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Abstract

A number of studies have yielded controversial results on the association between polymorphisms in UCP2 and UCP3 genes with
obesity and its comorbidities. The discrepancy among studies might be partially explained by the lack of consideration of the effect
of adjacent loci in the same haplotype and the exclusion of key lifestyle factors in the statistical analysis. In this study, we have assessed
the association between three genetic variants of the UCP2–UCP3 gene cluster, the �866G/A (rs659366) and the 45 bp insertion (in posi-
tion 173247 of the AC019121) of the UCP2 gene, the �55C/T (rs1800849) polymorphism of the UCP3 gene and their estimated hapl-
otypes with childhood obesity and insulin resistance. This research was designed as a case–control study and information about several
environmental parameters such as leisure time physical activity and time spent watching television were included. The study sample con-
sisted in 193 obese children and adolescents (cases) and 170 controls aged 6–18. We found that the individual polymorphisms were not
associated with obesity, but the (�866G; rs659366) � (Del; 45 bp) � (�55T; rs1800849) haplotype was significantly associated with
obesity and its presence in the control group increased about nine times the insulin resistance risk. Thus, the (�866A; rs659366) � (Ins;
45 bp) � (�55C; rs1800849) haplotype may protect against insulin resistance in the obese population group.
� 2007 Elsevier Inc. All rights reserved.
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At least 155 million school-age children worldwide are
overweight or obese according to the latest estimates from
the International Obesity TaskForce [1]. Moreover, these
incidence rates are increasing dramatically every year [2].
There are significant health consequences linked to child-
hood obesity, including insulin resistance, type 2 diabetes
mellitus and the metabolic syndrome [3,4].

Uncoupling protein 2 and 3 (UCP2 and UCP3) genes
are located in chromosome 11q13. They play an important
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role in human energy homeostasis [5] and have been con-
sidered candidate genes for obesity and insulin resistance.
Thus, UCP2 and UCP3 reduce glucose-stimulated insulin
secretion by pancreatic b cells and could modify fatty-acid
oxidation [6–8]. Quantitative trait locus (QTL) for obesity
were reported in the UCP2–UCP3 region in three mouse
models [9] and three QTL studies showed evidence for
the linkage between these genes with obesity in humans
[10]. A number of studies have been performed seeking
for an association between genetic variants in this gene
cluster with obesity and/or related comorbidities [11,12].

Indeed, the �866G/A (rs659366) and the 45 bp insertion
(in position 173247 of the AC019121) polymorphisms of
the UCP2 gene and the �55C/T (rs1800849) polymorphism
tween obesity and insulin resistance with ..., Mol. Genet. Metab.
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of the UCP3 have been elsewhere reported to be functional
variants on gene expression [13–15]. These three polymor-
phisms have been related to obesity and insulin resistance
[16–19], although controversial outcomes have been also
obtained.

The discrepancies among studies might be partially
explained by the lack of consideration of the effect of adja-
cent loci. Haplotype analysis allows to include information
about different polymorphisms in one single analysis [20]
and improves the statistical power in association studies
because, due to the linkage disequilibrium, the observed
number of haplotypes tends to be much smaller than the
theoretical number [21]. Since the rs659366, the 45 bp inser-
tion and the rs1800849 variants expand for a small region
of 40 kb, this haplotype study will give information on
UCP2 and UCP3 participation, and could be a useful tool
to study the association of this gene region with obesity
and/or insulin resistance.

For the UCP2 gene, there are at least two investigations
dealing with the association between obesity or insulin resis-
tance risk and haplotypes [11,15]. One study reported an
association between the rs659366 polymorphism and a pro-
tector effect against obesity in 596 middle-aged subjects with
Northern European ancestry [15]. Specifically, haplotypes
that included the A allele of the rs659366 polymorphism
and the 45 bp insertion were more frequent in lean subjects
compared to obese. In the other study, performed with type
2 diabetic and healthy European adults (n = 241), the
rs659366 polymorphism and the 45 bp insertion presented
a trend to be a protector factor against diabetes [11]. More-
over, a prospective cohort study in Caucasian men studied
UCP2–UCP3 haplotypes including the rs659366 and the
rs1800849 variants. They found that subjects carrying the
two variants had a higher risk of type 2 diabetes 10 years
after the follow-up [22]. All these studies did not include life-
style factors of subjects in the analysis information. As mul-
tifactorial disease association studies could be biased by
environmental factors, in our work, potential confounding
by leisure time physical activity and time spent watching tele-
vision were accounted for in the statistical analysis.

The aim of this study was to evaluate the association
between three polymorphisms of the UCP2–UCP3 cluster
gene and their estimated haplotypes with childhood obesity
and insulin resistance.

Subjects and methods

The study sample, recruited from the Pediatric Departments at the Vir-
gen del Camino Hospital, University Hospital and some Primary Care Cen-
ters, comprised 363 Spanish children and adolescents. Cases (n = 193) were
subjects aged 5–18 years, with body mass index (BMI) above the 97th per-
centile of the Spanish BMI reference data for age and gender [23]. Should we
have used the International Obesity TaskForce (IOTF) standards, only 73%
of these Spanish obese children would have been classified as such [24].
Exclusion criteria included exposure to hormonal treatment or develop-
ment of secondary obesity due to endocrinopathy or serious intercurrent ill-
ness. Controls (n = 170) were healthy subjects with BMI below the 97th
percentile of the same reference. They were recruited when they attended
the Primary Care Centers for routine medical examination or to be vacci-
Please cite this article in press as: M.C. Ochoa et al., Association be
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nated. Our study was approved by the Ethics Committee of the University
of Navarra and all parents and subjects over 12 years old provided written
informed consent. Participants under 12 years old were also informed about
the study and expressed their agreement to join it.

Anthropometric measurements were all collected in a medical environ-
ment by standard procedures [25]. Height was measured to the nearest
centimeter with a validated stadiometer and weight to the nearest 100 g
with a digital balance (TBF-300A Body Composition Analyzer/Scale,
TANITA�, Tokyo, Japan). Blood samples were taken for the extraction
of genomic DNA from leukocytes and the polymorphisms analyzed by
PCR-RFLP methods reported elsewhere [26–29]. After 12 h fasting,
venous blood samples were obtained and serum glucose was measured
by an enzymatic method. Serum insulin was measured by radioimmunoas-
say (TKIN1 kit; Diagnostic Products, Madrid, Spain). Since few children
presented glucose levels >5.6 mmol/L (the criteria for the diagnosis of
impaired fasting glucose of the American Diabetes Association [30]), the
upper tertile of fasting glucose was considered elevated (>5.0 mmol/L).
Insulin resistance is affected by age and pubertal status, and Tanner stages
were not recorded in all patients. In order to adjust insulin levels, the pop-
ulation was divided into three age groups (5–8, 9–11 and 12–18) and we
used the upper tertile within age group to consider elevated fasting insulin.
The glucose and insulin cutoffs were decided prior to analysis based on
previously reported information. There were 70 subjects aged <9 years
old (36 control and 34 obese subjects), 119 with ages between 9 and
11 years old (51 control and 68 obese subjects) and 174 were between 12
and 18 years old (83 control and 91 obese subjects). The homeostasis
model assessment was calculated (HOMA = fasting serum insulin (lU/
mL) · fasting plasma glucose (mol/L)/22.5) [31] and the upper tertile
within each age group was used to consider insulin resistance.

Two trained research assistants conducted face-to-face interviews with
participants and their parents (father, mother or tutor) following stan-
dardized protocols. A previously validated physical activity questionnaire
was used [32,33]. The questionnaire included 17 activities (sports and
games) and 10 response categories for frequency, ranging from ‘‘never’’
to ‘‘eleven hours or more per week’’. A multiple of resting metabolic rate
(MET score) was assigned to each activity and an activity metabolic equiv-
alent index (METs-h/week) was computed for each participant. The activ-
ity metabolic equivalent index represents the overall leisure-time physical
activity exerted in a one-week period for each participant [34]. Sedentary
lifestyle was assessed through the number of hours spent watching TV and
videos during school days and on weekends.

Statistical analyses

Descriptive summary statistics for quantitative variables are shown as
means ± standard error of the mean (SEM). Genotype and allele frequen-
cies were estimated for each polymorphism and measures of linkage dis-
equilibrium (D 0) were calculated [35]. The v2 goodness-of-fit test was
used to assess the concordance of estimated genotype frequencies with
Hardy–Weinberg proportions.

The comparison of allele/genotype frequencies in cases versus controls
was performed using a simple v2 test followed by logistic regression tech-
niques adjusting by relevant covariates. The analysis of haplotype–obesity
association was carried out using the UNPHASED program [36] that han-
dles the uncertainty in the construction of the haplotype phase of unre-
lated subjects.

Different logistic regression models were calculated using the SPSS
program to assess the association between UCP2 and UCP3 genotypes
and insulin resistance in obeses and controls separately: the model 1 was
adjusted for sex and age, while model 2 also included leisure time physical
activity and TV watching as covariates. The association between haplo-
types and insulin resistance was assessed through the UNPHASED
program.

The statistical power was calculated for carriers of haplotype 1 (the
most frequent in our sample) was 62.8%. The assumptions to calculate
power were: alpha risk = 0.05, control/case ratio = 0.89, % of exposure
among controls 54% and number of cases = 193. We used the software
OpenEpi 2.0 (http://www.openepi.com/Menu/OpenEpiMenu.htm).
tween obesity and insulin resistance with ..., Mol. Genet. Metab.
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Table 2
Distribution of the rs659366 and the 45 bp insertion of the UCP2 and the
rs1800849 polymorphism of the UCP3 frequencies and estimated frequen-
cies of the haplotypes in obese and control subjectsa

Obese Control p*

Polymorphism

�866G/A of the UCP2 (rs659366)
G/G 79 (40.9) 59 (34.7)
G/A 80 (41.5) 92 (54.1)
A/A 34 (17.6) 19 (11.2)

0.038

45 bp insertion in the UCP2
DD 103 (53.6) 79 (47.6)
DI 71 (37.0) 76 (45.8)
II 18 (9.4) 11 (6.6)

0.207

�55C/T of the UCP3 (rs1800849)
C/C 123 (66.8) 114 (72.6)
C/T 55 (29.9) 41 (26.1)
T/T 6 (3.3) 2 (1.3)

0.323

Haplotypesb �866G/A
(rs659366)

45 bp
insertion

�55C/T
(rs1800849)

1 G D C 42% 54% 0.019
2 A I C 17% 26% 0.020
3 A D T 9% 9% 0.874
4 G D T 9% 6% 0.374

a Data are given in subjects (frequency in %).
b Only haplotypes with a frequency >5% in both study groups are

shown.
* p-value in v2 test.
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Results and discussion

UCP2 and UCP3 uncouple respiration from ATP syn-
thesis by providing an alternative route for the protons
to enter into the mitochondrial matrix [6]. This decrease
in ATP/ADP ratio makes that UCP2 activation will reduce
glucose-stimulated insulin secretion by pancreatic b cells
[7]. Moreover, UCP3 may regulate muscle substrate metab-
olism and fat oxidation [8,22]. Through these mechanisms,
UCP2 and UCP3 may play an important role in human
energy metabolism by regulating the use of fatty acids
and glucose as fuels [5] and have been considered candidate
genes for obesity and insulin resistance [10].

The rs659366 and the 45 bp insertion of the UCP2 and
the rs1800849 polymorphism of the UCP3 could modify
UCP2 and UCP3 function. The rs1800849 variant
enhances UCP3 mRNA levels in skeletal muscle [13],
whereas rs659366 and the 45 bp insertion alter mRNA lev-
els in vitro and in intraperitoneal fat [15]. In this context, we
have studied the association of these gene variants with
obesity and insulin resistance in a Spanish group of 193
obese children and adolescents and 170 controls (Table 1).

Prevalence of the polymorphisms and the estimated
haplotypes are reported in Table 2. The three polymor-
phisms fulfilled the Hardy–Weinberg expectations both
obese and control subjects. The distribution of the
rs659366 in obese was different from control subjects, pre-
senting this group higher frequency of heterozygous sub-
jects (p = 0.038). The prevalence of the �866A allele of
the rs659366 polymorphism was 0.38 and the 45 bp inser-
tion had a prevalence of 0.29, roughly similar to the fre-
quencies found by Esterbauer et al. [15] in a case–control
study with 596 middle-aged subjects from Austria (�0.35
for the rs659366 and �0.28 for the 45 bp insertion). The
�55T allele of the rs1800849 presented a frequency of
0.18 in the obese group and 0.14 in controls. The preva-
lence of this polymorphism has been reported to be differ-
ent among populations. In Spanish adults the prevalence of
the �55T allele was 0.21, 0.22 in French subjects and 0.26
in United States Caucasians [12,19,26]. Anthropometric,
biochemical and lifestyle characteristics of subjects with
different genotypes are shown in Table 3.
Table 1
Anthropometrical, biochemical and lifestyle parameters in the study group

Obese
(n = 193)

Control
(n = 170)

p

Age (years) 11.5 (2.79) 11.8 (2.63) 0.718
% Males 51.3% 49.3% 0.720
BMI (kg/m2) 27.9 (2.55) 19.0 (4.74) <0.001
BMI-SDS 3.91 (0.81) 0.16 (1.64) <0.001
Fasting glucose (mM) 4.95 (0.46) 4.69 (0.43) <0.001
Fasting insulin (lU/mL) 17.64 (46.3) 8.53 (62.3) <0.001
HOMA index 3.94 (1.79) 1.87 (2.39) <0.001
Physical activity (METs-h/week) 19.6 (21.7) 37.0 (11.8) <0.001
TV watching (h/week) 15.2 (8.64) 12.9 (8.73) 0.068

Data are expressed in means (standard deviation). The p-values were
calculated with v2 and the U Mann–Whitney tests.

Please cite this article in press as: M.C. Ochoa et al., Association be
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The three polymorphisms showed significant linkage
disequilibrium (p = 0.004 in obese group and p < 0.001 in
controls). The pairwise linkage disequilibrium measures
|D 0| were estimated as 0.24 for rs659366 and rs1800849,
0.40 for rs659366 and the 45 bp insertion and 0.62 for the
45 bp insertion and rs1800849 in the obese group. In con-
trols, the corresponding |D 0| estimates were 0.43, 0.83 and
0.98. The |D 0| values for the rs659366 and the 45 bp inser-
tion fit in with other reported in studies that pooled obese
and control subjects and found |D 0| values between 0.74
and 0.77 [11,37].

With these three polymorphisms, haplotype frequencies
were estimated. Some of the advantages of haplotype anal-
ysis are that it pools information about the three studied
variants and increases the power of the study. Four haplo-
types showed a frequency higher than 5% both in obese
and control groups. In the case–control study a statistically
significant association was found between haplotype 4
(�866G; rs659366) � (Del; 45 bp) � (�55T; rs1800849)
and obesity (Table 4). This haplotype had a prevalence of
9% in the obese group and 6% in the control group. Simi-
larly, Esterbauer et al. [15] reported that the �866G allele
of the rs659366 polymorphism increased obesity risk in
middle-aged Caucasian subjects and the same tendency
was reported in the haplotypes analysis. The �866G allele
has been associated to reduced adipose tissue UCP2
tween obesity and insulin resistance with ..., Mol. Genet. Metab.
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Table 3
Anthropometrical, biochemical and lifestyle parameters in the study group distributed by genotype

�866G/A (rs659366) 45 bp insertion �55C/T (rs1800849)

GG GA AA p DD DI II p CC CT TT p

Obese subjects

BMI (kg/m2) 28.0 (5.0) 28.2 (4.9) 27.3 (3.3) 0.684 28.7 (4.69) 27.3 (4.92) 26.0 (3.70) 0.044 28.1 (5.0) 27.8 (4.4) 26.5 (3.2) 0.658
BMI-SDS 3.92 (1.55) 4.00 (1.83) 3.74 (1.42) 0.709 4.16 (1.72) 3.79 (1.59) 3.05 (1.09) 0.011 3.91 (1.71) 3.94 (1.55) 3.74 (1.16) 0.305
Fasting glucose (mM) 4.95 (0.44) 4.95 (0.44) 4.94 (0.42) 0.972 4.97 (0.42) 4.92 (0.45) 4.95 (0.45) 0.543 4.92 (0.42) 4.99 (0.47) 5.04 (0.27) 0.087
Fasting insulin (lU/mL) 114.1 (64.4) 102.0 (57.8) 99.1 (67.3) 0.680 115.1 (60.0) 102.6 (67.4) 77.4 (42.4) 0.158 111.8 (64.6) 95.4 (55.7) 103.6 (68.4) 0.738
HOMA index 4.20 (2.45) 3.79 (2.25) 3.67 (2.56) 0.580 4.25 (2.27) 3.81 (2.62) 2.89 (1.72) 0.098 4.11 (2.46) 3.59 (2.21) 3.88 (2.61) 0.755
Physical activity (METs-h/week) 19.8 (12.3) 20.4 (10.8) 17.2 (13.1) 0.160 18.1 (10.3) 21.0 (12.3) 20.8 (15.9) 0.366 20.0 (12.8) 19.5 (10.0) 13.7 (6.1) 0.662
TV watching (h/week) 14.2 (8.4) 15.3 (8.8) 17.4 (9.3) 0.355 16.6 (8.9) 13.4 (8.22) 14.3 (8.88) 0.182 15.9 (9.2) 13.4 (7.8) 17.9 (5.3) 0.638

Control subjects

BMI (kg/m2) 18.7 (2.3) 19.0 (2.6) 19.2 (3.1) 0.598 18.9 (2.6) 19.0 (2.3) 20.3 (3.2) 0.301 19.1 (2.3) 18.8 (3.1) 20.1 (1.9) 0.854
BMI-SDS 0.16 (0.75) 0.18 (0.80) 0.05 (1.03) 0.958 0.19 (0.81) 0.16 (0.77) 0.26 (1.09) 0.919 0.21 (0.76) 0.08 (0.90) 1.10 (0.68) 0.750
Fasting glucose (mM) 4.65 (0.49) 4.68 (0.45) 4.80 (0.39) 0.266 4.65 (0.42) 4.74 (0.48) 4.75 (0.31) 0.604 4.65 (0.41) 4.80 (0.45) 5.13 (1.45) 0.538
Fasting insulin (lU/mL) 51.4 (34.1) 53.4 (53.4) 50.2 (44.2) 0.849 50.9 (31.8) 55.7 (58.6) 57.3 (33.7) 0.560 52.9 (57.1) 57.1 (47.7) 72.0 (52.6) 0.343
HOMA index 1.84 (1.45) 1.89 (2.02) 1.85 (1.68) 0.822 1.79 (1.21) 2.03 (2.30) 1.99 (1.10) 0.366 1.87 (1.76) 2.09 (1.88) 3.02 (2.77) 0.445
Physical activity (METs-h/week) 40.5 (21.9) 34.2 (21.3) 39.7 (22.9) 0.285 37.6 (22.8) 36.3 (20.6) 42.4 (26.4) 0.687 37.9 (21.3) 35.2 (23.3) 24.1 (33.1) 0.478
TV watching (h/week) 12.3 (8.2) 13.3 (8.7) 12.7 (9.0) 0.984 12.8 (8.4) 13.1 (9.2) 14.3 (8.6) 0.433 13.5 (8.6) 11.8 (9.5) 13.9 (8.7) 0.132

Data are expressed in means (standard deviation). The p-values were calculated with Kruskal–Wallis tests.

T
ab

le
4

A
sso

ciatio
n

b
etw

een
o

b
esity

risk
w

ith
th

e
rs659366

an
d

th
e

45
b

p
in

sertio
n

o
f

th
e

U
C

P
2

an
d

th
e

rs1800849
p

o
lym

o
rp

h
ism

o
f

th
e

U
C

P
3

gen
e

O
R

95%
C

I
95%

C
I

M
o

d
el

1
P

o
ly

m
o
rp

h
ism

�
866G

/A
(rs659366)

G
/A

0.66
0.42

1.04
A

/A
1.35

0.70
2.60

45
b

p
In

s/D
el

D
/I

0.72
0.46

1.12
I/I

1.28
0.57

2.88

�
55C

/T
(rs1800849)

C
/T

1.24
0.77

2.00
T

/T
2.70

0.53
13.74

H
ap

lo
typ

es
1

1
2

0.83
0.54

3
1.27

0.93
4

1.95
1.43

M
o

d
el

2
P

o
ly

m
o
rp

h
ism

�
866G

/A
(rs659366)

G
/A

0.62
0.36

A
/A

1.36
0.61

45
b

p
In

s/D
el

D
/I

0.90
0.53

I/I
1.62

0.60

�
55C

/T
(rs1800849)

C
/T

1.16
0.67

T
/T

1.27
0.20

H
ap

lo
typ

es
1

1
2

0.98
0.60

3
1.13

0.77
4

1.94
1.33

T
h

e
referen

ce
catego

ries
w

ere
�

866G
/G

,
D

/D
an

d
�

55C
/C

ca
resp

ectively.
M

o
d

el
1

in
clu

d
ed

sex
an

d
age

an
d

m
o

d
el

2
in

clu
d

ed
sex,

age,
leisu

re
tim

e
p

h
ysical

activity
an

d
T

V
w

atch
in

g
as

co
variate.

4
M

.C
.

O
ch

o
a

et
a

l.
/

M
o

lecu
la

r
G

en
etics

a
n

d
M

eta
b

o
lism

x
x

x
(

2
0

0
7

)
x

x
x

–
x

x
x

A
R

T
IC

L
E

IN
P

R
E

S
S

P
lease

cite
th

is
article

in
p

ress
as:

M
.C

.
O

ch
o

a
et

al.,
A

sso
ciatio

n
b

etw
een

o
b

esity
an

d
in

su
lin

resistan
ce

w
ith

...,
M

o
l.

G
en

et.
M

etab
.

(2007),
d

o
i:10.1016/j.ym

gm
e.2007.07.011
1.2
1.73
2.65

1.06
3.04

1.53
4.38

2.02
8.19

1.61
1.66
2.85

rriers,



M.C. Ochoa et al. / Molecular Genetics and Metabolism xxx (2007) xxx–xxx 5

ARTICLE IN PRESS
for lifestyle variables in model 2 allowed us to estimate
more validly the ORs and to detect some associations that
were not apparent in model 1.

We estimated insulin resistance according to HOMA
index [31]. We did not use the glucose clamp test (the gold
standard for quantifying insulin sensitivity/resistance
in vivo), since it is an invasive technique not suitable for
healthy children and adolescents. Currently, there are no
widely accepted values to define insulin resistance in chil-
Table 5
Association between biochemical variables and HOMA index with the rs65936
the UCP3 gene

Fasting glucose Fasting insulin

OR 95% CI p OR 95%

Obese
�866G/A (rs659366)

Model 1
G/A 1.06 0.55 2.03 0.858 0.87 0.4
A/A 1.01 0.43 2.39 0.977 0.60 0.2

Model 2
G/A 1.12 0.57 2.20 0.750 0.69 0.3
A/A 0.97 0.39 2.38 0.946 0.43 0.1

45 bp Ins/Del

Model 1
I/D 0.79 0.42 1.50 0.469 0.76 0.4
I/I 0.86 0.29 2.56 0.791 0.27 0.0

Model 2
I/D 0.76 0.38 1.50 0.423 0.74 0.3
I/I 0.67 0.21 2.10 0.491 0.28 0.0

�55C/T (rs1800849)

Model 1
C/T 0.32 0.54 1.89 0.208 0.72 0.3
T/T 0.51 0.08 3.13 0.467 1.73 0.3

Model 2
C/T 0.31 0.052 1.85 0.198 0.65 0.3
T/T 1.10 0.07 3.02 0.437 1.21 0.2

Control
�866G/A (rs659366)

Model 1
G/A 1.37 0.54 3.46 0.505 0.67 0.2
A/A 1.70 0.45 6.45 0.437 1.62 0.3

Model 2
G/A 1.46 0.56 3.81 0.436 0.74 0.2
A/A 2.11 0.54 8.24 0.282 1.92 0.3

45 bp Ins/Del

Model 1
I/D 1.41 0.61 3.27 0.428 0.73 0.2
I/I 0.72 0.13 4.03 0.710 2.15 0.4

Model 2
I/D 1.44 0.61 3.40 0.405 0.77 0.2
I/I 0.94 0.16 5.34 0.941 2.70 0.4

�55C/T (rs1800849)

Model 1
C/T 0.16 0.10 2.90 0.218 4.83 1.6
T/T 0.39 0.02 7.10 0.523 17.54 0.9

Model 2
C/T 0.18 0.01 3.27 0.247 4.43 1.4
T/T 0.41 0.02 7.80 0.556 11.14 0.4

The reference categories were �866G/G, DD and �55C/C carriers, respectively
physical activity and TV watching as covariate.
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dren, and no standard values for fasting insulin or HOMA
index have been validated as predictor of cardiovascular
disease or diabetes. For these reasons, several studies have
used upper tertiles or quartiles for HOMA index to identify
insulin resistant prone subjects [40,41].

In our study, individual polymorphisms were not related
to high fasting glucose levels (>5.0 mmol/L) neither in the
obese group nor in the control group (Table 5). The
rs659366 and the 45 bp insertion showed a tendency to
6 and the 45 bp insertion of the UCP2 and the rs1800849 polymorphism of

HOMA index

CI p OR 95% CI p

6 1.66 0.682 0.77 0.40 1.46 0.422

7 1.36 0.225 0.53 0.23 1.23 0.139

5 1.39 0.304 0.63 0.31 1.26 0.191

78 1.04 0.062 0.36 0.14 0.91 0.031

1 1.43 0.399 0.62 0.33 1.17 0.141

9 0.82 0.021 0.30 0.10 0.95 0.040

7 1.46 0.385 0.61 0.31 1.20 0.154

9 0.90 0.032 0.32 0.10 1.03 0.057

7 1.39 0.331 0.72 0.37 1.39 0.331

0 9.89 0.540 1.73 0.30 9.88 0.540

3 1.29 0.215 0.61 0.31 1.21 0.158

1 7.10 0.832 1.21 0.21 7.12 0.830

2 2.05 0.488 0.83 0.26 2.62 0.745

9 6.79 0.510 1.97 0.45 8.58 0.370

3 2.41 0.616 0.92 0.27 3.19 0.899

8 9.80 0.433 2.38 0.44 12.77 0.312

5 2.14 0.571 0.86 0.29 2.58 0.792

6 10.16 0.333 2.54 0.51 12.77 0.257

5 2.39 0.655 0.93 0.29 2.98 0.908

3 16.95 0.288 3.37 0.50 22.75 0.212

4 14.20 0.004 5.48 1.78 16.88 0.003

1 336.3 0.057 18.7 0.95 366.45 0.054

6 13.48 0.009 5.14 1.61 16.39 0.006

95 250.88 0.129 11.8 0.50 275.81 0.125

. Model 1 included sex and age and model 2 included sex, age, leisure time
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protect against high fasting insulin levels (p = 0.062 and
p = 0.032) and insulin resistance (p = 0.031 and
p = 0.057) in homozygous obese subjects. On the contrary,
the rs1800849 presented a direct association with high fast-
ing insulin levels (p = 0.009) and insulin resistance
(p = 0.006) in heterozygous subjects from the control
group. There is some evidence that UCP2 and UCP3
expression levels did correlate with BMI [42,43]. For this
reason, the analysis of the association between UCP2 and
UCP3 variants and insulin resistance was performed sepa-
rately in obese and control groups and this may explain the
different outcomes found in each group.

Haplotype 4 (�866G; rs659366) � (Del;
45 bp) � (�55T; rs1800849) was associated to high fasting
glucose in obese subjects (Table 6), and haplotype 2
(�866A; rs659366) � (Ins; 45 bp) � (�55C; rs1800849)
exhibited an inverse association with fasting insulin and
insulin resistance. In the control group, haplotype 4
increased the risk of insulin resistance ninefold. These
results agree with Wang et al. [11] findings, that showed
a trend toward an association between type 2 diabetes
and the �866G allele of the rs659366 and the 45 bp dele-
tion. Furthermore, in a study performed with 296 juvenile
obese, Le Fur et al. [17] reported that obese children with
A/A genotypes of the rs659366 did oxidize glucose better
than lipids compared to subjects with G/G or G/A. How-
ever, a prospective cohort study in Caucasian men found
Table 6
Association between biochemical variables and the HOMA index with the
estimated haplotypes

Haplotype Fasting glucose Fasting insulin HOMA

OR 95% CI OR 95% CI OR 95% CI

Obese

Model 1
1 1 1 1
2 0.90 0.46–1.77 0.40 0.21–0.78 0.36 0.17–0.76
3 1.14 0.44–2.91 0.71 0.31–1.66 0.78 0.31–1.94
4 3.68 2.51–5.42 0.70 0.29–1.72 0.94 0.36–2.44

Model 2
1 1 1 1
2 0.83 0.36–1.91 0.41 0.20–0.85 0.35 0.16–0.75
3 1.09 0.38–3.07 0.59 0.24–1.45 0.57 0.22–1.49
4 3.98 2.62–6.04 0.77 0.27–2.19 0.81 0.28–2.30

Control

Model 1
1 1 1 1
2 1.44 0.64–3.24 1.43 0.54–3.77 1.73 0.63–4.79
3 2.60 0.85–7.90 3.31 0.77–14.3 3.93 0.83–18.6
4 2.88 0.82–10.1 8.79 2.21–34.9 9.54 2.28–39.9

Model 2
1 1 1 1
2 1.31 0.54–3.18 1.46 0.51–4.12 1.76 0.56–5.52
3 2.33 0.69–7.91 2.91 0.63–13.4 3.49 0.68–17.8
4 1.97 0.49–7.86 7.96 1.89–33.5 9.52 2.11–42.9

Model 1 included adjustment by sex and, age and model 2 included
adjustments by sex, age, leisure time physical activity and TV watching as
covariate.
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that subjects carrying the (�866A; rs659366) � (�55T;
rs1800849) haplotype had a higher risk of type 2 diabetes,
10 years after the follow-up [22]. In our investigation, the
haplotype 3 (that included the �866A and �55T alleles)
did not show a statistically significant association with
insulin resistance, but the �55C/T genotype of the UCP3
increased the risk of insulin resistance in obese subjects.

In the study performed by Esterbauer et al. [15], they
reported that the �866G/A polymorphism was associated
with enhanced adipose tissue UCP2 mRNA expression. It
could be possible that the higher UCP2 content in certain
tissues may be related to higher rates of fatty acid oxida-
tion and oxidative stress protection, having an antidiabetic
role.

As in previous reports [11,14–17,19], we found an effect
of the UCPs gene variants on obesity or insulin resistance,
but drawing solid conclusions is difficult as seen in the lit-
erature. The discrepancies may derive from differences in
the design of the study (phenotypical measurements, char-
acteristics of participants, ethnic origin, age, gender, sam-
ple size, statistical analysis, etc.).

To our knowledge this is the first case–control study in
children that estimates haplotypes of the UCP2–UCP3
gene cluster. One of the advantages of our work is the mul-
tivariate analysis, taking into account different parameters
that could be confounders. Moreover, the case–control
design with subjects recruited from the same hospital-based
population group and matched by age and gender could
lead to avoid bias and to obtain more informative findings.
However, in order to obtain better results, more research
about the physiological function of the UCP2 and UCP3
is necessary, since other genetic factors could interact with
these genetics variants. Studies performed in very large
population samples (or meta-analysis) that also may allow
to adjust by other variants could partly solve some of these
disparities.

In conclusion, in this study we have found that after
controlling for lifestyle factors, which is apparently made
for the first time and it is specific feature of our stydy,
the (�866G; rs659366) � (Del; 45 bp) � (�55T;
rs1800849) haplotype is associated with obesity and insulin
resistance risk, whereas the (�866A; rs659366) � (Ins;
45 bp) � (�55C; rs1800849) haplotype may protect against
insulin resistance in a population of Spanish children and
adolescents.
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