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INTRODUCTION

Obesity is a condition of  abnormal or excessive fat 
accumulation in adipose tissue, which may lead to health 
impairment.[1] Earlier, obesity was recognized as a problem 

of  high income countries and only seen in adults, but more 
recently, it is seen to spread in low income countries and 
to children and adolescents.[2] Seemingly simple energy 
imbalance in obesity is driven by a complex mixture of  
genetic, environmental, psychosocial and cultural factors.[3] 
Obese people are at high risk of  developing type 2 diabetes, 
coronary heart disease, hypertension, cancers (endometrial, 
breast and colon), metabolic syndrome (a combination of  
high blood sugar, high blood pressure, high triglycerides and 
high cholesterol), dyslipidemia (e.g., high total cholesterol 
or triglycerides), stroke, non-alcoholic fatty liver disease, 
gallbladder disease and gynecological problems (abnormal 
menses, infertility). Obesity may also accelerate cognitive 
decline and increase defi cits in academic achievement.[4,5] 
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A B S T R A C T

Objective: Adiponectin- one of the most important adipokines plays a pivotal role in carbohydrate and lipid metabolism and vascular biology. 
Changing food trend and lifestyle has tremendously affected the health status of Nepalese population. Studies have shown that between 
1996 and 2006 obesity in Nepal has increased from 1.6% to 10%. Studies have been conducted in Nepal on the prevalence of obesity 
and its correlation with lipid profi le. But based on our knowledge, this is the fi rst study correlating adiponectin with obesity and lipid profi le 
in Nepal. This piece of work will certainly help to assess the impact of obesity in Nepalese population. Materials and Methods: Fifty four 
obese and Thirty six normal/lean participants were included from different locations of Kathmandu Valley. Anthropometric measurements 
like age, BMI, Waist circumference, hip circumference, waist to hip ratio, mid thigh circumference and chest circumferences were 
taken from each participant. Blood glucose, lipid profi le and serum adiponectin levels were measured from overnight fasting samples. 
Results: Signifi cant differences were observed in BMI, Waist Circumference, Hip Circumference, Waist to Hip Ratio (WHR) and Chest 
circumference between obese and normal groups. Fasting Blood Glucose, Serum Triglyceride, HDL Cholesterol, LDL Cholesterol, Total 
Cholesterol/HDL ratio, Non-HDL Cholesterol and Adiponectin Levels were signifi cant between the groups. Inverse correlations were 
observed between adiponectin level and BMI, Waist Circumference, Hip Circumference, Waist to Hip ratio, Chest Circumference, Fasting 
Blood Glucose, Triglyceride, Total Cholesterol/HDL ratio, LDL/HDL Cholesterol ratio and Non-HDL Cholesterol levels. Positive correlation 
was found between adiponectin and HDL Cholesterol levels. Conclusion: Our study showed signifi cant inverse association of serum 
adiponectin with obesity and lipid profi le parameters except for Serum HDL Cholesterol level in Nepalese population.
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The increased risk of  diseases is due to the metabolic 
changes associated with obesity as pathogenic products 
are released from more larger and numerous fat cells.[6]

Adipose tissue communicates with different biological 
systems through expression of  a large number of  
bioactive mediators termed as “adipokines” and thus 
actively participates in the regulation of  various biological 
functions.[7] One of  the most important adipokines, 
i.e. adiponectin has been found to be involved in multiple 
biological processes in the human body. It was the fi rst 
adipose tissue derived peptide observed to be dysregulated 
in obesity.[8]

Adiponectin is a 244-amino acid-long polypeptide, collagen 
like protein that is exclusively secreted by adipocytes 
and acts as a hormone.[9] Adiponectin plays a pivotal 
role in carbohydrate and lipid metabolism and vascular 
biology.[10] It regulates various metabolic processes 
through its stimulatory effects on signaling pathways for 
5’-adenosine monophosphate-activated protein kinase 
(5’-adenosine monophosphate-activated protein kinase 
[AMPK]) and peroxisome proliferator activated receptor 
gamma (PPAR-).[11] It is a major modulator of  insulin action 
and resistance[12] and helps in the prediction of  development 
of  type 2 diabetes.[13-15] Adiponectin is also found to possess 
substantial anti-infl ammatory properties.[4] Furthermore, 
adiponectin is also associated with lipid metabolism causing 
higher values of  high density lipoprotein (HDL) cholesterol 
and lower values of  triglycerides.[16]

Changing food trend and life-style has tremendously 
affected the health status of  Nepalese population. Studies 
have shown that between 1996 and 2006 obesity in Nepal 
has increased from 1.6% to 10%.[17] Studies have been 
conducted in Nepal on the prevalence of  obesity and its 
correlation with a lipid profi le. However based on our 
knowledge, this is the fi rst study correlating adiponectin 
with obesity and lipid profi le in Nepal. This piece of  
work will certainly help to assess the impact of  obesity in 
Nepalese population.

MATERIALS AND METHODS

Study population
In this study, a total number of  90 participants were 
included from different locations of  Kathmandu Valley. 
Out of  these, 54 of  the participants were obese while 
36 of  the participants were normal/lean. All participants 
were asked for the history of  diabetes, hormonal disorders, 
liver diseases, renal diseases and other chronic diseases. 
Those suspected of  any disorders as indicated above were 
excluded.

Anthropometric measurements
After the patient consent, the height and weight of  each 
candidate was taken in upright standing position without 
shoes. Height was measured using a measuring with 
accuracy of  0.5 cm and weight, on a digital glass scale, 
with an accuracy of  0.1 kg.

Body mass index (BMI) was calculated as weight in 
kilogram (Kg) divided by height squared (m2). According 
to the World Health Organization guidelines for Asians 
the individuals, both for men and women, having 
BMI < 18.5 (kg/m2) were termed as underweight, 18.5-22.9 
(Kg/m2) as normal, 23-24.9 (Kg/m2) as overweight 
and ≥25 (kg/m2) as obese.[18]

Similarly, waist and hip circumferences were taken in 
the standing position (over a light garment) following 
normal expiration and waist being defi ned as the narrowest 
circumference between the costal margin and the iliac crest 
and hip as the widest circumference between the waist and 
the thigh. Waist to hip ratio (WHR) was calculated as waist 
circumference divided by hip circumference. Similarly, chest 
circumference was measured over a thin garment at the 
mid portion of  the chest.

Sample collection
After an overnight fast of  at least 12 h, blood samples were 
collected from the antecubital vein of  each participant. Samples 
were collected in plain vials, allowed to clot, centrifuged at 
3000 rpm for 10 min and serum separated. Separated serum 
samples were preserved at −20°C until assays were run.

Biochemical analysis
Blood glucose level was measured using the glucose 
oxidase peroxidase method (Systemic Reagent for 
Humastar 600, Human, Germany). The lipid profi le was 
performed using CHOD-PAP method (Systemic Reagent 
for Humastar 600, Human, Germany). The low density 
lipoprotein (LDL) was calculated using the Friedewald 
formula.[19] All the biochemical tests were run in the fully 
autoanalyzer (Humastar 600, Human, Germany). The 
serodos and serodos plus were used as the quality control 
samples and autocal as the standard to calibrate the tests. 
Both internal and external quality assurance tools were 
employed routinely to ensure the quality of  test results.

Adiponectin was measured using human adiponectin 
ELISA kit (EIA-4820, DRG Instrument GmbH, Germany) 
with sensitivity of  <0.185 ng/ml.

Ethical clearance
Ethical clearance for the study was taken from Nepal Health 
Research Council, Nepal as per the Helsinki declaration of 1975.
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Statistical analysis
All the statistical analysis were performed using IBM SPSS 
Statistics (version 19) software, IBM Corporation, USA. All 
tests of  statistical signifi cance were two sided with 95% 
confi dence intervals.

RESULTS

Among the normal/lean participants, 15 (41.6%) 
were male while 21 (58.4%) were female. Meanwhile, 
30 (53.5%) male and 24 (46.5%) female participants 
were included as obese cases. Anthropometric indices 
in the participants are presented in Table 1. Statistically 
significant differences were observed in BMI, waist 
circumference, hip circumference, WHR and chest 
circumference between obese and normal groups. 
Biochemical parameters between obese and normal 
groups are presented in Table 2. Fasting blood glucose, 
serum triglyceride, HDL cholesterol, LDL cholesterol, 
total cholesterol/HDL ratio, non-HDL cholesterol and 
adiponectin levels were statistically signifi cant between 
the groups.

The Pearson correlation coefficient test was used to 
determine the correlations between the serum adiponectin 
levels and anthropometric characteristics and biochemical 
variables among groups [Table 3]. The results indicated 
signifi cant inverse correlations between adiponectin level 
and BMI (R = −0.335; P = 0.002), waist circumference 
(R = −0.493; P = 0.000), hip circumference (R = −0.346; 
P = 0.001), WHR (R = −0.457; P = 0.000), chest 
circumference (R = −0.390; P = 0.000), fasting blood 
glucose (R = −0.303; P = 0.004), triglyceride (R = −0.367; 
P = 0.000), total cholesterol/HDL ratio (R = −0.393; 
P = 0.000), LDL/HDL cholesterol ratio (R = −0.262; 
P = 0.020) and non-HDL cholesterol (R = −0.393; 
P = 0.000) levels. A signifi cant positive correlation was found 
between adiponectin and HDL cholesterol (R = 0.420; 
P = 0.000) levels.

A multivariate linear regression analysis with the serum 
adiponectin level as the dependent variable showed a 
signifi cant inverse association with BMI ( = −0.323; 
P = 0.002), waist circumference ( = −0.495; P = 0.000), hip 
circumference ( = −0.346; P = 0.001), WHR ( = −0.457; 
P = 0.000) and chest circumference ( = −0.390; P = 0.000). 
Furthermore, serum adiponectin level was inversely 
related to serum triglyceride ( = −0.311; P = 0.003), 
total cholesterol/HDL ratio ( = −0.393; P = 0.000) 
and non-HDL cholesterol ( = −0.393; P = 0.000) 
levels. Serum HDL cholesterol level was signifi cantly and 
positively related to serum adiponectin level ( = 0.411; 
P = 0.000) [Figure 1].

DISCUSSION

No published data has been found on serum adiponectin 
levels in Nepalese population. Hence, the present study 
focuses on the adiponectin level in obese and lean 
participants and its correlation with lipid profi le. One 
of  the studies carried out in healthy Japanese population 
showed a positive association of  adiponectin with HDL 
cholesterol and inverse association with triglycerides 
and LDL cholesterol.[20] Similarly, a positive relationship 
of  adiponectin with HDL cholesterol and a negative 

Table 3: Correlation of serum adiponectin with 
anthropometric and biochemical parameters
Variables Correlation with adiponectin

R P

Fasting glucose −0.303 0.004*

Total cholesterol (mmol/L) −0.088 0.410

Triglyceride (mmol/L) −0.367 0.000*

HDL cholesterol (mmol/L) 0.420 0.000*

LDL cholesterol (mmol/L) −0.048 0.679

Total cholesterol/HDL ratio −0.393 0.000*

LDL/HDL cholesterol ratio −0.262 0.020*

Non-HDL cholesterol (mmol/L) −0.393 0.000*

BMI (Kg/m2) −0.335 0.002*

Hip circumference (cm) −0.346 0.001*

Waist circumference (cm) −0.493 0.000*

Waist to hip ratio −0.457 0.000*

Chest circumference (cm) −0.390 0.000*

R: Bivariate pearson correlation coeffi cient, *Statistically signifi cant, LDL: Low 

Density Lipoprotein, HDL: High density lipoprotein, BMI: Body mass index

Table 1: Anthropometric indices in normal/lean and 
obese subjects
Variants Lean 

participants
Obese 

participants
t-test 

P value

Age (years) 40.36±8.71 41.69±9.59 0.500

BMI (Kg/m2) 22.15±1.26 30.46±2.76 0.000*

Waist circumference (cm) 76.94±7.47 98.64±8.08 0.000*

Hip circumference (cm) 88.86±5.047 101.52±6.31 0.000*

Waist to hip ratio 0.86±0.06 0.97±0.07 0.000*

Chest circumference (cm) 86.86±4.70 99.64±9.44 0.000*

*Statistically signifi cant, data are presented as mean±SD, BMI: Body mass index

Table 2: Biochemical parameters in normal/lean and 
obese subjects
Variants Lean 

participants
Obese 

participants
t-test 

P value

Fasting glucose (mmol/L) 5.36±0.92 6.19±0.89 0.000*

Total cholesterol (mmol/L) 4.15±0.99 4.31±1.07 0.495

Serum triglyceride (mmol/L) 1.51±0.94 2.28±1.29 0.002*

HDL cholesterol (mmol/L) 1.06±0.21 0.98±0.16 0.045*

LDL cholesterol (mmol/L) 2.25±0.55 2.57±0.72 0.032*

Total cholesterol/HDL ratio 3.97±0.91 4.44±1.08 0.030*

LDL/HDL cholesterol ratio 2.20±0.59 2.62±0.74 0.009*

Non-HDL cholesterol (mmol/L) 2.97±0.91 3.44±1.08 0.030*

Adiponectin (g/mL) 17.37±7.46 12.04±6.25 0.001*

*Statistically signifi cant, data are presented as mean±SD, LDL: Low density 

lipoprotein, HDL: High density lipoprotein
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relationship with triglycerides have been reported in many 
studies.[21-23] A recent study[24] found adiponectin to be 
associated with HDL cholesterol and triglycerides in 
both lean and obese adolescents. In agreement to these 
fi ndings our results demonstrated that adiponectin is 
inversely associated with total cholesterol (not statistically 
signifi cant), triglycerides, LDL cholesterol and non-HDL 
cholesterol. Meanwhile, its positive association with HDL 
cholesterol was found.

Hepatic lipase may be a modulator between adiponectin 
and lipoproteins. This enzyme has been found to be 
inversely associated with adiponectin;[25] hence, decreased 
HDL cholesterol has been found in hypoadiponectinemia. 
This role is supported by fi ndings that overproduction 
of  catalytically active human hepatic lipase in the liver 
in mice led to decreased HDL cholesterol.[26] Similarly, it 
has been shown that the increase of  HDL cholesterol is 

directly related to the adiponectin increase and inversely 
to the amount of  weight loss.[27] High concentration 
of  small dense LDL is another lipid disorder related to 
hipoadiponectinemia.[28]

Adiponectin has been proposed to protect against 
cardiovascular disease. It may be partially explained by 
its effects on lipid metabolism, particularly through HDL 
cholesterol (by removing cholesterol from foam cells, by 
inhibiting the oxidation of  LDL and by anti-infl ammatory 
and antithrombotic properties).[29] Furthermore, adiponectin 
has direct positive effects in the endothelium (endothelial 
dysfunction and infi ltration, plaque instability) and in the 
myocardium (pathological cardiac remodeling and ischemic 
injury) effects.[8,30] It mediates its anti-inflammatory 
effect through the nuclear factor-B pathway,[31] down 
regulates adhesion molecule expression on endothelial 
cells and enhances lipid clearance in numerous animal 

Figure 1: Correlations between serum adiponectin and serum lipid parameters
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models.[32] In accord with such observations, exogenous 
adiponectin administration protects against development 
of  atherosclerosis in apolipoprotein E–deficient 
mice.[33] It gets accumulated in myocardial tissue that 
has been damaged by ischemia/reperfusion injury[34] 
and protects myocardium by inhibiting inducible nitric 
oxide synthase and NADPH-oxidase expression and 
resultant oxidative stress[35] while it may protect against 
myocardial ischemia/reperfusion injury through AMPK 
and cyclooxygenase-2-dependent mechanisms.[36]

In addition, study carried out in obese adult females of  
Tehran showed an inverse relationship of  adiponectin 
to fat distribution indices (waist, hip circumference and 
WHR).[37] Accordingly our fi ndings confi rmed the negative 
association of  adiponectin with BMI, waist circumference, 
hip circumference and WHR.

In line with our findings, studies by Möhlig et al.[38] 
and Brame et al.[39] have shown the inverse relation of  
adiponectin with fasting glucose. In support of  our fi ndings 
study suggests that adiponectin stimulates -oxidation 
and glucose uptake in skeletal muscle via phosphorylation 
and activation of  AMPK.[40] While in liver, adiponectin 
decreases gluconeogenesis by attenuating the expression 
levels of  phosphoenolpyruvate carboxykinase and glucose 
6-phosphatase, leading to reduced levels of  glucose.[31] The 
acute glucose-lowering effect of  adiponectin is mediated 
through activation of  AMPK and transducer of  regulated 
cAMP Response Element Binding CREB (CREB) 
activity-2. Adiponectin also activates PPAR-, thereby 
stimulating fatty acid oxidation and decreasing triglycerides 
content in the liver.[41]

CONCLUSION

Our study showed a signifi cant inverse association of  serum 
adiponectin with obesity and lipid profi le parameters except 
for serum HDL cholesterol level in Nepalese population 
as elsewhere.
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