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Abstract 
Introduction: Obesity represents the major risk factor for development of insulin resistance during childhood and 
adolescents. In obesity, adipose tissue release free fatty acids, various hormones, and cytokines, resulting in insulin 
resistance. This study aimed to establish the correlation between vitamin D deficiency and the incidence of insulin 
resistance in obese children. 
Design and Method: This analytical cross-sectional study was arranged from December 2019 - February 2020 
included 96 students aged 11–17 years old from junior and senior high school who met the criteria for obesity in 
Makassar. The study subjects were parted into two groups, obese children with vitamin D deficiency (levels of 
25-hydroxyvitamin D ≤ 20 ng/ml) and obese children without vitamin D deficiency group (levels of 
25-hydroxyvitamin D > 20 ng/ml). Data were analyzed using univariate and bivariate analysis. 
Results: The frequency of insulin resistance in obese children with vitamin D deficiency was 28 (54.9%), while 
obese children without vitamin D deficiency was 10 (22.2%). Based on statistical analysis, the frequency of the 
occurrence of insulin resistance in vitamin D deficiency obese children was higher than in obese children without 
vitamin D deficiency with OR = 4.261 (95% CI 1.744 – 10.411), p = 0.001. 
Conclusion: The risk of insulin resistance in obese children with vitamin D deficiency is 4.261 times higher than 
obese children without vitamin D deficiency. 
Keywords: vitamin D deficiency, insulin resistance, obese children 
1. Introduction 
Deficiency of vitamin D is an important issue in the world that involves all ages including children, and it is 
associated with levels of adiposity (Peterson, 2015). A previous study reported that 50% of obese adolescents in 
Poland have vitamin D deficiency (Garanty-Bogacka et al., 2011). A study of 125 obese children in Germany, 
found that 75% of subjects have vitamin D deficiency (<20 ng/ml) (Roth et al., 2011). 
Vitamin D deficiency in obesity resulting from increased inflammation in muscle cells and increased infiltration of 
immune cells and pro-inflammatory activation of perimuscular and intramyocellular adipose tissue. With the 
secretion of pro-inflammatory molecules, immune cells induce inflammation of myocytes and developing insulin 
resistance through the paracrine effect (Wu & Ballantyne, 2017). 
The link between vitamin D with obesity is not only a condition of vitamin D accumulation in adipose tissue but 
also higher leptin levels. Leptin through Fibroblast Growth Factor-23 (FGF-23), a phosphaturic factor that 
importance in the metabolism of vitamin D in the kidneys, suppresses the synthesis of 1,25-hydroxyvitamin D, 
which is the active form of vitamin D in the kidneys. Besides, leptin directly suppress circulating 
25-hydroxyvitamin D binding with 1-hydroxylase (CYP27B1) and 1,25-hydroxyvitamin D 24-hydroxylase 
(CYP24) in kidney and adipose tissue. There is also a theory which states that with an increase in adipose tissue, 
fat-soluble vitamin D will be stored in adipose tissue, causing vitamin D deficiency (Peterson, 2015). 
A study showed that deficiency of vitamin D has an important role as well as a risk factor for insulin resistance 
(Sung et al., 2012). The 1.25-dihydroxy vitamin D signal in Vitamin D Receptors (VDRs) induces insulin to uptake 
glucose in the liver, adipose tissue, and skeletal muscle. 1.25-dihydroxy vitamin D directly activates transcription 
and expression of insulin receptor genes and protein. It also increases the expression of GLUT-4 in muscle cells 
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and induces translocation in adiposity. In obese patients, vitamin D lowers the release of cytokines and chemokines 
by adipocytes and chemotaxis by monocytes, as well as its effect on systemic and tissue-specific inflammation 
involving a variety of factors including suppression of the NF-κβ pathway, inhibits the expression of toll-like 
receptor 4 (TLR-4), and decrease dendritic cell differentiation (Greco et al., 2019). 
In obesity, there is an increase in FFA (Free Fatty Acid), various hormones, and also cytokines released by adipose 
tissue which results in insulin resistance. Besides, obesity causes vitamin D deficiency which also causes insulin 
resistance. Therefore, it is necessary to investigate the relationship between vitamin D deficiency and insulin 
resistance in obese children. 
Insulin resistance is the basic pathophysiology of metabolic syndrome, which long-term complications are such as 
type 2 Diabetes Mellitus, stroke, and cardiovascular disease (Pulungan et al., 2013). Management of insulin 
resistance should be started at initial stage, when comorbidities such as obesity are still reversible so that the 
morbidity and mortality associated with metabolic syndrome decreases (Govers, 2015). 
A previous study showed that 47% of insulin resistance cases could be explained by the interaction between a high 
BMI (Body Mass Index) and low levels of 25-hydroxy vitamin D (Kabadi et al., 2012). This statistical evidence 
supports the idea that the burden of insulin resistance in obese individuals could be reduced by increasing serum 
25-hydroxy vitamin D levels. Considering the difficulty of managing obesity in certain individuals, 
recommendations to increase body vitamin D levels may be a cheaper and more practical way to reduce the burden 
of insulin resistance. 
Vitamin D is essential in glucose homeostasis. Most studies show that vitamin D deficiency paly a role in 
disrupting glucose homeostasis in obese adults, however, this hypothesis is still controversial in children (Torun et 
al., 2013). This study was conducted to know the relationship between vitamin D deficiency and insulin resistance 
in obese children, because the data regarding deficiency of vitamin D in obesity and its relationship with insulin 
resistance are still debatable, with a lack of study in children. To the best of the writer’s knowledge, this study has 
never been conducted in Indonesia. 
Based on the explanation above, this study aimed to establish the relationship between vitamin D deficiency and 
the incidence of insulin resistance in obese children. 
2. Design and Method 
This analytical cross-sectional study was arranged from December 2019 - February 2020 in 96 students aged 11 - 
17 years who met the criteria for obesity. This study has been approved by the Ethics committee of biomedical 
research on Human of Hasanuddin university and written informed consent has been obtained from the parents of 
all children. 
Inclusion criteria are Junior High or Senior High school students aged 11–17 years with obesity. Children with a 
history of liver or kidney dysfunction, children with endocrinological disease, children in corticosteroid, 
antiepileptics, or anti tuberculin medication, and children who were not fasting before the blood sample was drawn 
were excluded. Data of age, sex, and anthropometric examination results to determine nutritional status, and 
laboratory examination results were recorded. Laboratory tests include: 25-hydroxy vitamin D levels, fasting 
blood sugar levels, and fasting insulin levels. Blood sample examinations were conducted at the Hasanuddin 
University Medical Research Center (HUMRC) Laboratory in the city of Makassar. The study subjects were parted 
into two groups, obese children with vitamin D deficiency ((levels of 25-hydroxyvitamin D ≤ 20 ng/ml) and obese 
children without vitamin D deficiency group ((levels of 25-hydroxyvitamin D > 20 ng/ml).  
Vitamin D was measured using the 25-hydroxyvitamin D enzyme-linked immunosorbent assay (ELISA) kit, 
colorimetric method. Fasting blood glucose was measured using blood analyzer Cobas Integra 400 Plus with 
Chemiluminescence method. 
2.1 Data Analysis 
Data were analyzed using univariate and bivariate analysis. Univariate analysis was used to describe the frequency, 
mean, standard deviation, range, and median value. Bivariate analysis including the Mann-Whitney test and 
Chi-Square test was used to compare the variables to determine the significance between vitamin D and the 
incidence of insulin resistance. Odds ratio (OR) analysis with 95% confidence interval (CI) was used to establish 
the risk of insulin resistance. The p ≤ 0.05 indicates statical significance. 
3. Results 
During the study period, there were 51 (53,1%) obese children with vitamin D deficiency and 45 (46.9%) obese 
children with normal vitamin D status.  
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In the groups of vitamin D deficiency, the number of boys was 32 (62.7%) and girls were 19 (37.3%). In the groups 
without vitamin D deficiency, the number of boys was 25 (55.6%) and girls were 20 (44.4%). Statistical analysis 
based on the chi-square test showed that there was no significant difference in gender distribution between the 
groups of vitamin D deficiency and without vitamin D deficiency in obese children, with a value of p = 0.474 (p> 
0.05) (Table 1). 
 
Table 1. Analysis of Gender Distribution in group of Vitamin D Deficiency and group without Vitamin D 
Deficiency in Obese Children 

Gender 
Vitamin D 

Total p-Value 
Deficiency  Without Deficiency  

Boys 32 (62.7%) 25 (55.6%) 57 (59.4%) 

0.474* Girls 19 (37.3%) 20 (44.4%) 39 (40.6%) 

 Total  51 (100.0%) 45 (100.0%) 96 (100%) 

* Chi-square test.  

 
The average age in the groups of vitamin D deficiency was 13.82 years old, the median value was 14.00 years old 
with a minimum-a maximum value of 12.08-17.08 years old. Whereas in the groups without deficient vitamin D 
deficiency, the mean age was 14.34 years old, the median value was 13.75 years old with a minimum-maximum 
value of 11.83-17.92 years old. The Mann-Whitney test showed that there was no significant difference in the 
mean age values between the groups of vitamin D deficiency and without vitamin D deficiency in obese children 
with a value of p = 0.579 (p> 0.05) (Table 2). 
 
Table 2. Average Age Value in group of Vitamin D Deficiency and group without Vitamin D Deficiency in Obese 
Children 

Age(years old) 
Vitamin D 

p-Value 
Deficiency (n=51) Without Deficiency (n=45) 

Mean 13.82 14.34 

0.579** 
Median 14.00 13.75 

Standard Deviation 1.16 1.75 

Minimum-Maximum 12.08 – 17.08 11.83 – 17.92 

** Mann-Whitney test.  

 
The incidence of insulin resistance in obese boys was 25 (43.9%), while in the obese girls was 13 (34.2%). 
Statistical analysis based on the chi-square test showed that there was no significant difference in the frequency of 
insulin resistance based on gender in obese children, with a value of p = 0.300 (p> 0.05) (Table 3). 
 
Table 3. Analysis of Frequency of Incidence of Insulin Resistance by Gender in Obese Children 

Gender 
Insulin Resistance 

Total p-Value 
Yes No 

Boys 25 (43.9%) 32 (56.1%) 57 (100%) 

0.300* Girls 13 (33.3%) 26 (66.7%) 39 (100%) 

Total  38 (39.6%) 58 (60.4%) 96 (100%) 

* Chi-square test. 

 
The mean age in the groups of insulin resistance was 13.91 years old, the median value was 14.00 years old with a 
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minimum-maximum value of 12.08–17.25 years old. Meanwhile, in the groups of non-insulin resistance, the mean 
age value was 14.16 years old, the median value was 13.79 years old with a minimum-maximum value of 11.83 - 
17.92 years old. The Mann-Whitney test showed that there was no significant difference in the mean age values in 
the groups of insulin resistance and non-insulin resistance in obese children, with a value of p = 0.783 (p> 0.05) 
(Table 4). 
 
Table 4. Mean Age Value in group of Insulin Resistance and group without Insulin Resistance in Obese Children 
in Obese Children 
Age(years old) Insulin Resistance (n = 58) Without Insulin Resistance (n = 38) p-Value 

Mean 13.91 14.16 

0.733** 
Median 14.00 13.79 

Standard Deviation 1.37 1.55 

Minimum-Maximum 12.08 – 17.25 11.83 – 17.92 

** Mann-Whitney test. 

 
The incidence of insulin resistance in vitamin D deficiency obese children was 28 (54.9%), while children without 
vitamin D deficiency was 10 (22.2%). The results of statistical analysis showed that there was a significant 
difference in the frequency of insulin resistance between the groups of vitamin D deficiency and vitamin D 
deficiency in obese children, with a value of p = 0.001 (p <0.05). The odds ratio (OR) = 4.261 (95% CI 1.744 - 
10.411), which means that the risk of insulin resistance in obese children with vitamin D deficiency is 4.261 times 
greater than obese children who are not deficient in vitamin D (Table 5). 
 
Table 5. Analysis of Frequency of Incidence of Insulin Resistance in group of Vitamin D Deficiency and group 
without Vitamin D Deficiency in Obese Children 

Vitamin D status 
Insulin Resistance 

Total p-Value 
Yes No 

Deficiency  28 (54.9%) 23 (45.1%) 51 (100%) 

0.001* Without Deficiency 10 (22.2%) 35 (77.8%) 45 (100%) 

Total 38 (39.6%) 58 (60.4%) 96 (100%) 

* Chi-square test; OR=4.261 (CI 95% 1.744-10.411). 

 
4. Discussion 
In this study, it was observed that there was no significant difference based on sex category of obese children 
between groups of vitamin D deficiency and without vitamin D deficiency. This result was similar to a study in 
Turkey which also stated there was no significant relationship based on sex between children with vitamin D 
deficiency and without vitamin D deficiency (Torun et al., 2013). 
There was also no significant difference in the frequency of insulin resistance based on sex category. A similar 
result was found in a study in Jakarta (Pulungan et al., 2013). In contrast, A study by Kostovski in Macedonia 
showed that the percentage of female experienced insulin resistance was higher than the male with p = 0.009 (p 
<0.05) (Kostovski et al., 2018). The explanation to this finding was because 52.94% of the female were in 
adolescence while 68.89% the male was in the pre-adolescent age. This difference may be related to age and 
puberty status of the study subjects. 
There was no significant difference in the mean age in the groups of vitamin D deficiency and without vitamin D 
deficiency. A study in Italy by Rusconi also found no significant relationship between the mean age in children 
with vitamin D deficiency and without vitamin D deficiency (Rusconi et al., 2015).  
There was also no significant difference in the mean age of insulin resistance and non-insulin resistance children. 
which means that age is not associated with the incidence of insulin resistance. This is incoherent with a study on 
60 obese children with a mean age of 8.56 + 1.7 years in Spain (Mastrangelo et al., 2016). Meanwhile, a study on 
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220 obese children aged 5-14 years in Brazil found that the average age of children with insulin resistance was 
higher than in non-insulin resistance children (Romualdo et al., 2014). 
Analysis of the incidence of insulin resistance in obese children with vitamin D deficiency and obese children 
without vitamin D deficiency showed a significant difference. So, it is recommended to examine the level of 
vitamin D and insulin resistance in obese children. The proposed biological mechanisms by which vitamin D 
influences insulin resistance in obesity include enhancing peripheral/hepatic uptake of glucose and reducing 
inflammation. The chronic inflammation that accompanied obesity develop to insulin resistance by the increased 
production of inflammatory cytokines from immune cell such as macrophages and adipocytes (Peterson et al., 
2014). Similar to a study in China, it was stated that children with vitamin D deficiency had 4.15 times more at risk 
of developing insulin resistance than children without vitamin D deficiency (Fu et al., 2020). On the contrary, a 
study on 301 children aged 11–18 years in Turkey showed no significant relationship between insulin resistance 
and vitamin D status. The differences in the study population and gene polymorphism found in Turkey might make 
it different from our study. Besides, the study in Turkey divided vitamin D status into 3 categories, namely vitamin 
D deficiency (25-hydroxy vitamin D levels <10 ng/ml), vitamin D insufficiency (25-hydroxy vitamin D levels 
10-20 ng/ml), and normal vitamin D (25-hydroxy vitamin D content > 20 ng/ml). It was indicating that other 
mechanisms cause insulin resistance other than vitamin D deficiency (Erdönmez et al., 2011). 
In this study, there were 23 (45.1%) obese children with vitamin D deficiency who does not experience insulin 
resistance. This might be due to the lack of data on how long the subjects had been obese and how long they had 
vitamin D deficiency. Although, this group had a risk of developing insulin resistance in the future. Likewise, it 
was also found that 10 (22.2%) children without vitamin D deficiency had insulin resistance. The incidence of 
insulin resistance in obese children could happen as the result of other mechanisms, apart from the intermediary of 
vitamin D. Excessive energy in obesity can cause hyperplasia and hypertrophy of adipocytes resulting in oxidative 
stress. Oxidative stress from adipocytes triggers chronic inflammation in adipose tissue and produces free fatty 
acids and inflammatory mediators (van der Aa et al., 2015).  
Children with vitamin D deficiency need vitamin D supplementation and adequate nutrition containing calcium 
and phosphate. Vitamin D supplementation is given orally as much as 1000 IU / day for babies less than 
1-month-old, 1000-5000 IU / day for babies aged 1-12 months old, and 5000 IU / day for children over 12 months 
old, given for 2- 3 months. After 2-3 months, a control 25-hydroxy vitamin D level should be examined, then 
continued with vitamin D supplementation at a maintenance dose of 400 IU / day, or 800 IU / day for obese 
children. Monitoring of 25-hydroxy vitamin D levels shall be done in 6 months and 12 months afterward (Lee et al., 
2013). 
The limitation of this study is that the study was conducted in a cross-sectional manner, the data obtained were data 
at the time of sampling so that a causal analysis of obesity, vitamin D, and insulin resistance could not be provided. 
In this study, genetic factor analysis was not performed, however, its contribution could be minimized because the 
research samples were taken from the same population, namely from the same ethnicity. 
The strength of this research is that the sample is randomly selected from schools with middle and upper economic 
status in Makassar so that it can describe the health condition of children with middle and upper economic status in 
Makassar. In addition, it is not necessary to analyze pubertal status because almost all study samples reflect 
puberty age. 
The researchers concluded that the incidence of insulin resistance in the group of obese children with vitamin D 
deficiency was higher (54.9%) compared to the group of obese children without vitamin D deficiency (22.2%), in 
schools with middle and above socioeconomic levels. The risk of insulin resistance in obese children with vitamin 
D deficiency was 4,261 times greater than obese children without vitamin D deficiency. Researchers suggest the 
need for special attention to obese children, by conducting initial screening examinations for vitamin D tests and 
insulin resistance (fasting blood sugar and fasting insulin), as obese children have a risk of vitamin D deficiency 
and insulin resistance. The proactive intervention in obese children in managing obesity can prevent the risk of 
developing diabetes mellitus. 
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