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ABSTRACT: We examined the associations of two functional vari-
ants 866G�A and DEL/INS polymorphisms of UCP2 gene with
low-grade inflammatory proteins (C-reactive protein, fibrinogen,
complement C3 [C3], and complement C4 [C4]) in 131 children
(52.7% boys, aged 9.5 � 0.4 y) and 118 adolescents (44.1% males,
aged 15.5 � 0.4 y) selected from the European Youth Heart Study.
Differences in inflammatory markers among the genotype variants of
the two UCP2 gene polymorphisms were analyzed after adjusting for
sex, age, pubertal stage, fitness, and fatness. The results showed that
fibrinogen, C3, and C4 were higher in GG carriers than in subjects
carrying the A allele of the 866G�A polymorphism of the UCP2
gene (UCP2 �866G�A) polymorphism (all p � 0.05). The DEL/
DEL genotype of 45nt deletion/insertion variant polymorphism of the
UCP2 gene (UCP2 DEL/INS) was associated with higher C3 (p �
0.05) than DEL/INS and INS/INS genotypes. This study provides
evidence of a role of UCP2 �866G�A in modifying low-grade
inflammatory state in apparently healthy children and adolescents.
Given the implication of complement factors on atherosclerosis
process, these results contribute to explain the reduced cardiovascular
risk associated with the A allele of the UCP2 �866G�A polymor-
phism. (Pediatr Res 66: 350–354, 2009)

Low-grade inflammation seems to play an important role in
the development of cardiovascular disease from early

stages in life (1,2). High concentration of C-reactive protein
(CRP) and fibrinogen are considered a major cardiovascular
risk factor (2,3). Likewise, the complement system has been
implicated in the pathogenesis of atherosclerosis from early
ages (4). It has been suggested that different complement
factors have different preferential association with traditional
risk factors (5). Complement C3 (C3) seems to represent a
signal of the inflammatory process implicated in the appear-
ance of the main endogenous risk factors such as glucose
intolerance, type 2 diabetes, hypercholesterolemia, and hyper-

tension (6–8). Complement C4 (C4) concentration has been
point out as an independent predictor of the future develop-
ment of stroke (9).

The uncoupling protein (UCP) 2 is expressed in many
tissues and cells, including macrophages (10) and it seems to
have an important role in the regulation of production of
reactive oxygen species (ROS), inhibition of inflammation as
well as inhibition of cell death (11,12), which are central
features in cardiovascular disease. UCP2 has also an important
role in the pathogenesis of type 2 diabetes by inhibiting insulin
secretion in islet beta cells (13). At the same time, type 2
diabetes is associated with increased risk of cardiovascular
disease and atherosclerosis, where an increased expression of
UCP2 seems to be beneficial (14).

The 866G�A polymorphism of the UCP2 gene (UCP2
�866G�A) and the 45nt deletion/insertion variant polymor-
phism (UCP2 DEL/INS) located in the 3�-untranslated region
of exon 8 are common variants in UCP2 gene. Because of
their implication on obesity or type 2 diabetes and obesity,
they are attractive candidates to examining as potential risk
factors for atherosclerosis.

Indeed, the UCP2 �866G�A seems to be functional vari-
ant on gene expression (15,16). The common �866A allele
variant has been associated with higher UCP2 mRNA levels
(15,16), decreased risk of obesity (17) and type 2 diabetes
(18), as well as with reduced insulin secretion (19), although
controversial outcomes were also obtained (20).

The polymorphism UCP2 DEL/INS polymorphism seemed
to be functional (15), indeed previous studies have reported
that the INS/DEL variant of UCP2 polymorphism could pre-
dispose to diabetes through multiple pathways affecting both
insulin secretion and action (18).

To test the hypothesis that the UCP2 gene locus contributes
to the pathogenesis of atherosclerosis, we studied the associ-
ations of both UCP2 �866G�A and UCP2 DEL/INS func-
tional polymorphism variants with low-grade inflammatory
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markers (CRP, fibrinogen, C3, and C4) in Swedish children
aged 9–10 y and adolescents 15–16 y old, participating in the
European Youth Heart Study.

SUBJECTS AND METHODS

Study participants. The EYHS was designed to examine the interactions
among personal, environmental, and lifestyle influences on the risk factors for
future cardiovascular diseases (21). Study design, selection criteria, and
sample calculations have been reported elsewhere (21). Data collection took
place from September 1998 to May 1999. The study was approved by the
Research Ethics Committees of Örebro County Council (no. 690/98) and
Huddinge University Hospital (no. 474/98). One parent or legal guardian
provided written informed consent, and all children and adolescents gave
verbal assent.

For this study, we included those subjects whose data on fibrinogen and
DNA were available. As CRP concentrations �10 mg/L may reflect an
acute-phase response to infectious disease or disorders characterized by acute
inflammation, three subjects (three boys, two children, and one adolescent)
were excluded from the study. We also restricted the analysis to subjects
apparently healthy with no contraindications to any of the study procedures
and who were not taking medication that might influence the results. There-
fore, a total of 131 children and 118 adolescents were included in this study.

Laboratory methods. Details of the blood sample analysis have been
reported elsewhere (22). In brief, we analyzed all laboratory measurements in
serum on a Hitachi 911 Analyzer (Roche Diagnostics, Indianapolis, IN) and
at the same time to minimize systematic variation. Highly sensitive CRP was
measured with a kit from Roche Diagnostics and had detection limits of
0.1–20 mg/L and a coefficient of variation (CV) of �1.34%. Fibrinogen, C3,
and C4 were measured with kits from DakoCytomation (Glostrup, Denmark)
and had sensitivities of 0.6–13.0, 0.3–6.5, and 0.06–1.30 g/L and coefficients
of variation of �4.8, �2.7, and �3.9%, respectively.

Total blood DNA was extracted and purified from 200 �L of whole blood
anticoagulated with EDTA, using the QIAamp DNA Blood Mini Kit by the
spin procedure, according to the instructions of the manufacturer (QIAGEN
Inc., Valencia, CA).

The UCP2 �866G�A (rs659366) polymorphism was genotyped by DNA
sequencing using newly developed by Pyrosequencing assays (see supple-
mental material, Supplemental Digital Content 1, http://links.com/PDR/A48).
The UCP2 DEL/INS polymorphism was analyzed by PCR followed by fragment
size analysis on agarose gel electrophoresis (23).

Physical examination and cardiorespiratory fitness testing. Because it
has been previously reported that a state of low-grade inflammation is
positively associated with adiposity and negatively associated with cardiorespi-
ratory and muscular fitness in children and adolescents (22,24,25), the potential
confounding role of these relevant factors were investigated (see supplemental
material, Supplemental Digital Content 1, http://links.com/PDR/A48).

Height and weight were measured by standardized procedures. BMI was
calculated as weight/height squared (kg/m2). Percentage of overweight and
obese children and adolescents was calculated following the International
Obesity Task Force that proposed gender- and age-adjusted BMI cutoff points
(26). Skinfold thickness was measured with a Harpenden caliper (Baty
International, Burgess, Hill, UK) at the biceps, triceps, subscapular, su-
prailiac, and triceps surae areas on the left side of the body according to the
criteria described by Lohman (27). All measurements were taken twice and in
rotation, and the mean value was calculated. If the difference between the
measurements was more than 2 mm, a third measurement was taken and the
two closest measurements were averaged. The equations reported by Slaugh-
ter et al. (27) were used to calculate percentage body fat.

Pubertal stage was assessed by a trained researcher according to Tanner
and Whitehouse (29).

Cardiorespiratory fitness was determined by a maximum cycle-ergometer
test (30). Details of the protocol used can be found elsewhere (22,31).
Cardiorespiratory fitness was expressed as the maximal power output per
kilogram body mass (W/kg). The test used to measure cardiorespiratory
fitness has been previously validated in children of the same age (32).

Statistical analysis. Statistical analyses were performed with SPSS (v16.0
Chicago, IL). CRP, C4, and the sum of five skinfold thicknesses were
normalized by transformation to the natural logarithm. Characteristics of the
study sample by age group and sex are presented as means and SD, unless
otherwise stated. Differences in age groups, pubertal status, gender distribu-
tion, and overweight and obesity prevalences of the genotype group variants
were analyzed by �2 test. Differences in age, fitness, and fatness, as estimated
by the sum of five skinfolds, among the genotype group variants of polymor-
phisms were analyzed by one-way analysis of variance.

Differences in inflammatory markers among the genotype groups variants
of the two UCP2 gene polymorphisms were analyzed by one-way analysis of
covariance, before (model 1), after adjusting for sex, age, and pubertal stage
(model 2), and after further adjusting for cardiorespiratory fitness and fatness
(model 3). A p value of �0.05 was defined as statistically significant.

RESULTS

The descriptive characteristics of the study sample by age
group and gender are shown in Table 1. C3 and C4 measure-
ments were obtained from 96.8% of subjects (126 children,
61 girls and 115 adolescents, 64 females). Pubertal stage
was obtained in 90.4% of the subjects. Cardiorespiratory
fitness data were obtained in 91.6% of children and 94.9%
of adolescents, and fatness, as estimated with the sum of
five skinfold thicknesses, in 96.2% of children and 84.7%
of adolescents.

Mean values of low-grade inflammatory markers were
similar between the genders in both children and adoles-
cents (for all, p � 0.1). The correlation analysis between
inflammatory markers (CRP, fibrinogen, C3, and C4), cardiore-
spiratory fitness, and fatness are shown in supplementary mate-
rial (see supplemental material, Supplemental Digital Content 1,
http://links.com/PDR/A48).

The distribution of the three genotype variants of the UCP2
�866G�A between children and adolescents was signifi-
cantly different (p � 0.010). However, there were no signif-
icant differences in children and adolescents distribution
among the genotype groups of UCP2 �866G�A (GG versus
GA � AA) and UCP2 DEL/INS (DEL/DEL versus DEL/INS
� INS/INS) polymorphisms (p � 0.811 and p � 0.478,
respectively), neither in gender (p � 0.842 and p � 0.715,
respectively) and pubertal stage distributions (p � 0.604 and
p � 0.295, respectively) nor in overweight and obesity prev-
alence (p � 0.833 and p � 0.950, respectively). Age (p �
0.517 for UCP2 �866G�A and p � 0.813 for UCP2 DEL/
INS), as well as fatness and fitness did not differ among
genotype groups variants of both UCP2 polymorphisms (for
all p � 0.7) (Fig. 1).

The effect of UCP2 �866G>A on low-grade inflamma-
tory markers. The results showed that the C4 level was higher
in subjects with GG genotype, than in �866A allele carriers
(p � 0.05) of the UCP2 �866G�A polymorphism, in either
the unadjusted or adjusted models (Table 2).

There were borderline trends to higher mean levels of
fibrinogen and C3 (p � 0.07 for both) in subjects carrying the
GG genotype than in those carrying the �866A allele (Table
2). These differences were statistically significant after adjust-
ing for age, gender, and pubertal stage (p � 0.05), and they
became stronger when both fatness and fitness were entered
into the models (Table 2).

There were not genotype group variant related differences
in CRP, glucose, or insulin (Table 2).

The effect of UCP2 DEL/INS on low-grade inflammatory
markers. The DEL/INS polymorphism of UCP2 gene-related
differences in unadjusted inflammatory markers concentration
was only significant for C3 (p � 0.05), and further adjusting
for the main confounders (model 2 and 3) did not materially
change the results (Table 3).
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DISCUSSION

This study indicates that the �866GG genotype of the
UCP2 �866G�A polymorphism is associated with higher
low-grade inflammatory state in apparently healthy Swedish

children and adolescents. In addition, DEL/DEL genotype of
the UCP2 DEL/INS polymorphism was related to increased
C3 levels in this population.

We used a single blood measurement of inflammation that
may not accurately reflect long-term inflammatory status.
Although no subject with previously diagnosed cardiovascular
pathologies or a known underlying cause of infection was
included, we cannot exclude that possible elevated concentra-
tions were due to the onset of an infection. Because of the
relatively small sample size, the results of this study should be
considered as preliminary findings and should be replicated in
further studies.

To our knowledge, there is no previous data reporting the
role of UCP2 �866G�A and UCP2 DEL/INS polymor-
phisms on low-grade inflammatory markers levels, which
hamper comparison with other studies. Our findings are re-
lated with previous studies showing a protective effect of
�866A allele of UCP2 �866G�A and INS allele of UCP2
DEL/INS polymorphisms on cardiovascular disease risk fac-
tors, mediated by an increased expression or activity of UCP2.

The precise function of UCP2 is still unclear, but it has
shown to be linked to mitochondria-derived ROS production
and in the inhibition of inflammation. Thus, the chronic
absence of UCP2 has the potential to promote persistent ROS
accumulation and an oxidative stress response (33). Increased
ROS production contributes to the pathogenesis of atheroscle-
rosis. Whereas in resting conditions UCP2 expression in

Figure 1. Mean values of the sum of five skinfold thicknesses and cardio-
respiratory fitness according to genotype groups of UCP2 �866G�A and
UCP2 DEL/INS polymorphisms. Errors bars represent SD. Analysis was
performed on log-transformed data, but nontransformed data are presented in
the figure (p for all �0.6).

Table 1. Characteristics of the study sample by age group and gender

Children Adolescents

Girls (n � 62) Boys (n � 69) Females (n � 66) Males (n � 52)

Age (y) 9.6 � 0.3 9.5 � 0.3 15.5 � 0.4 15.6 � 0.4
Pubertal status (%)

Stage 1 100 60.3 0 0
Stage 2 0 36.2 0 2.0
Stage 3 0 3.4 5.9 2.0
Stage 4 0 0 43.1 22.4
Stage 5 0 0 51.0 73.5

Weight (kg) 33.1 � 6.1 32.8 � 5.9 56.8 � 6.9 64.6 � 11.8
Height (cm) 138.5 � 6.4 138.7 � 5.7 165.4 � 6.1 176.2 � 7.6
BMI (kg/m2) 17.2 � 2.1 17.0 � 2.1 20.8 � 2.1 20.7 � 3.0
Overweight and obesity (%) 10.0 9.8 7.6 9.4
Body composition

Sum of five skinfolds (mm) 46.3 � 16.9 39.1 � 6.3 59.7 � 19.3 40.5 � 17.7
Fat percentage (%) 17.9 � 5.1 16.0 � 5.6 22.4 � 4.9 14.0 � 6.1

Genotype distribution of UCP2 �866A/G (%)
GG 38.7 36.6 36.4 35.8
GA 40.3 40.8 56.1 58.5
AA 21.0 22.5 7.6 5.7

Genotype distribution of UCP2 DEL/INS (%)
DEL/DEL 41.9 47.9 50.0 49.1
DEL/INS 50.0 42.3 43.9 43.4
INS/INS 8.1 9.9 6.1 7.5

Cardiorespiratory fitness (mL/kg/min) 37.3 � 5.3 42.3 � 6.67 41.7 � 5.2 50.9 � 6.1
C-reactive protein (mg/L)* 0.45 (0.20, 0.87) 0.25 (0.15, 0.73) 0.26 (0.18, 0.78) 0.33 (0.17, 0.62)
Fibrinogen (g/L) 2.57 � 0.35 2.46 � 0.34 2.47 � 0.41 2.37 � 0.42
Complement C3 (g/L) 0.96 � 0.12 0.94 � 0.13 0.93 � 0.12 0.89 � 0.12
Complement C4 (g/L) 0.16 � 0.05 0.18 � 0.07 0.17 � 0.06 0.15 � 0.05
Glucose (mmol/L) 4.87 � 0.28 4.99 � 0.33 4.86 � 0.33 5.14 � 0.36
Insulin (pmol/L) 33.8 � 14.5 27.6 � 11.9 53.6 � 20.8 48.7 � 24.8

All values are mean � SD, unless otherwise stated.
* Values are median (P25, P75).
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vascular cells is very low, oxidative stress rapidly increases
the protein expression. The overexpression of UCP2 seems to
protect cells against oxidative stress (34). Thus, functional
UCP2 gene polymorphisms leading to reduced expression of
UCP2 and, consequently, reducing the protection of vascula-
ture against ROS, could be related to higher inflammatory
levels and to the development and progression of atheroscle-
rosis. On the other hand, it has been suggested that age-
depending genetic and environmental factors may be involved
in UCP2 regulation. Thus, UCP2 expression increases after
birth and decreases later in life (35). In addition, infants have
a higher nutritional intake (in g/kg body weight and day) than
adults, and as glucose and fatty acids increased the UCP2
transcription, UCP2 dysfunction may have higher physio-
pathological implications in children than in adults (36).

The �866A allele has been associated with higher UCP2
transcriptional activity in transfected cultured cells (15). How-
ever, the effect of carrying the �866A allele in human tissues
has been conflicting, reporting either increased (16) or de-
creased (18,37) mRNA expression. The G allele was also
associated with a higher prevalence of obesity and in a
decreased expression of UCP2 in the study of Esterbauer et al.
(15). These results agree with Wang et al. findings (18) that
showed a trend toward association between the �866G allele
and type 2 diabetes. Furthermore, previous studies conducted
in children reported that those carrying the G allele of UCP2
�866G�A were at higher obesity risk as estimated by higher
BMI (15,17,38,39). Other reports, however, found no evi-
dence for involvement of the promoter polymorphism �866
G/A of the UCP2 gene in childhood-onset obesity (40).

Unfortunately, none of them measured body fat mass content.
Because obesity is characterized by a state of chronic low-
grade inflammation, which could accelerate vascular damages,
differences in fat mass could explain the higher inflammation
found in subjects carrying the GG genotype. However, this
hypothesis is unlikely because we did not observe differences
in both BMI and fat mass content across genotype groups. We
reported that a state of low-grade inflammation is positively
associated with adiposity and negatively associated with car-
diorespiratory and muscular fitness in children and adoles-
cents (22,24,25), therefore both fatness and fitness were en-
tered as covariates into the model. Moreover, current research
point at that UCP2 does not seem to play a key role in
thermogenesis or weight control (12).

The UCP2 DEL/INS polymorphism had a weaker effect on
low-grade inflammatory markers, which concur with previous
studies (23,37). The 45 bp insertion presented a trend to be a
protector factor against insulin resistance in either diabetic
patients or healthy adults (15), whereas no impact on mRNA
expression or insulin secretion has been reported (18). In our
study, there were not differences according to genotype vari-
ants of UCP2 DEL/INS polymorphism with regard to BMI or
fatness, and neither to plasma glucose nor to insulin. Yanovski
et al. (41) reported statistically significant associations in a
small sample of children between DEL/INS genotype variant
and both BMI and total body fat. However, the study was
conducted in a sample in which all the children were obese
themselves or for whom both parents had a history of over-
weight or obesity, which hamper comparisons.

Table 2. Low-grade inflammatory markers, glucose and insulin concentrations according to genotype variants groups of the UCP2
�866A�G polymorphism in children and adolescents

Unadjusted
Adjusted with age, gender,

and puberty stage
Adjusted with age, gender,

puberty stage, fatness, and fitness

GG (n � 103)
GA � AA
(n � 177) p GG (n � 94)

GA � AA
(n � 158) p GG (n � 77)

GA � AA
(n � 138) p

C-reactive protein (mg/L)* 0.85 � 1.70 1.20 � 4.71 0.504 0.83 � 0.44 1.16 � 0.34 0.542 0.89 � 0.52 1.20 � 0.39 0.309
Fibrinogen (g/l) 2.53 � 0.38 2.44 � 0.43 0.067 2.54 � 0.38 2.41 � 0.42 0.017 2.53 � 0.41 2.38 � 0.40 0.007
Complement C3 (g/L) 0.95 � 0.13 0.92 � 0.13 0.062 0.96 � 0.13 0.92 � 0.12 0.036 0.96 � 0.13 0.92 � 0.12 0.010
Complement C4 (g/l)* 0.18 � 0.06 0.16 � 0.06 0.032 0.18 � 0.06 0.17 � 0.06 0.033 0.18 � 0.06 0.16 � 0.06 0.015
Glucose (mmol/L) 4.94 � 0.32 4.97 � 0.35 0.579 4.94 � 0.33 4.97 � 0.35 0.573 4.95 � 0.35 4.97 � 0.35 0.869
Insulin (pmol/L) 41.3 � 18.8 40.5 � 22.3 0.759 41.6 � 19.2 40.2 � 22.8 0.399 40.4 � 18.3 40.5 � 23.5 0.490

Values are means � SD.
* Analysis was performed on log-transformed data, but non-transformed data are presented in the table.

Table 3. Low-grade inflammatory markers, glucose and insulin concentrations according to genotype variants groups of the UCP2
DEL/INS polymorphisms in children and adolescents

Unadjusted
Adjusted with age, gender, and

puberty stage
Adjusted with age, gender, puberty

stage, fatness, and fitness

DEL/DEL
(n � 129)

INS variant
(n � 151) p

DEL/DEL
(n � 115)

INS variant
(n � 137) p

DEL/DEL
(n � 100)

INS variant
(n � 115) p

C-reactive protein (mg/L)* 1.48 � 5.49 0.71 � 1.18 0.161 1.45 � 5.75 0.67 � 1.02 0.281 1.59 � 6.18 0.64 � 1.04 0.410
Fibrinogen (g/L) 2.51 � 0.45 2.44 � 0.38 0.202 2.51 � 0.44 2.42 � 0.38 0.064 2.47 � 0.45 2.40 � 0.37 0.235
Complement C3 (g/L) 0.95 � 0.13 0.92 � 0.12 0.029 0.96 � 0.13 0.92 � 0.12 0.007 0.95 � 0.13 0.91 � 0.012 0.019
Complement C4 (g/L)* 0.17 � 0.06 0.17 � 0.06 0.491 0.18 � 0.06 0.17 � 0.06 0.488 0.167 � 0.06 0.17 � 0.06 0.957
Glucose (mmol/L) 4.97 � 0.34 4.94 � 0.33 0.562 4.98 � 0.35 4.94 � 0.33 0.561 4.98 � 0.37 4.94 � 0.34 0.528
Insulin (pmol/L) 41.9 � 19.7 39.8 � 22.1 0.409 42.8 � 20.4 38.9 � 22.3 0.223 42.8 � 20.2 38.4 � 22.9 0.268

Values are means � SE.
* Analysis was performed on log-transformed data, but non-transformed data are presented in the table.
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In conclusion, this study provides the first evidence of a role
of UCP2 �866G�A polymorphism in modifying low-grade
inflammatory status in apparently healthy Swedish children
and adolescents. DEL/DEL genotype of the UCP2 DEL/INS
polymorphism was also related to increased C3 levels. Given
the implication of complement factors on atherosclerosis pro-
cess, these results contribute to explain the reduced cardio-
vascular risk associated with the A allele of the UCP2
�866G�A polymorphism. Further studies are needed to con-
firm or discard our findings.
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