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ABSTRACT 

Background: Adipokines (adiponectin and leptin), as biomarkers can help to identify the 

onset of obesity. We observed a direct association between leptin and obesity and an inverse 

relation between adiponectin and obesity in school going children. With no defined cut-offs 

in Indian children for leptin and adiponectin to identify obesity, we aimed to find cut-off 

values of serum adiponectin, leptin concentrations. 

Methods: A cross sectional study involved a total of 200 school going children in age group 

of 10 – 20 years. Biochemical parameters, adiponectin and leptin were measured. 

Results: Optimal cut-off for identification of obesity (based on ROC curve analysis) of 

adiponectin was 2.5 μg/mL Optimal cut-off value in females was 0.41 μg/mL. The analysis 

demonstrated similar AUC at leptin concentration of 9.76 ng/mL and 17.76 ng/mL with BMI 

as variable. Optimal cut-off for identification of obesity of leptin was 9.76 ng/mL, resulting 

in highest sensitivity of 63.4 and specificity of 89.1 in males. In females, optimal cut-off 

value of 17.76 ng/mL resulted in highest sensitivity of 70.0 and specificity of 73.4. 

Conclusion: Adipokines could be useful biomarkers for insulin resistance in clinical practice. 

In obese children, lower values of adiponectin and higher values of leptin were responsible 

for obesity. The combination of adiponectin and leptin improves diagnostic accuracy at these 
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cut-offs. We suggest for children, cut-off for plasma adiponectin and leptin 2.5 μg/mL and 

0.41 μg/mL and 9.76 ng/mL and 17.76 ng/mL in males and females respectively. 

Keywords: Insulin resistance, Adiponectin, Leptin, Obesity, Adipokines 

INTRODUCTION 

Obesity is the most common factor 

influencing insulin resistance. While 

adiposity and insulin resistance are 

interrelated, they are not necessarily the 

same. Over weight is an alarming risk 

factor in most of the chronic diseases, such 

as diabetes, coronary artery diseases as well 

as cancer. Earlier obesity was thought to be 

a problem of only high income and more 

developed countries, but recently, there is 

an alarming rise in obesity in developing 

countries in the low as well as middle 

economic groups, urban area [1]. 

India is the capital of escalating epidemic 

of insulin resistance syndrome. There are 

various factors contributing to this growing 

epidemic including environment, genetics, 

micronutrients, and adipokines, and of 

course maternal nutrition is under debate 

[2]. 

The predisposition of most Indians towards 

a higher level of body fat and central 

adiposity as opposed with other 

nationalities may be existing in utero [3, 4]. 

The adipose tissue releases pro-

inflammatory cytokines as well as fatty 

acids which eventually lead to endothelial 

dysfunction by increasing insulin resistance 

[3]. 

Insulin resistance and insulin sensitivity are 

not dependent on obesity. Heterogeneity is 

observed in subcategories of IR phenotype 

in obese patients. As stated by World 

Health Organization (WHO), the 

individuals having more than 25 Kg/m2 or 

35–40 Kg/m2 are at high-risk with respect 

to adiposity-related morbidity. 

Additionally, estimates given as per the 

Health Report by the World Health 

Organization (WHO) are also predicting a 

severe deterioration in mean life 

expectancy, resulting from comorbidities 

arising due to obesity, which include 

diabetes, atherosclerosis and cancer in 

2020.  

Obesity including visceral adiposity and 

insulin resistance are the main factors   in 

type 2 diabetes and coronary artery diseases 

[5]. The obesity pandemic spread across the 

entire globe has a major impact on the 

prevalence of metabolic syndrome and 

coronary artery disease [6]. 

In obese subjects, plasma adiponectin 

levels are found to decrease while lean 

subjects tend to have higher adiponectin 

levels [7]. Similarly, pro-inflammatory 

factors, such as TNFα and IL-6 cause a 

reduction in adiponectin levels [8, 9].  
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Functional adipocytes present in lean 

organisms express adiponectin at very high 

levels whereas obesity-linked dysfunctional 

adipocytes downregulate adiponectin. This 

makes adiponectin unique in pro-

inflammatory adipokines. Various studies 

have observed the correlation between 

metabolic dysfunction linked to obesity and 

adiponectin levels. Primarily, built-up of 

visceral fat and plasma adiponectin 

correlate negatively [7]. In subjects with 

type 2 diabetes, plasma adiponectin levels 

are found to be decreased while levels of 

high adiponectin reduce the risk of type 2 

diabetes [10]. Hypoadiponectinaemia (low 

plasma adiponectin level) may cause many 

types of disorders like diabetes mellitus, 

hypertension and dyslipidaemia, which 

eventually results in atherosclerosis. 

Hypoadiponectinaemia is caused by 

visceral fat accumulation induced by 

several environmental factors, such as over 

nutrition and physical inactivity. Genetic 

factors like I164T SNP, are also related 

with hypoadiponectinemia. Moreover, 

atherosclerosis is also caused by 

hypoadiponectinaemia by reducing the 

preventive interaction between arteries and 

adiponectin. Low adiponectin levels are 

linked with conditions such as diabetes, 

obesity or coronary artery diseases, which 

occur during insulin-resistance. Anti-

atherogenic, anti-inflammatory and anti-

diabetic (potent insulin-sensitizing) 

properties of adiponectin are also well-

known [11]. It was suggested as a good 

marker for conditions such as coronary 

artery disease and increased insulin levels. 

The onset and progression of diabetes in 

adults can also be determined by levels of 

adiponectin in subjects.  

Several detailed studies have been carried 

out to establish the connection between 

adiponectin and insulin resistance in adults 

and adolescents of different races and 

socio-economic strata. It was also noted 

that low levels of adiponectin can be a 

predictor of diabetes mellitus type II. 

Adiponectin levels vary between different 

ethnic groups due to disparate genetic and 

environmental factors. Adipocytes play an 

essential role representing the insulin 

responsive tissue. A significant relation has 

been shown between insulin resistance of 

adipose tissue and a pro-inflammatory 

adipocytokine profile, suggesting that the 

two may be interlinked mechanistically. It 

is clear that strong inflammatory 

component, that is associated with obesity 

contribute to developing MetS and vascular 

disease [9]. In the normal healthy adults 

adiponectin is linked with the dreaded risk 

of diabetes [12].  

It is observed that in an urban south Indian 

population there is association between low 

adiponectin levels and the metabolic 

syndrome such as diabetes, insulin 

resistance, and dyslipidemia [14]. Adipose-
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related metabolic syndrome, insulin 

resistance and inflammation observed in 

lean and obese subjects may be reduced by 

high levels of adiponectin present in 

circulation. Thus the circulating 

adiponectin level is a risk predictor for 

metabolic syndrome, and self-reliant 

markers of inflammation adiposity and 

insulin resistance [6]. 

Leptin (meaning thin) originates from the 

word leptose. Its primary function is to 

play the role of an anti-obesity hormone. 

The serum concentrations of leptin in 

healthy individuals correlate positively with 

the content of body fat, but on reduction of 

high calorie food intake and reduction in fat 

depot, the correlation turns negative. Leptin 

is expressed in adipose tissue and placenta. 

It is a peptide hormone, and it sensitive 

towards the fat depot of the body, thus 

influencing food intake. In the 

hypothalamus specific centres are activated 

by leptin in order to reduce food intake, by 

increasing energy expenditure, enhancing 

glucose and fat metabolism. In addition, 

leptin can perform all these actions directly 

also. Leptin levels are directly related to the 

fat depot and the degree of energy 

imbalance in an individual. These levels are 

high in a majority of obese subjects. 

Though very few cases are reported where 

deficiency of leptin is related with severe 

obesity in humans, many researchers are 

engaged in studying the relation between 

leptin deficiency and human obesity. If we 

consider leptin to be an adipostat hormone, 

then correspondingly low leptin levels may 

serve as a precursor for possible weight 

gain in the future. Leptin expression in 

adipocytes is reduced by troglitazone 

without any decline in fat mass [15]. 

Troglitazone also blocks leptin secretion 

induced by glucocorticoid in non-diabetic 

and obese subjects. This might be due to 

reduction in insulin resistance and a 

decrease in plasma insulin levels after 

troglitazone therapy. Thus, leptin regulates 

adipose tissue mass and distribution. 

Females may have higher leptin levels than 

males after adjusting BMI [18-20]. 

In Japanese type 2 diabetic subjects, serum 

levels of leptinwere correlated with the 

subcutaneous fat [21]. Insulin was found to 

mediate the control of leptin expression 

partially by nutrition. After peak insulin 

secretion, leptin expression was found to 

increase during the feeding cycle [22]. On 

the other hand, leptin was found to be 

decreased in subjects with decrease in 

insulin levels, during experimental 

diabetes, while an increase was detected 

post insulin treatment [23]. Leptin 

expression is dependent on insulin and 

leptin levels remain elevated for several 

days after insulin dose [24, 25].                                                                                       Segal et al. 

[27] observed the correlation between 

serum leptin concentration and insulin 

sensitivity in different patients from 
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different groups. The lean patients were 

divided into insulin-sensitive insulin-

resistant, while a third group was obese 

insulin-resistant. They concluded from their 

observations that elevated plasma leptin 

levels and insulin resistance is associated 

but does not depend on body fat mass.                                                                                                                                                     

Wauters et al. studied the role of gender 

and fat mass in prediction of leptin 

concentration in type 2 diabetic patients. 

They also observed the significance of 

degree of insulin resistance and insulin 

secretion on leptin levels [28]. In Mauritius 

a study on a multi-ethnic group, on 

controlling for central and overall 

adiposity, found the association between 

insulin resistance and leptin concentration 

[29]. High concentration of serum 

leptinwasnoted across quartiles of fasting 

insulin, independent of body mass index 

(BMI) or gender.In case of lipodystrophic 

patients, improvement observed in 

glycemic control and insulin stimulation of 

glucose metabolism due to leptin therapy.  

More studies have found the association 

between adult obesity and relatively high 

circulating leptin concentrations. Further, 

some studies also found that leptin 

resistance may be a factor in obesity in 

some populations which are non-obese and 

have high basal leptin concentrations [32, 

33]. 

The present study was undertaken to find 

out the optimal cut-off values of serum 

adiponectin, leptin concentrations in Indian 

school-going children from Pune (in the 

age group of 10 – 20 years) to identify 

obesity and also to find gender wise 

difference which will help in preventing the 

risk of developing metabolic syndrome. 

MATERIALS AND METHODS 

Subjects: This study involves a total of 200 

school going children between the age 

group of 10 – 20yrs.The children 

participating in this study mostly came 

from educated families who lived in an 

urban setting with relatively middle socio-

economic background. 

Design: A cross-sectional study and total 

students were categorized into two groups, 

based on their BMI: group I (120 subjects) 

as non-obese subjects with a BMI <25 

kg/m2, group II (80 subjects) as obese 

subjects with BMI ≥ 25 kg/m2 respectively. 

Obesity was defined as BMI ≥ 25 

kg/m2(34–36). All the participants have 

given their informed consent and the study 

was approved by the ethics committee of B. 

J. Govt. Medical College & Sassoon 

General Hospital, Pune (Ref letter no. 

BJMC/IEC/Pharmac/D1210156-58). 

Inclusion criteria: All the willing school 

going subjects in the age group of 10-20 

years children not suffering from any major 

illness. 

Exclusion criteria: It consists of subjects 

not knowing the birth weight, those with 

diabetes mellitus or other chronic diseases, 
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and individuals under treatment at the time 

of the study. 

Participants: The participants were boys 

and girls who represent the middle socio-

economic population of Pune School. 

Indexes: The BMI was calculated as body 

weight (kg) / height (m)2. The homeostatic 

index of insulin resistance (HOMA-IR) was 

calculated as follows: 

HOMA-IR= Fasting glucose (mg/dL) 

×Fasting insulin (uU/mL) /405(37). 

Methods: 10 ml of venous blood of was 

collected in the morning after overnight fast 

(08 – 12hours) and analysed after serum 

separation to measure the concentration of: 

serum insulin, adiponectin, leptin, CRP-hs 

concentration were measured usingkit 

(ELISA; Calbiotek, Biovendor, and 

Diagnostics Biochem). 

Glucose was measured by GOD-POD 

method.  

Statistical Method: Dataanalysis was done 

using SPSS, (version 12) software. Mean, 

Medians and Coefficient of Variation (CV) 

were calculated for all parameters. 

Independent Student’s t test was used to 

perform gender comparisons as well as 

between obese and non-obese children, 

used for the correlation analysis was done 

using Pearson correlation coefficient (r). A 

p value ≤ 0.05 was taken as significant and 

(p<0.001) highly significant. Area under 

Receiver Operating Characteristic (ROC) 

Curve: is an effective method to evaluate 

the sensitivity or specificity of diagnostic 

tests against a specific Gold standard. This 

technique is used to find the optimal cut-off 

based on ROC. 

RESULTS AND DISCUSSION 

The ROC curve analysis shows (Table 1, 

Figure 1-2 ) that the distribution of area 

under the curve (AUC) differs significantly 

for adiponectin for the identification of 

obesity from the reference value of 0.500 

(P-value<0.05).  

The distribution of area under the curve 

(AUC) is relatively higher for adiponectin 

for the identification of obesity in male as 

well as the female groups. 

In males, with reference to ROC analysis, 

the optimal cut-offs of adiponectin for the 

identification of obesity in males is 2.50 

with area under the curves being 0.890. 

In females, with reference to ROC analysis, 

the optimal cut-offs of adiponectin for the 

identification of obesity in males is 0.41 

with area under the curves being 0.837. 

The diagnostic efficacy indices such as 

sensitivity, specificity, PPV, NPV and 

accuracy of Adiponectin in males were 

90.2%, 85.4%, 82.2%, 92.2% and 87.5% 

respectively. 

The diagnostic efficacy indices such as 

sensitivity, specificity, PPV, NPV and 

accuracy of Adiponectin in females were 

62.5% 81.2%, 67.6%, 77.6% and 74.0% 

respectively (Table 2).  
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The ROC curve analysis shows (Table 3, 

Figure 3-4) that the distribution of area 

under the curve (AUC) differs significantly 

for leptin for the identification of obesity 

from the reference value of 0.500 (P-

value<0.05).  

The distribution of area under the curve 

(AUC) is relatively higher for leptin levels 

for the identification of obesity in male as 

well as female groups. 

In males, with reference to ROC analysis, 

the optimal cut-offs of leptin for the 

identification of obesity in males is 9.76 

with area under the curves being 0.679. 

In females, with reference to ROC analysis, 

the optimal cut-offs of leptin for the 

identification of obesity in females is 17.76 

with area under the curves being 0.712. 

The diagnostic efficacy indices such as 

sensitivity, specificity, PPV, NPV and 

accuracy of leptin in males were 63.4%, 

89.1%, 81.2%, 76.6% and 78.1% 

respectively. 

The diagnostic efficacy indices such as 

sensitivity, specificity, PPV, NPV and 

accuracy of leptin in females were70.0%, 

73.4%, 62.2%, 79.7% and 72.1% 

respectively (Table 4). 

 
 

Table 1: Distribution of area under the ROC curves (AUC) for adiponectin in the study group 
Group Parameter Optimal cut-off based on ROC AUC ± SE 95% CI of AUC P-value 
Males Adiponectin 2.50 0.890 ± 0.036 0.819 – 0.960 0.001*** 

Females Adiponectin 0.41 0.837 ± 0.039 0.760 – 0.914 0.001*** 
***P-value<0.001 (Statistically significant), Reference value = 0.500. SE – Standard Error. 
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Figure 1: Receiver operating characteristic (ROC) 
analyses for adiponectin for the identification of obesity in 

the study group(for males) 
Light green line is reference line 

Figure 2: Receiver operating characteristic (ROC) 
analyses for adiponectin for the identification of 

obesity in the study group (for females) 
Light green line is reference line 
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Table 2: Distribution of diagnostic efficacy indices of adiponectin in the study group, based on ROC curve analysis 
Group Sensitivity Specificity PPV NPV Accuracy 
Males 90.2 85.4 82.2 92.2 87.5 

Females 62.5 81.2 67.6 77.6 74.0 
 

Table 3: Distribution of area under the ROC curves (AUC) forleptin in the study group 
Group Parameter Optimal cut-off based 

on ROC 
AUC ± SE 95% CI of AUC P-value 

Males Leptin 9.76 0.679 ± 0.066 0.550 – 0.808 0.003** 
Females Leptin 17.76 0.712 ± 0.061 0.593 – 0.832 0.001*** 

***P-value<0.001 (Statistically significant), Reference value = 0.500. SE – Standard Error. 
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Figure 3: Receiver operating characteristic (ROC) analyses 
for leptin for the identification of obesity 

in the study group (for males). 
Light green line is reference line. 

Figure 4: Receiver operating characteristic (ROC) 
analyses for leptin for the identification of obesity in 

the study group (for females). 
Light green line is reference line. 

 
Table 4: Distribution of diagnostic efficacy indies of leptin for the in the study group, based on ROC curve analysis 

Group Sensitivity Specificity PPV NPV Accuracy 
Males 63.4 89.1 81.2 76.6 78.1 

Females 70.0 73.4 62.2 79.7 72.1 
 

DISCUSSION 

We investigated the relationship between 

plasma adiponectin concentration, leptin 

and their effects on insulin resistance in the 

school-going children of the age group (10 

– 20 years). It was observed that female 

children had a higher leptin (13.56 ng/mL) 

than that of the males (4.52ng/mL), 

whereas lower adiponectin levels 

(41.56ng/mL) than that of male children 

(48.44 ng/mL). 

As per a WHO Meeting report published in 

2013, it is pertinent from the Life-course 

model that non-communicable diseases, 

especially obesity be detected at an early 

age (preferably during childhood or 
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adolescence) for ensuring proper corrective 

actions and thus reducing the detrimental 

effects of the resulting comorbidities. Later 

detections and interventions of obesity and 

related diseases have markedly reduced 

effects [38].  

Rapid increases in the rates of childhood 

and adolescent obesity, irrespective of how 

it is defined, underscore the critical aspects 

of measuring the conditions early in life. 

The WHO criteria (BMI-based definitions) 

for overweight and obese cut offs are 25 

Kg/m2 and 30 Kg/m2. Experts suggest 

lower cut offs for BMI in Asian 

populations, especially Indians, who tend to 

show an increased susceptibility to the 

related comorbidities as they possess fats in 

higher percentages and thus are more 

vulnerable to its metabolic 

consequences(39).Cut off value of 25 

Kg/m2has been definedin the current study 

for obese subjects, urban Indian children 

and adolescents [34-36]. 

Assessment of obesity is complicated in 

children and adolescents. Similarly, in case 

of adults, the correlations between BMI, fat 

levels and associated morbidities vary in 

different ethnic groups. These parameters 

also differ according to age, gender and 

maturity. Consequently, attempts have been 

made to assess obesity according to various 

parameters. These include waist 

circumference, percentage body fat and 

normally BMI, as a ratio of weight to 

height. Various studies tend to define 

obesity in diverse ways [40]. Attempts to 

evaluate body fat and enumerate population 

standards against which individuals could 

be compared must be improved [41]. This 

would involve optimizing cut off values for 

various parameters. 

Adiponectin and leptin are the adipose 

tissue derived adipokines, representing the 

essential connection between metabolic 

syndrome and adiposity [42]. 

This makes it is essential to identify obesity 

in children and adolescents so that the 

comorbidities arising from this condition 

can be curtailed. Optimal cut off values for 

adiponectin and leptin in children and 

adolescents can definitely help in 

identifying conditions such as obesity, 

which would further avert the onset and 

development of metabolic syndrome and 

other comorbidities. 

Obese children with reduced adiponectin 

levels were closely associated with insulin 

resistance. Obese children had significantly 

low levels of adiponectin (p <0.003), these 

results are in accordance with the data 

presented by Arita et al., Garg et al. and 

Kuo et al. who also found a lower 

adiponectin concentration in obese subjects 

than in non-obese subjects [43-45]. 

Yamauchi et al. observed that adiponectin 

is a protecting hormone because it 

improves insulin resistance [46]. 
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Females (22.67 Kg/m2) had significantly 

higher BMI (p <0.045) than males (21.66 

Kg/m2), supported by significantly lower 

levels of adiponectin (p <0.007) in females 

(41.56 μg/mL) than males (48.44 μg/mL). 

Change in adiponectin and leptin may be 

related with physical activity during 

puberty especially in males. Similar 

outcomes were conveyed by Hannon et al., 

signify a decline in adiponectin levels as 

youngsters progressed to puberty [47]. 

Sirico et al. confirmed that physical activity 

or exercise without any dietary or life style 

changes leads to significant increased 

adiponectin and decreased leptin levels in 

obese children [48]. The decline in plasma 

adiponectin levels might be due to an 

increase in plasma androgen levels [49]. 

Some authors have further suggested that in 

insulin resistance and obesity adiponectin 

supplementation could be a standard 

treatment in humans [46]. 

As leptin can regulate blood sugar by 

controlling appetite and storage fat,  it  can  

provide a missing  relation  between 

obesity and diabetes [50-52]. 

According to Considine et al. in normal the 

levels of leptin were 7.5 ng/mL and 31.3 

ng/mL in obese. Any increase in fat mass 

resulted in an exponential increase in leptin 

[16, 50]. The content of ob mRNA in the 

adipocytes of obese individuals was double 

than that of the normal-weight individuals 

which implies that obese individuals are not 

sensitive to endogenously synthesise leptin. 

This might point towards a leptin resistant 

state. 

The serum concentrations of leptin in 

healthy individuals correlate positively with 

the content of body fat, but on the reduction 

of energy intake and a decline of energy 

stores in fat, the correlation turns negative. 

Adami et al. reported a positive correlation 

between serum leptin levels and BMI [16, 

53, 54]. Higher leptin levels are found in a 

majority of obese subjects and are 

correlated with body fat percentage and the 

BMI. 

Heymsfield et al. [55] administered 

different levels of leptin to obese 

individuals. They found a continuous 

weight reduction up to (7 Kg) with 

glycemic control or insulin action over six 

months remaining the same in subjects 

receiving a high amount of leptin. Average 

serum leptin concentration in such group 

increased to 667 ng/mL, which is 30–40 

times higher than the baseline. Thus, they 

concluded that a very high dose of leptin is 

required to control leptin resistance. 

Leptin levels were significantly increased 

with the rise in BMI (p <0.001) as it is 

related to fat mass. Hence it is clear that 

higher plasma leptin levels (19.02 ng/mL) 

were directly proportional to BMI. These 

findings were supported by Park et al. and 

Abdullah et al. [56, 57]. Hyperleptinemia 

or ‘leptin resistance’ might contribute to 
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decreased in adiponectin production in 

adipose tissue. Maskari et al. and Jornayvaz 

et al. reported that leptin and BMI are 

positively correlated very strongly, which is 

similar to our findings [58, 59]. Aaron R et 

al. studied the relation between BMI leptin 

and found that adiposity determines leptin 

levels but deficiency of leptinis not 

important in obesity [60]. 

We also observed that leptin concentration 

was directly related to obesity whereas 

adiponectin was inversely related, 

indicating the negative feedback of each 

other to maintain BMI. We found lower 

adiponectin levels (32.9 μg/mL) in obese 

children as compared to non-obese (53.8 

μg/mL) which was supported by the work 

of Pea et al. [61]. Leptin concentration 

plays a strong role in developing obesity 

than adiponectin. 

CONCLUSION 

The cut-off values of adiponectin and leptin 

could potentially improve the identification 

of obesity in the young Indian school 

children. Adipokines could be useful 

biomarkers for insulin resistance in clinical 

practice. Obese children had lower 

adiponectin and higher leptin levels 

suggestive of an inverse association with 

adipokines. 
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