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ABSTRACT 
Purpose: This study aims to analyze association the dietary inflammatory index (DII) with the visceral adiposity 

index (VAI) in obese female adolescents.  

Methodology: This study is a cross-sectional design with 87 central obesity students aged 18-21 at Universitas 

Diponegoro. Retrieval of the data used simple random sampling. The data that taken were weight, height, waist 

circumference, HDL levels, and triglyceride levels. Food intake data were obtained with the Semi-Quantitative 

Food Frequency Questionnaire (SQ-FFQ). The dietary inflammatory index is calculated based on 27 nutritional 

components, along with an overall inflammatory effect score. Negative scores indicate anti-inflammatory diets 

and positive scores indicate pro-inflammatory diets.Visceral adiposity index is calculated using a special formula 

for women with BMI components, waist circumference, HDL levels, and triglyceride levels. The data were 

analyzed with the Rank-Spearman test.  

Results: A total of 41.4% (n = 36) subjects had a negative DII score, and 58.6% (n = 51) subjects had a positive 

DII score. There was a positive association between DII and VAI (p = 0.016; r = 0.259) and a negative 

association between DII and HDL levels (p = 0.043; r = -0.217). But there were no association between DII 

and BMI, waist circumference, and triglyceride levels (p> 0.05).  
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INTRODUCTION 

Obesity is a disorder characterized by excessive 
body weight due to the accumulation of fat in 
body tissue. Obesity occurs because of the 
imbalance between incoming and outgoing 
energy (Weni et al., 2015)(Wulandari et al., 
2016). Obesity can happen to anyone, including 
adolescents. Adolescents are a group with a risk 
of obesity (Weni et al., 2015). Supported by 
Riskesdas 2018 data, which stated the incidence 
of central obesity with waist circumference> 80 
cm at age ≥ 15 years was 31% in 2018. This 
cases had increased compared to 2013 by 26.6% 
(Riskesdas, 2018)(Riskesdas, 2013). Research at 
Iran in 2010 stated the total prevalence of central 
obesity was 32.01% and was significantly higher 
in women as much as 57.2% compared to men 
as much as 15.8% (Veghari et al., 2010). 

Obesity has a negative impact on adolescent 
health, so it must be handled early. Nearly 90% 
of obese children and adolescents had at least 
one of the characteristics of metabolic syndrome. 
The condition of obesity is called an inflammatory 
reaction due to the accumulation of fat tissue or 
adipose cells that fill the empty cavities in the 
body, especially in the cavity in the abdominal 

region, so it is called visceral fat or known as 
central obesity. Obesity, especially abdominal or 
visceral obesity, is associated with increased of 
adipocytokine production, pro-inflammatory 
activity, decreased of insulin sensitivity, increased 
risk of diabetes, dyslipidemia (high triglycerides 
and low HDL), hypertension, atherosclerosis, and 
higher mortality rates (Amato et al., 2010). 

Visceral adipose tissue manifests as a true 
endocrine organ with important secretions of 
adipokines and vasoactive substances that affect 
the risk of developing or worsening the metabolic 
disease (Gargavu et al., 2018). Researchers have 
developed visceral adipose indicators with higher 
sensitivity and specificity than commonly used 
parameters such as waist circumference, BMI, and 
fat. Researchers developed the visceral adiposity 
index (VAI) using formulas with parameters such 
as waist circumference, BMI, triglycerides, and 
HDL (Amato et al., 2010).  

VAI = [(waist circumference / 36.58) + (1.89 x 
BMI) x (triglycerides / 0.81) x (1.52 / HDL)]    (1) 

This formula can make VAI being an easy tool for 
evaluating cardio-metabolic risk because it can 
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show increased adipose tissue (Gargavu et al., 
2018).  

Many factors can be associated with obesity. One 
of the factors that have a huge influence is 
nutrient intake (Islami et al., 2016). Research that 
conducted by Kartika S and Siti Rahayu N in 2015 
resulted in at the level of fat consumption, 90% of 
the obese group have an excessive level of 
consumption (Suryaputra Kartika, 2012). Recently, 
many studies are discussing foods that have the 
potential to increase inflammation. Adolescent is 
a group that is vulnerable to malnutrition. Current 
adolescent practical eating habits make it difficult 
to avoid fast foods that contain lots of calories, fat 
and cholesterol (Wulandari et al., 2016). As 
known, saturated fatty acid and food that have a 
high glycemic index is a pro-inflammatory source 
(Steck, 2014). 
A study stated the frequency of junk food 
consumption in overweight and obese girls who 
were boarders (indekos) based on interview is 
high. Consumption of junk food with a frequency 
of 1-2 times a week classified into a high 
category (Septiana, et al., 2018). Some studies 
revealed that diets with pro-inflammatory foods 
have a high dietary inflammatory index (DII) value 
significantly associated with an increased of CRP, 
risk of cardiovascular disease, and increased 
metabolic syndrome (Neufcourt et al., 
2015)(Nikniaz L, et al., 2018)(Wirth et al., 
2015)(Ramallal et al., 2015). On the other hand, 
the intake of anti-inflammatory sources in 
adolescents is still in lack, as in the case of Pipit et 
al., which showed that the average intake of 
adolescent’s fiber only reached 3.91 grams. This 
reflects the intake of fiber in adolescents is still 
very low when it compared to the adequacy of the 
FDA which is 25grams/day (Septiana et al., 
2018). A study mentioned a Mediterranean diet 
that is rich in grains, fish, fruit, and green 
vegetables, moderate alcohol and olive oil and 
low consumption of red meat and butter had 
been associated to lower levels of inflammation 
(Cavicchia et al., 2009). 
Researchers have developed an instrument of 
eating habits with food-related pro-inflammatory 
and anti-inflammatory sources to various chronic 
diseases using the dietary inflammatory index 
(DII). DII is an index used to measure how 
potential food can cause inflammation in the 
body. DII can estimate the inflammatory potential 
from a person's diet through a meal frequency 
questionnaire (SQ-FFQ), and the result of DII 
inform the quality of diet including the pro-
inflammatory or anti-inflammatory diet (Y. Kim et 
al., 2018). As known, to increase the intake of 
healthy and anti-inflammatory foods such as 
fruits, vegetables and reduce the intake of pro-

inflammatory components such as processed 
meat and sugary drinks is good because it can 
play an essential role in reducing the risk of 
cardiovascular disease and related mortality 
(Shivappa et al., 2018). 

There is a lack of research on DII in Indonesia. 
So, based on the background of the problems 
that have been described, the researcher intends 
to analyze how the DII profile and its association 
with the increase of VAI in female adolescents. 
 
METHODS 

This research was carried out in June - August 
2019 with the subject of female students from 
several faculty of Universitas Diponegoro, 
Tembalang, Semarang City. This research is an 
observational study with a cross-sectional design. 
Subject selection began with a screening process 
obtained 1260 subjects, then 215 subjects 
entered the inclusion criteria, and 87 subjects 
were selected that fulfill the criteria with a simple 
random sampling method. Inclusion criteria in 
this study were Universitas Diponegoro students 
aged 18-21 years, had a waist circumference ≥ 
80 cm, did not in pregnant and breastfeeding 
period, did not smoke and in alcohol 
consumption, did not take drugs that could affect 
cholesterol levels, and were willing to fill out 
forms as a research subject. The exclusion criteria 
in this study were the subject that resigns from this 
study, became ill, died, and moved to another 
university.  
The dependent variable in this study is the dietary 
inflammatory index (DII). While the independent 
variable in this study is the visceral adiposity index 
(VAI) with several components, including BMI, 
waist circumference, HDL, and triglycerides. For 
the confounding variable is physical activity, 
measured with the International Physical Activity 
Questionnaire (IPAQ) which divided into three 
categories: low (<600 MET/minute/ week), 
moderate (600-2999 MET/minute/ week), high 
(≥3000 MET/minute/ week) (Ipaq, 2005).  
The dietary inflammatory index is an index used 
to measure how potential the food can cause 
inflammation in the body. Briefly, the researchers' 
history found DII scores derived from grading 
algorithms based on various articles published 
from 1950 to 2010 that evaluated the effects of 
diet on six inflammatory biomarkers. Articles that 
qualified will be assessed for each dietary 
parameter if increasing the inflammation is given 
+1, if decreasing the inflammation is given -1, 
and if it has no effect it is given 0.15 DII can 
estimate the inflammation potential from a 
person's diet as measured using the Semi-
Quantitative Food Frequency Questionnaire (SQ-
FFQ) form which then will be analyzed using the 
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Nutrisurvey 2007 computer program and 
calculated by multiplying the overall inflammatory 
effect score, the total value of DII can inform the 
quality of the pro-inflammatory or anti-
inflammatory diet (Y. Kim et al., 2018). Negative 
scores indicate anti-inflammatory diets and 
positive scores indicate pro-inflammatory diets 
(Cavicchia et al., 2009). 
Visceral adiposity index is an index used in clinical 
practice to assess cardiometabolic risk associated 
with visceral obesity (Gargavu et al., 2018). How 
to determine the results of the visceral adiposity 
index by anthropometric measurements (body 
weight, height, and waist circumference), 
measurement of HDL, and triglyceride levels. 
Weight was measured using TANITA brand digital 
weight scales with an accuracy of 0.1 kg. Height 
is measured using a microtoise with an accuracy 
of 0.1 cm. Waist circumference is measured using 
a metline in cm and has 2 categories: normal 
(<80 cm) and central obesity (≥80 cm). Body 
mass index (BMI) is a nutritional status assessment 
obtained through the distribution of weight 
measurements (kg) by the quadratic of height 
(meters), that consists of 5 categories which are 
underweight (BMI <18.5 kg/m2), normal (BMI 
18.5-22.9 kg/m2), overweight (BMI 23-24.9 
kg/m2), and obese (BMI ≥25 kg/m2) (Pan & Ms, 
2008). 
While taking blood samples to measure levels of 
HDL and triglycerides in the subject is done by a 
laboratory officer. Five mL of blood was taken, 
and before it, the subject should be fasting for at 

least 8 hours. Blood sample check resulted in the 
levels of HDL and triglycerides in mg/dL, which 
will be converted into mmol/L by multiplying 
respectively 0.0259 and 0.0113. The results of 
anthropometric data measurements, HDL levels 
and triglyceride levels were included in the 
equation for the VAI formula specifically for 
women ((waist circumference / 36.58 + (1.89 x 
IMT) x (triglyceride / 0.81) x (1.52 / HDL)). The 
cut-off point of the visceral adiposity index for age 
<30 years is ≤ 2,52 (Amato et al., 2011). 
Univariate analysis was performed to describe the 
characteristics of the subject; the variables in this 
study were DII as the independent variable and 
VAI as the dependent variable. The data 
normality test used was Kolmogorov-Smirnov. The 
bivariate analysis used the Spearman Rank test 
for abnormally distributed data. The purpose of 
the bivariate analysis is to look at the association 
between DII and VAI in obese female adolescents 
at Universitas Diponegoro. 
 
RESULTS 

Subject Characteristics 
The results of screening on 1260 female students 
aged 18-21 years. After inclusion and exclusion 
criteria, total subjects involved until the end of the 
study were 87 subjects. Subject characteristics in 
this study include general subject data, 
anthropometric data, DII, VAI, along with its 
components and physical activity scores can be 
seen in Table 1. 

 
Table 1: Characteristic of the subjects 

Characteristic Min. Max. Mean±SD/Median 

Age (year) 18.0 21.0 19.8 a 
Weight (Kg) 47.8 107.4 65.8a 

Height (cm) 141.2 171.4 157.35±5.25b 

VAI (score) 0.64 6.8 1.4a 

BMI (kg/m2) 21.13 41.82 26.65a 

Waist circumference (cm) 80.2 114 85a 

HDL (mmol/L) 0.73 1.92 1.33±0.25b 

Triglyseride (mmol/L) 0.49 2.87 0.98a 

Physical activity score 
(MET/min/week)  

35 1305 237a 

DII (total score) -907.58 385.89 26.42a 

Pro-inflammation (score) 110.27 968.61 395.08 a 
Anti-inflammation (score) -1617.8 -82.21 -321.31 a 
Pro-inflammation component    
   Energy (kcal)  88.81 752.74 304.9 a 
   Carbohydrate (g) 5.17 48.68 22.03±8.99 b 
   Fat (g) 5.13 72.29 19.97 a 
   Protein (g) 0.22 3.05 1.1a 
   Cholesterol (mg) 3.18 98.23 22.39 a 
   Vitamin B12 (µg) 0.02 1.76 0.18 a 
   Saturated fatty acid (g) 2.35 58 13.32 a 
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Characteristic Min. Max. Mean±SD/Median 

   Trans fat (g) 0.0 1.69 0.53 a 
   Iron (mg) 0.04 1.23 0.21 a 
Anti-inflammation component    
   Fiber (g) -27.85 -1.59 -5.37 a 
   Vitamin B6 (mg) -1.13 -0.11 -0.33 a 
   Omega 3 (g) -1 0.0 -0.4 a 
   Omega 6 (g) -2.53 0.0 -0.3 a 
   MUFA (g) -0.48 -0.02 -0.12 a 
   PUFA (g) -15.97 -0.37 -2.33 a 
   Vitamin B2 (mg) -0.14 -0.01 -0.4 a 
   Vitamin B1(mg) -0.22 -0.01 -0.04 a 
   Vitamin B3 (mg) -5.54 -0.49 -2.18±0.99 b 
   Magnesium (mg) -337.18 -26.04 -88.09 a 
   Zinc (mg) -5.2 -0.19 -1.57 a 
   Selenium (µg) -61.31 -4 -19.61 a 
   Vitamin C (mg) -287.9 -1.53 -20.56 a 
   Vitamin D (µg) -4.15 0.0 -0.58 a 
   Vitamin E (mg) -5.07 0.0 -0.88 a 
   Folic (µg) -92.97 -0.4 -20.94 a 
   Caffeine (g) -21.23 0.0 -0.29 a 
   Vitamin A (RE) -1286 -5.85 -160.4 a 

aMedian, bMean±SD 
 
The results in Table 1 show that the mean age of 
the subjects was 19 years eight months, with the 
total of the subject is 87. The mean body weight 
of the subject is 65.8 kg, and the mean body 
height of the subject is 157.35 cm. The minimum 
value of the subject's waist circumference was 
80.2 cm, indicating that all subjects have one of 
the markers of metabolic syndrome, ie, waist 
circumference ≥80 cm. When using the BMI 
indicator, it had a mean value of 26.5 kg/m2, so 
the subject was dominated by the obesity 
category. DII had a mean value of 26.42, this 
explains that the subjects dominantly consume a 

pro-inflammatory diet. Pro-inflammatory and 
anti-inflammatory had median values of 395.08 
and -321.31. Many subjects had VAI in the 
normal category because it had a value of 1.4 
(≤2.52). Meanwhile, for the mean HDL levels and 
the median value of triglyceride levels were 1.33 
mmol / L and 0.98 mmol / L, which included in 
the normal category. The median value of the 
physical activity of the subject is 237 MET/minute/ 
week, and this explains that the subject mostly 
only doing light activities, not even a subject 
doing strenuous activities in the last week when 
data collection. 

 
Table 2:  Categories of Subject Characteristics by Age, Body Weight, Height, Dietary Inflammatory 

Index Score, Visceral Adiposity Index Score, and Its Components and Physical Activity Scores 

Characteristic n % 

Age   
   18-21 year old 87 100 
DII     
   Anti-inflammation 36 41.4 
   Pro-inflammation 51 58.6 
VAI   
   Normal 81 93.1 
   High 6 6.9 
Nutritional status based on BMI    
   Normal  13 14.9 
   Overweight 17 19.5 
   Obese 57 65.5 
Waist circumference    
   Central obesity 87 100 
HDL levels   
   Low 11 12.6 
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Characteristic n % 

   High  76 87.4 
Triglyceride level   
   Low 82 94.3 
   High  5 5.7 
Physical activity   
   Low 74 85.1 
   Moderate  13 14.9 

 
Table 2 shows that the 87 subjects who had a 
negative DII (anti-inflammatory diet) were 41.4%, 
but 58.6% of the subjects had a positive DII (pro-
inflammatory diet). Subjects who had normal VAI 
were 93.1%, and 6.9% of subjects had a high 
VAI. The categories for VAI components, such as 
the nutritional status of subjects based on BMI are 
dominated by the nutritional status of obesity with 
BMI> 25 kg / m2 as much as 65.5%. 
On the other hand, subjects who had overweight 
nutritional status were 19.5%, and normal 
nutritional status was 14.9%. For waist 
circumference, 100% of subjects experienced 
central obesity (≥80 cm). Subjects who had low 
HDL levels were 12.6%, and high HDL levels were 

87.4%. While for subjects who have low 
triglyceride levels were 94.3% and high 
triglyceride levels were 5.7%. For physical activity, 
the subject was dominated by the low category by 
85.1% and the medium category by only 14.9%.  

 
Association between DII and Confounding 
Variables with VAI and its Components (BMI, 
Waist Circumference, HDL Levels and Triglyceride 
Levels) 
Table 3 shows that the DII variable (r = 0.259; p 
= 0.016) is positively related to VAI. The higher 
the DII, the higher the VAI. The DII variable (r = -
0.217; p = 0.043) is negatively related to HDL 
levels. The higher the DII, the lower the HDL level. 

 
Table 3: Association between DII scores and physical activity scores with VAI, BMI, waist 

circumference, HDL, triglycerides 

 
Variabl

e 

VAI BMI WC HDL TG 

ra pa ra pa ra pa ra pa ra pa 

DII  0.25
9 

0.01
6* 

0.13
6 

0.2
08 

0.12
4 

0.25
2 

-
0.21

7 

0.04
3* 

0.16
3 

0.13
2 

 
Physica
l 
activity 

0.10
4 

0.33
7 

0.06
5 

0.5
47 

-
0.06

0 

0.58
0 

0.07
3 

0.50
4 

0.19
9 

0.06
5 

         aRank-Spearman; *Significantly associated (p<0,05) 
 
DISCUSSION 

The number of subjects in female students aged 
18-21 at Universitas Diponegoro was 87 people. 
Using a waist circumference indicator, 17% of 
Universitas Diponegoro students had central 
obesity. This result is higher than the results of the 
2013 Central Java Province Basic Health 
Research showing the prevalence of central 
obesity in the age group of 15-24 years by 9.5%. 
The prevalence of central obesity is higher in 
women by 39.4 % (Riskesdas, 2013). However, 
this prevalence is lower when compared to 
national surveys that the prevalence of central 
obesity in women is 41.9%(Harbuwono et al., 
2018). 
Central obesity is often called the visceral type 
due to excessive accumulation of fat and far 
beyond normal in the abdomen.(Ticoalu, et al. 
2015) Visceral fat itself is the body fat that 

collected in the central part of the body and 
covered the internal organs. Excess visceral fat is 
closely related to the occurrence of degenerative 
diseases and the incidence of metabolic 
syndrome (Tatsumi et al., 2017). 
Adipose tissue is a tissue that plays a role in the 
release of free fat, pro-, and anti-inflammatory 
cytokines, so obese individuals tend to experience 
homeostatic cholesterol disorders, such as high 
triglyceride levels and low HDL levels.(Taverne, et 
al., 2013) In this study, some subjects 
experienced hypertriglyceridemia by 5.7 % and 
subjects who had low HDL levels by 12.6%. At 
present, there is a visceral adipose indicator 
called VAI with higher sensitivity and specificity 
than commonly used parameters such as waist 
circumference, BMI, and fat.(Amato et al., 2010) 
The VAI formula requires data related to BMI, 
waist circumference, HDL levels, and triglyceride 
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levels. VAI is significantly associated with 
adipocytokine synthesis, pro-inflammatory 
activity, and dyslipidemia (Garcés et al., 2014).  
In this study, subjects had high VAI values by 
14.4%. 
Increased incidence of central obesity and several 
observations of other metabolic syndromes in 
adolescents occur due to several factors such as 
excessive food intake, consumption of fatty foods, 
consumption of fast food, and low physical 
activity or sedentary lifestyles (Mardiana & 
Prameswari, 2013). Current eating habits of 
adolescents that prefer fast food which contain 
pro-inflammatory nutritional sources (Kord 
Varkaneh et al., 2018). Subjects in this study were 
58.6% had high DII; this indicated that more 
subjects consumed pro-inflammatory diets than 
subjects with low DII by 41.4% or who consumed 
anti-inflammatory diets. 
A high DII reflects a pro-inflammatory diet, while 
a low DII reflects an anti-inflammatory diet. A 
study mentioned that the increase in DII or high 
consumption of pro-inflammatory diets cause an 
increase in obesity. The pro-inflammatory diet 
itself can contribute more to the markers of 
inflammation and weight gain.(Kord Varkaneh et 
al., 2018). 
Physical activity is closely related to the incidence 
of central obesity, because routine physical 
activity can help encourage decrease in fat tissue, 
even without weight loss (Andre & Despres, 
2013). This study was dominated by subjects who 
had low physical activity of 85.1%, and subjects 
with moderate physical activity by 14.9% Most 
subjects spend time with only sitting and rarely do 
sports. Inactive lifestyles and low activity levels are 
one of the causes of obesity (Elisabeth et al., 
2013). 

 
The Association Between Dietary Inflammatory 
Index Score With Visceral Adiposity Index Score 
and Its Components 
The correlation test showed there was a 
significant association between DII with VAI (p = 
0.016) and HDL levels (p = 0.043) in 
adolescents. This finding is consistent with 
research on female subjects in Johannesburg, 
Africa revealed that visceral fat measurements are 
higher in subjects with high DII (pro-
inflammatory) compared with subjects who had 
low DII (anti-inflammatory).(Asanda et al., 2019) 
These results proved that consuming an excessive 
pro-inflammatory diet can increase total fat 
accumulation and the incidence of central obesity 
(Weisberg et al., 2003)(C. Kim et al., 2006)(Snel 
et al., 2012). In DII, there are 9 of 27 
components of nutrients, which are a source of 
pro-inflammatory energy, carbohydrates, fats, 

proteins, cholesterol, vitamin B12, saturated fatty 
acids, trans fat, and iron.  
Food sources that trigger high inflammation are 
processed starches, sugars, saturated fatty acids, 
trans fat, and low omega 3 fatty acids, natural 
antioxidants such as fiber from fruits, vegetables, 
and grains (Glaser, 2010). A high-fat diet causes 
excessive accumulation of body fat and damages 
the immune system. Several fatty acids, such as 
polyunsaturated acids (PUFAs), saturated fatty 
acids, and trans fatty acids, have a significant 
effect on inflammatory status (Joffe et al., 2013). 
Carbohydrates with a relatively high glycemic 
index (GI) and glycemic load (GL) have also been 
associated with increased risk of coronary heart 
disease, stroke, and type 2 diabetes mellitus, 
especially among overweight individuals 
(Galland, 2018). High GI and GL diets are 
significantly associated with biomarkers/markers 
of inflammation (Lee et al., 2013). 
A study of western-type diets that tend to reflect 
pro-inflammatory diets such as high red meat 
and high-fat dairy products are associated with 
inflammatory markers such as CRP levels, 
interleukin IL-6, and higher fibrinogen 
(Johansson-Persson et al., 2014). The condition 
of obesity is associated with various disorders, 
including disorders of the adipokine reaction that 
trigger the low-level inflammation. One factor 
that can activate the inflammatory reaction is pro-
inflammatory food sources such as fat intake, 
especially saturated fatty acids, and cholesterol. 
The amount of saturated fat intake and 
cholesterol intake contribute to the development 
of low-level inflammation associated with 
metabolic disorders (Rachmawati & Sulchan, 
2014). 
So the importance of daily consumption of anti-
inflammatory food sources, such as vegetables 
and fruit. The antioxidant character of vegetables 
and fruits are considered as one of the 
mechanisms underlying the contribution of the 
anti-inflammatory diet. Higher vegetable and fruit 
intake are associated with lower oxidative stress 
and inflammation. The addition of antioxidants or 
vegetables can limit or reverse the pro-
inflammatory response of foods that high in 
saturated fatty acids (Glaser, 2010)(Calder et al., 
2009). Choosing a good diet such as proper 
consumption of GI and GL, PUFA, low trans-fat, 
high vitamins, and minerals is necessary to 
reduce the presence of inflammation (Joffe et al., 
2013). 
High DII can be associated with any sign of 
metabolic syndrome, such as low HDL levels 
(Neufcourt et al., 2015)(Nikniaz et al., 
2018)(Wirth et al., 2015)(Ramallal et al., 2015). 
This is consistent with research in subjects aged 
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18-69 years in Luxembourg which mentioned that 
subjects with high DII had lower HDL levels 
compared to subjects who had a low DII (Alkerwi 
et al., 2014). Pro-inflammatory diets such as high 
consumption of fatty acids will affect adipose 
tissue especially visceral fat to express responses 
to various stimuli, one of them is an increase in 
the release of free fatty acids by adipose tissue 
which could stimulate the increase of VLDL 
secretion in the liver which will resulted in 
increase in triglycerides and decrease in HDL 
(Gropper et al., 2009; Wang & Peng, 2011). That 
increase will trigger the release of HDL from the 
liver to carry cholesterol in the circulation (reverse 
cholesterol transport). This HDL is esterified into 
cholesterol esters, which can be directly carried to 
the liver to be directly excreted or exchanged with 
triglycerides from VLDL and chylomicrons. When 
cholesterol esters are excessive, triglyceride-rich 
HDL (low-density HDL) is broken down by hepatic 
lipase, thereby reducing HDL levels (Barasi, 2009; 
Barasi, 2009). 
An anti-inflammatory source nutrient that works to 
increase HDL levels, one of them is vitamin C. 
Vitamin C (ascorbic acid is an antioxidant that 
can affect the lipid profile). This is evidenced from 
the intervention research on the administration of 
aloe vera juice containing vitamin C with the 
results of the increase in HDL levels in 2 groups of 
subjects, although statistically, the increase in HDL 
levels was not significant (Utami & Kusumastuti, 
2014). The fiber is also a source that can increase 
HDL levels. This is supported by cross-sectional 
studies that found increased fiber intake was 
significantly associated with increased HDL levels 
(Zhou et al., 2015). 
In this study there was no significant association 
between DII and BMI (p = 0.208), waist 
circumference (p = 0.252) and triglyceride levels 
(p = 0.132). This is consistent with research on 
subjects aged 19-56 years in Yogyakarta, which 
stated that there is no association with triglyceride 
levels (Muhammad et al., 2019). In contrast to 
the studies of Neufcourt et al. showed that high 
DII or pro-inflammation is significantly associated 
with high triglyceride levels and lower HDL levels 
(Neufcourt et al., 2015). So that this study cannot 
confirm that DII is associated with triglyceride 
levels. 
In this study, there was no significant association 
between physical activity with VAI, BMI, waist 
circumference, HDL levels, and triglyceride levels 
in adolescents. This is maybe because most 
subjects spend more time in college by sitting in 
class, and only lying while playing gadgets when 
the subject is at boarding/at home. Most of the 
subjects admitted that they rarely did sports 
because their time was occupied with doing 

college assignments. So that the type, frequency, 
and intensity of physical activity undertaken by the 
subject cannot describe the relationship of 
physical activity with VAI and its components in 
adolescents. These results are consistent with 
research on adolescents in Manado at 2012 that 
there was no significant association between 
physical activity and waist circumference in 
adolescents (Elisabeth et al., 2013). 

 
CONCLUSION 

Most of the subjects in this study had the habit of 
consuming pro-inflammatory diets by 58.6%. The 
higher the DII, the higher the VAI and lower for 
HDL levels. 6.9 % of subjects had high VAI, and 
12.6% of subjects had low HDL levels. There was 
a positive association between DII and VAI) and a 
negative association between DII and HDL levels. 
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SUGGESTION 

A high DII score or a pro-inflammatory diet is 
significantly associated with obesity. So that 
students need to get an education and 
counselling about selecting food sources. Pro-
inflammatory food sources such as junk food, 
innards, fried foods, etc. Anti-inflammatory food 
sources such as vegetables, fruit, fish, and others. 
We hope it can reduce the accumulation of 
visceral fat or the incidence of central obesity by 
modifying food source choices without reducing 
intake requirements. 
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