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ABSTRACT 
 
 Insulin resistance is associated with increased risk of type-2-diabetes, which is also strongly accompanied 
with obesity. It is important to understand the link between obesity and lack of insulin sensitivity. Adiponectin 
is a member of the adipocytokines family of fat-cell secreted proteins, which exclusively expressed in adipose 
tissue. It may turn out to be a promising insulin sensitizing agent. Thirty obese subjects (BMI>30kg/m2) and 10 
normal, apparently healthy individuals (BMI<25kg/m2) were participated in this study. The fasting plasma 
glucose and insulin levels in obese subjects were significantly higher than that in normal subjects, while plasma 
adiponectin was significantly decreased in obese subjects in comparison to the control group. Plasma 
adiponectin was negatively correlated with fasting insulin, plasma glucose, plasma triglycerides, body mass 
index, waist and hip circumferences, and positively correlated with HDL-cholesterol. From the recorded results, 
it was found that adiponectin level was decreased in obese subjects, at the same time insulin appeared to 
suppress adiponectin secretion. These findings suggested that adiponectin level could play a physiological role 
in insulin sensitivity. 
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Introduction 
 
 Obesity is an endemic health problem in both developed and developing countries. It increases risk for 
many common diseases, including coronary artery disease, type 2- diabetes mellitus, hypertension, and 
osteoarthritis (Must et al., 1999). Adipose tissue is not only a tissue of fat storage, but also it is an active 
participant in energy homeostasis and other physiological functions. It secretes adipocytokines such as 
adiponectin and other hormones such as leptin (Ozata et al., 2000).The rate of fat accumulation in obesity are 
often not necessarily proportional to the development of metabolic complications, while the distribution of body 
fat (visceral or subcutaneous) might be more crucial to the development of these complications including 
diabetes (Fujioka et al., 2005), hypertension (Esther et al., 2009), dyslipidaemia (Molly  and Brunzell, 2004) 
and atherosclerosis (Blaschke et al., 2006). The discovery of the obese gene and its products such as leptin, 
adiponectin and resistin, leading to that adipose tissue has been considered to be not only an energy storage 
organ, but also an endocrine organ that secretes various hormones and factors, such as leptin, adiponectin, 
resistin and adipsin. These proteins have similar structural properties to cytokines, so called adipocytokines or 
adipokines (Joseph et al., 2002). 
 Adiponectin, an adipose tissue-specific plasma protein, consists of 244 amino acids (Lihn et al., 2004)  that 
is expressed exclusively in adipocytes of the white adipose tissue (Weyer et al., 2001), increases fat oxidation 
and improve insulin sensitivity (Joseph et al., 2002). It has anti-diabetic and anti-atherosclerotic effects (Arita et 
al., 1999 and Ouchi et al., 2000). Obesity is commonly associated with insulin resistance and is considered as 
major risk factor for the development of type 2- diabetes and cardiovascular disease (Pratley et al., 2000).  
 It was reported by Combs et al. (2001) that injection of recombinant adiponectin in obese-diabetic mice 
stimulated fatty acids oxidation in muscles, decreased hepatic glucose production and improved insulin 
resistance. These authors suggested similar role in human.   
 In the present study, we determined plasma adiponectin and plasma insulin in order to understand the 
relationship between adiponectin level, adiposity and insulin sensitivity.  
 
Subjects And Methods 
 
 This study was carried out on 40 subjects (26 females and 14 men) aged 41.5±0.4 years were chosen from 
the out patient Tripoli Teaching Hospital, Libya,approval of ethical committee and consent from subjects were 
done. They included 30 obese subjects whom were not offered for diabetes mellitus (10 men and 20 women) 
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aged 40.0±0.8 years, BMI>30kg/m2, and 10 normal subjects (4 men and 6 women) aged 41.0±0.4 years, 
BMI<20kg/m2. All participants were in good general health, had normal kidney and liver functions. None of the 
groups were taking any medication that may alter glucose tolerance.  
 
Anthropometric Measurements: 
 
 A complete physical examination including the measurement of body mass index (BMI) and waist hip ratio 
(W/H) was performed for every subject. BMI was calculated as weight in kg divided on height in meters square. 
W/H ratio was calculated by dividing the waist circumference on hip circumference. Anthropometric 
Measurements were performed in the fast state and the subjects were wearing light clothes and without shoes 
(Blumenkrantz et al., 1996) 
 
Laboratory determinations: 
 
Insulin sensitivity: 
 
 This parameter was determined by estimating fasting plasma glucose level by glucose oxidase method 
(Varly, 1980), and fasting plasma insulin by immuno-enzymatic assay quantitatively by the method of Frier et 
al. (1981). Insulin sensitivity was then calculated by homeostasis model assessment (HOMA) according to 
Bonora (2000). 

                    
                Fasting insulin (µU/ml) x Fasting glucose (mmol/l) 
HOMA = 
                                                          22.5 
High HOMA value denotes insulin sensitivity (Galvin et al., 1992) 
 
Fasting plasma lipid profile: 
 
 Total cholesterol was estimated enzymatically by the method of Alain et al., (1974), low density 
lipoprotein-cholesterol was estimated by the method of Waston, (1960), and high density lipoprotein-cholesterol 
was done according to Warnick et al., (1982). Triglycerides was determined by the method of Bucolo et al., 
(1975), and Non-esterified fatty acids (NEFA) was colorimetrically determined by copper nitrate-
triethanolamine reagent (Varely, 1980). 
 
Fasting plasma adiponectin: 
 
 The concentration of plasma adiponectin was determined by the enzyme linked immunosorbent assay 
system (Arita et al., 1999).  
 
Statistical analysis: 
 
 The results were expressed as mean ± S.D. Statistical analysis were performed with Pearson's correlation 
coefficient "r" and standard "t" test. Intergroup differences in the frequencies of adiponectin levels were tested 
by probability "p" value. The p value<0.05 denoted the presence of statistically significant difference (Armitage 
and Berry, 1991). 
 
Results: 
 
Anthropometric measurements:  
 
Table 1: Clinical characteristics of the subjects: 

Items          
                                      Subjects 

Normal (mean ± S.D) Obese  (mean ± S.D) P 

Number (F/M) 10 (6/4) 30 (20/10)  
Age (years) 41.0±0.4 40.0±0.8 N.S 
Weight (kg) 73±3 109±6 <0.001 
BMI (kg/m2) 19.2±0.8 34.8±1.2 <0.001 
Waist (cm) 60.15±0.17 116.1±16.6 <0.001 
Hip (cm) 75.03±6.81 121.9±11.6 <0.001 
W/H ratio 0.801±0.020 0.95±0.021 <0.001 

P= statistical significance between controls and obese subjects. 
N.S. = statistically non significant.  Very highly significant difference P < 0.001 
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 Anthropometric measurements denote the clinical characteristics of the subjects as shown in table (1).The 
table showed that, there were significant increase in  body weight and body mass index in obese subjects than   
in normal  group (at p<0.001). Also there was a significant increase in W/H ratio in obese subjects   than   in 
normal group (at p<0.001). 
 
Table 2: Fasting plasma adiponectin, insulin, glucose, HOMA levels in the obese compared to normal groups: 

Items          
                                               Subjects 

Control group  (mean±S.D) Obese     (mean±S.D) P 

Adiponectin (µg/ml) 16.7±2.7 12.1±1.8 <0.001 
Insulin (mU/l)          4.3±0.5 16.0±2.7 <0.001 
Plasma glucose  (mg/dl) 86.4±1.8  160±1.83 <0.001 
HOMA   3.12±0.81   8.16±5.28 <0.01 

Highly significant difference                    P>0.01 
Very highly significant difference             P>0.001  

      
 The data presented in table (2) showed that, plasma adiponectin level was significantly lowered in obese 
subjects (at p<0.001) when compared with the control group, fasting insulin and glucose levels were 
significantly higher in obese subjects   than in normal subjects (at p<0.001).   
 Insulin sensitivity was significantly lowered in obese subjects than in normal group. The mean value of 
HOMA in control group was 3.12±0.81, and its mean value in obese group was 8.16±5.28. The results showed 
significant increase of HOMA in obese subjects (p<0.01) when compared to control group. This means that 
insulin resistance was increased in obese subjects. 
 
Table 3: Lipid profile level in   obese subjects compared to normal group. 

Items          
                                                Subjects 

Control group  (mean±S.D) Obese     (mean±S.D) P 

 Triglycerides (mg/dl)  102±20   211±48 <0.001  
Total cholesterol (mg/dl) 175±8         194±7 <0.05 
HDL-cholesterol (mg/dl)            57±7         36±2 <0.01 
LDL- cholesterol (mg/dl)      97.6±13.5     115.8±4.5 <0.05 
NEFA   ( mmol/L)      0.4 ± 0.06     0.49±0.04  < 0.01 

P= statistical significance between controls and obese subjects. 

 
 The data presented in table (3) showed that plasma triglycerides was markedly higher in obese subjects than 
in control group (at p<0.001). Also, there were positively significant difference in total cholesterol, LDL-
cholesterol (at p <0.05) and NEFA (at p<0.01) between obese subjects and normal groups, while there was 
negatively significant difference in HDL-cholesterol between the obese subjects   and normal group (at p<0.01).  
 
Table 4: Correlations of adiponectin with different items in obese group: 

Items R p 
Fasting insulin   - 0.39 <0.05 
Fasting glucose   - 0.50 <0.05 
HOMA    - 0.57 <0.01 
Fasting triglycerides    - 0.61  <0.001 
HDL-cholesterol     0.59  <0.001 
Body Mass Index ( BMI)                   - 0.50 <0.01 
Waist circumference                   - 0.40 <0.05 
Hip circumference   - 0.60  <0.001 

Significant difference                   P>0.05 
Highly significant difference         P>0.01 
Very highly significant difference P>0.001 

 
 Table (4) clearly showed marked correlations between plasma adiponectin and other measurements. In 
obese group, the plasma adiponectin level was negatively correlated with fasting insulin (at r= -0.39&p<0.05), 
plasma glucose level (at r= -0.50&p<0.05), HOMA (at r= - 0.57& P<0.01) and plasma triglycerides (at r= -
0.61& p<0.001), While positively correlated with HDL-cholesterol level (at r= 0.59, & p<0.001). Also the 
change in plasma adiponectin level was negatively correlated with the change in body mass index (at r= -0.5 & 
p< 0.01), waist (at r= -0.40&p<0.05) and hip (at r= -0.60, & p<0.001) circumferences.  
 
Discussion: 
 
 Adiponectin is a member of the adipocytokine family of fat-cell secreted proteins. It is exclusively 
expressed in adipose tissue and circulates at relatively high concentration (Hu et al., 1996). It stimulates free 
fatty acid oxidation in muscle, enhance insulin sensitivity (Fruebis et al., 2001), and posses anti-atherogenic 
function (Ouchi et al., 1999). It has been reported that plasma adiponectin was lower in obese subjects (Weyer et 
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al., 2001). These findings are confirmed with the results obtained in the present study, as plasma adiponectin 
levels was lower in obese group (12.1 ± 1.8µg/ml) in comparison with control group (16.7±2.7µg/ml). Similar 
findings have been previously reported that plasma adiponectin level was lower in human subjects with obesity 
and type-2-diabetes mellitus (Joseph et al., 2002). Therefore, adipose tissue seemed to play an important role in 
insulin resistance syndrome through the inter-regulated production and secretion of adipose-derived proteins, 
including adiponectin as well as, resistin, leptin (Fruebis et al., 2001). In the present study, adiponectin level 
was negatively correlated with fasting insulin (r= -0.39, at p<0.05), HOMA (at r = -0.57& P<0.01) and fasting 
plasma triglycerides (at r= -0.61&p<0.001). These findings seemed to be consistent with Weyer et al.,( 2001), 
who reported that circulating adiponectin level was also inversely correlated to triglycerides and insulin 
concentrations, as well as, the magnitude of insulin resistance. It may be also pointed out that insulin resistance, 
which implies impairment of insulin signaling in the target tissues, is a commom cause of type-2-diabetes 

(Fruebis et al., 2001).   
 In the present study a significant  increase in HOMA of obese subjects  when compared with control group 
(at p<0.01) was also indicated, this means increased insulin resistance in obese subjects. This result in 
agreement with Melek, (2001) who reported that HOMA in obese subjects was 9.15 ± 7.3.   The observation of 
lowered insulin sensitivity in obese subjects might imply the cause of hyperglycemia in obesity and 
consequently leading to type-2-diabetes mellitus. In addition, patients with type-2-diabetics plus macrovascular 
disease have lower adiponectin than those without (Hotta et al., 2000).  It has been reported by Lindsay et al.,( 
2002) that, high adiponectin level could be protective against developing glucose intolerance in human, whom 
are at high risk for diabetes.  
 Adiponectin was also lowered in patients with metabolic syndrome including diabetes and 
hypertriglyceridaemia which were characterized by insulin resistance (Chandran et al., 2003). In the present 
study it was found that, fasting insulin was significantly higher in the obese subjects (p<0.001), while insulin 
resistance was higher and/or insulin sensitivity was lower in obese group when compared to the control group. 
These findings may be coupled with Combs et al., (2002) , who reported that administration of recombinant 
adiponectin can lead to enhance insulin action in vitro and in vivo(in mice). Consequently, it appeared that this 
peptide could play a physiological role in maintaining normal insulin sensitivity and glucose homeostasis 
(Joseph et al., 2002). This suggestion could not exclude the possibility that insulin may also have an effect to 
modulate adiponectin production from adipocytes.  
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