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Abstract.10

BACKGROUND: Obesity is linked to high dietary intake and low physical activity. Studies showed that those factors were11

not only regulated by environment but also regulated by genetic variations. However, the relationship has less been understood12

in obese children and adolescents.13

OBJECTIVE: The objective of this study was to examine the role of SNPs (single nucleotide polymorphisms) in uncoupling14

protein (UCP) 2-866G/A and UCP3 -55C/T on dietary intake and physical activity in obese female adolescents.15

METHODS: This is an observational study with cross sectional design. Respondents were obese female adolescents enrolled16

from obesity screening done in six junior high schools in Yogyakarta.17

RESULTS: Seventy eight obese female adolescents joined this study. From 2 SNPs that have been analysed, we found that18

SNPs in UCP2 was associated with dietary intake and physical activity (p = 0.02 and p = 0.02, respectively). Interestingly,19

subjects with combination of UCP2 -866GG and UCP3 -55CC had slightly higher percent fat to total energy intake compared20

to those with UCP2 -866AA and UCP3 -55TT (mean difference = –3.8 ± 1.9; p = 0.059).21

CONCLUSION: We concluded that SNPs on UCP2 was related to dietary intake and physical activity in Indonesian obese22

female adolescents.23

Keywords: Dietary intake, UCP2, UCP3, obesity, physical activity, adolescents24

∗Corresponding author: Harry Freitag Luglio, Department of Nutrition and Health, Faculty of Medicine, Universitas Gadjah Mada, Jalan
Farmako, Sekip Utara, Yogyakarta, Indonesia. Tel./Fax: +62 274 547775; E-mail: harryfreitag@ugm.ac.id.

ISSN 1973-798X/16/$35.00 © 2016 – IOS Press and the authors. All rights reserved

mailto:harryfreitag@ugm.ac.id


U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

2 H.F. Luglio et al. / Gene-lifestyle interaction

Table 1

Primers and restriction enzymes used for PCR-RFLP

Genes Primers (forward) Primers (reverse) Restriction Incubation temperature

enzymes and time

UCP2 5’ – CAC GCT GCT TCT GCC AGG

AC – 3’

5’ – AGG CGT CAG GAG ATG GAC

CG – 3’

MluI Overnight at 37
◦
C

UCP3 5’-GAG CTA TAT TAA AGC ACC

CCG GGT CAA GAG GAC-3’

5’- TCT GCT GCT TCT GGC TTG GCA

CTG GTC TTA TAC ACC C-3’

SmaI 25
◦
C for 4 hours

1. Introduction24

The prevalence of childhood obesity has increased dramatically during the last the decades. Obesity has been25

associated with increased risk of hypertension, cardiovascular diseases and type 2 diabetes mellitus [1]. High26

energy intake accompanied by low physical activity have been associated with the increasing risk of obesity27

[2–3]. There were evidences showing that eating pattern and physical activity were not purely controlled by28

environmental factors but also genetically inherited [4]. It has been estimated that genetic factors was responsible29

for 80% of variance in body mass index [5]. In this study, we were interested in investigating the role of genetic30

variations in UCP2 and UCP3. UCP2 and UCP3 are genes involved in many process in human metabolism and31

have been reported to be associated with risk of obesity [6, 7]. UCP2 and UCP3 encode uncoupling protein 2 and32

3, family of mitochondrial transport proteins that promote oxidative phosphorylation from adenosine triphosphate33

(ATP) and release energy as heat [8].34

Although some studies have supported the associations between UCP2 -866G/A and UCP3 -55C/T gene35

polymorphism with obesity [6, 7, 9], there are limited information regarding the role of those SNPs on dietary36

intake and physical activity in obese adolescents. In this study, we aimed to assess the role of single nucleotide37

polymorphisms (SNPs) of UCP2 -866G/A and UCP3 -55C/T genes on dietary intake and physical activity in38

obese female adolescents.39

2. Methods40

A total of 2120 female adolescents in Yogyakarta, Indonesia were screened for obesity based on the parameter41

of body mass index for age. Subject’s obesity status was defined when body mass index (BMI) were beyond42

95th percentile of 2000 Growth Reference Standard (WHO-Centre for Disease Control). From those who were43

screened, 136 of them were obese and only 78 who were agreed to participate in this study. The inclusion44

criteria were female, obese with age range between 13–15 years old and agreed to participate in this study. Those45

who did not have the menstrual cycle were excluded in this study. Ethical clearance was obtained from Ethical46

Commission of Medical and Health Research, Universitas Gadjah Mada, Yogyakarta.47

Interviews were done by trained enumerators to collect data on dietary intake and physical activity. A 2448

hours dietary recall was done in 6 non-consecutive days to assess dietary intake including total energy, fat49

and carbohydrate intake. Beside the absolute intake, we also showed the dietary intake as proportion fat and50

carbohydrate intake towards total energy intake (%) and dietary intake per kg body weight. Data from the recalls51

were then converted to Kcal or mg with the software Nutrisurvey (EBISpro, Germany). Data on habitual physical52

activity were obtained by 6 days non-consecutive physical activity recalls. The amount of energy spent in the53

physical activity was expressed in METs (metabolic equivalents of tasks).54

Samples of DNA were extracted from 5 mL of peripheral blood by using salting out methods. Genotyping55

of those six genes were performed using PCR-RFLP with primers as shown in Table 1. The PCR conditions56



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

H.F. Luglio et al. / Gene-lifestyle interaction 3

Table 2

Characteristics of subjects

Characteristics Mean ± SD

Age (years) 13.7 ± 0.9

Body weight (kg) 70.5 ± 8.3

Height (cm) 154 ± 5

Body mass index (kg/m2) 29.7 ± 2.6

Waist circumference (cm) 89.2 ± 6.5

Hip circumference (cm) 104.9 ± 5.9

Dietary Intake

Energy intake (kcal/day) 1141 ± 306

Fat intake (g/day) 41.9 ± 13.9

Carbohydrate intake (g/day) 151.2 ± 42.9

Energy intake (kcal/kg BW/day) 16.42 ± 5.09

Fat intake (g/kg BW/day) 0.60 ± 0.23

Carbohydrate intake (g/kg BW/day) 2.17 ± 0.68

Physical activity level (METS) 1931 ± 130.1

were initiated at 96◦C for 5 minutes, followed by 36 cycles of reaction (denaturation for 30 seconds at 95◦C,57

annealing for 30 seconds at 68◦C, extension for 30 seconds at 72◦C) and final extension for 7 minutes at 72◦C.58

The fragments were resolved on 3% agarose gel for electrophoresis [10].59

Allele frequency, Hardy Weinberg Equilibrium (HWE) and were calculated for both SNPs. In order to analyze60

the relationship between genetic variations and dietary intake and physical activity, one-way ANOVA with61

Tukey’s Multiple Comparison Test was used. In addition, analysis using dominant model, recessive model,62

over dominant model and log additive models were used for confirmation on analysis. Students t-test and Mann63

Withney test were used to analyzed the difference in dietary intake and physical activity between combined allelic64

variations and reference variation UCP2 -866GG and UCP3 -55CC. All analysis were done using GraphPad65

Prism version 5.00 for Windows, GraphPad Software, San Diego California USA.66

3. Results67

We include 78 obese subjects who were between 13–15 years old. They had mean body weight of 70.5 ± 8.3 kg68

and mean BMI of 29.7 ± 2.6 kg/m2 (Table 2). Hardy-Weinberg Equilibrium (HWE) analysis showed that both69

UCP2 -866G/A and UCP3 -55C/T gene polymorphism were inside the equilibrium (p = 0.49 and p = 0.09, respec-70

tively). Minor and major alleles were presented in the two genes analysed and both alleles were under the71

HWE.72

Table 3 showed the association between SNPs, dietary intake and physical activity. The Table showed that SNP73

in UCP2-866G/A was associated with energy intake and carbohydrate intake (p = 0.02 and p = 0.01, respectively).74

This association is consistent even after the energy intake was divided with body weight (kcal/kg body weight/day75

and g/kg body weight/day, respectively). On the other hand, UCP3 -55C/T was not associated with dietary intake76

but when dietary intake was divided with body weight this association became significant. UCP3 -55C/T was77

associated with energy and fat intake per kg body weight (p = 0.029 and p = 0.007, respectively).78

In addition to dietary intake, the role of several SNPs of UCP2 -866G/A and UCP3 -55C/T on physical79

activity were also evaluated (Table 3). Using one-way ANOVA, we found that physical activity level were80

different with subjects carrying SNPs on UCP2. Subjects on UCP2 -866G/G had higher physical activity than81
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Table 3

The relationship between genetic variation in UCP2 and UCP3, dietary intake and physical activity

Dietary intake UCP2 (mean ± SD) UCP3 (mean ± SD)

A/A (n = 15) G/A (n = 43) G/G (n = 20) P T/T (n = 7) C/T (n = 44) C/C (n = 27) P

Energy (kcal/day) 1268.0 ± 206.8 1055.0 ± 327.8 1232.0 ± 270.0 0.02 1193.0 ± 314.8 1107.0 ± 324.9 1184.0 ± 275.4 0.53

Fat (g/day) 44.9 ± 9.5 38.5 ± 15.5 46.9 ± 11.5 0.05 40.5 ± 11.9 40.3 ± 15.1 44.9 ± 12.2 0.38

Carbohydrate (g/day) 172.4 ± 36.7 139.1 ± 43.5 161.4 ± 38.7 0.01 165.0 ± 49.5 146.9 ± 44.7 154.8 ± 38.6 0.51

Energy (kcal/kg BW/

day)

17.2 ± 2.7 15.35 ± 5.90 18.16 ± 4.08 0.007 15.96 ± 4.44 15.67 ± 5.65 17.77 ± 4.07 0.029

Fat (g/ kg BW/ day) 0.60 ± 0.11 0.56 ± 0.28 0.69 ± 0.17 0.122 0.54 ± 0.16 0.57 ± 0.26 0.67 ± 0.18 0.007

Carbohydrate (g/ kg

BW/ day)

2.34 ± 0.52 2.02 ± 0.74 2.38 ± 0.60 0.013 2.22 ± 0.72 2.07 ± 0.73 2.32 ± 0.58 0.110

Physical activity

(METS)

1850 ± 106 1945 ± 129 1962 ± 129 0.02 1921 ± 90 1925 ± 142 1944 ± 121 0.83

those in other genotypes (p = 0,02). The relationship between UCP2 -866G/A and carbohydrate intake as well82

as physical activity were confirmed in recessive model. However, that association was not seen in UCP3 -55C/T83

gene polymorphism.84

In order to examine the influence of gene-gene interaction, the relationship between allelic combination of85

SNPs in UCP2 -866G/A and UCP3 -55C/T and dietary intake and physical activity were examined. We observed86

no statistically significant association between combination of UCP2 -866G/A and UCP3 -55C/T on dietary87

intake and physical activity (p > 0,05). Interestingly, subjects with UCP2 -866GG and UCP3 -55CC were more88

likely to have higher percent dietary fat to total energy intake compared to those with UCP2 -866AA and89

UCP3 -55TT (Table 4). Although there was a trend, the association of combined UCP2-866AA and UCP3-55TT90

genotype with percent dietary fat (Table 3) did not reach a statistical significance (p = 0.059), and the number of91

subjects in this subgroup was very small (n = 6).92

4. Discussion93

In order to evaluate the influence of genetic factors on dietary habits and physical activity in obese female94

adolescents, SNPs from two genes UCP2 and UCP3 were analyzed. From those SNPs, we found that SNPs95

in UCP2 -866G/A was associated with dietary intake and physical activity. UCP3 -55C/T was associated with96

dietary intake after corrected for body weight. The role of combined gene polymorphisms on dietary intake and97

physical activity was also investigated in this study. We found that subjects with UCP2 -866AA and UCP3 -55TT98

gene polymorphism had lower percent fat intake for total energy intake compared to dominant alleles (GG and99

CC genotypes).100

In this study, we found SNP on UCP2 gene was related to total energy and carbohydrate intake which was not101

seen in a study carried out/conducted by Damcott et al. [11]. They suggested that SNP on UCP3 but not UCP2102

influenced energy intake while this relationship was not seen in this study. In our study, the role of UCP3 on103

intake were only significant after body weight was corrected by dividing energy intake with kg body weight. We104

assumed that the difference in our study than those done by Damcott et al. [11] was due to differences in age and105

ethnicity. In their study they used adult Caucasian subjects while in our study we used Asian female adolescents.106

Obesity is associated with increased energy intake and reduced physical activity. Therefore genetic poly-107

morphisms that increased dietary intake also increased risk for obesity and vice versa. The interaction between108

UCP2-866G/A genotype and lifestyle has been investigated in other studies with conflicting results. A study109
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Table 4

The combination of UCP2 and UCP3 gene polymorphisms on %fat and %carbohydrate to total energy intake

CC CT TT

GG (n = 19) (n = 1) N/A

Energy/kg body weight/day Energy/kg body weight/day

mean = 18.2 ± 4.2 mean = 17.4

mean diff. = N/A (ref.) mean diff. = N/A

p = N/A (ref.) p = N/A

% fat intake % fat intake

mean = 34.1 ± 4.4 mean = 36.2

mean diff. = 0 (ref.) mean diff. = N/A

p = N/A (ref.) p = N/A

% carbohydrate intake % carbohydrate intake

mean = 52.8 ± 5.1 mean = 48.1

mean diff. = 0 (ref.) mean diff. = N/A

p = N/A (ref.) p = N/A

GA (n = 6) (n = 36) (n = 1)

Energy/kg body weight/day Energy/kg body weight/day Energy/kg body weight/day

mean = 15.8 ± 4.0 mean = 15.5 ± 6.2 mean = 8.2

mean diff. = –2.4 ± 1.9 mean diff. = 2.7 ± 1.6 mean diff. = N/A

p = 0.238 p = 0.089 p = N/A

% fat intake % fat intake % fat intake

mean = 33.2 ± 5.9 mean = 32.3 ± 3.6 mean = 31.84

mean diff. = –0.9 ± 2.2 mean diff. = –1.8 ± 1.6 mean diff. = N/A

p = 0.694 p = 0.267 p = N/A

% carbohydrate intake % carbohydrate intake % carbohydrate intake

mean = 51.4 ± 5.1 mean = 53.5 ± 6.7 mean = 47.2

mean diff. = –1.4 ± 2.4 mean diff. = 0.7 ± 1.8 mean diff. = N/A

p = 0.554 p = 0.697 p = N/A

AA (n = 2) (n = 7) (n = 6)

Energy/kg body weight/day Energy/kg body weight/day Energy/kg body weight/day

mean = 19.4 ± 2.2 mean = 16.5 ± 2.4 mean = 17.3 ± 3.1

mean diff. = 1.2 ± 3.0 mean diff. = 1.7 ± 1.7 mean diff. = 0.9 ± 1.9

p = 0.702 p = 0.313 p = 0.614

% fat intake % fat intake % fat intake

mean = 34.3 ± 2.6 mean = 32.7 ± 7.5 mean = 30.3 ± 3.1

mean diff. = –0.18 ± 3.2 mean diff. = –1.4 ± 2.4 Mean diff. =–3.8 ± 1.9

p = 0.957 p = 0.566 p = 0.059

% carbohydrate intake % carbohydrate intake % carbohydrate intake

mean = 53.1 ± 3.8 mean = 52.8 ± 8.1 mean = 56.1 ± 4.6

mean diff. = 0.3 ± 3.7 mean diff. = 0.04 ± 2.6 mean diff. = 3.3 ± 2.3

p = 0.927 p = 0.989 p = 0.172
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done by Jun et al. [9], which was conducted in a large sample of Korean children (n = 737) and adults (n = 732),110

showed a protective effect of UCP2-866A and UCP3-55T against the risk of overweight in children. Korean111

children carrying the combined non-UCP2-866GG and non-UCP3-55CC genotype had lower BMI and lower112

obesity risk. In our study, subjects with non-UCP2-866GG or non-UCP3-55CC genotypes had lower energy113

intake per kg body weight and this was allign to those found in Korean children.114

In our previous report, we showed that UCP2 is interacted with lifestyle factors such as dietary fat intake in115

order to induce obesity. UCP2 alone was not associated with obesity. However, when subjects were separated116

in high fat diet group, UCP2-866G>A polymorphism were associated with protection towards obesity [12].117

Although SNPs in UCP family was associated with body composition, dietary intake and energy metabolism,118

there is no clear mechanism of this relationship. It was speculated that differences in caloric intake between those119

with UCP2 and UCP3 gene polimorphisms were due to compensation on metabolic rate [11].120

The role of UCP2 gene polymorphism on physical activity was initially seen in a metabolic chamber. Astrup121

et al. [13] analyzed the effect of v/v 55 polymorphism in the UCP2 gene on the metabolic rate of Danish Caucasian122

subjects and found that the polymorphism was related to differences in spontaneous physical activity. One of the123

explanation of this effect is that subjects with val/val genotype have higher energy efficiency than subjects with124

ala/ala genotype [14]. Although the gene that is reported in our study is similar with those analyzed by them125

[13, 14], the SNP location were different. It might that UCP2 polymorphism affected energy efficiency in obese126

adolescent girls of our study, thus influenced their physical activity level. In our previous report, we showed that127

UCP2 is interacted with dietary fat intake in order to induce obesity. This effect was not seen when dietary fat128

was not included in the analysis [12].129

Though the association did not reach the statistical significance, adolescents carrying the combined UCP2-130

866AA and UCP3-TT (Table 3) showed a trend towards a lower fat intake. This association has not been previously131

reported in Asian adolescents. In our obese female adolescent subjects, we showed that subjects with UCP2132

-866GG and UCP3 -55CC had higher dietary fat intake compared to UCP2 -866GA/AA and UCP3 -55CT/TT.133

This findings indicated the mechanism on how the combination of UCP2 and UCP gene polymorphism was134

associated with overweight and obesity. The effect of combination of both genes on obesity were also seen in135

Korean children [9].136

There were some limitations in this study. Number of subjects in this study is limited and subjects is limited137

to female obese adolescents therefore cannot be interpreted to the general adolescents population in Indonesia.138

The dietary record in this study was 24 hours dietary recall which is potential for under-reporting. We tried to139

maximize the accountability of the method by using the recording period into 6 nonconsecutive days.140

We concluded that SNPs on UCP2 -866G/A was associated to dietary intake and physical activity in Indonesian141

obese female adolescents. The combination of UCP2 -866G/A and UCP3 -55C/T was associated with dietary fat142

intake in our subjects. This data confirmed on how SNPs in UCP2 -866G/A and UCP3 -55C/T were associated143

with overweight that was showed by previous studies. This initial data on gene-lifestyle association is essential144

to be used as the predictors of obesity related behavior in children and adolescents. Further study is necessary to145

investigate the effect of those genes on dietary intake and physical activity at the broader population. Studies to146

investigate the role of those SNPs on successfulness of weight loss in obese adolescents are warranted.147
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