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ABSTRACT Background: The number of obese people in children and adolescents is increasing. Along with that,
comorbidity due to obesity will increase. One comorbid in obesity is low vitamin D levels. Obese children and
adolescents with vitamin D deficiency have a higher BMI and thicker fat tissue. Objective: To determine the relationship
between body fat thickness and vitamin D levels in obese adolescents. Methods: This study is an analytical cross-sectional
study with the subject of obese adolescents, recruited consecutively at several junior secondary schools in the city of
Denpasar from September 2016 to June 2017. Measurement of body fat thickness using Holtain Skinfold Caliper and
examination of vitamin D levels with chemiluminescent immunoassay. The relationship between body fat thickness and
vitamin D levels was tested using linear regression. Result: Thirty-three subjects analyzed had mean BMI 30.85 kg/m2
average suprailiac fat thickness is 3.62, with a standard deviation of 0.79. Mean vitamin D levels is 19.23 ng/mL, the
standard deviation of 4.14 ng/mL. There was a weak negative relationship between the suprailiac body fat thickness and
vitamin D levels (r=0.390; p=0.025). Conclusion: Body fat thickness with vitamin D levels in obese adolescent has a weak
negative relationship.
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Introduction

World Health Organization (WHO) data in 2013 shows an in-
crease in the number of overweight and obese children under
five years old. It was reported, 20 million obese children in
2005 will increase to 42 million by 2013.[1] Based on Centers for
Disease Control and Prevention (CDC) data, the percentage of
adolescents aged 12 to 19 which were obese in the United States
increased from 5% in 1980 to 21% by 2012.[2] According to data
of Basic Health Research (Riskesdas) in 2013 overweight and
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obesity prevalence in adolescents in Indonesia is still high. The
prevalence of overweight in adolescents aged 13-15 years is 8.3%,
while the prevalence of obesity in adolescents aged 13-15 years
is 2.5%. The prevalence of overweight among adolescents aged
16-18 years in Indonesia generally increases from 1.4% in 2007
to 7.3% in 2013. Bali province has a prevalence of overweight
and obesity above the national prevalence for age 13-15 and
16-18 years old.[3] In 2007 the prevalence of more overweight in
children age 6-14 years old in Bali was 11.8% and 8.5% for men
and women respectively.[4]

Hypertension, atherosclerosis, left ventricular hypertrophy,
obstructive sleep apnea, asthma, polycystic ovary syndrome,
fatty liver, dyslipidemia, and metabolic syndrome are comorbidi-
ties of obesity.[5,6,7] Micronutrient deficiency often occurred in
obesity, such as vitamin D, chromium, biotin, and thiamin. The
malnutrition conditions of some of these nutrients are related to
insulin resistance and type 2 diabetes mellitus in obesity.[8] Vita-
min D deficiency in obesity is caused by lack of intake, lack of
outdoor activity and sunscreen application on the skin. In obese
people, there is a decrease in vitamin D bioavailability due to its
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accumulation in fatty tissue.[9] Low vitamin D levels are also
caused by decreased vitamin D synthesis because of decreased
intestinal absorption of vitamin D in the digestive tract of obese
people. Subcutaneous fats decreased the enzymes for 25-OH
vitamin D synthesis, and there is a tendency of decreased 1-α
hydroxylase expression.[10]

Vitamin D plays a role in cell growth and differentiation, re-
ducing cell risk to malignant.[11] Vitamin D receptors are found
in various body tissues, including the kidneys, macrophages,
brain, colon, prostate, breast. Rickettsia disease in children has
long been known for lack of vitamin D levels in the patient’s
body. This is closely related to decreased calcium metabolism in
patients with rickets. The role of vitamin D in the active form of
metabolism causes vitamin D to be regarded as a hormone.[12]
Low vitamin D levels are associated with increased blood pres-
sure, arterial calcification, and the incidence of cardiovascular
disease. In Alzheimer’s patients found a relationship between
mental status with vitamin D levels, and found no association
with other vitamin levels. This is probably due to the antioxi-
dant effect of vitamin D and its role in brain metabolism, where
vitamin D receptor is also found in the hippocampus.[13]

Methods

Study Design
This was an observational analytic study with a cross-sectional
study design. Performed in four junior high schools in Denpasar
and implemented in September 2016-June 2017. Children with
obesity checked fat thickness and 25-OH vitamin D levels. Inclu-
sion Criteria: subjects aged 12-15 years and willing to participate
in research. Exclusion Criteria: suffering from significant con-
genital abnormalities, suffering from genetic abnormality, suf-
fering from hormone disorders, suffering from liver disorders,
suffering from kidney disorders and got steroid, anticonvulsive,
or antidepressive therapy for more than two weeks. This study
was approved by the Research Ethics Committee of Udayana
Medical School, Sanglah Hospital, Denpasar.

Definitions of variables
Obesity is Body Mass Index (BMI) being more than 2 SD based
on the WHO BMI chart. Body Mass Index (BMI) is the ratio be-
tween body weight in kg divided by the square of height in me-
ters (kg/m2) measurements on a numerical scale and expressed
in kg/m2, with 0.1 kg/m2. Body fat thickness in adolescent
obesity is body fat as measured by using callipers, expressed in
numerical scale with units of millimetres (mm). Vitamin D levels
are the measured 25 (OH) D level of a blood sample, expressed
on a numerical scale with nanogram/ millilitre (ng/mL) units.

Statistical Analysis
Data obtained were analyzed by a computer program. Data
analysis took place in several stages as follows:

1. Descriptive analysis of the basic characteristic of the nom-
inal and numerical scale, the results are presented in the
tabular and narrative form.

2. Normality test on all numerical research variables. Data
distribution is said to be normal when the test results find
p> 0.05. Test normality with Shapiro-Wilk.

3. The descriptive analysis aims to describe the characteristics
of research samples and variables studied. Variables scaled

Table 1 Subject Characteristics

Variable n=33

Age, years, mean(SD) 14,21 (0.54)

Sex, male (%) 20 (60.6)

Weight, kg, mean (SD) 77.66 (11.18)

Height, cm, mean (SD) 157.10 (8.17)

BMI, kg/m2, median (min-max) 30.85 (26.66-39.13)

Waist circumference, cm, mean (SD) 101.77 (8.00)

Bicep skinfold thickness, cm, mean (SD) 3.00 (1.50-6.20)

Tricep skinfold thickness, cm, mean (SD) 3.49 (0.71)

Subscapular skinfold thickness, cm, mean (SD) 3.40 (0.78)

Suprailiac skinfold thickness, cm, mean (SD) 3.62 (0.79)

TSA skinfold thickness, cm, median (min-max) 3.60 (2.30-9.50)

Vitamin D level, ng/mL, mean (SD) 19.23 (4.14)

Vitamin D intake, IU, median (min-max) 133.88 (48-240)

SD: standar deviation; min: minimum; max: maximum

numerical data will be displayed in the form of average (SB)
or median with minimum and maximum values if the data
is not normally distributed. Categorical data-scale variables
will be displayed regarding relative frequency (number
and percent). The results of the descriptive analysis are
presented using a single distribution table.

4. Test associations between variables, using the linear regres-
sion test if the data is normally distributed, and using non-
parametric regression test if not normally distributed. The
correlation that was considered statistically significant was
when p <0.05.

Result

The research was conducted from September 2016 until the sam-
ple was fulfilled in June 2017. The research sample was obtained
by searching to several junior high schools in Denpasar City
using consecutive sampling method. Subjects that have been
collected and meet inclusion criteria as many as 33 obese ado-
lescents with age 13 to 15 years. In this study men subject with
mean age 14,20 (s.b. 0,523) and women with mean age 14,23 (s.b.
0,599). The normality test of Shapiro-Wilk shows the results of
measurement of body weight, height, abdominal circumference,
tricep fat thickness, the thickness of scapular fat, the thickness
of suprailiac fat, vitamin D levels in a normal distribution. The
results of body mass index calculations, measurements of bone
fat thickness, triceps surae area fat thickness, were not normally
distributed. Most of the subjects included in the category of defi-
ciency are 63.6%, insufficiency of 33.3% and only 3.1% included
in the sufficient category. With a description of the characteristics
of the subject can be seen in table 1.

Test the relationship between body fat thickness with vitamin
D levels in this study using linear regression test, which showed
a weak positive relationship, shown in table 2.
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Table 2 Association of body fat thickness with vitamin D lev-
els.

Variabel r p

Vitamin D levels 0.390 0.025

Body fat thickness (Suprailiaca skinfold)

Discussion

Thirty-three obese teenagers ages 13 to 15 take research up to
the analysis phase. The mean age of the subject is 14 years 2
months, and the results are similar to the study by Lenders et
al. (2009) that is 14.9 years.[14] The proportion of male sex is
obtained in greater outcomes than in women and is similar to
that of obese teenagers in India by Khadgawat et al. (2012) with
the proportion of men is 56.4%.[15]

Body mass index (BMI) subjects in this study obtained 30.85
kg / m2. Various results were obtained from several other stud-
ies in different regions of the world. Research by Alemzadeh et
al. (2008) conducted in the United States obtained an average
IMT of 37.1.16 The subjects consisted of several races, namely
38.6% Caucasian race, 30.7% Hispanic race, and Afro-American
race 30.7%. A similar study conducted in India found a lower
mean IMT of 29.3.15 The mean difference of BMI can be due to
different racial characteristics of the subject of each study. Body
mass index describes the whole of the mass-forming components
of the body, so the difference in body shape and muscle compo-
nent and bones are responsible for racial differences.[17,18]

Research by Ramirez-velez et al. (2016) in Columbia, at the
age of 12-14.9 years of age, the limit of triceps fat thickness in
obese men was 21.6 mm and the female was 24.6 mm.[19] The
thickness of subscapular fat in men is 15.9 mm and 23.2 mm in
women. In this research, the mean of triceps and subscapular
fat thickness was 34,9 (SB 7,1) mm and 34,0 (SB 7,8) mm. The
results showed that the mean body fat thickness of our study
subjects was above the category limit included in obesity.

Food recall results obtained data average daily vitamin D
intake on the subject of this study was 133.88 IU per day. The av-
erage vitamin D intake in this study was lower when compared
to previous studies. Research by Lenders et al. (2009) obtained
an average intake of vitamin D 229 + 194 IU per day.14 In this
study, vitamin D intake in the deficiency group was 154 + 33
IU per day. The difference in mean vitamin D intake compared
with this study may be due to differences in patterns and types
of foods from the sample. Different types of foods that can affect
one of them is fresh milk in packs are often given additional
vitamin D. Obese people are more likely to consume foods con-
taining fat and carbohydrates and consume fewer foods rich in
vitamins.

The results of measurement of vitamin D levels in the blood
obtained most of the subjects included in the category of defi-
ciency is 63.6%, insufficient of 33.3% and only 3.1% included in
the category sufficient. Harel et al. (2011) who conducted a study
with obese adolescent subjects found low levels of vitamin D
in women by 100% and in men by 91%. In the women, subjects
found 72% had vitamin D deficiency and 28% had vitamin D
levels falling under the category of insufficiency. In the subject
men were 69% vitamin D deficient, 22% had vitamin D levels
of insufficiency and 9% included in the sufficient category. In
the study also obtained differences in mean vitamin D levels in
different races. Subjects of the Caucasian race had mean vitamin

D levels of 21 + 3 ng / mL, subjects that were African-American
race with 18 + 1 ng / mL and subjects who were Hispanic had
a mean of 17 + 2 ng / mL.[20] In our study with mature skin
subjects, vitamin A levels of 19.23 ng / mL were found, which
were included in the deficiency category. Differences in skin
colour lead to different levels of vitamin D. The darker skin
colour causes the lesser intensity of sunlight into the skin tissue,
resulting in lower amounts of vitamin D synthesis in the skin.

Low levels of vitamin D in people with obesity may be caused
by poor diet. Obesity diet is often more dominant consist of car-
bohydrates and fats. The vitamin D source of food has little role
in meeting the total vitamin D requirement in the body. Low
levels of vitamin D in the body are caused by low exposure to
sunlight.[21] Obese people often avoid physical activity, espe-
cially outdoor activities. The low physical activity outside the
house because obese people have difficulty in the activity due to
excess body weight. Adolescent obesity will tend to withdraw
from social intercourse because of low self-esteem, so they are
more likely to dislike activities outdoors.

Fatty tissue is where the buildup of vitamin D in the body.
Obese people will have fat tissue that is thicker than a normal
person. Research by Wortsman et al. (2000) obtained results that
despite the amount of vitamin D synthesis that did not differ
between lean subjects compared to obese, obese subjects would
have increased levels of vitamin D in the blood fewer after given
the treatment of sun exposure and vitamin D supplementation
when compared with skinny subjects.[22] As one fat-soluble
vitamin, vitamin D will accumulate in fat tissue, causing the level
of vitamin D in the blood will decrease. Fatty tissue not only
stores vitamin D passively, but fat tissue also has a role in vitamin
D metabolism. Wamberg et al. (2012) found differences in gene
expression by enzymes that play a role in vitamin D metabolism
among obese women compared with skinny ones.[23]

Various methods are performed to measure body fat thick-
ness. One of the simplest and cheapest methods of measurement
is the measurement of fat thickness by using calliper which can
be done in several locations on the body. Research by Demura
and Sato (2007) in Japan that measured at several locations of
body fat thickness obtained results that the smallest error on
the prediction of body density is on examination of suprailiac
body fat thickness. The thickness of suprailiac body fat is found
as a good predictor of body fat density, especially in obese peo-
ple.[24]

The results of the analysis found a relationship between body
fat thickness with vitamin D levels. Logistic regression analysis
obtained p = 0.025 with r = -0.390. In this study found there is
a weak relationship between body fat thickness with vitamin
D levels. The reverse relationship states that if the body fat is
getting thicker, the vitamin D levels will be lower. The results of
this study are similar to those of Garanty-Bogacka et al. (2011) in
Poland found that higher body mass, fatty tissue compositions
more associated with lower vitamin D levels.[25] Research by
Lenders et al. (2009) found that there was an increased risk
of vitamin D deficiency of 1.78 per 1 percent increase in fat
mass.[14] Other studies found no relationship between 25 (OH)
D with body fat. This is likely because the subjects used are
children with the risk of obesity.[9]

The weak association in this study may be due to other factors
that also affect vitamin D levels in the body. Influential factors
include sun exposure and vitamin D intake from food. Sun
exposure is a major source of vitamin D and is considered a
major factor affecting vitamin D levels.[11] Factors that affect
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sun exposure to the skin will affect the levels of vitamin D in the
body, such as skin colour and long exposure to sunlight.

Provision of vitamin D supplementation in obese adolescents
may be considered. Supplementation will be more effective to
increase vitamin D levels in the body if accompanied by efforts
to reduce weight. Weight loss in obese people will lead to de-
creased fat in the body. Intervention studies in obese children
were obtained by a decrease of 1 kg / m2 IMT will be accompa-
nied by an increase in serum 25 (OH) D level of 12.5 nmol/l.[26]

Obese people have a higher risk of developing metabolic
diseases such as type 2 diabetes mellitus, cardiovascular disease,
and cancer.[17,27,28,29] Obese people also have a higher risk of
developing allergic diseases.[30] This may be associated with
low levels of vitamin D in obese people because vitamin D is
considered a hormone.31 Low levels of vitamin D can cause
health problems that often occur in obese people, but this needs
further investigation.

Limitation of this study is used consecutive sampling meth-
ods so it has not described the incidence of vitamin D deficiency
and insufficiency. Food recall method used to determine the
intake of vitamin D has a high error rate because it only uses
the ability of memory of the subject of research. This study has
not considered the difference in sun exposure obtained by the
subject so that it can act as a confounder of research results.

Conclusion

This study proves that there is a weak negative relationship
between body fat thickness and vitamin D levels in obese ado-
lescents aged 12 to 15 years.

Conflict of Interest

Authors declare that there is no conflict of interest.

Acknowledgement

None

References

1. World Health Organization. Obesity and over-
weight. 2014. [cited 2016 May 25]. Available at:
URL:http://www.who.int/mediacentre/factsheets/fs311/en/.

2. Centers for Disease Control and Prevention. Childhood
Obesity Facts. 2014. [cited 2016 May 25]. Available at: URL:
http://www.cdc.gov/healthyyouth/obesity/facts.htm.

3. Riskesdas. Fundamental Health Research. Jakarta: Health
Research and Development Institute of the Indonesian Min-
istry of Health. 2013

4. Riskesdas. Reports on Fundamental Health Research
(Riskesdas) of Bali Province in 2007. Jakarta: Health Re-
search and Development Institute of the Ministry of Health
of the Republic of Indonesia. 2009

5. Misra, A., Khurana, L. Obesity and the metabolic syndrome
in developing countries. J Clin Endocrinol Metab; 2008;
93:S9–S30 3.

6. Chadha, D.S., Gupta, N., Goel K., Pandey R.M., Kondal,
D., Ganjoo, R.K., Misra A. Impact of obesity on the left
ventricular functions and morphology of healthy Asian
Indians. Metab Syndr Relat Disord. 2009; 7:151–8.

7. Goel K., Misra A., Vikram N.K., Poddar P., Gupta N. Sub-
cutaneous abdominal adipose tissue is associated with the
metabolic syndrome in Asian Indians independent of intra-
abdominal and total body fat. Heart. 2010; 96:579–583.

8. Via, M. The Malnutrition of Obesity: Micronutrient Defi-
ciencies That Promote Diabetes. International Scholarly
Research Network Endocrinology. 2012;1-8.

9. Dylag, H., Rowicka, G., Strucinska, M., Riahi, A. Assesment
of Vitamin D Status In Children Aged 1-5 With Simple
Obesity. Rocz Panstw Zaki Hig. 2014; 65(4): 325-330.

10. Vanlint, S. Vitamin D And Obesity. Nutrients. 2013; 5:949-
956.

11. Holick M.F., Chen T.C. Vitamin D deficiency: A Worldwide
Problem With Health Consequences. American Journal of
Clinical Nutrition. 2008; 87;1090s-6s.

12. DeLuca, H.F. History of the discovery of vitamin D and its
active metabolites. Int bone mineral soc. 2014; 479:1-8.

13. Kulie, T., Groff, A., Redmer, J., Hounsbell, J., Shrager, S.
Journal American Board Family Medicine. 2009; 22:698
–706.

14. Lenders, C., Feldman, H., Von, S., Merewood, A., Sweeney,
C., Wilson, D., et al. Relation of body fat indexes to vitamin
D status and deficiency among obese adolescents. Am J
Clin Nutr. 2009;90: 459–467.

15. Khadgawat, R., Thomas, T., Gahlot, M., Tandon, N., Tang-
pricha, V., Khandelwal, D., Gupta, N. The effect of puberty
on interaction between vitamin D status and insulin resis-
tance in obese Asian-Indian children. International Journal
of Endocrinology. 2012;1-8.

16. Alemzadeh, R., Kichler, J., Babar, G., Calhoun, M. Hypovi-
taminosis D in obese children and adolescents: relationship
with adiposity, insulin sensitivity, ethnicity, and season.
Metabolism. 2008;57(2):183-191

17. Freedman, D.S. Childhood Obesity and Coronary Heart
Disease. Dalam: Kiess, W., Marcus, C., Wabitsch, M., editor.
Obesity in Childhood and Adolescence. Basel: Karger AG.
2004. h. 160-9.

18. Heymsfield, S.B., Peterson, C.M., Thomas, D.M., Heo, M.,
Schuna, J.M. Why are there race/ethnic differences in adult
body mass index-adiposity relationships? A quantitative
critical review. Obes Rev. 2016;17(3): 262-275.

19. Ramirez-velez, R., Lopez-cifuentes, M., Correa-bautista,
J.E., Gonzalez-ruiz, K., Gonzalez-jimenez, E., Cordoba-
rodriguez, D.P., Vivas, A., Triana-reina, H.R., Schmidt-
RioValle, J. Triceps and subscapular skinfold thickness
percentiles and cut-offs for overweight and obesity in a
population-based sample of schoolchildren and adolescents
in bogota, colombia. Nutrients. 2016;595(8):1-16.

20. Harel, Z., Flanagan, P., Forcier, M., Harel, D. Low vitamin
D status among adolescents: prevalence and response to
treatment. Journal of adolescent health. 2011;48:448-452.

21. Kull, M., Kallikorm, R., Lember, M. Body mass indeks deter-
mines sunbathing habits: implications on vitamin D levels.
Internal Medicine Journal. 2009; 39:256-258

I Made Arimbawa et al./ International Journal of Medical Reviews and Case Reports (ARTICLE IN PRESS)



22. Wortsman, J., Matsuoka, L., Chen, T., Lu, Z.dan Holick, M.
Decreased bioavailability of vitamin D in obesity. Am J Clin
Nutr. 2000;72:690–693.

23. Wamberg, L., Christiansen, T., Paulsen, S.K., Fisker, S., Rask,
P., Rejnmark, L., Richelsen, B., Pedersen, S.B. Expression
of vitamin D-metabolizing enzymes in human adipose tis-
sue—the effect of obesity and diet-induced weight loss. Int
J Obes. 2012; 4:1-7

24. Demura, S., Sato, S. Suprailiac or abdominal skinfold thick-
ness measured with a skinfold caliper as a predictor of body
density in japanese adults. Tohoku J Exp Med. 2007;213;
51-61

25. Garanty-bogacka, B., Syrenicz, M., Goral, J., Krupa, B.,
Syrenicz, J., Walczak, M., Syrenicz, A. Polish journal of
endocrinology. 2011; 62(6): 506-11

26. Reinehr, T., DeSousa, G., Alexy, U., Kersting, M., Andler,
W. Vitamin D Status And Parathyroid Hoemone In Obese
Children Before And After Weight Loss. European Journal
of Endocrinology. 2007; 157(2):225-32

27. Syarif, D.R. Childhood Obesity: Evaluation and Manage-
ment. Naskah Lengkap National Obesity Symposium II.
Surabaya. 2003.

28. Bluher, S., Kiess, W., Bottner, A., Raile, K., Kapellen, T.,
Bluher, M. Type 2 Diabetes Mellitus in Children and Adoles-
cents: The European Perspective. Dalam: Kiess, W., Marcus,
C., Wabitsch, M., penyunting. Obesity in Childhood and
Adolescence. Basel: Karger AG. 2004; h.170-180.

29. Lee, W.W.R. 2007. An overview of pediatric obesity. Pedi-
atric Diabetes. 2007; 8(9):76-87.

30. Visness, C.M., London, S.J., Daniels, J.L., Kaufman, J.S.,
Yeatts, K.B., Siega-riz, A., Liu, A.H., Calatroni, A., Zeldin,
D.C. Association of obesity with IgE and allergy symptoms
in children and adolescents: results from NHANES 2005-
2006. J. Allergy Clin Immunol. 2009; 123(5): 1163-1169.

31. Norman, A.W. From Vitamin D to Hormone D: Fundamen-
tals of The Vitamin D Endocrine System Essential for Good
Health. Am J Clin Nutr; 2008; 88(suppl):491S–9S.

I Made Arimbawa et al./ International Journal of Medical Reviews and Case Reports (ARTICLE IN PRESS)


