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Abstract 
BACKGROUND: Adiponectin is an adipocyte secreted protein with important biological functions. Hypoadiponectinemia 
is associated with obesity, insulin resistance, and type II diabetes. This study aimed to evaluate serum adiponectin level 
in obese subjects with type II diabetes and its correlation with metabolic parameters. 

METHODS: This cross-sectional study was performed on 40 obese subjects with type II diabetes and 40 non-diabetic 
obese control subjects. Fasting lipid profile was measured by the enzymatic methods. The NycoCard HbA1c protocol 
was used to measure HbA1c. The Serum adiponectin, insulin and glucose levels were measured using an enzyme im-
munoassay and glucose oxidase methods respectively. 

RESULTS: Type II diabetes was associated with hypoadiponectinemia, in both men and women. Serum adiponectin level 
in non-diabetic subjects (6.44 ± 2.47 µg/ml) was significantly higher than diabetics (4.55 ± 1.88 µg/ml). Furthermore, 
serum adiponectin concentration in females was significantly higher than males in non-diabetics (7.18 ± 2.68 vs. 5.61 ± 
0.57) and diabetic groups (5.18 ± 2.08 vs. 3.99 ± 1.5). There was a negative and significant correlation between serum 
adiponectin level with waist (r = -0.451; p = 0.003), waist to hip ratio (r = -0.404; p = 0.01) and BMI (r = - 0.322; p = 
0.042) and a positive correlation with HDL (r = 0.337; p = 0.034) in non-diabetic group. In diabetic group, there was 
only found a negative correlation between adiponectin and waist size (r = -0.317; p = 0.046). 

CONCLUSIONS: Obesity and type II diabetes are associated with low serum adiponectin concentration. 
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besity and its association with type II 
diabetes are two major health prob-
lems in all the nations. Type II diabetes 

mellitus (T2DM) is results from defects in insu-
lin action and insulin secretion.1 Azizi reported 
diabetes prevalence as 3.5 million adults in 
Iran,2 which approximately is estimated to be 
increased to 5.1 million by 2025.3 Although, 
overweight and obesity are well-recognized 
risk factors for type II diabetes and depending 
upon the ethnic background, from 50-80% of 
patients with diabetes in the world are obese.4 
However, the pathophysiology linking obesity 
to type II diabetes is not completely unders-
tood, but adiopcytokines are thought to be in-
volved.5 

 Nowadays, adipose tissue considered as an 
endocrine organ that synthesizes and secretes 
an even increasing number of bioactive mole-
cules which are collectively named "Adipo-
kines or Adipocytokines". Adiponectin is a 
novel adipocytokine produced exclusively and 
abundantly by adipocyte and exists in relative-
ly high concentrations in human serum, and 
counting for up to 0.05% of total serum pro-
tein.6 Serum adiponectin levels are decreased 
in obesity 7 insulin resistance 8 T2DM 9,10 and 
dyslipidemia 11 and are particularly low in pa-
tients with coronary artery disease.12,13 Plasma 
concentrations of adiponectin have been posi-
tively associated with age and have generally 
been shown sex dimorphism i.e. higher in 
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women than men [14]. It has been proposed 
that adiponectin may be a link between mark-
ers of inflammation, endothelial dysfunction, 
obesity and risk factors of type II diabetes mel-
litus.15 

 Due to interactions of genetic factors in-
cluding single nucleotide polymorphisms 
(SNPs) of adiponectin gene and environmen-
tal factors, hypoadiponectinemia causes ob-
esity, resulting in insulin resistance, metabolic 
syndrome and increasing the risk of type II 
diabetes mellitus.16 Furthermore, hypoadipo-
nectinemia may be a novel and important risk 
factor for coronary heart disease (CHD) and 
hypertension.17,18 Adiponectin concentration 
has been shown negatively associated with 
plasma triglyceride, low-density lipoprotein-
cholestrol (LDL) 14,19 and positively associated 
with high-density lipoprotein (HDL) choles-
terol.14,19 Considring that other studies have 
reported differences in adiponectin levels be-
tween diabetic and non-diabetic subjects, this 
study aimed to investigate serum adiponectin 
level in obese subjects with type II diabetes 
and its correlation with anthropometric and 
metabolic parameters in men and women 
separately.  

Methods 
Study Samples 
Forty middle-aged obese Iranian individuals 
with type II diabetes (19 females and 21 males, 
aged 44.80 ± 6.04 years, body mass index (BMI) 
34.15 ± 3.89 kg/m2), who consecutively visited 
the outpatient clinics for diabetes mellitus in 
Sina University Hospital from September 2008 
to January 2009, were enrolled for the present 
study. Past medical history and clinical data 
were collected by trained medical worker of 
the hospital who was supervised by Dr. Amir 
Bahrami. Anthropometric indices including 
height, weight, hip and waist circumference 
were taken while subjects were in the standing 
position and wearing light clothing without 
shoes. Body weight was measured in kilogram 
nearest to 0.5 kg. Height was measured in cen-
timeter nearest to 0.5 cm. The waist circumfe-
rence was taken to the smallest standing hori-

zontal circumference between the lower rib 
cage and the iliac crest; the hip circumference 
was taken as the largest standing horizontal 
circumference of the buttocks. These parame-
ters were measured by well-trained dietitians. 
Waist-hip ratio (WHR) was calculated as waist 
circumference divided by hip circumference. 
Blood pressure was measured using random 
mercury sphygmomanometer. Average of two 
consecutive readings taken 10 min separately 
was recorded. The subjects underwent a de-
tailed examination by the medical office to as-
sess the health status. The study was reviewed 
and approved by the institutional Ethics 
Committee of Tabriz University of Medical 
Sciences and written informed consent was 
obtained from all of the subjects after the pro-
cedure had been explained to them. 
 
Study Design 
A venous blood sample (5ml) was drawn from 
all of the subjects who referred after 12-hour 
overnight fasting. Type II diabetes was defined 
based on history of patients taking oral hypog-
lycemic drugs or according to the last Ameri-
can Diabetes Association’s classification in 
which diabetes is defined as a fasting glucose 
of more than 126 mg/dl.20 The diabetic pa-
tients were treated with oral hypoglycemic 
agents (metformin, n=30; glibenclamide; n=11). 
No patients had received insulin therapy. 
None of the subjects had significant renal, he-
patic or cardiovascular diseases. The duration 
of diabetes was 1 to 5years (mean, 2.80 ± 2.34 
years). Patients did not consume alcohol or 
perform heavy exercises for at least l week be-
fore the study.  
 The non-diabetic control group consisted of 
40 middle-aged non-diabetic obese individuals 
(21 women and 19 men; aged 43.02 ± 9.00 
years; (BMI) 35.25 ± 4.10 kg/m2) who had re-
ceived an annual health check-up. To select the 
non-diabetic control individuals, the following 
criteria were used: 1) No diabetes in their first 
degree relatives. 2) Fasting plasma glucose 
concentration less than 110mg/dl. 3) Hemog-
lobin A1C concentration less than 5.8%. Non-
diabetic subjects with endocrine disease, sig-
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nificant renal or hepatic diseases, and those 
receiving medications that control glucose me-
tabolism, hypertension or hyperlipidemia, 
were excluded from the study.  
 
Biochemical Analysis 
Plasma glucose was measured by the glucose 
oxidase method. Total cholesterol, triglyce-
rides and high-density lipoprotein-
Cholesterol (HDL-C) were also measured. 
Low-density lipoprotein-Cholesterol (LDL-C) 
was estimated indirectly using the Friedewald 
formula for subjects with a serum TG concen-
tration of less than 400 mg/ml. Fasting serum 
insulin was measured by enzyme immunoas-
say using human ELISA kit (Q-1-DiaPlus, 
USA) after the serum samples were thawed at 
room temperature. This assay had a sensitivi-
ty margin of 0.5 µIU/ml. Intra and inter-assay 
coefficients of variation were 6.45 and 6.45%, 
respectively. Hemoglobin A1C was measured 
according to boronate affinity assay by Nyco-
Card HbA1c protocol (Norway, with the coef-
ficient of variation (CV) below 5%) from 
whole blood immediately after obtaining the 
samples. According to the percentage of 
HbA1c, diabetic group was sub grouped into 
the well controlled (the patients who had 
HbA1c below 8%, n = 25) and poorly con-
trolled (the patients who had HbA1c above 
8%, n = 15). Serum adiponectin concentration 
was measured by enzyme-linked-immuno 
sorbent assay (ELISA), using a commercially 
available kit, Human adiponectin ELISA kit 
(Bio Vendor Laboratory Medicine, Inc, 
GmbH) using specific human adiponectin an-
tibody. The intra-assay and inter-assay coeffi-
cients of variation were 4.4 and 5.7, respec-
tively. Before the assay, quality controls and 
all sera were diluted 300 times with dilution 
buffer, preferably in two steps. 
 
Calculations and Data Analysis 
Body mass index (BMI) was calculated as 
weight (kilogram) divided by height squared 
(in square meters). Body fat content was calcu-
lated according to the method of Lean et al 21 
which 

 have been shown to correlate very well with 
the percentage of body fat measured by un-
derwater weighting 13 using the following for-
mula: 
 Body fat % (men) = [(0.567 × waist circum-
ference in cm) + (0.101 × age in years)] - 31.8 
Body fat % (women) = [(0.438 × waist circum-
ference in cm) + (0.221 × age in years)] - 9.4 
Serum adiponectin levels have been correlated 
to body fat percent calculated by this formu-
la.22 Insulin resistance and � cell function were 
derived using the HOMA method 23 throuhg 
the following formulae: 
 Insulin resistance (HOMA-IR) = [fasting in-
sulin (NIU/ml) × fasting glucose (mmol/l) / 
22.5] 
 � cell function (HOMA-β  %) = [20 × fasting 
insulin (N/ml) / fasting glucose (mmol/l) - 
3.5] 
 Insulin sensitivity was estimated using the 
quantitative insulin sensitivity check iondex 
(QUICKI) determined based on the following 
equation: 
 µQUICKI= 1/ [log insulin ( IU/ml) + log 
glucose (mg/dl)].24  
 Low QUICKI indicates low insulin sensitivi-
ty, while high QUICKI indicates high insulin 
sensitivity.  
 
Statistical Analysis 
All continuous data were expressed as Mean ± 
SD. Data analysis were performed using Spft-
ware SPSS for windows version 14. Group 
means were compared using one way ANOVA 
or unpaired t-test. Univariate and linear re-
gression analysis were done for determining 
the relationship between serum adiponectin 
and other variables and Pearson Correlation 
Coefficient was obtained. 
 Data were also analyzed by stepwise linear 
regression using adiponectin as the dependent 
variable. Independent variables including BMI, 
body fat percent, insulin, hip, fasting glucose, 
HOMA-BF, HOMA-IR and waist were forced 
into the model. For all statically assessments, a 
value of p < 0.05 was statistically accepted as 
significant. 
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Results 
Table 1 summarized the anthropometric, me-
tabolic and clinical characteristics of non-
diabetics and type II diabetes mellitus subjects. 
The mean age of diabetic group was 44.80 ± 
6.04 years and non-diabetic group was 43.02 ± 
9.00 years. The mean of BMI for diabetic and 
no-diabetic groups was 34.15 ± 3.89 kg/m2 and 
35.25 ± 4.10 kg/m2, respectively (p > 0.05). 
When we compared diabetic and no-diabetic 
groups regarding age, BMI, height, weight, 
WHR, waist, total cholesterol and insulin, no 
difference was observed (Table 1). However, 
the mean concentration of HDL-C, adiponec-
tin, HOMA-N percent and QUICKI index in 
control group were significantly higher than 
diabetic group (p < 0.05). On the other hand, 
the mean concentrations of fasting blood glu-
cose, triglyceride, LDL-C, HbA1c, systolic and 

diastolic blood pressure and HOMA-IR index 
in diabetic group was significantly higher than 
control group (p < 0.05)(Table 1). 
 In all of the study subjects, mean basal adi-
ponectin concentration was 5.49 ± 2.38 (range 
2.10- µ14.01 g/ml). Mean (±SD) serum adipo-
nectin concentration was significantly lower in 
subjects with T2DM compare to non-diabetic 
control group (4.55 ± 1.88 vs. 6.44 ± 2.47 
µg/ml) (P < 0.0001). This was observed both in 
males (p = 0.006) and females (p = 0.013) of 
subjects with type II diabetes compare to males 
and females in the control group. 
 Serum adiponectin levels of non-diabetic 
control subjects ranged from 3.18 to 14.01 
Ng/ml. Men had a mean serum adiponectin 

µlevel of 4.76 ± 1.91 g/ml (Table 1). Despite no 
difference in mean BMI (all the females, 35.29 ± 
4.23 kg/m2; all the males, 34.11 ± 3.74 kg/m2) 

 
Table 1. Anthropometric and metabolic parameters of diabetic and non-diabetic groups 

variables Diabetics Non-diabetic controls                       p 
Sex (males/females) (19/21) (21/19) NS 
Age (year) 44.80 ± 6.04 43.02 ± 9.00 NS 
Weight (kg) 93.05 ± 13.64 95.57 ± 14.51 NS 
Height (cm) 164.92 ± 8.78 164.62 ± 10.80 NS 
BMI (kg/m2) 34.15 ± 3.89 35.25 ± 4.10 NS 
Waist (cm) 106.97 ± 10.16 108.05 ± 11.96 NS 
Hip (cm) 113.72 ± 10.09 116.57 ± 6.61 NS 
Waist/Hip (Ratio) 0.93 ± 0.07 0.92 ± 0.08 NS 
SBP (mmHg) 132.37 ± 17.35 124.32 ± 13.44 0.023 
DBP (mmHg) 87.00 ± 12.02 79.25 ± 10.71 0.003 
FPG (mg/dl) 164.22 ± 70.81 91.65 ± 13.00 < 0.001 
Total cholesterol (mg/dl) 181.17 ± 45.52 201.87 ± 53.59 NS 
Triglyceride (mg/dl) 189.05 ± 52.92 166.82 ± 3 6.92 0.032 
LDL cholesterol (mg/dl) 109.87 ± 43.59 131.00 ± 49.32 0.046 
HDL cholesterol (mg/dl) 34.07 ± 5.54 37.92 ± 7.35 0.010 
HbA1c (%) 7.05 ± 2.21 5.07 ± 0.60 < 0.001 
Adiponectin (µg/mL) 4.55 ± 1.88 6.44 ± 2.47 < 0.0001 
Insulin (µIU/ml) 19.27 ± 11.04 18.95 ± 10.93 NS 
HOMA-IR 7.75 ± 5.70 4.31 ± 2.74 0.001 
QUICKI 0.294 ± 0.027 0.314 ± 0.026 0.002 
HOMA-β (%) 104.21 ± 93.10 233.51 ± 134.32 < 0.001 
Body Fat percent 39.76 ± 7.49 42.05 ± 7.94 NS 

Data are as Mean ± SD; p ≤ 0.05 is considered significant. NS = not significant. BMI, body mass index; FPG, fasting 
plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; mmHg, millimeters of mercury; LDL, 
Low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, Hemoglobin A1c; HOMA-IR, Homeostasis Model 
Assessment for insulin resistance; QUICKI, Quantitative insulin sensitivity check index; HOMA-B, Homeostasis Mod-
el Assessment for β-function 
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mean plasma concentrations of women were almost 
1.5 compared with men (all the females, 6.23 ± 2.59 
µg/ml ;all the males, 4.76 ± 1.91 µg/ml). Moreover, 
in sex adjusted analysis, the mean concentration of 
serum adiponectin in diabetic group (5.18 ± 2.08 vs. 
3.99 ± 1.570 µg/ml) and non-diabetic group (7.18 ± 
2.68 vs. 5.61 ± 0.57 µg/ml) females was significantly 
higher than males in the both groups (p < 0.05). 
This increase in women was also seen when the 
levels were normalized based on BMI. When ex-
pressed in terms of adiponectin / BF percent, the 
increase in women was less pronounced (1.07-times 
that of men compared to 1.28-times seen in adipo-
nectin / BMI).  
 We have calculated body fat content (%) based 
on the method of Lean et al using the formula in-
volving age and waist circumference. The body fat 
percent of non-diabetic and diabetic subjects was 
42.05 ± 7.94% and 39.76 ± 7.49%, respectively. Body 
fat percent of women was about 1.5-times higher 
than that of men in diabetic and non-diabetic 
groups. As expected, HOMA calculations showed 

that type II diabetic subjects had a significant in-
crease in insulin resistance (p = 0.001, age and BMI 
adjusted data) and impaired N cell function (p < 
0.001). Furthermore, HOMA-N cell function was 
lower in the poorly-controlled diabetic (68.54 ± 41.46) 
than well-controlled (125.61 ± 74.50) subgroup (P = 
0.05). It was suggested that this subgroup had a 
more severe deterioration of their � cell function 
than the other subgroup. HOMA-N cell function was 
also lower in male compared to female in diabetic 
group (85.03 ± 42.65 vs. 126.19 ± 87.23). 
 Figure 1. (A) Represents the relationship between 
serum adiponectin levels and HDL-C in all the study 
subjects. Adiponectin was positively correlated with 
HDL-C (r = 0.385, p = 0.001) in all the subjects in-
cluding males (r = 0.379; p =0.016) and females (r = 
0.412; p = 0.002). On the other hand, adiponectin was 
negatively correlated with waist-hip ratio(r = -0.338; 
p = 0.002) only in the total subjects as represented in 
figure 1 (B). Adiponectin showed a correlation with 
waist circumference only in females (r = -0.455; p = 
0.002) as seen in Figure 1 (C).  
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Figure 1. A. Relationship between serum adiponectin levels and HDL-C. Fasting serum adiponec-
tin levels of normal women (filled triangles) upper dashed line andnormal men (empty triangles), 
lower dashed line and total subjects middle solid line, were plotted against HDL-C. The “r” values 
represent correlation coefficient in linear regression analysis. 
B. Relationship between serum adiponectin levels and waist to hip ratio in all subjects. 
C. Relationship between serum adiponectin levels and waist circumference in women. 
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 Serum adiponectin levels of women were 
reduced approximately as 50% in poorly-
controlled diabetics (from 7.18 ± 2.68 to 3.95. ± 
1.69 µg/ml, p = 0.010). Among the males, se-
rum adiponectin levels were lower as 50% 
(from 5.61 ± 1.96 to 2.90 ± 0.63 µg/ml, p = 
0.001) in poorly-controlled diabetics men com-
pared to non-diabetic control males. There was 
no significant change in serum adiponectin in 
well-controlled diabetic women and men com-
pared to non-diabetic control subjects. 

 Figure 2 represents data on serum adipo-
nectin levels normalized to BMI. Serum adi-
ponectin exhibited approximately 40% reduc-
tion in poorly-controlled diabetic women 
(from 0.21 ± 0.09 to 0.12 ± 0.04 µg/unit BMI; p 
< 0.001) compared to normal women; while 
there was no significant change in well-
controlled diabetic men. In the males, serum 
adiponectin levels were lower as 50% in poor-
ly-controlled group (from 0.16 ± 0.06 to 0.09 ± 
0.03 µg/unit BMI). 

 

  
Figure 2. Serum Adiponectin levels normalized to BMI in the all subjects. Adiponectin levels were 
represented for men (empty bar) and for women (filled bar). Adiponectin levels were significantly 
reduced in well (p=0.02) and poorly controlled diabetic compared to control group, (p<00001). 
Among women, adiponectin levels were significantly reduced in poorly controlled diabetic com-
pared to control women (*p=0.010). Among men adiponectin levels normalized to BMI were signifi-
cantly reduced in poorly controlled diabetic compared to control men (**p=0.001). 
“in all the subjects”-“level” “(p = 0.001)” 

 
 In univariate analysis using adiponectin as 
the dependent variable in total study subjects, 
HbA1c, gender, glucose, waist size, waist-hip 
ratio, DBP, HbA1c, TG, HDL-C and QUICKI 
predicted the variability in adiponectin signifi-
cantly (P < 0. 05). In total number of the sub-
jects (80), simple linear regression analysis 
yielded highest correlation of serum adiponec-
tin to HDL-C (r = 0.375; p = 0.001), waist cir-
cumference (r = -0.345; r = 0. 001) and lastly to 
HbA1c (r = -0.245; p = 0.028). In the diabetic 
subjects gender (r = -0.399; p = 0.011) and waist 
(r = -0.317; p = 0.046) was related to adiponec-
tin. On the other hand, in non-diabetic sub-
jects, HDL-C (r= 0.337; p=0.034) and QUICKI (r 

= 0.312; p = 0.05) were related to adiponectin in 
addition to waist (r = -0.451; p=0.003) and 
gender. (r = -0.320; p = 0.044). Therefore, the 
main differences due to diabetic status were 
not a significant relationship between adipo-
nectin and good profile lipid (HDL-C and 
OUICKI). Thus, serum adiponectin levels ne-
gatively dependent upon gender and waist 
size as a central obesity factor in the two 
groups. These results suggested that adiponec-
tin levels of non-diabetics were influenced dif-
ferently from the diabetic groups. In non-
diabetic group, adiponectin levels were partly 
contributed by increased HDL-C and QUICKI 
as an insulin sensitivity marker. 
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 Table 2 represents the results of linear re-
gression analysis carried out using serum adi-
ponectin as the dependent variable. In this 
analysis, only those variables were considered 
which had a significant correlation in the linear 
regression analysis. In all the total subjects, se-
rum adiponectin levels were contributed by 
HDL-C, waist size and HbA1c. In addition, in 
non-diabetic subjects, HDL-C and waist were 
the predictor of adiponectin levels. On the other 
hand, in diabetic subjects, serum adiponectin 
levels were also predicted by waist size. Gend-
er-specific regression analysis revealed that in 
women, changes in adiponectin levels were ex-
plained by waist (r = -0.455; p=0.002) and HDL-
C (r = 0.412; p = 0.002) while in men, adiponec-
tin levels were explained only by HDL-C (r = 
0.379; p = 0.016). These results suggested that 
men’s adiponectin levels were influenced diffe-
rently from women. In women, adiponectin le-
vels were partly contributed by increased waist 
circumference, an indicator of abdominal obesi-
ty, which in turn influenced adiponectin levels. 
This was a novel finding in our study. 

Discussion 
While other studies have reported differences 
in leptin and adiponectin levels between di-
abetic and non-diabetic subjects 25,26 we de-
cided to investigate the difference in adiponec-
tin levels in obese diabetic and non-diabetic 
subjects matched for age, gender, and BMI. 
There was a significant difference in serum 

adiponectin concentrations according to gend-
er and presence of diabetes. Gender differences 
in leptin levels were well recognized;26 howev-
er, a few studies (not all of them) have re-
ported gender differences in adiponectin le-
vels.27,28  

 This study revealed two important findings. 
First; it confirmed previous findings that obesi-
ty and type II diabetes were associated with 
low serum adiponectin concentrations. Second, 
our results showed that the serum adiponectin 
concentration was more closely related to obes-
ity than to insulin sensitivity and fasting insu-
linemia, which suggested that hypoadiponec-
tinemia in subjects with obesity and type II di-
abetes was in at least attributable to obesity 
indices. Furthermore, our data showed that, in 
addition to overall obesity, central obesity was 
an independent negative predictor of serum 
adiponectin and suggested that adiponectin 
may represent a link between central obesity 
and type II diabetes 
 Adiposity (BMI, lipid mass, percentage of 
fat) has been previously reported to be inverse-
ly associated with serum adiponectin in Japa-
nese,28-30 Pima Indians 25,31 and Caucasians.14,25 
The etiology of the decreased adiponectin 
mRNA expression in adipose tissue 26,32 and 
the lower serum adiponectin levels had been 
reported in obese subjects 25 is not completely 
understood. However, adipose tissue-derived 
cytokines have been suggested that negatively 
regulate adiponectin synthesis and release. In 

Table 2. Linear regression analysis using adiponectin as the dependent variable 
 

Significant variables B S.E (B)                    p 
Total (80)    
        HDL-C 0.139 0.033 0.0001 
        Waist -0.084 0.02 0.0001 
        Hba1c -0.293 0.109 0.009 
Non-diabetic    
        Waist -0.102 0.028 0.001 
        HDL-C 0.131 0.045 0.006 
Diabetic    
        Waist -0.059 0.028 0.046 
Men (38)    
       HDL-C 0.110 0.038 0.006 
Women (42)    
        Waist -0.133 0.041 0.003 
         HDL-C 0.167 0.063 0.012 
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particular, TNF-α and interleukin-6 have been 
shown to reduce adiponectin mRNA content 
and inhibit adiponectin release in 3T3-L1 
cells.33,34 Another possibility is a reduction in 
metabolic function of the adipocyte as it ages 
or hypertrophies. For example, aged 3T3L1 
cells contain more triglycerides and are not on-
ly more insulin resistant, but also have de-
creased adiponectin gene expression compared 
to young adipocytes.35 

 In addition to confirming the association 
between some of the obesity indices and adi-
ponectin, we found that central obesity was an 
independent negative predictor of serum adi-
ponectin level. The relationship of adiponectin 
with WHR, and waist appeared to be stronger 
than other obesity indices or BMI, indicating 
that central fat distribution is a better determi-
nant of circulating adiponectin than total fat 
mass. Similar to our findings, Cnop et al 14 
have reported recently that intra-abdominal fat 
(but not BMI) was significantly and indepen-
dently associated with adiponectin, whereas a 
Japanese study 36 has reported an inverse asso-
ciation between adiponectin and WHR in mor-
bidly obese patients but not in overweight and 
moderately obese patients. 
 We confirmed that adiponectin levels are 
related to triglyceride levels and there was a 
positive and strong correlation between serum 
adiponectin and HDL-cholesterol in the two 
groups, as previously reported in Japanese 
subjects.18,28 Matsbara et al 29 have reported a 
strong positive correlation between adiponec-
tin and HDL-c independently from visceral 
AT, explaining 37% of the variance in HDL 
cholesterol. Our results are also in accordance 
with the previous study that has shown a 
strong correlation between plasma adiponectin 
levels and HDL cholesterol independently of 
age, gender, BMI, and fasting insulin concen-
tration.37 In that study, adiponectin appeared 
to predict HDL cholesterol level in patients 
with type II diabetes, independent from com-
mon metabolic risk factors.37 Thus, it is possi-
ble that adiponectin, like HDL cholesterol, 
could eventually be considered as an indepen-
dent protective cardiovascular risk factor.37 

Such a strong correlation between adiponectin 
and HDL cholesterol levels may likely be ex-
plained by the activation of peroxisome proli-
ferator-activated receptor-α which influences 
the expression of genes encoding for proteins 
involved in HDL metabolism.36 For instance, 
adiponectin has been reported to increase pe-
roxisome proliferator-activated receptor-N li-
gand activities both in skeletal muscle and liv-
er 33 leading to an increased synthesis of HDL 
cholesterol.  
 Our observations, regarding the impact of 
sex, suggested that adiponectin concentration 
was also related to factors independent of ob-
esity indices. At any obesity indices, adiponec-
tin concentrations are greater in women than 
in men. Furthermore, in men and women pair-
matched for age, and BMI adiponectin concen-
trations were greater in women in non-diabetic 
and diabetic groups. Earlier reports have re-
vealed the sexual dimorphism of adiponectin, 
with females having significantly higher circu-
lating levels of total adiponectin than males in 
both humans and rodents.27 Xu et al, 38 showed 
that the sexual dimorphism of adiponectin is 
mainly due to the difference in its HMW (High 
Molecular Weight) form in both human and 
rodents, whereas females and males have 
comparable levels of the MMW (Medium Mo-
lecular Weight) and LMW (Low Molecular 
Weight) forms. In line with this result, the re-
cent study using velocity ultra-centrifugation 
also observed that the percentage composition 
of HMW adiponectin in female mice was sig-
nificantly higher than male mice.39 Clinical 
studies have found that decreased ratios of 
HMW/total adiponectin were closely asso-
ciated with the development of diabetes and 
cardiovascular diseases.40,41 Given the impor-
tant role of HMW adiponectin in increasing 
insulin sensitivity and in preventing atheros-
clerosis, the sexual difference in HMW adipo-
nectin might partly explain the fact that men 
have a higher incidence of atherosclerosis and 
are more susceptible to insulin resistance than 
women.38 In addition, in line with another 
study 42 in our study, neither HOMA-IR and 
HOMA-β cell function nor QUICKI were sig-
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nificantly different between males and females 
in the two groups. In brief, we speculated that 
low serum adiponectin levels in obese type II 
diabetes and even lower levels in subjects who 
had poorly controlled diabetes was likely due 
to central obesity indices rather than insulin 
resistance and hyperinsulinemia. 
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