Polymorphisms in LEPR, PPARG
and APM1 genes: associations
with energy intake and metabolic
traits in young children
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ABSTRACT

To assess the association of single nucleotide polymorphisms (SNPs) in five genes -
leptin, leptin receptor (LEPR), adiponectin (APMT1), peroxisome proliferator-activated receptor
gamma (PPARG) and uncoupling protein 1 - with anthropometric, metabolic, and dietary parameters
in a Southern Brazilian cohort of 325 children followed up from birth to 4 years old.

SNPs were analyzed using polymerase chain reaction-based procedures, and
their association with phenotypes was evaluated by t-test, analysis of variance, and general linear
models. LEPR223Arg allele (rs1137101) was associated with higher daily energy intake
at 4 years of age (P=0.002; P_ = 0.024). PPARG 12Ala-carriers (rs1801282) presented higher
glucose levels than Pro/Pro homozygotes (P=0.007; P_ .= 0.042). Two of the six
studied SNPs presented consistent associations, showing that it is already possible to detect the
influences of genetic variants on susceptibility to overweight in 4-year-old children. Arg Bras Endocrinol
Metab. 2013;57(8):603-11
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RESUMO

Avaliar a associacao de polimorfismos de nucleotideo tnico (SNPs) em cinco genes: lep-
tina, receptor da leptina (LEPR), adiponectina (APM1), receptor ativado por proliferadores de pero-
xissomas gama (PPARG) e proteina desacopladora 1 com parametros antropométricos, metabdlicos
e dietéticos em uma coorte sul-brasileira composta por 325 criancas acompanhadas desde o nas-
cimento até os 4 anos. Os SNPs foram analisados por meio da reagdo em
cadeia da polimerase e sua associagdo com os fenotipos foi avaliada utilizando teste T, anélise de
variancia e analise fatorial. O alelo LEPR223Arg (rs1137101) foi associado a uma maior
ingestao energética diaria aos 4 anos (P=0,002; P origido = 0,024). Os portadores do alelo PPARG12Ala
(rs1801282) apresentaram maior glicemia em relagdo aos homozigotos Pro/Pro (P = 0,007; L
0,042). Dois dos seis SNPs estudados apresentaram associagcoes consistentes, mos-
trando que aos 4 anos de idade ja é possivel detectar as influéncias de variantes genéticas sobre a

suscetibilidade ao excesso de peso. Arq Bras Endocrinol Metab. 2013;57(8):603-11
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he increasing prevalence of obesity in the pediat-
ric population is a global health issue and it has
become an important public health problem (1). In-
creased intake of high energy food and beverages is a
significant risk factor for overweight and obesity. Fur-
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thermore, metabolic changes occur prior to anthropo-

metric changes (2). Genes involved in appetite regula- -
tion, energy metabolism and fat storage may be good -

candidates to confer susceptibility to obesity and their
identification may contribute to a potential interven-
tion to prevent future health problems.
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Leptin, the LEP gene product, is essential in the
regulation of food intake and energy expenditure (3).
The single nucleotide polymorphism (SNP) -2548G>A
(rs7799039) has been investigated in the regulation of
body weight, but findings are still inconclusive (4-6).
For the leptin receptor gene (LEPR), the polymor-
phism GIn223Arg (rs1137101) is one of the most
studied polymorphisms and has been associated with
obesity and related phenotypes in Brazilian adults (7).
In adolescents, this polymorphism was associated with
body fat percentage (3) but, in children, no studies re-
lated to obesity were found.

Adiponectin is another adipokine exclusively pro-
duced by adipocytes. Several SNPs have already been
identified in the APM1 gene and were associated with
obesity, type 2 diabetes, and insulin resistance (8).
The strongest associations were seen for two SNPs
in the APM1 promoter: -11377C>G (rs266729) and
-11391G>A (rs17300539). In a study performed with
children, the same two APMI promoter SNPs were
associated with insulin resistance syndrome in over-
weight/obese children (9).

Peroxisome proliferator-activated receptor-gamma
(PPARY) is a nuclear transcription factor encoded by the
PPARG gene. Several studies have reported an associa-
tion of the Prol2Ala variant (rs1801282) with obesity,
insulin sensitivity and risk of type 2 diabetes, but have
yielded conflicting findings (10,11). In children, this
SNP was associated with deficiency in energy storage
and utilization, leading to reduced growth (12), lower
BMI (13), and increased adiposity in girls (14).

Uncoupling protein-1 (UCP1), abundantly ex-
pressed in brown adipose tissue, is a mitochondrial in-
ner membrane electron carrier. The UCPI gene variant
-3826A>G (rs1800592) has been associated with obe-
sity and metabolic features (15-18). It has been sugges-
ted that this SN presents functional importance since
it was associated with reduced mRNA expression (19).

With increasing prevalence of childhood obesity in
both developed and developing countries, it becomes
noteworthy to assess the potential impact of polymor-
phisms in susceptibility genes in this earlier stage of life,
when individuals are exposed for a shorter period to
environmental factors, and interventions are still possi-
ble to prevent an obese child to become an obese adult.

The purpose of this study was to determine whether
specific LEP, LEPR, PPARG, APM]I, and UCPI gene
variants influence anthropometric, metabolic and die-
tary parameters in Brazilian children followed up from

604

birth to 4 years old. Previous studies in the same popu-
lation found an association of some of these SNPs in
adults (7,10). Therefore it was our aim to investigate
or confirm in children associations that have been pro-
posed in Brazilian adults. One of the main advantages
of studying such sample is that the influence of envi-
ronmental factors may still not constitute a significant
interference at this early age. To our knowledge, this is
the first genetic study to investigate all these parameters
simultaneously in children of such precocious age.

MATERIALS AND METHODS

Subjects

The population studied comprised 325 children born
from October 2001 until July 2002 in the city of Sio
Leopoldo. The mothers were recruited from the mater-
nity ward of the city’s only public hospital. This city is
located in the metropolitan region of Porto Alegre, the
capital of the southernmost state of Brazil.

This prospective cohort study is a continuation of a
randomized controlled trial performed in the first year
of life. Children were randomized in control and in-
tervention groups at birth. The intervention group re-
ceived dietary advice during home visits in the first year
of life, based on the ‘Ten Steps to Healthy Feeding’, a
Brazilian national health policy for primary care, sup-
ported by World Health Organization. A detailed ac-
count of the methodology of the first phase of the study
can be found elsewhere (20). Anthropometric, dietary,
socioeconomic and demographic data were collected
between ages of 12 and 16 months. No intervention
was performed after that. Between 3-4 years old, chil-
dren were re-evaluated and anthropometric, dietary,
familial, and socioeconomic data were obtained. Blood
samples were also collected for DNA extraction and
biochemical analyses. The children’s mothers provided
informed written consent and the study was approved
by the Research Ethics Committee of the Federal Uni-
versity of Health Sciences, Porto Alegre, Brazil, pro-
tocol number 143/06, and have therefore been per-
formed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments.

Race/ethnicity were self-defined by parents by skin
color, as whites and nonwhites, as officially used in de-
mographic censuses in the country.
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Anthropometric measurements

At 12-16 months, children’s height and weight were
evaluated. At 3-4 years, height, weight, tricipital and
subscapular skinfold thickness, and waist circumference
were measured. The sum of the two individual skinfolds
was computed. Body mass index (BMI) was calculated:
[weight(kg)/height(m?)], and the values were trans-
formed in Z-scores. Nutritional status was determined
according to the International Child Growth Standards
from the World Health Organization, and children with
a BMI-for-age Z-score greater than +1.0 were classified
as overweight (21). The detailed measurement proce-
dure was published by Vitolo and cols. (20).

Dietary patterns

At 12 to 16 months of age, a 24-hour diet recall carried
out by nutrition undergraduate students recorded the
child’s food intake on the day before the home visit. At
3 to 4 years of age, two 24-hour diet recalls were col-
lected on two randomly selected and non-consecutive
days; the first diet recall conducted at home and the
second in the municipal health unit. The NutWin (Nu-
tritional Support Program from the Federal University
of Sao Paulo) and food chemical composition tables
were used to calculate nutritional values of the diets
(22,23), in addition to information obtained from food
industries about products not included in the tables. To
assess the intake of sugar-dense foods (SDF) and lipid-
dense foods (LDF) at 3 to 4 years old, the foods from
two dietary recalls were classified as SDF when they had
50% or more sugar in 100g of composition (e4. can-
dies, soft drink, sugar and honey), and as LDF when
they had 30% or more fat content in 100g of composi-
tion (. salty snacks, filled cookies and chocolate). The
mean food intake from the two diet recalls performed
at 3 to 4 years old was used for analysis.

Biochemical analyses

Blood samples were collected from children at 3-4
years after a 12-h fast. Total cholesterol (TC), high
density lipoprotein (HDL), triglycerides (TG), and
glucose levels were determined using standard enzy-
matic methods with an automatic analyzer (Cobas In-
tegra 400®, Roche) at the Clinical Analysis Laboratory
of the Cardiology Institute of Rio Grande do Sul. Low
density lipoprotein (LDL) was calculated according to
the standard method.
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Genotyping

Genomic DNA was extracted from whole blood us-
ing a standard salting-out procedure. Single nucleotide
polymorphisms (SNPs) in the five candidate genes were
selected based on previous association data in adults,
minor allele frequency of at least 5% in the general
population and potential for changing protein function
and/or expression. The regions containing the SNPs
LEP -2548G>A (1s7799039) (24), LEPR GIn223Arg
(rs1137101) (25), APM1 -11391G>A (rs17300539)
(26), APM1 -11377C>G (rs266729) (26), PPARG
Prol2Ala (rs1801282) (27) and UCPI -3826A>G
(rs1800592) (28) were amplified by polymerase chain
reaction (PCR) using primer sequences and PCR cy-
cling conditions previously described. Analysis of re-
striction fragment length polymorphisms was employed
to determine genotypes. Appropriate controls were in-
cluded to confirm the genotypes in each test.

Statistical analysis

Allele frequencies were estimated by gene counting.
The agreement of genotype frequencies with Hardy-
-Weinberg expectations was tested using the chi-square
test, as well as the comparison of genotype and allele
frequencies between ethnic groups and overweight and
normal-weight children.

Mean values of normally distributed continuous
variables among genotypes were compared using analy-
sis of variance (ANOVA) or Student’s t-test for inde-
pendent samples. Homogeneity of variances among
genotype groups was previously tested for each variable
by the Levene’s test for unequal variances, and non-
parametric tests were used when appropriate. When
ANOVA provided significant results, the Tukey post-
hoc test for multiple comparisons was used. For non-
normally distributed variables (triglycerides and sum of
skinfolds), we used the logarithmically transformed val-
ues for analyses. The non-adjusted means are presented
for these two parameters. Student’s t-test was used to
compare differences in anthropometric, metabolic and
dietary parameters between intervention and control

groups, and there were no differences between groups -

(P> 0.05). The only variable that showed a significant
difference was the total daily energy intake at 12-16
months, which was then adjusted by intervention or
control group. BMI percent variation between 12-16
months and 3-4 years of age was compared between
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variation between phases and intervention or control
group at 12-16 months were included as covariates.
Statistical analyses were performed in SPSS 16.0 sta-
tistical package for Windows software. Nominal and
Bonferroni-corrected for multiple testing P values are
presented for all analyses (29).

Because of the very low number of PPARG Ala/Ala
individuals (n = 2) and APMI-11391 A/A (n=2),all
analyses for these two polymorphisms were performed
under a dominant genetic model.

For APMI1 -11391G>A and APMI -11377C>G
polymorphisms, haplotypes were inferred using Mul-
tiple Locus Haplotype Analysis software, version 2.0
(30), and linkage disequilibrium value (D’) was calcu-
lated (31).

RESULTS

Three hundred and twenty-five children from this co-
hort were followed up since birth and were genotyped
for the six gene polymorphisms. This sample included
186 boys (57.2%) and 139 girls (42.8%). In the inter-
vention group, 58.7% were boys and 41.3% girls. The
main features of the sample are described in Table 1.
Minor allele frequencies of the LEP, LEPR, APMI-
11391, APMI-11377, PPARG, and UCPI gene vari-
ants were 0.46 (A), 0.43 (Arg), 0.09 (A), 0.24 (Q),
0.08 (Ala), 0.36 (G); respectively. Genotype frequen-

Table 1. Main characteristics of mothers and of children studied,
according to gender

Characteristics ] Boys Girls
Weight at birth (kg) 320 343+045 3.27+0.46
Weight at 1 year (kg) 322 1012+1.14 966 «1.21
Height at 1 year (cm) 323 76.02+288 7438+3.25
BMI Z-score at 1 year 322 051+1.12 0.74 +1.02
Weight at 4 years (kg) 323 16.87+243 16.74+275
Height at 4 years (cm) 323 103.42+414 102.70 +5.03
BMI Z-score at 4 years 323 024 +117 029+1.04
Ethnicity (whites) % 309 3741 48.1
Maternal age at child birth < 20 325 24.7 259
years (%)

Monthly household income < 321 81.4 85.5
U$300 (%)

Maternal schooling < 8 year (%) 325 73.7 68.3
Employed mothers (%) 318 32.2 41.3
Exclusive breastfeeding < 4 months 322 67.8 64.7

(%)

Data are presented as mean = standard deviation or percentage.

606

cies for all polymorphisms in the sample studied were
in agreement with those expected under the Hardy-
Weinberg equilibrium.

Genotype and allele frequencies were not different
between ethnic groups; therefore association analyses
were performed in the whole sample (whites n = 129;
nonwhites n = 180).

Weight status of children studied was assessed accord-
ing to BMI Z-score at 3-4 years: 261 (80.8%) had normal-
weight and 62 (19.2%) were overweight. No statistically
significant differences in genotype and allele frequencies
were observed across the groups (data not shown).

Additional anthropometric parameters evaluated
were: skinfolds, waist circumference and percent change
in BMI from 12-16 months to 3-4 years. Food intake
was evaluated by dietary patterns, such as total daily
energy intake, SDF, and LDE. To assess the metabolic
profile of children, we analyzed TC, HDL, LDL, TG,
and glucose plasma levels. The means of these variables
were compared among the genotypes of the six poly-
morphisms. These results are presented in detail below.

LEPR gene

At 3-4 years, the LEPR GIn223Arg polymorphism
showed a significant association with total daily energy
intake (Kruskal-Wallis test, P = 0.002; P =0.024).

Individuals with one or two Arg alleles exflﬂi,gtit‘zéd higher
total daily energy intake than wild-type homozygotes
(Table 2). A nominal significant association between this
polymorphism and fasting glucose levels at the same age
was found; Arg/Arg genotype carriers had significan-
tly higher fasting glucose levels in relation to Gln/Gln
homozygotes (P = 0.017). However, after Bonferroni-

-correction for multiple testing, the P was 0.204.

corrvected

APMT1 gene

In table 3, before multiple test correction, we could
note significant associations of the APM1 -11391G>A
variant with daily energy intake at 12-16 months and
fasting glucose levels and amount of subcutaneous fat
at 3-4 years. Individuals carrying the A-allele had lower
fasting glucose levels, sum of skinfolds and total energy
intake /day than G/G homozygotes.

In table 4, we can observe that there seems to be
an association between the APMI -11391G>A SNP
and HDL cholesterol. The A-allele showed increased
HDL levels (48.4 ys. 44.1 mg/dl, P=0.007; P

corrected

0.056). Besides, the APM1-11377C>G polymorphism
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Table 2. Mean glucose levels, anthropometric parameters and dietary patterns according to LEPR GIn223Arg genotypes

GIn/GIn Gin/Arg Arg/Arg
Phenotypes P P corrected"
mean = SD n mean = SD n mean = SD n

At birth

Weight (kg) 3.37 £0.43 100 3.35+0.47 163 3.36 = 0.49 56 0.969 1.000
Height (cm) 48.78 +1.89 100 48.88 + 2.08 163 48.57 +1.94 56 0.601 1.000
1 year

BMI Z-score 0.69 £1.17 100 0.59 +1.03 163 0.51 +£1.05 58 0.578° 1.000
Energy intake (kcal) 921 + 393 92 926 + 394 154 964 + 364 55 0.754° 1.000
4 years

Glucose (mg/dL) 707 £ 7.4 97 72.6 + 6.4 160 73.7 £6.49 56 0.0172 0.204
BMI Z-score 0.18 £1.03 101 0.31+1.16 164 0.25+1.14 57 0.622¢ 1.000
Sum of skinfolds (mm) 13.3+£3.9 100 137+ 4.8 164 134+ 4.6 57 0.841¢ 1.000
Waist circumference (cm) 50.6 + 3.0 100 50.8 3.8 164 51.2+4.0 57 0.612¢ 1.000
SDF (kcal) 113+ 82 99 107 £ 90 162 112+ 94 56 0.554¢ 1.000
LDF (kcal) 166 + 188 99 187 + 201 162 160 + 175 56 0.611¢ 1.000
Energy intake (kcal) 1417 = 330 99 15633 + 424 162 1643 + 409 56 0.002¢ 0.024
BMI variation 1-4 years (%) -10.7 + 8.3 100 -89+94 162 -8.4+84 57 0.133¢ 1.000

20ne-way ANOVA; ® General linear model including the covariate intervention group; ¢One-way ANOVA performed with In-transformed variable;

dKruskal-Wallis test; ® General linear model including the covariates gender, age variation between phase 1y and phase 4 y and intervention group;

oTukey test GIn/GIn x GIn/Arg P = 0.068; GIn/Arg x Arg/Arg P = 0.557; GIn/GIn x Arg/Arg P = 0.022; " P-values after Bonferroni's correction for multiple tests.
BMI: body mass index; SDF: sugar-dense foods; LDF: lipid-dense foods; SD: standard deviation.

Table 3. Association analysis of fasting glucose levels, anthropometric and dietary parameters with APM7 -11391G>A polymorphism

Phenotypes 6/6 Arcarriers P P corrected’
mean = SD n mean = SD n
1 year
BMI Z-score 0.63 = 1.08 266 0.48 +1.09 56 0.326° 1.000
Energy intake (kcal) 952 + 387 253 841 + 386 49 0.045° 0.450
4 years
Glucose (mg/dL) 72.7 £6.6 261 70074 53 0.009 0.090
BMI Z-score 0.30 £1.15 267 0.04 +0.88 56 0.1112 1.000
Sum of skinfolds (mm) 13747 267 125+ 3.3 59 0.044¢ 0.440
Waist circumference (cm) 509 £3.7 267 50.5 + 3.1 56 0.399 1.000
SDF (kcal) 110+ 91 264 1056 +74 54 0.993¢ 1.000
LDF (kcal) 172 +189 264 193 + 206 54 0.545¢ 1.000
Energy intake (kcal) 1501 + 398 264 1588 + 408 54 0.149¢ 1.000
BMI variation (%) -9.3+9.1 264 -102+7.38 56 0.423¢ 1.000

2Unpaired t-test; ® General linear model including the covariate intervention group; ¢Unpaired t-test performed with In-transformed variable; * Mann-Whitney test; ¢ General linear model including the
covariates gender, age variation between phase 1y and phase 4 y and intervention group; " P-values after Bonferroni’s correction for multiple tests.
BMI: body mass index; SDF: sugar-dense foods; LDF: lipid-dense foods; SD: standard deviation.

was significantly associated with TC and LDL before  phisms (D’ = -1.0), with three observed haplotypes: &
multiple test correction. Tukey test showed that these  G-C (frequency = 0.67), G-G (frequency = 0.24) and -
observed differences were between G/G homozygotes ~ A-C (frequency = 0.09). Therefore, comparison of -
and C/C homozygotes. mean variables among carriers of these haplotypes did

There was strong linkage disequilibrium between  not provide information beyond that revealed by both
APM1 -11391G>A and APM1 -11377C>G polymor- ~ SNDPs separately (data not shown).
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Table 4. Mean lipid levels according to APM7 genotypes

Total cholesterol (mg/dL) HDL (mg/dL)
mean = SD n P Pcorr mean = SD n P Pcorr
APM1-11391G>A
G/G 127.7 £ 25.8 260 0.351° 1.000 441105 260 0.007° 0.056
A-carriers 1314 +£26.9 54 48.4+9.9 54
APM1-11377C>G
C/C 126.0 + 26.1¢ 179 0.028° 0.224 45.0+10.7 179 0.805° 1.000
C/G 129.9 + 23.5¢¢ 119 44.4 +10.5 119
G/G 143.2 + 36.9° 16 461 8.7 16
LDL (mg/dL) TG (mg/dL)?
mean = SD n P Pcorr mean = SD n P Pcorr
APM1-11391G>A
G/G 71.5+23.1 260 0.953° 1.000 589+ 271 260 0.692° 1.000
A-carriers 71.3+243 54 58.3+17.6 54
APM1-11377C>G
C/C 69.4 + 231" 179 0.038° 0.304 55.9+18.9 179 0.078° 0.624
C/G 72.7 £21.0% 119 63.5+33.6 119
G/G 84.2 + 34.8 16 55.7+£18.4 16

2 Statistical tests performed with In-transformed variable; ® Unpaired t-test; ¢ One-way ANOVA; “¢ Tukey test C/C x C/G P = 0.415; C/G x G/G P = 0.129; C/C x G/G P = 0.030; "9 Tukey test C/C x C/G

P=0.453; C/G x G/G P=0.148; C/C x G/G P=0.038.

HDL: high density lipoprotein; LDL: low density lipoprotein; TG: triglycerides; SD: standard deviation; Pcorr. P-values after Bonferroni’s correction for multiple tests.

PPARG, LEP and UCP1 genes

At 3-4 years, the PPARG Prol2Ala polymorphism
showed a significant association with fasting glucose
levels. The Ala-carriers had significantly higher levels in
relation to wild-type homozygotes (74.6 vs. 71.7 mg/dL,
P=0.007, P, = 0.042). No other association was
tound for this SNP.

No associations were observed for LEP -2548A>G
and UCPI -3826A>G polymorphisms with anthropo-

metric, dietary and metabolic parameters, either.

DISCUSSION

In the current study, LEPR GIn223Arg polymorphism
was associated with energy intake and PPARG Pro-
12Ala was associated with fasting glucose levels, both
associations at 4 years old. We initially observed an as-
sociation between APMI -11391G>A and daily energy
intake at 1 year, subcutancous fat, fasting glucose lev-
els and HDL levels at aged 4, although P values did
not remain significant after multiple test correction.
The same occurred in the APM1 -11377C>G associa-
tion with total cholesterol and LDL plasma and in the
LEPR GIn223Arg with fasting glucose levels.
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Despite the unquestionable relevance of environ-
mental influence on dietary behavior, specially the
mothers’ choice regarding foods they offer to their
children, the biological mechanisms of hunger and
satiety may be active and directly affecting the child’s
choice about what, when, and how much to eat. Our
findings suggest the genetic influences on this behav-
ior are yet active in young children. Our data indicate
a relationship between LEPR GIn223Arg and higher
tood consumption in childhood, as Arg-carriers pre-
sented increased total daily energy intake at ages 3 to 4
(Table 2). In accordance with our findings, adult Arg-
carriers showed higher energy intake in dinner (32).
This same allele was previously associated with higher
BMI and abdominal adiposity in Brazilian adults from
the same geographical region (7). Although we did not
find an association of the GIn223Arg with BMI and oth-
er adiposity parameters in children, we believe the influ-
ence this SNP should appear progressively with age, as
a result of their interaction with environmental factors.
We also showed association of the Arg/Arg genotype
of LEPR GIn223Arg polymorphism with higher fast-
ing glucose levels at 3-4 years of age. Although the P
value did not remain significant after multiple test cor-
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rection, we suggest that this polymorphism, although
exerting a small effect on glucose levels (Table 2), in
interaction with environment factors may in the future
increase type 2 diabetes risk. Our findings extend re-
cently reported data in adults: Arg allele may predis-
pose healthy individuals to develop metabolic disorders
(4). It has been recently suggested that the LEPR GI-
n223Arg polymorphism, which results in an amino acid
change, from glutamine to arginine, alters leptin-bind-
ing activity by producing a receptor with an impaired
function (4). Additionally, it was reported that LEPR
GIn223Arg polymorphism is associated with conver-
sion to type 2 diabetes (33) and insulin resistance (34).

Regarding the APMI gene, data from the present
study also suggest that the two polymorphisms inves-
tigated in APM1 gene influence obesity-related traits
in childhood. The APM1 -11391A allele showed bet-
ter dietary, anthropometric, and metabolic profile. The
APMI -11377C allele appears to confer better lipid
profile. Although P values did not remain significant
after multiple test correction, our results are in accor-
dance with previous findings in the literature (9,35,36).
As the APM1-11391A and APMI -11377C alleles are
in absolute linkage disequilibrium, we were not able to
determine which one has a functional effect over the
APM]I gene expression. A previous study by our group
in HIV-infected individuals showed these same alleles
were associated with higher adiponectin levels (37).
Although we had no samples to measure circulating
adiponectin in the present sample, it is our intent to
perform future expression studies to clarify this issue.

Our investigation found the PPARG 12Ala vari-
ant is significantly associated with higher fasting glu-
cose levels in children aged 4. A previous study in the
same population found that the same allele contribut-
ing to higher BMI in adult males (10). There is still no
consensus in the literature on the association between
Prol2Ala genotypes and metabolic profile. So far, such
variant has shown possible heterogeneity in the mag-
nitude of the association among populations and with
environmental factors (11). In Brazil, both studies al-
ready performed point out that the Ala-allele may be a
risk marker for obesity-related phenotypes.

One of the limitations of the present study is the
moderate sample size. However, it has a longitudi-
nal design and a very detailed characterization of the
sample in terms of phenotypes. Another limitation is
the small number of SNPs analyzed. It is important to
take into consideration that most genome-wide asso-
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ciation (GWA) studies have been performed in popula-
tions of European descent and have focused on com-
mon variants. Rare variants might be responsible for
unexplained phenotypic variation and are not analyzed
in GWA studies. Risk variants (and effect sizes), allele
frequencies and prevalence of disease can differ across
populations (38). Therefore, studies like the current
one are needed to indicate possible associations in oth-
er populations.

From all the significant nominal P-values presented
herein, only the associations between LEPR GIn223Arg
and total energy intake, and between PPARG Prol2Ala
and glucose levels, both at 4 years of age, remained sig-
nificant after correction for multiple testing. However,
when the probability of the type I error (false positive)
decreases, the probability of type II error (false nega-
tive) increases. The appropriate application of the mul-
tiple testing corrections is a matter of strong discus-
sion (39) and, therefore, the two P values (before and
after corrections) are shown. Although the possibility
of statistical error could not be excluded, the associa-
tions found herein, in a moderate-sized sample, are all
in accordance with previous associations in adults and
functional evidence regarding these polymorphisms.
Independent replication of significant associations in
different cohorts from the same population is an im-
portant aspect of a credible genetic association result.

Children surveyed herein come from low-income
families, users of the government-supported health sys-
tem. This sample has been originally designed to evalu-
ate the impact of a nutritional intervention in the first
year of life on the dietary quality of 3 to 4 years old
children (20). Notwithstanding, it seems also to be a
good source of information for genetic studies of the
general southern Brazilian population, since allele and
genotype frequencies observed in the present study
were in the same range of those previously reported in
European and European-derived populations, includ-
ing the southern Brazilian population (5,7,10,14,40).

In conclusion, this study showed that SNPs located
in LEPR and PPARG genes are associated with obesity-
related phenotypes in children in a very young age, and

we suggest that APM1 gene polymorphisms may affect -

serum lipid profile. These results are in the same direc-
tion of associations found among these gene variants
and obesity-related phenotypes in adults. This demon-
strates that it is already possible to detect the influence
of genetic variants on nutritional and metabolic charac-

teristics at this early age, even before the manifesta- =
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tion of this effect on anthropometric measures. These
findings may not only help in understanding the role
of these genetic variants in childhood obesity, but also
reinforce the notion that there is an important and pre-
cocious interaction between genes and environment in
the development of excessive weight gain and its relat-
ed complications. The follow-up of the present sample
is ongoing and will enable us to clarify the influence
of these and other polymorphisms on adiposity, meta-
bolic, and dietary parameters over the years.
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