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Abstract: Obesity in adolescents has been associated with increased cardiovascular risk factors such as dyslipid-
emia and insulin resistance. Several factors have been proposed to be associated with cardiovascular risk factors in 
adolescents including dietary habit, physical activity and genetic. This study was aimed to evaluate the interaction 
between genetic variation and dietary intake on cardiovascular metabolic risk factors in obese and normal weight 
adolescents. The UCP2 gene was chosen because it was previously correlated with dietary intake and cardiovascular 
risk factors. This study is a case control study done in 10 senior high school in Yogyakarta. Subjects were obese and 
normal weight adolescents taken from an obesity screening with age ranged between 16 and 18 years old. Dyslipi-
demia was observed by measuring total cholesterol, triglyceride, LDL dan HDL level while insulin resistance was de-
termined by calculating fasting glucose and insulin level. Lipid profile, glucose and insulin level were measured after 
8 hours of fasting. UCP2 -866G/A gene polymorphism were determined using polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP). The results show that obese adolescents had significantly higher blood 
pressure, total cholesterol, LDL, triglyceride, insulin level and lower HDL level than their normal weight counterparts 
(all p<0.001). In obese adolescents, UCP2 -866G/A was associated with blood pressure (p=0.025), total cholesterol 
level (p=0.025), LDL (p=0.024) level and HOMA IR (p<0.001) but not with dietary fat intake (p=0.386). Additionally, 
subjects with UCP2 -866G/A gene polymorphism and high dietary fat intake had lower risk on obesity compared to 
those without UCP2 -866G/A gene polymorphism and low dietary fat intake. We conclude that the UCP2 -866G/A 
was associated with dyslipidemia, insulin resistance in obese adolescents. Additionally, we also observed the inter-
action between UCP2 -866G/A gene polymorphism and dietary intake on the risk of obesity.
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Introduction

The worldwide prevalence of obesity in child-
hood and adolescent has been increasing in 
the recent decades. This is not only a problem 
for developed countries such as United States 
and Europe [1], but also a problem for develop-
ing countries such as Indonesia. Based on 
National Health Survey in 2013 [2], the current 
prevalence of overweight and obesity for ado-
lescents aged 16-18 years old is 7.3%. This 
number was dramatically increased from data 
in 2007 which showed only 1.4% of adoles-
cents aged 16-18 years old were overweight or 
obese.

Childhood and adolescent obesity has become 
an important risk factor for cardio metabo- 
lic disorder such as dyslipidemia, insulin resis-
tance, and inflammation [1]. In our previous 
study, we found that 55.7% of obese adoles-
cent girls were insulin resistant [3]. It has been 
previously showed before that obese adoles-
cent had abnormal atherogenic lipid profile con-
sisted by increased LDL and triglyceride level as 
well as reduced HDL level [4-6]. Although the 
exact mechanism is still remain unclear, it is 
suspected that dyslipidemia occurred in obese 
adolescents was due to insulin resistance [1]. 
Additionally, a consecutive increment in dietary 
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fat intake was also related to elevated lipid in 
blood [7].

One of the important regulators of lipid metabo-
lism is Uncoupling Protein 2 (UCP2). This pro-
tein is expressed in wide variety of tissues such 
as spleen, immune system, pancreas and cen-
tral nervous system; therefore studies suggest-
ed that UCP2 is an important regulator of di- 
etary intake, insulin and immune response [8]. 
Due to its ability to control dietary intake and 
energy metabolism, it has been suggested that 
UCP2 gene polymorphism is associated with 
obesity. A meta-analysis study showed that A 
allele of UCP2 -866G/A polymorphism had a 
protective effect on overweight and obesity, 
especially for European populations [9]. Addi- 
tionally, a cross sectional study in Balinese po- 
pulation suggested that environment factor is 
an important component to be address when 
analyzing the effect of UCP2 -866G/A polymor-
phism on obesity and cardio-metabolic risk  
factors [10]. Therefore this study was aimed to 
analyze the interaction of UCP2 -866G/A gene 
polymorphism with dietary fat intake on obesi-
ty, dyslipidemia, and insulin resistance in ado- 
lescents.

study design, what will be measured and what 
is the purpose of the study. The inclusion crite-
ria includes age between 15-21 years old, their 
parents agreed to sign the informed consent, 
not having chronic diseases. The exclusion cri-
teria of this study were having a medication 
during test days.

All measurements include anthropometric, di- 
etary intake and blood pressure measurement 
were done by trained enumerators. Body wei- 
ght was measured using a digital scale with 0.1 
kg precision. Height was measured using a 
microtoise with 0.1 cm precision. BMI (body 
mass index) was calculated by dividing weight 
in kg by the square of height in meter. The sta-
tus of obesity and normal weight were deter-
mined by calculating Z score using BMI for age 
based on WHO standard. Waist circumference 
and neck circumference were measured using 
plastic tape with 0.05 mm precision. For the 
neck circumference, the tape was placed below 
laryngeal prominence and applied perpendi- 
cular to the long axis of the neck [11]. For the 
waist circumference, tape was placed in line 
with umbilical cord and circular around the 
waist. Before the measurement preformed, 

Table 1. Characteristics of subjects

Characteristics Obese* 
(n=106)

Normal Weight* 
(n=155) p

Age (years) 16.87±0.64 16.79±0.64 0.1367
Height (cm) 163.69±9.09 162.69±8.86 0.1865
Weight (kg) 90.73±13.95 56.37±10.34 <0.0001
BMI/age (z-score) 2.50±0.05 -0.41±0.07 <0.0001
Waist circumference (cm) 96.11±10.86 72.28±9.92 <0.0001
Neck circumference (cm) 36.44±4.28 31.90±3.17 <0.0001
Systolic Blood Pressure (mmHg) 120.67±11.46 112.88±13.74 <0.0001
Diastolic Blood Pressure (mmHg) 82.15±9.44 77.10±9.67 <0.0001
Fasting blood glucose (mg/dl) 84.00±10.21 82.76±9.76 0.1621
Fasting insulin (µl/dl) 22.26±9.67 11.75±5.63 <0.0001
HOMA IR 2.75±0.25 1.38±0.59 <0.0001
HOMA % S 47.39±2.08 85.10±3.51 <0.0001
HOMA β 216.58±7.62 143.73±4.13 <0.0001
Total cholesterol (mg/dl) 178.23±37.017 159.87±29.54 <0.0001
LDL (mg/dl) 102.74±39.19 83.23±29.28 <0.0001
HDL (mg/dl) 45.78±9.40 52.45±11.04 <0.0001
Triglyceride (mg/dl) 117.77±63.37 79.38±32.20 <0.0001
Fat intake (gr) 71.67±39.35 78.13±36.81 0.0084
Proportion of energy from fat (%) 23.95±5.99 24.29±5.93 0.3237
*mean ± SD.

Material and methods

This is an observational 
study with case control de- 
sign done in Yogyakarta, In- 
donesia. Obese adolescent 
boys and girls aged between 
16-18 years old were in the 
case group and their normal 
weight counterparts were in 
control group. Obese sub-
jects were randomly select-
ed based on obesity screen-
ing on more than 3918 st- 
udents in 10 senior high 
schools in Yogyakarta. Me- 
anwhile their normal-weight 
counterparts were matched 
based on gender age and 
area of high school. This st- 
udy has been approved by 
the ethical committee of Fa- 
culty of Medicine, Universi- 
tas Gadjah Mada. After se- 
lected, the parents of sub-
jects were given the inform- 
ed consent regarding the 
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Table 2. The association between obesity, blood pressure, biochemical measurements and fat intake
Variable Obese n (%) Normal Weight n (%) p OR CI 95%
Gender
    Male 59 (55.66) 86 (55.48) 0.978 1.01 0.59-1.708
    Female 47 (44.34) 69 (44.52)
Waist Circumference
    >80 (female) and >90 (male) 93 (87.74) 17 (10.97) 0.0001 58.07 25.4-135.6
    ≤80 (female) and ≤90 (male) 13 (12.26) 138 (89.03)
Neck Circumference  
    High 121 (91.66) 62 (48.07) <0.0001 12.1 5.8-27.1
    Normal 11 (8.34) 67 (51.93)
Systolic Blood Pressure
    High 77 (72.64) 71 (45.81) 0.0002 3.14 1.79-5.55
    Normal 29 (27.36) 84 (54.19)
Diastolic Blood Pressure
    High 82 (77.36) 80 (51.61) 0.0001 3.20 1.78-5.83
    Normal 24 (22.64) 75 (48.39)
Fasting blood glucose
    Normal 102 (96.23) 147 (94.84) 0.599 0.72 0.15-2.77
    Low 4 (3.77) 8 (5.16)
Fasting insulin
    High 33 (31.13) 3 (1.94) <0.0001 22.9 6.76-119.15
    Normal 73 (68.87) 152 (98.06)
HOMA IR
    High 54 (50.94) 7 (4.52) 0.226 21.95 9.08-60.1
    Normal 52 (49.06) 148 (95.48)
HOMA % S
    Abnormal 98 (92.45) 97 (62.58) <0.0001 7.3 3.23-18.59
    Normal 8 (7.55) 58 (37.42)
HOMA β
    High 85 (80.19) 84 (54.19) <0.0001 3.42 1.87-6.38
    Normal 21 (19.81) 71 (45.81)
Total cholesterol
    High 20 (18.87) 13 (8.39) 0.012 2.54 1.13-5.84
    Normal 86 (81.13) 142 (91.61)
LDL
    High 20 (18.87) 11 (7.10) 0.004 3.04 1.31-7.36
    Normal 86 (81.13) 144 (92.90)
HDL
    Low 25 (23.58) 19 (12.26) 0.016 2.20 1.08-4.52
    Normal 81 (76.42) 136 (87.74)
Triglyceride
    High 24 (22.64) 5 (3.23) <0.0001 8.78 3.10-30.3
    Normal 82 (77.36) 150 (96.77)
Genotype UCP2
    AA+GA 61 (57.55) 102 (65.81) 0.176 0.70 0.41-1.21
    GG 45 (42.45) 53 (34.19)
Dietary fat intake
    High 44 (41.51) 66 (42.58) 0.863 0.95 0.56-1.62
    Normal 62 (58.49) 89 (57.42)
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participants were asked to stand with their 
head positioned in the Frankfurt horizontal 
plane. All measurement tools were calibrated in 
the Department of Metrology, Yogyakarta.

Blood pressure was measured from subject’s 
left hand or right hand for left handed subjects, 
while sitting on the chair for at least 5 minutes 
using a calibrated sphygmomanometer. Status 
of hypertension for our subjects was based on 
gender, age and height [12]. Percentile blood 
pressures are classified into 50th, 90th, 95th, 
and 99th. And the categories are: normal blood 
pressure is less than 90th percentile, pre-hyper-
tension is between 90th-95th percentile and 
hypertension is more than 95th percentiles. 
Data on dietary fat intake was collected using  
a semi-quantitative food frequency question-
naire. This data is showed as an absolute fat 
intake (gram), and proportion of energy from fat 
to total energy intake. High fat intake was 
determined when subjects had fat intake more 
than 30% on their total energy intake.

Analysis on lipid profile, glucose and insulin 
level were done using a sample blood from sub-
jects after 8 hours fasting. A 10 mL blood was 
collected using plain tube, and serum was  
separated from whole blood using a centrifu- 
ge. Total cholesterol, LDL, HDL and triglyceri- 
de were measured from plasma using Diasys. 
Glucose level was analysed using GOD-PAP. 

Insulin level was measured using an enzyme 
linked immunosorbent assay or ELISA. Insulin 
resistance was determined based on HOMA IR 
which calculated based on this equation HOMA 
IR = (fasting insulin [mg/dL] × fasting glucose 
[mU/mL])/405 [13].

After the serum was separated, the buffy coat 
was taken and DNA was extracted using salting 
out method. A total 100 µg DNA then being ana-
lyzed using polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) 
with forward primer: 5’-CACGCTGCTTCTGCCA- 
GGAC-3’ and reverse primer: 5’-AGGCTCAGGA- 
GATGGACCG-3’. PCR conditions are, 8 minutes 
of denaturation in 95°C followed by 35 cycles 
of 95°C for 1 minute (denaturation), 55°C for 1 
minute (annealing), 72°C for 1 minute (exten-
sion) and 72°C for 7 minutes (final extension). 
After being amplified, the PCR product then 
digested using BST UI enzyme digestion. Re- 
striction fragments were resolved on a 3% aga-
rose gel.

Statistical analysis was done using STATA (St- 
atacorp). Initially, all parameters were com-
pared between obese and normal weight sub-
jects using independent t-test. A Chi-square 
test was performed to measure the relation-
ship between obesity and abnormality of lipid 
profile, glucose and insulin resistance as well 
as dietary fat intake. Subjects then grouped 

Table 3. Characteristics of subjects
Characteristics n Obese (mean ± SD) p Normal Weight (mean ± SD) p

GG GA AA GG GA AA
N 261 45 (25/20) 49 (27/22) 12 (7/5) 53 (27/26) 81 (48/33) 21 (11/10)

Age (years) 261 16.87±0.63 16.88±0.64 16.85±0.68 0.947 16.92±0.68 16.68±0.61 16.89±0.56 0.564

BMI/Age (kg/m2) per Age 261 2.77±0.42 2.69±0.44 2.69±0.42 0.921 -0.04±0.99 -0.16±1.08 0.15±1.17 0.623

Waist Circ. (cm) 261 96.3±11.3 96.7±10.5 92.8±10.6 0.879 72.07±11.2 72.02±9.21 73.8±9.37 0.259

Neck Circ. (cm) 261 36.4±3.74 36.5±5.11 36.1±2.05 0.002 31.57±3.28 32.16±3.12 31.74±3.15 0.921

Blood Pressure (mmHg)

    Systolic blood pressure 261 121.5±12.1 120.2±10.5 119.6±13.0 0.504 114.3±10.9 111.9±15.8 113.2±11.6 0.009

    Diastole blood pressure 261 83.6±11.5 80.8±6.7 82.3±10.6 0.002 79.1±8.6 76.7±10.3 73.5±8.9 0.323

Fasting glucose (mg/dl) 261 83.6±9.8 84.4±10.9 83.7±8.9 0.633 81.2±9.3 82.3±8.9 88.57±12.2 0.169

Fasting insulin (µmol/dl) 261 23.2±8.5 21.5±10.8 21.6±9.1 0.266 11.7±7.1 11.6±4.4 12.6±5.5 0.001

HOMA IR 261 2.9±1.0 3.2±4.4 2.7±1.1 <0.001 1.44±0.88 1.44±0.54 1.55±0.68 <0.001

HOMA β 261 239±81 217±97 223±70 0.310 154±58 152±49.7 136±45 0.310

HOMA % S 261 40.5±17.6 46.7±22 42.7±15.7 0.165 87±44 80.6±37 76.2±29.7 0.100

Total cholesterol (mg/dl) 261 184.1±43.2 172.4±29.7 179.9±38.2 0.045 160.7±30.3 160.5±30.6 155.5±23.6 0.376

HDL (mg/dl) 261 44.1±8.2 47.2±10.0 45.9±10.5 0.312 53.4±9.9 52.1±11.9 51.4±10.5 0.357

Triglyceride (mg/dl) 261 119.3±67 116.97±63 115.3±46.6 0.358 80.8±34.1 82.6±31.8 63.4±24.2 0.220

LDL (mg/dl) 261 103±43.8 96.6±30.8 126.7±45.1 0.0575 84.5±31.5 84.1±28.6 76.5±26.3 0.583

Fat intake (g) 261 69.1±35 73.7±38 72.6±59 0.041 75.6±37 80.9±36 73.8±39 0.922

% fat to energy 261 24.4±6.6 23.7±5.7 23±5.03 0.402 23.3±5.9 24.9±5.8 24.3±6.2 0.949
Data are presented as mean ± SD. If it is normally distributed, then they are presented as median ± 95% CI. Data were analyzed using STATA.
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based on their genotype and Chi-square test 
was used to analyze the differences in lipid pro-
file, glucose and insulin resistance between 
genotypes. The analysis was done separately 
based on obesity status. Finally, an analysis on 
gene-environment interaction were done using 
Fisher exact test in several stages. Significance 
level is based on p value less than 0.05.

Results

A total of 263 adolescents were agreed to par-
ticipate in this study and only 261 were com-
pleted all the measurements. This number was 
consisted by 106 obese adolescents and 155 
normal-weight counterparts. The characteris-
tics of both groups are presented in Table 1. In 
this study, we found that obese adolescents 
had higher fasting insulin level but not fasting 
plasma glucose. Fasting total cholesterol, LDL, 
triglyceride were higher and HDL level was 
lower in obese adolescents. Although obese 
and normal weight subjects have similar glu-
cose level, obese adolescents had higher insu-
lin level. In addition, blood pressures in obese 
adolescents were also higher. There were dif-
ferences in dietary intake between obese and 
normal weight adolescents. Obese adolescents 
had less fat intake but no differences were 
seen in proportion of energy from fat to total 
calorie intake (Table 1). In line with results from 
Table 1, the odds ratio of high blood pressure, 

morphism and obesity in this study (Table 4). 
Additionally, we showed that there was an in- 
teraction between dietary intake and UCP2 
-866G/A gene polymorphism and obesity. (Ta- 
ble 5). Interestingly, subjects with high dietary 
fat intake and had UCP2 -866G/A gene poly-
morphism were less likely to become obese 
(OR: 0.19, p=0.006) compared to those with 
normal dietary fat intake and had no UCP2 
-866G/A gene polymorphism.

Discussion

In this study, we highlighted that obesity in ado-
lescents was associated with insulin resistan- 
ce and dyslipidemia. Although UCP2 -866G/A 
gene polymorphism is not associated with obe-
sity, this SNP was associated with high blood 
pressure, dyslipidemia and insulin resistance. 
In the gene-environment model, this genetic 
polymorphism interacted with dietary fat intake 
to induce obesity in adolescents. To our knowl-
edge, this is the first study that evaluates the 
interaction between UCP2 -866G/A gene poly-
morphism and dietary fat intake on obesity in 
adolescent.

In this study, we confirmed that obesity in ado-
lescents is associated with metabolic distur-
bance such as dyslipidemia and insulin resis-
tance. As seen in our study, although obese 
adolescent had similar glucose level with their 

Table 4. Obesity according to UCP2 -866G/A gene polymor-
phism
Polymorphism 
-866G/A

Obese  
(%)

Normal 
Weight (%) OR 95% CI p

GA/AA 61 (57.55) 102 (65.81) 0.70 0.41-1.21 0.176
GG 45 (42.45) 53 (34.19) 1.00
Allele A 97 (36.74) 99 (38.37) 0.932 0.64-1.35 0.701
Allele G 167 (63.26) 159 (61.63) 1.00
Data are presented as n (%). If it is normally distributed, then they are 
presented as median ± 95% CI. Data were analyzed using STATA.

dyslipidemia and insulin resistance 
were higher in obese adolescent gr- 
oup (Table 2). In this study, high fat 
intake and A allele were not associat-
ed with obesity.

As shown in Table 3, UCP2 -866G/A 
gene polymorphism was associated 
with several metabolic profiles in ob- 
ese and normal-weight adolescents. 
In obese adolescents, the differences 
in blood pressure, HOMA IR, total cho-
lesterol and neck circumference lev- 
el were seen between genotypes (all 
p<0.05). In normal-weight adolesce- 
nts differences in blood pressure, 
HOMA IR and fasting insulin were also 
seen between genotypes (all p<0.05).

The interaction between dietary fat 
intake, obesity, and UCP2 -866G/A 
gene polymorphism were evaluated  
in this study. There is no association 
between UCP2 -866G/A gene poly-

Table 5. Obesity, UCP2 -866G/A gene polymorphism, and 
dietary fat intake 

UCP2 Fat 
intake

Obese  
(%)

Normal 
Weight (%) OR 95% CI p

+ High 3 (2.83) 20 (12.90) 0.19 0.03-0.72 0.006
+ Low 58 (54.72) 82 (52.90) 0.90 0.50-1.61 0.701
- High 8 (7.55) 6 (3.87) 1.69 0.47-6.45 0.363
- Low 37 (34.90) 47 (30.23) 1.00
Total 106 155
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normal-weight counterparts the insulin level is 
significantly high showing the degree of lack of 
sensitivity to insulin. This result is analogous to 
what we found in obese female adolescents 
[3]. It has been reported before that children 
with obesity often endure several lipid abnor-
malities including elevated triglyceride and LDL 
as well as decreased HDL [14]. One of the 
prominent feature of obesity in children is insu-
lin resistance which also seen in our study. 
Insulin resistance induces dyslipidemia by in- 
creasing hepatic delivery of non-esterified free 
fatty acids to form triglyceride which in turn will 
increase triglyceride-rich lipoprotein. The high 
triglyceride level are processed into LDL less 
stable HDL, this will lead to increasing LDL level 
and decreasing HDL level [15].

In this study, we found that UCP2 -866G/A gene 
polymorphism was not associated with obesity 
in adolescents. Interestingly, we showed that 
UCP2 -866G/A gene polymorphism was inte-
racted to dietary fat intake on the risk of obesi-
ty. Subjects with UCP2 -866G/A gene polymor-
phism and high dietary fat intake had lower risk 
on obesity compared to those without UCP2 
-866G/A gene polymorphism and low dietary 
fat intake. This protection of A allele has also 
been reported elsewhere [9]. However, to our 
knowledge this is the first study that evaluates 
the interaction between UCP2 -866G/A gene 
polymorphism and dietary fat intake on obesity 
in adolescent.

UCP2 -866G/A gene polymorphism was associ-
ated with insulin resistance and dyslipidemia in 
obese adolescents. The associations between 
UCP2 with insulin resistance and dyslipidemia 
have already been reported before. The variant 
was associated with increased risk of dyslipid-
emia among French type2 diabetic patients 
[16]. However, the contradiction is also found 
as previous study reported that UCP2 -866G/A 
gene polymorphism was not associated with 
lipid profile and fasting blood level [10].

The mechanism on how UCP2 influenced obe-
sity and metabolic disorder has been reviewed 
before [17]. UCP2 is up-regulated by nutrients 
and affect metabolic activity and ATP genera-
tion. It has recently reported that UCP2 pre-
vents pyruvate efflux from mitochondria thus 
affect the citric acid process and promote glu-
cose oxidation compared to lipid metabolism 
[18]. This protein is also important for glucose-
stimulated insulin secretion [19]. The UCP2 

-866G>A polymorphism is located at the proxi-
mal promoter of UCP2, the changes of nucleo-
tide base affect its transcription factor binding 
sites [20, 21]. Previous study showed that 
human islets with GA-genotype have decreased 
glucose-stimulated insulin secretion compared 
to GG-genotype islets. The results suggested 
that A allele increase mRNA UCP2 expression 
thus induced UCP2 protein production and in 
turn decreased glucose stimulated insulin se- 
cretion [22]. Those finding support our finding 
on how obese subjects with AA genotype had 
less HOMA IR than the GG or GA genotype.

We concluded that UCP2 -866G>A polymor-
phism was not associated with obesity in ado-
lescents. Additionally the polymorphism was 
associated with changes insulin resistance and 
dyslipidemia in obese and normal-weight ado-
lescents. In obese adolescents subjects with 
AA genotype have lower HOMA IR but in normal-
weight adolescents subjects AA genotypes 
have higher HOMA IR. We also found that UCP2 
-866G>A polymorphism was interacted dietary 
fat intake and their combination is associated 
with reduced prevalence of obesity. From this 
study, it seems that subjects with A allele were 
more protected from insulin resistance and 
dyslipidemia.
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