
USA). Data was explored for outliers, skeweness, and
normality and transformed when necessary if normality
assumption was violated. Significant group differences in
the parameters were compared by one-way ANOVA.
Intergroup (within the same gender) and intra-group
(between males and females of the same group) differences
in the parameters were performed using student t, or MannWhitney/Wilcoxon test when appropriate.
The Pearson correlation coefficient was used to evaluate the
strength association between two variables. Multiple linear
regression analysis was employed to further quantify the
strengths of associations between plasma adiponectin and
the variables of interest; BMI, fasting glucose, insulin,
triglycerides and HDL-C. The level p < 0.05 was considered
as cut-off value for significance.
Results
Characteristics of the study subjects
Table I shows the characteristics for the study subjects.
Females had a statistically significant higher; BMI, HDL-C
and adiponectin than males. Meanwhile, males had
significantly higher TC/HDL-C ratio and uric acid than
females. No statistical significant differences were found
for; fasting glucose, insulin, C-peptide, HbA1c, TC, TG,
LDL-C, and HOMA-IR between males and females.
Plasma adiponectin levels in non-obese, non-diabetics
(NOND), obese subjects without diabetes (OB), and with
diabetes (OD)
The plasma level of the adipose-specific protein adiponectin
was measured in 125 obese subjects with and without
diabetes and in 72 healthy non-obese non-diabetic control
subjects. Table 2 shows the characteristics for the studied

Because plasma adiponectin level was related to three major
risk factors of CVD (obesity, diabetes and dyslipidemia),
we categorized the subjects based on the number of CVD
risk factors they had in order. The mean plasma adiponectin
concentration was progressively lower with increasing
numbers of such risk factors (14.73 ± 4.97, 11.21 ± 3.41,
10.60 ± 3.64 and 9.04 ± 2.93 µg/ml for 0, 1, 2, and 3 risk
factors respectively, p value 0.001) as shown in figure 1.
Next, we analyzed the association between the plasma
adiponectin and the other parameters including plasma
variables in the complete cohort of subjects, as well as each
group individually by Pearson’s correlation coefficient
(Table 3). In all subjects, plasma levels of adiponectin were
negatively correlated with BMI, fasting glucose, insulin, Cpeptide, and HOMA-IR index. The plasma concentration of
adiponectin was correlated positively with HDL-C and
inversely with TC, TG, LDL-C, and TC/HDL-C. The
correlation between adiponectin levels and other variables
based on the obesity state with and without diabetes are also
shown in table 3. We observed also that plasma TG and
TC/HDL-C ratio was constantly negatively correlated to
plasma adiponectin concentration, while HDL-C is
positively correlated in all groups. While plasma
adiponectin correlated with different lipids and glucose
homeostasis variables, the results of multivariate
correlations (Table 4), showed only a relationship between
adiponectin as dependent variable and TG as independent
variables in all groups.
Discussion
The present data has shown that in a Qatari population (i)
circulating adiponectin levels are lower in obese and obese
diabetic patients than in non-obese non-diabetic control
subjects in males and females, (ii) serum adiponectin levels
were higher in obese than obese diabetics males, (iii)
females have higher levels of plasma adiponectin than in
males of their counterparts (iv) plasma adiponectin level has
a significant negative relationship with triglycerides in
control, obese and obese diabetic subjects, and (v) the mean
plasma adiponectin concentration was progressively lower
with increasing numbers of CVD risk factors. The
implication of these findings in obesity and diabetic
management are further explored.
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Table 2: Study characters in male and female control “NOND”, obese “OB” and obese diabetic “OD” subjects
Males
Variable

Females

NOND

OB

OD

NOND

OB

OD

(n=36)

(n=28)

( n=33)

(n=36)

(n=33)

(n=31)

38.70 ± 11.10

42.27 ± 9.49*

37.23 ± 7.34

40.31 ± 10.12*

42.29 ± 8.99 µ*

BMI(Kg/m2)

36.25
±
9.38
23.55±2.27

36.23 ± 7.06*

34.47 ± 5.39*≠

23.97±2.85

39.64 ± 6.26* Δ

39.87 ± 4.91*≠ Δ

Glucose (mmol/l)

4.86±0.50

5.33 ± 0.56

12.03 ± 3.86*µ≠

4.86 ± 0.50

6.01 ± 1.39

11.25 ± 4.35* µ ≠

HbA1c (%)

5.28±0.3

5.0 ± 0.54

7.92 ± 1.72* µ ≠

5.22 ± 0.46

6.8 ± 1.53

8.26 ± 1.76* µ

Insulin (mIU/ml)

10.19±0.84

13.96 ± 0.97*

17.33 ± 3.40* µ ≠

8.52 ± 4.41≠

16.46 ± 7.4*

13.10 ± 8.7*µ≠

C-peptide (ng/ml)

2.01±0.71

2.93 ± 0.54*

4.41 ± 2.23* µ ≠

1.83 ± 0.56

3.79 ± 3.70*≠ Δ

3.30 ± 1.48*≠ Δ

HOMA-IR

1.99±0.84

3.36 ± 0.97*

7.33 ± 2.23* µ ≠

1.86 ± 1.12

4.90 ± 2.90*≠ µ

6.09 ±3.92* µ ≠

U.A (mmol/l)

320.4±51.5

402.5 ± 78.2*

346.7±102.7

232.23±57.55

304.89 ± 103.79*

279.53 ± 61.06*≠ µ

TC (mmol/l)

5.37±1.11

5.16 ± 1.31

4.67±1.16

4.89±0.86

5.56 ±1.07

5.19 ± 0.85

Age (years)

TG (mmol/l)

1.44±1.18

1.47 ± 0.48

2.54 ± 1.85*

0.84 ± 0.37

1.57 ± 1.30*

2.53 ± 1.37* µ

HDL-C (mmol/l)

1.29±0.25

1.11 ± 0.33

1.11 ± 0.49

1.56 ± 0.30

1.43 ± 0.35

1.23 ± 0.28≠

LDL-C (mmol/l)

3.50±1.05

3.32 ± 1.1

2.80 ± 0.89

3.03 ± 0.88

3.57 ± 0.87

2.91 ± 0.79

TC/HDL
Adiponectin (µg/ml)

4.17±1.24
12.83±4.7

4.63 ± 1.01
10.81 ± 3.58*

µ

4.67 ± 1.7

3.32 ± 0.88

7.21 ± 2.47*

µ

Δ

15.83 ± 6.33

4.02 ± 0.85*
Δ

4.49 ± 1.50*

12.33 ± 5.45*

Δ

12.07 ± 5.88*≠ Δ

≠

P<0.05 for level of significance for ANOVA difference between all groups within the same gender *p<0.05 is significantly different
from NOND controls and µP<0.05 is significantly different from OB group within the same gender. ΔP<0.05, is significantly different
from the male gender of the same group.

Table 3: Correlation coefficient between fasting adiponectin and study characters in all subjects and in different groups
Variables
All
NOND
OB
BMI
-0.241*
-0.049
-0.189
Glucose
-0.221*
-0.101
-0.188
Insulin
-0.280*
-0.056
-0.148
C-peptide
-0.334**
-0.261
-0.272*
HOMA
-0.228**
-0.262
-0.305*
UA
-0.286*
-0.186
-0.408*
TC
-0.243**
-0.367*
-0.094
TG
-0.438**
-0.362*
-0.288*
HDL-C
0.386**
0.349*
0.292*
LDL-C
-0.214*
-0.281
-0.174
TC/HDL
-0.399***
-0.485**
-0.283*
*p<0.05, **p<0.01, ***p<0.001 for levels of significance of correlation coefficient at two tailed testing

OD
-0.191
-0.131
-0.239
-0.211
-0.294
-0.376
-0.225
-0.439*
0.432*
-0.327
-0.441**

Table 4: Multiple regression analysis showing the influence of independent variables (age, BMI, glucose, insulin,
triglycerides and HDL-C) on plasma adiponectin in all, control, obese and obese diabetic subjects
All
NOND
OB
Independent variable
B-coefficient
SE
B-coefficient SE
B-coefficient SE
Age
-0.137
0.053
-0.326
0.109*
-0.162
0.151
BMI
-0.006
0.068
-0.026
0.228
-0.076
0.231
Glucose
0.035
0.190
-0.010
0.854
-0.024
1.031
Insulin
-0.125
0.035
0.004
0.048
-0.215
0.093
TG
-0.451
0.727*
-0.281
0.961*
-0.461
3.266*
HDL-C
0.045
1.969
0.003
1.827
0.126
4.326
*p<0.05 for level of significance of β-coefficient at 2-tailed testing. SE= standard error.

OD
B-coefficient
-0.086
-0.005
-0.028
-0.106
-0.348
0.084

SE
0.163
0.228
0.329
0.164
1.002*
3.821

control NOND male and female subjects is consistent with
previous studies of different ethnic groups including

The finding of lower adiponectin level in obese and obese
diabetic male and female patients in comparison with
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Caucasians, Pima Indians, Asian 6,7,17,18, and Japanese.8,9,19
A possible explanation of the observed results of
adiponectin in OB and OD patients is due to the elevated
HOMA-derived insulin resistance, low insulin and Cpeptide levels. Insulin resistance appears to be the major
common finding in individuals with obesity, glucose
intolerance or type2 diabetes, high blood pressure and
dyslipidemia.20 Indeed, previous reports have shown that the
adiponectin levels were suppressed during hyperinsulinemic
euglycemic clamp study in both diabetic and non diabetic
subjects.21 Importantly, both in vitro and in vivo studies 22, 23
have demonstrated that insulin itself may lead to downregulation of adiponectin secretion from fat cells. Also,
previous reports have shown that C-peptide which reflects
beta cell function of the pancreas is a negative modulator of
circulating adiponectin in diabetic as well as non-diabetic
subjects and support the presence of adipoinsular axis. 24
Moreover, several studies have reported that improving
insulin resistance and reducing insulin levels with an
insulin-sensitizing agent markedly increases adiponectin
concentrations.23, 25 Our findings of a further reduction of
adiponectin levels in DO than OB male patients in this
study could be explained by the several folds increase (2.5
folds) in HOMA-derived insulin resistance seen in OD
compared to OB groups. Consistent with such result, several
studies suggest that adiponectin concentrations are more
closely related to differences in insulin-resistance than
obesity.26, 27
In the current study, plasma adiponectin level was
independently correlated with the serum triglyceride level
by multiple regression analysis. Hyper-triglyceridemia is
one of the major clinical features of the insulin resistance
syndrome, which may take part in the development of
atherosclerosis. Our observation of the association of
adiponectin with HDL-C and TG metabolism (in particular)
has been previously noted28 and it was proposed as a useful
marker/risk factor in CVD assessment.29 In addition, the
current study showed that plasma adiponectin was not only
related to the key parameters of the metabolic syndrome
such as BMI, glucose, insulin, C-peptide, HOMA-IR, uric
acid, TC, TG and HDL-C levels, but also to the number of
CVD risk factors the patients had (Fig. 1) and the
atherogenic index; TC/HDL, suggesting that monitoring of
plasma adiponectin may be a useful indicator in patients at
risk of CVD 10. Thus, the findings of the present study are
consistent with several previous reports indicating that
adiponectin correlated with various indices of metabolic
syndrome.30,31 Moreover, several studies have shown
adiponectin to be a strong inverse independent risk factor
for CVD 10, 30, 31, 32, 33 and hypoadiponectinemia was
demonstrated in subjects with CVD.34 The physiological
nature of this correlation may be tied to the proposed
functions of adiponectin at the vascular wall, which include
modulation of endothelial function, inhibition of vascular
smooth muscle proliferation, suppression of macrophage
transformation and modulation of inflammation.35
In the current study, the plasma adiponectin concentrations
were observed to be lowered in men than in women of their

counterparts. The finding of gender-related differences in
plasma adiponectin concentrations has been previously
reported in Japanese diabetic patients without coronary
artery disease.12 Similarly, other studies in non diabetic
subjects in Japanese, and North American populations have
shown that women have higher adiponectin levels than
men.9,36 Sex hormones, including estrogen, progesterone
and androgen may affect the plasma adiponectin level. 9
Androgens decreased the plasma adiponectin level and that
androgen-induced hypoadiponectemia may be related to a
high risk of insulin resistance and atherosclerosis in men. 8,37
It should be however, noted that previous studies indicating
that the reported differences may not be entirely due to the
possible effect of sex hormones as described in previous
studies.38 Further studies are needed to address the sexual
dimorphism in plasma adiponectin levels.
A major limitation of our study is its cross sectional nature,
which does not allow for inferring causality for our results.
Although association between adiponectin and metabolic
markers may be modified by the presence and type of
cholesterol-lowering drugs and diabetic medications, we did
not collect detailed medication data at the time of blood
drawing in our study and therefore were unable to evaluate
this. Further studies are needed to evaluate the role of
medication and lifestyle on adiponectin in association with
metabolic syndrome among Qatari subjects.
In conclusion, obesity with and without type 2 diabetes
among Qatari subjects is associated with decreased plasma
adiponectin level, particularly in males. Furthermore,
decreased adiponectin level may be associated with
increased risks for CVD. Lifestyle and pharmacological
approaches that increase adiponectin levels might be
valuable in decreasing CVD risk parameters.
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