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Abstract Overweight and obesity are the causes of
health problems. This condition is detrimental to growth
in adolescents. Furthermore, being overweight and obese
can affect insulin performance, visceral fat levels, and
vitamin D status in the body. This study aimed to
investigate the relationship between overweight in
adolescents and insulin resistance, visceral fat, and
vitamin D. This study was cross-sectional. All samples
were purposively selected. Types of data in the form of
anthropometric data (age, weight, and height) include
fasting glucose levels, TyG index value, visceral fat
composition, and vitamin D. The study was conducted in
Gorontalo city, with the research sample being teenagers
with overweight problems. Data were analyzed using
univariate analysis in the form of the mean value.
Meanwhile, the multivariate analysis employed the
Spearman Rank correlation. The results showed that body
weight was significantly correlated with visceral fat
content (p-value = 0.000), bone density (p-value = 0.007)
and vitamin D (p-value = 0.000). Visceral fat content was
correlated with vitamin D (p-value = 0.000) and insulin
resistance (p-value = 0.013).

Keywords Overweight, Obesity, Insulin Resistance,
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1. Introduction

Being overweight or obese is a state of excess fat

accumulation that can harm health. Such a concerning
health problem is related to non-communicable diseases
(NCDs), e.g., cardiovascular diseases (CVDs) including
heart disease and stroke, type 2 diabetes, certain types of
cancers of the digestive tract and reproductive system, and
disorders of the bones and joints such as osteoarthritis [1,
2]. Obesity in adolescence is detrimental to growth. Youth
growth is crucial in preparing for healthier growth later in
adulthood [3]. In other words, weight problems during the
growth period will be fatal to an adult's health.

The prevalence of overweight and obesity problems
continues to increase globally. The World Health
Organization (WHO) notes that more than 340 million
children aged 5-19 years are overweight and obese [4].
Meanwhile, in Indonesia, based on the 2018 Basic Health
Research (Riskesdas), the prevalence of overweight and
obesity in the 13-15 year age group was 11.2% and 4.8%,
respectively. In the 16-18 year age group, 9.5% were
overweight, and 4.8% were obese [5]. Meanwhile, in
Gorontalo, the prevalence of overweight and obesity in the
16-18 year age group was 8.6% and 3.8%, respectively.
Riskesdas 2018 also noted that adolescents mostly
experienced obesity in urban areas, accounting for 10.7%
[5].

Insulin is a hormone that plays a role in glucose
metabolism. It is produced by the beta cells of the pancreas
[6]. Since the circulatory system of glucose in the blood
requires insulin, it is released in response to rising levels of
glucose in the bloodstream after a meal. In addition, insulin
plays a role in fat metabolism [7]. When insulin is released,
it signals adipose tissue (fat cells) to take up glucose and
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fatty acids from the bloodstream [8, 9]. The glucose and
fatty acids are then converted into triglycerides (a type of
fat) and stored in the adipose tissue for later use as energy
[10]. Insulin also inhibits the breakdown of stored fat
(lipolysis), thereby promoting fat storage [11].

Furthermore, overweight and obesity can affect insulin
performance. This is due to a significant relationship
between the occurrence of inflammation and obesity.
Insulin signalling in adipose and hepatocytes can be
inhibited by inflammation by several mechanisms,
resulting in insulin resistance [9]. Insulin resistance is a
condition in which cells throughout the body do not
respond to insulin as effectively as they should [12].
Insulin resistance occurs when the normal amount of
insulin secreted by the pancreas is not enough to overcome
the resistance of the cells to insulin's actions. This leads to
an impaired ability of cells to take up glucose from the
bloodstream, which can cause high blood sugar levels.
Insulin resistance is negatively impactful on health. These
disorders include impaired blood glucose circulation,
CVDs, kidney disease, cancer, Alzheimer's disease, and
visual impairment [9].

Visceral fat is a type of body fat that is stored deep
within the abdominal cavity, surrounding and protecting
vital organs such as the liver, pancreas, and intestines [13,
14]. Visceral fat is different from subcutaneous fat, which
is the fat located directly beneath the skin [15]. Increased
visceral fat levels correlate with the incidence of CVDs,
increased levels of glucose and triglycerides, and
decreased levels of High-Density Lipoprotein (HDL) [16].
Visceral fat can be measured using imaging techniques
such as CT scans or MRI, or by measuring waist
circumference. A waist circumference of 35 inches or more
for women, or 40 inches or more for men, is considered a
risk factor for the development of health problems
associated with excess visceral fat [17]. Overweight and
obesity affect visceral fat levels. Visceral fat levels in
overweight and obese patients tend to be high [18].
Therefore, overweight and obese people are more likely to
suffer from dangerous comorbidities like CVDs and
NCDs.

Vitamin D is a critical nutrient that plays a significant
role in several essential bodily functions. One of its
primary functions is to help the body absorb calcium,
which is necessary for healthy bones and teeth [19]. When
vitamin D is consumed or produced in the skin through
exposure to sunlight, it travels through the bloodstream to
the intestines, where it helps the body absorb calcium from
food [20]. This calcium is then used to build and maintain
bones, regulate heart rhythm, and facilitate nerve function.
Vitamin D deficiency in adolescents can result in
osteomalacia, a condition where bones weaken [21]. In
addition, inadequate levels of vitamin D can result in
muscle weakness and muscle pain [22]. Overweight and
obesity conditions can affect vitamin D levels. Overweight
and obese patients tend to have vitamin D deficiency [23].
Thus, adolescents who are overweight and obese are at risk
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for vitamin D deficiency and are at risk of suffering from
comorbidities caused by these conditions.

It is necessary to conduct research that focuses on
overweight and obesity in adolescents, given the increasing
trend of overweight and obesity problems in adolescents
and their negative consequences. An element of novelty in
this study is a more specific investigation into the
relationship between insulin resistance, vitamin D status,
and visceral fat levels in adolescents with weight problems.

This research will be carried out in collaboration with
partner institutions, which in this case are Poltekkes, and
the Ministry of Health Aceh. Based on literature searches
and the focus of lecturer research carried out by the Health
Poltekkes of the Aceh Ministry of Health, research on
obesity and overweight has been widely carried out.
However, the variables studied did not include insulin
resistance, visceral fat, and vitamin D in overweight and
obese adolescents. Thus, the present research is expected to
contribute positively to formulating obesity prevention
programs in adolescents. This study examines the
relationship between insulin resistance, visceral fat levels,
and vitamin D status with overweight and obesity in
adolescents.

2. Research Methods

This research used a cross-sectional study design. This
research was conducted in Gorontalo City in
August-November 2021. A blood sample examination was
conducted at the Prodia Laboratory of Gorontalo City. The
research sample was obtained using the minimum sample
size formula for a cross-sectional study [24]. The total
sample for this study is 22 samples. The sample is
teenagers in Gorontalo City with the following inclusion
and exclusion criteria.

2.1. Inclusion Criteria

Physically and mentally healthy.

Aged 16-18 years.

Can communicate actively.

Domiciled in Gorontalo City.

Willing to be a research sample.

Not suffering from NCDs and CVDs and their
complications.

o o0 o

2.2. Exclusion Criteria

a.  Notin place at the time of data collection.
b. Decided to withdraw at the time of data collection.

2.3. Data Collection

2.3.1. Anthropometric Data

Data on body weight (BB) were obtained using a digital
weight scale with an accuracy of 0.1 kg. The height (TB) of
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the sample was measured using a stadiometer with an
accuracy of 0.1 cm. Data regarding the age of the sample
was obtained from the records on the sample's Family Card
(KK). Body Mass Index data is obtained using the
following formula.

BB (kg)

Body Mass Index = TBZ—(m)

2.3.2. Weight Classification

Classification of sample weight is grouped into three
categories based on the BMI calculation value. The
nutritional status categories of the sample are as follows
[25].

a.  Not overweight and obese, if the BMI value = 18.5 —
23 kg/m?

b.  Overweight, if the BMI value = >23 — 27.5 kg/m?

c.  Obesity, if the BMI value = >27.5 kg/m?

2.3.3. Insulin Resistance Data

Insulin resistance was measured using the TyG index
method. TyG index is an early indicator of insulin
resistance in groups at risk for type 2 diabetes [26]. The
formulation of the TyG index formula is as follows.

yG index
In( fasting Triglyceride x fasting glucose)
2

Description:

Fasting Triglyceride =
(mg/dl)

Fasting glucose = fasting blood sugar (mg/dl)

In = logarithm

Insulin resistance based on the value of the TyG index
was at the cut-off point of 4.49. The TyG index value of
4.49 and above may indicate that insulin resistance occurs
[27]. Thus, insulin resistance data can be categorized into
the following.
a. Resistant if TyG index value > 4.49
b.  Not resistant if the value of TyG index < 4.49

2.3.4. Data on Visceral Fat Content

Fasting Triglyceride value

A popular technique for assessing Body Composition
(BC) is bioimpedance analysis (BIA), which examines the
electrical characteristics of body tissue and calculates BC
parameters including total body water (TBW) and FFM BC
parameters. In both clinical and nonclinical contexts, BIA
is a reliable, inexpensive, and non-invasive approach for
assessing BC. The fundamental tenet of the BIA approach
is that the BC characteristics determine how quickly a
low-voltage electric current travels through the body. The
chemical makeup of Fat-Free Mass, which consists of
water, proteins, glycogen, and minerals, as well as the
significant inter- and intraindividual variability brought on
by changes in FFM with development, maturation, aging,
and disease states, pose limits to this research [28].
Visceral fat content in this research was measured by the
Bioelectric Impedance Analysis (BIA) method.
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2.3.5. Vitamin D Status Data

Vitamin D levels in blood plasma were examined using
the Chemiluminescence Immunoassays (CLIA) method.
Vitamin D is connected to an isoluminol derivative, and it
is specifically an antibody to vitamin D that is utilized to
coat magnetic particles (solid phase). 25-hydroxyvitamin
D separates from its binding protein during incubation and
competes with labelled vitamin D for antibody binding
sites. Following incubation, a wash cycle is used to remove
the unbound material. The starter reagents are then
introduced, and a flash chemiluminescent reaction is
subsequently started. The amount of 25-hydroxyvitamin D
contained in samples is inversely proportional to the light
signal, which is quantified by a photomultiplier as relative
light units [29]

The category of vitamin D status is classified according
to the following categories: (1) Vitamin D status is normal
if the serum 25-hydroxy vitamin D (25(OH)D) is > 30 -
100 ng/ml; (2) Vitamin D deficiency status if serum
25-hydroxy vitamin D (25(OH)D) < 30 ng/ml [30].

2.3.6. Data Analysis

Data analysis was performed employing univariate
analysis using the mean, minimum and maximum values
for the variables of insulin levels, visceral fat, and vitamin
D status in each sample group. The results are presented in
the form of a frequency distribution table. Correlation
between insulin resistance, visceral fat levels, vitamin D
status, and body weight using the Spearman Rank
Correlation test.

3. Results and Discussion

3.1. Research Result

Sample Characteristics: The information presented in
Table 1 provides details about the characteristics of the
research sample, which are important to understand the
demographic and physical characteristics of the
participants in the study. The table displays the mean
(average) values for each of the four characteristics
measured (age, weight, height, and BMI) as well as the
minimum and maximum values for each of these
characteristics, indicating the range of values among the
participants.

Table 1. Sample Characteristics

Sample Characteristics Mi?;mgm A\\llzlrjge Mf}gm :m
Age (years) 16 17.59 18
Body weight (kg) 38,90 55.38 101.40
Height (cm) 138 151.73 168
Body Mass Index (kg/m?) 15.01 23.89 35.93
Bone density (kg) 1.50 2.08 3.50
Visceral fat (%) 9.10 31.78 48,90

Source: primary data
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Based on Table 1, the average age of the sample was
17.59 years, indicating that the majority of participants
were teenagers. The minimum age was 16 years, and the
maximum age was 18 years, indicating that the study
participants were limited to a specific age range. The
average body weight was 55.38 kg, with a minimum
weight of 38.90 kg and a maximum weight of 101.40 kg,
indicating the range of body weights among the
participants.

The average height of the participants was 151.73 cm,
with a range of 138 cm to 168 cm, which indicates the
variability in height among the participants. Finally, the
average BMI was 23.89 kg/m? which falls within the
healthy weight range, with a range of 15.01 kg/m? to 35.93
kg/m?, indicating that some participants were underweight
or overweight/obese. Furthermore, laboratory examination
data are presented in the following Table 2.

Table 2. Laboratory Examination

Insulin Resistance, Visceral Fat, and Vitamin D in Overweight and Obesity Adolescents

Source: primary data

Table 2 presents the findings of the study regarding the
various measurements taken. The average value of fasting
glucose levels was 80.14 mg/dl, with a minimum value of
64 mg/dl and a maximum value of 106 mg/dl. Triglyceride
levels had an average value of 102.55 mg/dl, with a
minimum value of 38 mg/dl and a maximum value of 204
mg/dl. The average blood level of vitamin D was 18.47
ng/ml, with a range of 8.70 ng/ml to 31.30 ng/ml. The TyG
index, which is a measure of insulin resistance, had an
average value of 4.46, with a range of 3.96 to 4.89.

To further explain, fasting glucose levels are used to
measure the amount of glucose in the blood after a period
of fasting. Triglycerides are a type of fat found in the blood
that can increase the risk of heart disease when elevated.
Vitamin D is an essential vitamin that helps the body
absorb calcium and maintain strong bones. The TyG index
is a relatively new measure that combines fasting glucose
and triglyceride levels to estimate insulin resistance, which

Check Variable | Minimum | Average Maximum is a precursor to type 2 diabetes.
Value value Value
Fasting glucose . . . .
(mgg?dl) 64 80.14 106 3.2. Correlation between Insulin Resistance, Visceral
- - Fat Level, Vitamin D Status, and Body Weight
Triglycerides 38 102,55 204
(mg/dl) The relationship between the variables of insulin
Vitamin D (ng/ml) 8.70 18.47 31.30 resistance, visceral fat content, vitamin D status, and body
) weight was identified using the Spearman Rank correlation
TyG index 3.96 4.46 4.89 . .
test. The test results can be seen in the following Table 3.
Table 3. Spearman's Rank Correlation Test Results
. . Visceral Fat - Insulin
Weight Bone Density Content Vitamin D Resistance
Correlation 1,000 41" 871" 797" -357
Coefficient
Weight Sig. (2-tailed) 007 .000 .000 103
N 22 22 22 22 22
Correlation 411" 1,000 -335 182 262
Coefficient
Bone Density | g0 (o_tailed) 007 127 419 238
N 22 22 22 22 22
Correlation 871" -335 1,000 710 -520°
. Coefficient
S 'S th Visceral Fat
pearmans o | content Sig. (2-tailed) .000 127 : .000 013
N 22 22 22 22 22
Correlation 797 182 710" 1,000 -128
Coefficient
viamin D1 gi 9 _tailed) 000 419 000 . 570
N 22 22 22 22 22
Correlation -357 -.262 -520" -128 1,000
. Coefficient
Insulin
Resistance Sig. (2-tailed) .103 .238 .013 570
N 22 22 22 22 22
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Source: primary data
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Based on the results of the Spearman Rank correlation
test, body weight was significantly correlated with levels of
visceral fat (p-value = 0.000), bone density (p-value =
0.007), and vitamin D (p-value = 0.000). Visceral fat
content was correlated with vitamin D (p-value = 0.000)
and insulin resistance (p-value = 0.013). The results of the
Spearman Rank correlation test showed that there were
significant correlations between various variables in the
study. Body weight was found to be significantly
correlated with levels of visceral fat, bone density, and
vitamin D. This suggests that as body weight increases, so
do the levels of visceral fat, bone density, and vitamin D.
Meanwhile, visceral fat content was found to be correlated
with vitamin D and insulin resistance, indicating that as
visceral fat levels increase, so does the risk of vitamin D
deficiency and insulin resistance. The p-values for these
correlations were all less than 0.05, indicating that the
results were statistically significant. Overall, these findings
provide important insights into the relationships between
various factors that can impact health outcomes in the
population studied.

4. Discussion

The age range of the research sample ranged from 16-18
years. This age group is included in the puberty period,
which is a period when the growth of long bones (growth
spurt) reaches its peak [31]. From childhood to adolescence,
about 80% of bone growth occurs [31, 32]. Maximum bone
mass growth takes place during adolescence. Changes in
bone structure mostly occur at this phase in the form of
physical growth, resulting in rapid osteogenesis and bone
remodelling [33]. Because the process of bone mass
formation decreases with age, if the maximum bone mass
is low in adolescence, the risk of fracture or osteoporosis at
a young age and in later years may increase.

Body weight in adolescence is associated with
nutritional status based on BMI values. In this study, the
average BMI of the sample was 23.89 kg/mg® In other
words, the average teenager in the study sample is in the
overweight category. Body weight can have a positive
effect on bone density where every weight gain will trigger
the process of bone formation, increase the secretion of the
hormone estrogen by fat tissue, and prevent osteoclast
osteolysis [34]. However, this is not the case with fat
content. Increased fat mass is negatively correlated with
bone density. The increase in fat mass will cause a decrease
in bone mass [35]. On that ground, fat mass is a predictor of
inhibiting bone mass growth.

The fasting glucose variable in this study sample
averaged 80.14 mg/dl. A normal fasting glucose level in
the > 12-year age group is <100 mg/dl [36]. Thus, the
average fasting glucose of the study sample was
categorized within normal limits. It is important to keep
glucose levels within normal levels. In normal people or
those without impaired glucose metabolism, normal
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glucose levels can provide benefits, such as preventing
weight gain, helping to achieve ideal weight, reducing the
risk of insulin resistance and type 2 diabetes, and reducing
stress and inflammatory hormone [37].

The triglyceride levels of the research sample had an
average value of 102.55 mg/dl. A normal triglyceride level
is <150 mg/dl [38]. Thus, the triglyceride levels of the
research sample were included in the normal category.
Triglycerides are fat found in the blood and stored in fat
cells. It will be broken down by hormones and used as
energy [38]. High triglycerides can cause hardening of the
arteries or thickening of the walls of the arteries
(arteriosclerosis), which increases the risk of stroke, heart
attack, and heart disease. High triglycerides can also cause
acute inflammation of the pancreas (pancreatitis) [38].
High triglycerides are often signs of other conditions that
increase the likelihood of heart disease, stroke, obesity, and
metabolic syndrome (including excessive fat around the
waist, high blood pressure, high triglycerides, high blood
sugar, and abnormal cholesterol levels). High triglycerides
can also be a symptom of: type 2 diabetes or prediabetes;
metabolic syndrome, which is a condition when high blood
pressure, obesity and high blood sugar coexist, which in
turn increases the risk of heart disease; low levels of
thyroid hormones (hypothyroidism); and certain rare
genetic conditions impacting the way the human body
converts fat into energy [38].

The average vitamin D level of the study sample was
18.47 ng/ml. Normal serum vitamin D levels are > 30-100
ng/ml [30]. For this reason, the vitamin D serum of the
study sample was categorized as low. Vitamin D is a
nutrient we eat and a hormone made by our bodies.
Vitamin D is a fat-soluble vitamin that has long been
recognized for its function in helping the body absorb and
retain calcium and phosphorus. Calcium and phosphorus
are essential for building bones. Laboratory studies show
that vitamin D can reduce the growth of cancer cells, help
control infection and reduce inflammation. Many body
organs and tissues have receptors for vitamin D, which
suggest their paramount roles in addition to bone health,
and scientists are actively investigating its possible
functions [39, 40]. Vitamin D deficiency can occur from
inadequate intake of food, poor absorption, or a metabolic
need for higher amounts. Such a deficiency may develop if
a person does not consume enough vitamin D and does not
receive sufficient exposure to ultraviolet light for a long
time. Similarly, people who cannot tolerate or do not eat
dairy, eggs, and fish, such as those who are lactose
intolerant or who follow a vegan diet, are at higher risk of
deficiency [40].

Other groups at high risk of vitamin D deficiency
include the following: (1) People with inflammatory bowel
disease (ulcerative colitis, Crohn's disease) or other
conditions that interfere with the normal digestion of fat.
Vitamin D is a fat-soluble vitamin that depends on the
ability of the intestines to absorb dietary fat; (2) people
who are obese tend to have lower blood levels of vitamin D.



468

Vitamin D accumulates in excess fatty tissue but is not
readily available for use by the body when needed. In
contrast, blood levels of vitamin D increase when obese
people lose weight; (3) people who have had gastric bypass
surgery usually remove the small intestine's upper part
where vitamin D is absorbed [39-42].

Meanwhile, prolonged vitamin D deficiency conditions
include the following conditions: (1) Rickets: a condition
in infants and children of soft bones and bone deformities
caused by the failure of bone tissue to harden; (2)
Osteomalacia: a condition in adults with weak, soft bones
that can be treated with supplementation. This condition
contrasts with osteoporosis, where the bones are porous
and brittle, and the condition is irreversible [39].

In this study, the average adolescent sample was in the
overweight or overweight category. This category is based
on BMI scores. BMI is a reasonably strong predictor in
terms of determining the status of overweight and obesity
[43]. Although the correlation between BMI and visceral
fat is not as strong as that between fat mass and visceral fat
[44], BMI can be used as a quick and safe indicator to
determine obesity status in adolescents. Such is because
this method only uses weight and height measurements.
Based on the correlation test, the body weight of the study
sample was positively correlated with bone density. The
average bone density of the sample is categorized as
normal, and body weight is in the overweight category. It is
concluded that weight gain can increase bone density or
bone mass in adolescents. Higher bone density and bone
minerals in obese people are associated with many factors
[45]. Such a condition is due to significantly increased
mechanical load on bone and an altered hormonal
environment; while higher serum adipokine levels are
associated with obesity [45]. Other genetic and
environmental factors such as smoking, dietary intake, and
lifestyle also play independent roles in influencing bone
mass in obesity [45].

It is different from vitamin D. Compared with leaner
individuals, in obese people, serum levels of 25-hydroxy
vitamin D (25 (OH) D) are lower [45]. Serum 25-hydroxy
vitamin D (25(OH)D) has a specific action on bone. Lower
serum 25-hydroxy vitamin D (25(OH)D) levels in obese
individuals may be due to storage in adipose tissue. Low
serum 25-hydroxy vitamin D (25 (OH) D) and excess fat
accumulation harm each other, which is caused by
excessive metabolic processes and enzymatic disorders.
This condition causes a decline in the activity of the
alpha-hydroxylase enzyme, i.e., the main enzyme in the
process of calciferol biotransformation in the fatty liver
[46]. Vitamin D deficiency is also associated with insulin
resistance. The correlation between these two variables is
negative. Vitamin D deficiency will increase the risk of
insulin resistance. This will be more influential on people
with obesity. In obesity, vitamin D affects insulin secretion,
tissue sensitivity to insulin, and systemic inflammation.
The direct and paracrine effects of vitamin D trigger
vitamin D receptor (VDR) activation in pancreatic beta
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cells, CYP27B1 expression and local
1,25(0H)2D [46].

Visceral fat is associated with insulin resistance. In
obese patients with high visceral fat accumulation, insulin
performance tends to experience resistance [47]. Visceral
fat secretes a retinol-binding protein 4 (RBP4), which has
been shown to increase insulin resistance [47]. Adipose
cells and adipocytes are the determining factors in the
pathogenesis of insulin resistance which is correlated with
obesity. Adipocyte hypertrophic dysfunction, often found
in visceral and subcutaneous fat, is highly lipolytic in
nature, thereby increasing the release of free fatty acids
(FFA) [48]. Two main hypotheses explaining how
increased FFA may be associated with central obesity or
visceral fat and insulin resistance are the portal hypothesis
and the spillover hypothesis (or ectopic fat). In accordance
with the portal theory, increased visceral fat leads to
increased delivery of FFA to the liver via its portal vein
drainage. As a result, it increases the problem of insulin
resistance in the liver, thereby promoting glucose
production. Increased portal FFA, an inflammatory
cytokine released by visceral fat into the portal vein, also
causes insulin resistance [48].

Following the spillover hypothesis or the ‘overflow'
hypothesis, in the face of a positive energy balance, a
reduced or limited capacity of adipose tissue (especially
the peripheral subcutaneous compartment) will lead to an
overflow of FFA to the visceral fat compartment and
non-adipose tissue (e.g., liver, muscle, pancreas, kidney,
bone). Due to the limited ability of non-adipose tissue to
oxidize and/or store FFA, ectopic accumulation of FFA
and/or its metabolically active derivatives will cause
insulin resistance and cell lipotoxicity apoptosis (cell death
process) that disrupt organ function [48]. Hypertrophied
adipocytes can cause local hypoxia, which promotes
endoplasmic reticulum (ER) stress, adipocyte death, and
macrophage infiltration. The latter event increases the
secretion of inflammatory cytokines, such as TNF- and
interleukin (IL)-6 and monocyte chemoattractant protein
(MCP)-1, leading to low-grade local and systemic
inflammation and consequently impaired insulin signaling
[48].

synthesis of

5. Conclusions

Based on the results of the Spearman Rank correlation
test, body weight was significantly correlated with levels of
visceral fat, bone density, and vitamin D. The average
nutritional status of adolescents based on BMI values is
included in the overweight category and did not experience
insulin resistance. The study is significant as it sheds light
on the relationship between overweight in adolescents and
various health-related parameters such as insulin resistance,
visceral fat, and vitamin D status. The findings of this
research are relevant to the field of public health,
particularly in addressing the health problems associated
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with overweight and obesity in young adults. The study
highlights the need for interventions aimed at improving
the nutritional status of adolescents and addressing issues
such as vitamin D deficiency, insulin resistance, and
visceral fat accumulation.

The use of a cross-sectional design and purposive
sampling method in this study may limit the
generalizability of the findings. Thus, further research
using longitudinal designs is needed to establish causal
relationships and determine the impact of interventions
over time. Nonetheless, this research serves as an
important contribution to the existing body of knowledge
on the health implications of being overweight or obese in
adolescence. It provides useful information that can help
health professionals develop effective strategies for
managing and preventing obesity-related health problems
in this population. Due to the complexity of the factors that
influence the incidence of overweight and obesity in
adolescents, it is also necessary to design a prevention and
treatment program for these problems that does not only
focus on total calorie intake and physical activity.
Micronutrient variables such as vitamin D also need to
focus on nutritional management in adolescents.
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