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Abstract 
Introduction : The adiponectin level should decrease in obese people, however, many previous studies’ 
results about its role in obesity still remain controversies. The present study aimed to evaluate the profile of 
adiponectin serum level among obese adolescents in Javanese population and its correlation with body mass 
index (BMI)

Methods : A cross-sectional study involving obese adolescents aged 13-18 years old from some schools 
was conducted from May to September 2020. The subject were determined by using a total population 
sampling method that met inclusion and exclusion criteria. Anthropometries were measured to count BMI 
and determine obesity according to CDC 2000. The adiponectin serum level was examined by ELISA 
from blood samples. Data were analyzed using Mann-Whitney Test and Spearmann correlation, with a 
significance value at p < 0.05.

Results: There were 240 obese adolescents involved (52.1% boys) in the present study. There were 
significant differences in the mean of body-weight and body-height according to gender (p<0.05), however, 
there was no significant difference in BMI based on genders. The median of adiponectin serum level was 
13.9 (1.5-46.6) µg/ml, which had no correlation with BMI (p=0.98; r=0.002).

Conclusion: The adiponectin serum level had no significant correlation to body mass index. More studies are 
suggested to find out several factors that might influence the adiponectin serum level in Javanese population.
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 Introduction

Adiponectin is an endocrine factor that is 
synthesized and released from adipose tissue, especially 

in subcutaneous and visceral fat.1 Several studies 
have shown that adiponectin serum level has negative 
correlation with body fat mass.2,3 However, others still 
show controversial results.4,5

In obesity, there are adipocytes hypertrophy. This 
condition, accompanied with high fat diet, might cause 
DNA methylation. DNA methylation is the addition 
of methyl group to the atom carbon number 5 from 
cytosine ring or atom nitrogen number 6 of adenine. 
Furthermore, it will decrease the adiponectin expression. 
The same methylation might be happened in adiponectin 
receptor (AdipoR1 and AdipoR2), thus, it will prevent 
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the adiponectin to bind its receptor.6 

The adiponectin increases insulin sensitivity and 
glucose uptake, decreases gluconeogenesis, decreases 
triglyceride production and lipogenesis on the liver and 
skeletal muscle.7 

Adiponectin and insulin resistance in obese 
adolescents will increase glycolysis, gluconeogenesis, 
hyperlipidemia, and endothelial dysfunction. The 
process, at last, results in metabolic syndrome.8 The 
obesity management and decreasing body weight 
hopefully will increase adiponectin serum level. 9

 Therefore, it is essential to see the profile 
of adiponectin serum level in obese adolescent. In 
conjunction with its association to metabolic syndrome 
from previous studies, the obese children with lower 
adiponectin serum level will be more susceptible to 
develop metabolic syndrome.10 

 The correlation of adiponectin serum level and 
BMI might differ according to race, age, and gender. 
To the best of the researchers’ knowledge, the study 
of adiponectin serum level among obese adolescents in 
Javanese population, Indonesia, is still limited. 

Materials and Methods

Cross-sectional research was conducted on obese 
adolescents from 12 junior and senior high schools in 
Surabaya and Sidoarjo city, East Java, Indonesia, from 
May to September 2020. The subjects were determined 
using a total population sampling method that met the 
inclusion and exclusion criteria. The inclusion criteria 
were adolescents aged 13-18 years old with obesity 
problems. Moreover, both students and their parents 
voluntarily participated in the study. Adolescents with 
a history of corticosteroid consumption for more than 
two to six months before the study was carried out or the 
subjects got sick were excluded. 

Obesity was established based on the CDC 2000 
criteria, which was body mass index (BMI) for age 
and gender above the 95th percentile. Body weight was 
measured using a digital weight scale (Seca, Germany No 

ref. 224 1714009) with a precision of 0.1 kg. The subjects 
were standing with barefoot and using thin clothes 
during bodyweight measurement. Height measurement 
was performed using stadiometers (Seca, Germany No 
ref. 224 1714009), with an accuracy of 0.1 cm. During 
height measurement, the subjects were standing with 
barefoot without using hat. The stadiometer was used 
to measure the height from heel to vertex. The results 
were presented as ‘meter’. BMI was calculated by the 
following formula: 

The subjects had been fasting for 12 hours before 
the blood samples were taken. The adiponectin serum 
level was examined using 5 ml venous blood. The blood 
samples were centrifuged until the serum were achieved 
and saved in -700C for further analysis. The analysis of 
adiponectin serum level used ELISA (Enzyme Linked 
Immuno-Sorbent Assay) of DBS (Diagnostic Biochem 
Canada CAN-APN-5000) kit and presented as µg/ml. 

 Bodyweight, body height, and adiponectin were 
described as ± mean (M) and standard deviation (SD). 
The correlational analysis between adiponectin serum 
level with gender and age group was carried out using 
Mann-Whitney test. The correlation between BMI and 
adiponectin serum level was analyzed using spearman 
rho, p<0.05 considered as significant. All statistical 
analysis were conducted using SPSS 21.0. 

This study had got permission from the ethics 
committee of The Faculty of Medicine, Airlangga 
University No. 115/EC/KEPK/ FKUA/2020. Before the 
subject recruitment, the researchers had explained to 
the subjects and their parents about the general research 
information and the consent. 

Results

There were 240 obese adolescents involved in this 
study, consisting of 125 (52.1%) boys and 115 (47.9%) 
girls. Based on age group, there were two groups namely 
those less than 15 years old and those 15 years old or 
older. 44.6% subjects were less than 15 years old. 
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Table 1. Characteristic of the subjects.

Characteristics Gender Mean ± SD p

Weight

Boys 87,4 ± 14,6

0,00

Girls 81,4 ± 11,7

Height

Boys 164,1 ± 7,9

0,00

Girls 156,9 ± 8,1

BMI

Boys 32,4 ± 4,2

0,54

Girls 32,9 ± 4,7

The median of adiponectin serum level from 
all subjects was 13.9 (1.5-46.6) µg/ml and the mean 
amounted of 15.7 µg/ml±7.6. Table 2 shows that the mean 
of adiponectin serum level among boy adolescents was 
lower than girls and it was not statistically significant. 
Furthermore, from the classified age, the mean of 

adiponectin serum level in less than 15 years old group 
was slightly lower than the others. Figure 1 confirms 
that there was no correlation between adiponectin serum 
level with body mass index (p=0.98; r=0.002) from this 
study. 

Table 2. The adiponectin serum level according to gender and age groups.

Mean of Adiponectin Serum 
Levels±SD p

Gender
Boy 14,8 ± 6.8

0,09
Girl 16.7 ± 8.4

Age Group

< 15 years old 15.3 ± 7.3

0,59

 15 years old 15.9 ± 7.9
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Figure 1. The average of body mass index (BMI) based on adiponectin serum level (in quartiles) 

Discussion

The decrease of adiponectin serum level in 
obesity is caused by the failure of transcription 
regulation with unclear mechanism. Generally, the 
adiponectin expression is ruled by transcription and 
translation process. In obesity, adipocyte hypertrophy 
and infl ammation disturb the process. The DNA-
metyltransferase-1 (DNMT1) expression is increasing 
and causes hyper methylation on adiponectin promoter. 
As a result, it can inhibit adiponectin production.11

This study gave the result of median adiponectin 
serum level of 13.9 (1.5-46.6) µg/ml and the mean of 
15.7 µg/ml±7.6 from all subjects. This value was higher 
than previous studies conducted by Asayama et al, who 
stated 6.4 µg/ml±0.6, Lanas et al with 9.9 µg/ml±3.2, 
and Widjaja et al with 7.84 µg/ml±3.8. 

Several factors might infl uence adiponectin 
serum level such as gender, obesity, physical activity, 
dietary pattern, and genetic.13,14 Ethnicity is one of the 
independent factor that might infl uence adiponectin 
level. The adiponectin serum level was signifi cantly 
different between Iranian, Indian, and European 
although they were living in Australia. The Europeans 

had the highest mean of adiponectin serum level of 16.8 
(14-20.2) µg/ml).15

Similar to the result of the present study in 
adiponectin serum level according to gender, several 
previous studies also showed that it was lower in boys 
than girls.13,16,17 The insignifi cant difference of our result 
was the same as Woo et al, and might be happened due 
to our samples only included obese adolescents.18 

Meshkini et al found the adiponectin serum level was 
initially lower in boys. However, after it was corrected 
with age, BMI, and fat mass, and waist circumference, 
there were no differences between both genders. Based 
on that result, the adiponectin serum level might be 
infl uenced by percentage of fat mass and pubertal state. 
The percentage of fat body mass in girls is increasing 
during puberty. On the contrary, it is constant in boys.19

Estrogen might increase subcutaneous fat, on the 
other hand, testosterone is more infl uencing the visceral 
fat. Cnop et al observed that visceral fat had association 
with lower adiponectin level.20,21 

The adiponectin level in this study was not 
signifi cantly different according to age classifi cation. 
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In contrast, other studies could describe the decrease 
of adiponectin level during puberty. Thus, the older 
adolescent would have lower adiponectin serum level.22 
Otherwise, on adults, Obata et al found the positive 
correlation between adiponectin and age, either in 
healthy or patient with type 2 diabetes mellitus. 

In this study, there was no significant correlation 
between serum adiponectin and body mass index. Awede 
et al found the same result in west African without 
diabetes. In male subjects, the lower adiponectin level 
was in subjects with normal BMI and obesity. On the 
other hand, on female group , subjects with overweight 
had the highest adiponectin level but subjects with 
obesity had the lowest adiponectin serum level. 23 Study 
in Indian population also portrayed the same result.24. 
Our result was in contrast with other studies that stated 
the BMI had negative correlation with adiponectin 
serum level.22,25,26 

The racial distinction might play an important role. 
Mente et al found negative correlation between BMI 
and adiponectin serum level on subjects from Chinese, 
European, and Aborigin population, whereas the same 
correlation did not find in South Asian population.27 
Khoo et al, also found different rate of negative 
correlation between BMI and adiponectin serum level in 
the Chinese, Malay, and Indian population that lived in 
Singapore. The most significant decrease of adiponectin 
serum level based on BMI happened in Chinese 
population.28

The insignificant correlation from this study might 
be caused by the difference of fat mass distribution, 
dietary patterns, and genetic factor among our subjects 
with other studies. The limitation of this study was only 
involved obese adolescents. Moreover, the physical 
activity and dietary patterns have not assessed in this 
study yet. Further studies should include normal and 
overweight adolescents, evaluation of physical activity 
and dietary patterns. 

Conclusion

The concern to adiponectin serum level in obese 

adolescent is increasing due to its impact on insulin 
resistance and developing metabolic syndrome. Results 
of the decrease of adiponectin level related to obesity 
is still controversy. The adiponectin serum level in this 
study had a wide range, with no significant correlation to 
body mass index. 

Our average result of adiponectin serum level 
among obese adolescents was higher than other previous 
studies. It also did not have significant correlation 
with age and gender. More studies are needed to find 
out several factors that might influence the adiponectin 
serum level in Javanese population such as physical 
activity, dietary patterns, and genetic. 

Acknowledgements: Authors are grateful to the 12 
high schools in Surabaya and Sidoarjo who volunteered 
to become the research respondents. Moreover, they 
would thank all headmasters and counselling teachers 
who gathered our respondents and their parents with us 
before and during the data collection 

Ethical Clearance - This study had got permission 
from the ethics committee of The Faculty of Medicine, 
Airlangga University No. 115/EC/KEPK/ FKUA/2020. 
Before the subject recruitment, the explanation was 
done to the subjects and their parents about the general 
research information for getting their consent. 

Source of Funding – Self 

Conflict of Interest – Nil 

 References
1.  Achari AE, Jain SK. Adiponectin, a Therapeutic 

Target for Obesity, Diabetes, and Endothelial 
Dysfunction. Int J Mol Sci. 2017;18:1321-37. 

2.  Matsubara M, Maruoka S, Katayose S. Inverse 
Relationship Between Plasma Adiponectin and 
Leptin Concentrations in Normal-Weight and 
Obese Women. Eur J Endocrinol. 2002;147:173–
80. 

3.  Meilleur KG, Doumatey A, Huang H, Charles B, 
Chen G, Zhou J, et al. Circulating Adiponectin is 
Associated with Obesity and Serum Lipids in West 
Africans. J Clin Endocrinol Metab. 2010;95:3517–
21. 



 Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4      957

4.  Widjaja NA, Prihaningtyas RA, Hanindita MH, 
Irawan R. Lingkar Pinggang dan Adiponektin Pada 
Remaja Obesitas. Media Gizi Indones. 2020;15:88–
93. 

5.  Goropashnaya A V., Herron J, Sexton M, Havel 
PJ, Stanhope KL, Plaetke R, et al. Relationships 
Between Plasma Adiponectin and Body Fat 
Distribution, Insulin Sensitivity, and Plasma 
Lipoproteins in Alaskan Yup’ik Eskimos: the 
Center for Alaska Native Health Research study. 
Metabolism. 2009;58:22–9. 

6.  Rasmussen MS, Lihn AS, Pedersen SB, Bruun 
JM, Rasmussen M, Richelsen B. Adiponectin 
Receptors in Human Adipose Tissue: Effects of 
Obesity, Weight Loss, and Fat Depots. Obesity. 
2006;14:28–35. 

7.  Fang H, Judd RL. Adiponectin Regulation and 
Function. Compr Physiol. 2018;8:1031–63. 

8.  Engin A. Adiponectin-Resistance in Obesity. Adv 
Exp Med Biol [Internet]. 2017;960:420–1. Available 
from: http://link.springer.com/10.1007/978-3-319-
48382-5

9.  Nigro E, Scudiero O, Monaco ML, Palmieri A, 
Mozarella G, Costagliola C, Bianco A, Daniele 
A. New Insight Into Adiponectin Role in Obesity 
and Obesity-Related Diseases. Biomed Res Int. 
2014;2014:3–4. 

10.  Von Frankenberg AD, do Nascimento F V., 
Gatelli LE, Nedel BL, Garcia SP, de Oliveira CS, 
Saddi-Rosa P, Reis AF, Canani LH, Gerchman F. 
Major Components of Metabolic Syndrome and 
Adiponectin Levels: A Cross-Sectional Study. 
Diabetol Metab Syndr. 2014;6:1–9. 

11.  Kim AY, Park YJ, Pan X, Shin KC, Kwak SH, Bassas 
AF, Sallam RM, Park KS, Alfadda AA, Xu A, Kim 
JB. Obesity-Induced DNA Hypermethylation of 
The Adiponectin Gene Mediates Insulin Resistance. 
Nat Commun. 2015;6:1–11. 

12.  Asayama K, Hayashibe H, Dobashi K, Uchida 
N, Nakane T, Kodera K, Shirahata A, Taniyama 
M. Decrease in Serum Adiponectin Level due to 
Obesity and Visceral Fat Accumulation in Children. 
Obes Res. 2003;11:1072–9. 

13.  Lanas F, Serón P, Saavedra N, Ruedlinger J, 
Salazar L. Genetic and Non-Genetic Determinants 
of Circulating Levels of Adiponectin in A 
Cohort of Chilean Subjects. Mol Diagnosis Ther. 
2015;19:197–204. 

14.  Yeung EH, Appel LJ, Miller ER, Kao WHL. The 
Effects of Macronutrient Intake on Total and 
High-Molecular Weight Adiponectin: Results 
from The OMNI-Heart Trial. Obesity [Internet]. 
2010;18:1632–7. Available from: http://dx.doi.
org/10.1038/oby.2009.402.

15.  Meshkini M, Alaei-Shahmiri F, Mamotte C, Dantas 
J. Ethnic Variations in Adiponectin Levels and Its 
Association with Age, Gender, Body Composition 
and Diet: Differences Between Iranians, Indians 
and Europeans Living in Australia. J Immigr Minor 
Heal [Internet]. 2018;20:1362–72. Available from: 
http://dx.doi.org/10.1007/s10903-018-0706-9

16.  Song X, Kestin M, Schwarz Y, Yang P, Hu X, Johanna 
W, Kratz M. A Low-Fat-High Carbohydrate Diet 
Reduces Plasma Total Adiponectin Concentrations 
Compared to A Moderate-Fat Diet With No Impact 
on Biomarkers of Systemic Inflammation in 
Randomized Controlled Feeding Study. Eur J Nutr. 
2017;55:237–46. 

17.  Prakash J, Mittal B, Awasthi S, Srivastava N. 
Association of Adiponectin Gene Polymorphism 
with Adiponectin Levels and Risk for Insulin 
Resistance Syndrome. Int J Prev Med. 2015;6:31–
7. 

18.  Woo JG, Dolan LM, Daniels SR, Goodman E, Martin 
LJ. Adolescent Sex Differences in Adiponectin 
Are Conditional on Pubertal Development and 
Adiposity. Obes Res. 2005;13:2095–101. 

19.  Batubara JR. Adolescent Development 
(Perkembangan Remaja). Sari Pediatr. 2016;12:21-
29. 

20.  Cnop M, Havel PJ, Utzschneider KM, Carr DB, 
Sinha MK, Boyko EJ, Retzlaff BM, Knopp RH, 
Brunzell JD, Kahn SE. Relationship of Adiponectin 
To Body Fat Distribution, Insulin Sensitivity And 
Plasma Lipoproteins: Evidence For Independent 
Roles of Age and Sex. Diabetologia. 2003;46:459–
69. 

21.  Elbers JMH, Asscheman H, Seidell JC, Gooren 
LJG. Effects of Sex Steroid Hormones on Regional 
Fat Depots as Assessed by Magnetic Resonance 
Imaging in Transsexuals. Am J Physiol - Endocrinol 
Metab. 1999;276:E17-25. 

22.  Winer JC, Zern TL, Taksali SE, Dziura J, Cali 
AMG, Wollschlager M, Seyal AA, Weiss R, 
Burgert TS, Caprio S. Adiponectin in Childhood 
and Adolescent Obesity and Its Association with 



958    Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4

Inflammatory Markers and Components of The 
Metabolic Syndrome. J Clin Endocrinol Metab. 
2006;91:4415–23. 

23.  Awede B, Adovoekpe D, Adehan G, MacFarlane 
NG, Azonbakin S, Dossou E, Amoussou-Guenou 
M, Djrolo F. Adiponectin, in Contrast to Leptin, 
Is Not Associated With Body Mass Index, Waist 
Circumference and HOMA-IR in Subjects of A 
West-African Population. Physiol Rep. 2018;6:1–
6. 

24.  Snehalatha C, Yamuna A, Ramachandran A. 
Plasma Adiponectin Does Not Correlate with 
Insulin Resistance and Cardiometabolic Variables 
in Nondiabetic Asian Indian Teenagers. Diabetes 
Care. 2008;31:2374–9. 

25.  Li P, Jiang R, Li L, Liu C, Yang F, Qiu Y. 
Correlation of Serum Adiponectin and Adiponectin 
Gene Polymorphism with Metabolic Syndrome in 
Chinese Adolescents. Eur J Clin Nutr. 2015;69:62–
7. 

26.  Suriyaprom K, Phonrat B, Tungtrongchitr R. 
Association of Adiponectin Gene -11377C>G 
Polymorphism with Adiponectin Levels and The 
Metabolic Syndrome in Thais. Asia Pac J Clin 
Nutr. 2014;23:167–73. 

27.  Mente A, Razak F, Blankenberg S, Vuksan V, 
Davis AD, Miller R, Teo K, Gerstein H, Sharma 
AM, Yusuf S, Anand SS. Ethnic Variation 
in Adiponectin and Leptin Levels and Their 
Association with Adiposity and Insulin Resistance. 
Diabetes Care. 2010;33:1629–34. 

28.  Khoo CM, Sairazi S, Taslim S, Gardner D, Wu Y, 
Lee J, van Dam RM, Tai ES. Ethnicity Modifies The 
Relationships of Insulin Resistance, Inflammation, 
and Adiponectin with Obesity in A Multiethnic 
Asian Population. Diabetes Care. 2011;34:1120–6. 

 


