nature publishing group

ARTICLES

GENETICS

The Effect of Ponderal Index at Birth
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Idoia Labayen'~, Jonatan R. Ruiz’, Luis A. Moreno**

, Francisco B. Ortega®?,

Laurent Beghin®, Stefaan DeHenauw’, Pedro J. Benito®, Ligia E. Diaz’, Marika Ferrari'’,
George Moschonis'', Anthony Kafatos'?, Dénes Molnar", Kurt Widhalm', Jean Dallongeville',
Aline Meirhaeghe'" and Frédéric Gottrand®; on behalf of the HELENA study group

This study examined the effect of ponderal index (PI) at birth on the relationships between eight common
polymorphisms of the leptin (LEP) and leptin receptor (LEPR) genes and adiposity in adolescents. A total of 823
European adolescents (45.4% girls) aged 14.8 + 1.4 years were genotyped for the LEP (rs2167270, rs12706832,
rs10244329, rs2071045, and rs3828942) and LEPR (rs1137100, rs1137101, and rs8179183) polymorphisms. The PI
was calculated from parental reports of birth weight and length. Fat mass index (FMI) was calculated. Analyses were
adjusted for relevant confounders. An “adiposity-risk-allele score” based on genotypes at the three single-nucleotide
polymorphisms (SNPs) associated with adolescents’ FMI in adolescents within the lower tertile of Pl was calculated.
The LEP rs10244329 and rs3828942 polymorphisms were associated with higher FMI only in adolescents within the
lower Pl tertile (+0.55kg/m? per minor T allele, P = 0.040, and +0.58 kg/m? per major G allele, P = 0.028, respectively).
The LEPR rs8179183 polymorphism was significantly associated with higher FMI in adolescents within the lower

Pl tertile (+0.87 kg/m? per minor C allele, P = 0.006). After correction for multiple comparisons, only the association
between the LEPR rs8179183 and FMI persisted. However, each additional risk allele conferred 0.53kg/m? greater
FMI in adolescents within the lower tertile of Pl (P = 0.008). In conclusion, our results suggest that those adolescents
born with lower Pl could be more vulnerable to the influence of the LEP rs10244329 and rs3828942 polymorphisms
and LEPR rs8179183 polymorphism on total adiposity content. Due to the relatively small sample size, these findings

should be replicated in further larger population samples.
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INTRODUCTION

Obesity development and its complications are determined
by lifestyle, genetic mechanisms and their interactions (1,2).
Genetic factors include single-nucleotide polymorphisms
(SNPs) in genes that encode proteins involved in biological
processes influencing, among others, body composition or
regulation of leptin, an important satiety hormone.

Epidemiological findings and data from experimental stud-
ies in animals observed associations between small body size
at birth and many metabolic disorders later in life, such as type
2 diabetes (3), cardiovascular disease (4,5), hypertension (6),
the metabolic syndrome (7,8), and unhealthy body composi-
tion (9,10). Inadequate nutrient supply during fetal life seems
to lead to permanent changes of the structure and function of
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certain organs and tissues (5). These adaptations would result
in an altered metabolic state, which is unfavorable in postnatal
life when nutrient supply is within normal or affluent ranges.

Genetic susceptibility is important in the determination of
both body size at birth and adult metabolic disorders (11-13).
Ponderal index (PI) at birth is an estimate of newborn nutri-
tional status and a proxy of the intrauterine environment that
could influence gene expression leading to phenotypes associ-
ated with disease (14). Likewise, genes related to adiposity and
obesity-related metabolic disorders may have different effects
on individuals with different body size at birth (11,15,16).

Leptin is an adipocyte-derived hormone that suppresses food
intake and increases energy expenditure by binding to and acti-
vating its specific receptor in the hypothalamus. Monogenic
mutations in the leptin gene (LEP) and the leptin receptor
gene (LEPR) have been shown to cause morbid obesity in mice
(17-19) and humans (20,21). Human common obesity is attrib-
uted to the interaction of genes, environment, and lifestyle (22).
Therefore, subtle genetic variations like polymorphisms at LEP
and/or LEPR may play a significant role in the pathophysiol-
ogy of human obesity. It is conceivable that common poly-
morphisms in the LEP or/and in the LEPR genes may modify
the function or the expression of their protein products. These
DNA sequence variations may cause a disruption in the leptin-
signaling, contributing to common forms of human obesity.

During pregnancy, leptin is produced by maternal and fetal
adipose tissue and also by the placenta, and in contrast to mater-
nal leptin levels, umbilical cord leptin levels are positively cor-
related with birth weight (23). Several studies investigated the
impact of SNPs in the LEP or LEPR genes on adiposity markers,
but the results are not conclusive (17). In addition, the associa-
tion between these SNPs and body size at birth has been little
studied (24), and whether body size at birth interacts with LEP
and LEPR polymorphisms and later adiposity is unknown.

The aim of the current study was to examine the effect of
PI at birth on the relationship between eight common poly-
morphisms of the LEP (rs2167270, rs12706832, rs10244320,
rs2071045, and rs3828942) and LEPR (rs1137100, rs1137101,
and rs8179183) genes and adiposity in European adolescents.

METHODS AND PROCEDURES

Study design

The current report is based on data derived from the Healthy Lifestyle
in Europe by Nutrition in Adolescence (HELENA) cross-sectional
study, which aimed to obtain standardized, reliable, and comparable
data from a random sample of European adolescents on a broad set
of nutrition and health-related parameters (25). Data collection took
place during 2006-2007 in 10 European cities: Athens and Heraklion in
Greece, Dortmund in Germany, Ghent in Belgium, Lille in France, Pecs
in Hungary, Rome in Italy, Stockholm in Sweden, Vienna in Austria,
and Zaragoza in Spain. A detailed description of the HELENA study
sampling and recruitment approaches, standardization and harmoni-
zation processes, data collection, analysis strategies and quality control
activities has been published elsewhere (25,26).

Subjects

All the adolescents meeting the general HELENA inclusion criteria
(not participating simultaneously in another study, and being free of
any acute infection lasting <1 week before the inclusion), with valid

data for age, sex and BMI, were considered the final HELENA sample:
3,546 adolescents aged 12.5-17.5 years. In order to investigate clinical
biochemistry assays and genetic analyses, one third of the adolescents
were randomly selected for blood collection, resulting in a total of 1,155
adolescents. Among these participants, 823 adolescents (374 females)
born at term with data on the LEP and LEPR polymorphisms, BMI and
weight and length at birth were included in this study. The final sample
did not differ in the main characteristics (i.e., neonatal characteristics
such as body weight, length and PI at birth, age or BMI) from the origi-
nal sample (all P> 0.1).

Written informed consent to participate was obtained from both
parents and adolescents. The study was performed following the ethical
guidelines of the Declaration of Helsinki 1961 (revision of Edinburgh
2000), the Good Clinical Practice, and the legislation about clinical
research in humans in each of the participating countries. The protocol
was approved by the Human Research Review Committee of the Uni-
versities of the centers involved (27).

Neonatal data

A questionnaire was developed for parents to collect information on the
adolescents’ body weight and length at birth, and duration of pregnancy
(28). Parents were specifically asked to recall this information from
health booklets. Duration of pregnancy was reported in two categories:
between 35 and 40 weeks and >40 weeks of pregnancy. This question-
naire was sent to the parents together with the study information letter
and consent form, and collected at school on the first day of the exami-
nations. If information from the parental questionnaire was lacking, the
local investigators were advised to send the questionnaire to the parents
again to obtain the required information. PI was computed as birth
weight (in kilograms) divided by birth length (in meters) cubed.

Physical examination
Harmonization and standardization of anthropometric measurements
used to assess body composition in the HELENA study were strictly
controlled and have been previously described (29). Adolescents were
barefoot and in their underwear. Weight was measured with an elec-
tronic scale (Type SECA 861, SECA, Hamburg, Germany; range, 0.05-
130kg; precision, 0.05kg), and height was measured in the Frankfurt
plane with a telescopic height measuring instrument (Type SECA 225,
SECA; range, 60-200 cm; precision, 1 mm). BMI was calculated as body
weight in kilograms divided by the square of height in meters.
Subscapular and tricipital skinfold thicknesses were measured on the left
side of the body with a Holtain caliper (range, 0-40 mm; precision, 0.2 mm)
according to Lohman’s anthropometric standardization reference manual
(30). We used the equations reported by Slaughter et al. (31) to estimate
body fat mass (FM).Thereafter, we calculated FM index (FMI) dividing FM
by height squared (in meters), which adjust for current body size in a way
comparable to that used for BMI. FMI instead of BMI was used as an indi-
cator of adiposity as BMI has been suggested to be a less valid measurement
of adiposity in adolescents and is also associated with lean mass (32).
Identification of pubertal status (stages I-V) was assessed by a medical
doctor according to Marshall and Tanner (33,34). This standard staging
describes breast and pubic hair development in girls and genital and pubic
hair development in boys. The first stage corresponds to a prepubertal
status, whereas stage V indicates a complete maturation.

Biochemistry

Serum fasting leptin concentrations were measured using the RayBio
Human Leptin ELISA (enzyme-linked immunosorbent assay) (Linco
Research, St Charles, MO) in duplicate. The sensitivity of leptin assay is
typically <6 pg/ml, with intra- and inter-assay coefficients of variation
<10% and <12%, respectively.

SNP selection and genotyping

For the LEP gene, we selected the entire common genetic variation (the
five selected SNPs, 1rs2167270, rs12706832, rs10244329, rs2071045,
1rs3828942, captured the 11 SNPs that were reported in the HapMap
database with a minor allele frequency above 0.10).
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For the LEPR gene, the number of SNPs was very large (27 tagSNPs
capturing 201 SNPs were described in the HapMap database with a
minor allele frequency above 0.10) and we selected three known SNPs
(rs1137100 (Argl09Lys), rs1137101 (Arg223Gln) and rs8179183 (Asn-
656Lys)) based on literature data instead. These three SNPs captured by
themselves 58 of the 201 reported SNPs.

The genotyping was done with an Illumina system, using the Gold-
enGate technology.

Statistical analysis

Linkage disequilibrium parameters (|[D’| and *) between polymor-
phisms were estimated using Haploview (35). To investigate the asso-
ciations of LEP and LEPR polymorphisms with neonatal variables (i.e.,
birth weight and length, and PI), we used linear mixed models with
sex and duration of pregnancy entered as covariates and center entered
as random variable. Trend tests were performed by adding genotype
categories in the regression analysis as ordinal variables instead of cat-
egorical variables. Likewise, we examined the association of LEP and
LEPR polymorphisms with BMI, FMI, and leptin levels by using linear
mixed models with sex, age, and pubertal status entered as covariates
and center entered as random variable.

To examine whether the association of LEP and LEPR polymor-
phisms with adiposity differ by level of birth size, PI was categorized
into three sex-specific tertiles as follows: <24.6kg/m’, 24.6-27.1kg/
m?, and >27.1kg/m’ for low, middle, and upper tertile, respectively,
in girls, and <24.4kg/m?, 24.4-27.3kg/m?, and >27.3kg/m? for low,
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middle, and upper tertile, respectively, in boys. We compared geno-
type distributions among PI sex-specific tertiles using x> tests. To test
for the existence of an interaction between the polymorphisms and PI
sex-specific tertiles on total adiposity, we used linear mixed models
and we added a cross-product term polymorphism*PI into the model.
Means of adiposity estimates were calculated by linear mixed models
adjusting for pregnancy duration, sex, age, puberty stage, and center (as
arandom variable). Finally, an “adiposity-risk-allele score” was created
by counting the total number of adiposity risk alleles across the eight
variants of LEP and LEPR polymorphisms that showed interaction with
PI and were associated with total adiposity content. Linear regression
was used to analyze the association between the adiposity-risk-allele
score and FMI across PI sex-specific tertiles. We repeated all analyses
using BMI instead of FMI as adiposity estimate.

Analyses were performed using the Statistical Package for Social Sci-
ences (SPSS, v. 17.0 for WINDOWS; SPSS, Chicago, IL) and the level
of significance was set to 0.05, except for the interaction effect, that was
considered to 0.1. Data are expressed as means and standard deviation,
unless otherwise stated. Finally, comparisons were adjusted for mass sig-
nificance as described by Holm (36).

RESULTS
The genotypic and allelic distributions of the eight inves-

tigated SNPs, as well as genotyping success rates, are pro-
vided in Table 1. All SNPs presented r* values <0.80. The

Table 1 Genotypic and allelic distributions of the LEP and LEPR polymorphisms in the HELENA study

Genotyping
Gene SNP success rate (%) Genotype Frequency (n, %) MAF P value H.W.
LEP rs2167270 99.5 GG 358 (43.5) 0.34 0.92
AG 366 (44.5)
AA 95 (11.5)
rs12706832 100 GG 276 (33.5) 0.42 0.61
GA 398 (48.4)
AA 149 (18.1)
rs10244329 99.8 AA 223 (27.2) 0.48 0.76
AT 414 (50.4)
TT 184 (22.4)
rs2071045 100 AA 459 (55.8) 0.25 0.42
AG 317 (38.5)
GG 47(5.7)
rs3828942 99.9 GG 241 (29.9) 0.48 0.94
GA 396 (48.1)
AA 185 (22.5)
LEPR rs1137100 100 AA 490 (59.1) 0.23 0.54
AG 286 (34.9)
GG 47 (5.7)
rs1137101 100 AA 286 (34.8) 0.42 0.15
AG 381 (46.3)
GG 156 (19.0)
rs8179183 99.9 GG 558 (67.9) 0.18 0.49
GC 235 (28.6)
CC 29(3.5)

H.W., Hardy-Weinberg equilibrium; HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence; LEP, leptin; LEPR, leptin receptor; MAF, minor allele frequency;

SNP, single-nucleotide polymorphism.
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Table 2 Descriptive characteristics of the study sample

n Mean s.d.
Females 374 (45.4%)
Males 449 (54.6%)
Pubertal status
Tanner stage 1 or 2 79 (10.5%)
Tanner stage 3 or 4 456 (60.6%)
Tanner stage 5 217 (28.9%)
Age (years) 823 14.8 1.4
BMI (kg/m?) 823 21.2 37
Body fat percentage (%) 791 23.7 9.6
Fat mass index (kg/m2) 791 5.3 3.1
Leptin (ng/ml) 712 20.1 23.1
Neonatal data
Birth weight (kg) 823 3.37 0.52
Birth length (cm) 823 50.6 2.6
Ponderal index at birth (kg/m?) 823 26.03 416
Gestational age
35-40 weeks 547 (66.5%)
>40 weeks 276 (33.5%)

r* coefficients varied between 0.002 and 0.74 and between
0.07 and 0.36 for the LEP and LEPR genes, respectively (see
Supplementary Table S1 online). Genotype distributions
respected the Hardy-Weinberg equilibrium (P > 0.15). All the
SNPs had similar genotype distributions across the European
centers except the LEP rs2071045 polymorphism (P = 0.021).
The neonatal and clinical characteristics of adolescents are
shown in Table 2.

Associations of LEP and LEPR polymorphisms

with neonatal characteristics

There were no statistically significant differences in weight,
length, and PI at birth across LEP and LEPR genotypes
(see Supplementary Table S2 online), except for the LEPR
rs8179183 polymorphism (-0.10kg of birth weight per minor
C allele (95% confidence interval (CI): —0.16, —0.40), adjusted
P =0.002).

Associations of LEP and LEPR polymorphisms

with total adiposity at adolescence

There were no significant differences in total adiposity esti-
mates among genotype groups for any of the studied LEP poly-
morphisms (Table 3).

In contrast, adolescents carrying the A major allele of the
LEPR rs1137100 polymorphism had higher BMI (adjusted
P =0.015) and FMI (adjusted P = 0.031) than GG adolescents
(Table 3). The C minor allele of the LEPR rs8179183 poly-
morphism was associated with higher leptin levels (adjusted
P =0.012), but this relationship became nonsignificant after
further adjustment for BMI (adjusted P = 0.259).

4

There were no significant interactions between LEP and
LEPR polymorphisms and either sex or pubertal status (all P >
0.1) when considering total adiposity estimates.

Interactions between Pl and LEP polymorphisms

The distribution of LEP polymorphisms was similar across the
sex-specific PI tertiles (all P > 0.2). We did not find any signifi-
cant interaction effect between the studied LEP polymorphisms
and PI tertiles when considering leptin levels (all pregnancy
duration, age, pubertal status, sex, and center-adjusted P > 0.2).
There were significant interactions between the LEP rs10244329
and rs3828942 polymorphisms and PI when considering FMI
(adjusted P = 0.070 and P = 0.071, respectively).

The LEP rs10244329 polymorphism was significantly associ-
ated with FMI (Figure 1a) only in adolescents with a low PI
tertile (adjusted P = 0.040). Thus, the minor T allele of the LEP
rs10244329 polymorphism was significantly associated with
higher FMI in adolescents within the lower PI tertile (+0.55 kg/
m? per risk allele (95% CI: 0.03, 1.07)).

Similarly, the LEP rs3828942 polymorphism was significantly
associated with FMI (Figure 1b) only in adolescents belonging
to the lower PI tertile (adjusted P = 0.028). Indeed, the major G
allele of the LEP rs3828942 polymorphism was associated with
higher FMI (+0.58 kg/m? per risk allele (95% CI: 0.06, 1.09))
in adolescents within the lower tertile. Nevertheless, the rela-
tionships of either the LEP rs10244329 or the LEP rs3828942
polymorphisms and FMI were attenuated and became nonsig-
nificant after correction for multiple testing.

Both the LEP rs3828942 and the rs10244329 polymorphisms
were significantly associated with BMI only in adolescents within
the lower PI tertile (pregnancy duration, age, pubertal status,
sex, and center-adjusted P = 0.029 and P = 0.037, respectively).

Interactions between Pl and LEPR polymorphisms

The distribution of genotype variants of LEPR polymorphisms
was similar across the sex-specific PI tertiles (all P > 0.07). We
did not detect significant interaction effects between PI tertiles
and LEPR polymorphisms when considering leptin levels (all
P > 0.2). There were significant interaction effects between PI
tertiles and the LEPR rs1137101 and rs8179183 polymorphism
when considering FMI (adjusted P = 0.094 and P = 0.039,
respectively), whereas no significant interaction effect was
observed between the LEPR rs1137100 polymorphism and PI
tertiles with respect to FMI (adjusted P = 0.502).

Adolescents within the lower PI tertile carrying the major
A allele of the LEPR rs1137101 polymorphism showed a ten-
dency to present higher FMI (Figure 2a).The LEPR rs8179183
polymorphism was significantly associated with FMI only in
adolescents within the lower PI tertile. Thus, the minor C allele
was associated with higher FMI (+0.87 kg/m? per minor allele
(95% CI: 0.25, 1.49) adjusted P = 0.006) in adolescents within
the lower tertile (Figure 2b) and this association remained sig-
nificant after correction for multiple testing.

We did not find any significant relationship between the
LEPR rs1137101 and BMI in adolescents (pregnancy dura-
tion, age, pubertal status, sex, and center-adjusted P = 0.639,

www.obesityjournal.org
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Table 3 Associations of the LEP and LEPR polymorphisms with adiposity in adolescents after adjusting for sex, age, pubertal

status, and center

BMI (kg/m?) FMI (kg/m?)? Leptin (ng/ml)?
Mean (s.d.) P for trend Mean (s.d.) P for trend n Mean (s.d.) P for trend
LEPrs2167270
GG 21.3(4.0) 0.505 5.2(3.1) 0.780 270 20.1(23.5) 0.530
GA 21.0(3.6) 5.2(3.0) 300 21.0(24.4)
AA 20.9(3.6) 5.1(2.8) 78 19.7 (20.6)
LEP rs12706832
GG 21.2(3.6) 0.938 5.0(2.9 0.592 242 19.9 (23.4) 0.966
GA 21.0(3.9) 5.2(3.1) 341 20.6 (24.6)
AA 21.1(3.6) 5.5(3.0) 130 21.3(21.1)
LEPrs10244329
AA 21.0(3.9) 0.552 4.9(2.9 0.376 191 19.8(22.0) 0.703
AT 21.2(3.8) 5.2(3.2) 361 21.2 (24.6)
T 21.1(3.4) 5.3(2.9) 158 19.8(23.3)
LEP rs2071045
AA 21.9(4.5) 0.092 4.9(2.9) 0.215 393 19.0(20.2) 0.192
GA 21.4(3.6) 5.2(3.2) 280 22.6(28.1)
GG 20.9(3.8) 5.3(2.9 39 19.2(20.2)
LEP rs3828942
GG 21.2(3.6) 0.460 5.3(3.1) 0.347 208 20.3 (23.5) 0.943
GA 21.1(3.9) 5.1(3.0) 345 21.1(24.5)
AA 21.0(3.5) 5.0(2.9 158 19.5(21.7)
LEPRrs1137100
AA 21.2(3.7) 0.148 5.2(3.2) 0.062 459 21.4(25.1) 0.117
AG 21.3(4.0) 0.015° 5.2(3.9) 0.031° 253 19.7 (21.6) 0.074°
GG 21.0(2.8) 4.2(2.1) 44 156.6(17.2)
LEPRrs1137101
AA 21.1(3.9) 0.452 5.2(3.4) 0.148 269 20.1(23.0) 0.716
AG 21.3(3.8) 5.3(2.8) 346 21.3(25.1)
GG 20.6 (3.4) 4.8(2.7) 141 19.3(20.7)
LEPRrs8179183
GG 21.0(3.8) 0.214 5.0(2.9) 0.059 496 19.0(22.3) 0.096
GC 21.5(3.5) 0.117¢ 5.5(3.0) 0.055° 196 25.0 (26.5) 0.012¢
CcC 21.0(4.5) 5.3(4.6) 27 15.7 (19.6)

FMI, fat mass index; leptin; LEPR, leptin receptor.

2Analysis was performed with log-transformed data. Leptin measurement was available in a sub-sample, so the number of subjects for this variable are presented (the
number of subjects for adiposity variables are presented in Table 1); °P value recessive model; °P value dominant model.

P =0.138, and P = 0.437 for the lower, middle, and upper ter-
tiles of PI, respectively), whereas the LEPR rs8179183 was sig-
nificantly associated with BMI only in adolescents within the
lower tertile of PI (adjusted P = 0.035, P = 0.493 and, P = 0.443
for the lower, middle, and upper tertiles of P, respectively).

The adiposity-risk-allele score across Pl sex-specific tertiles
The adiposity-risk-allele score based on genotypes at the
three SNPs associated with adolescents’ FMI in adolescents
born within the lower tertile of PI (LEP rs10244329, LEP
rs3828942, and LEPR rs8179183) ranged from 0 to 3 alleles.

OBESITY

The distribution of the adiposity-risk-allele score was similar
across the sex-specific PI tertiles (P = 0.65). Each additional
risk allele conferred an estimated 0.53 kg/m? greater FMI (95%
CI: 0.14-0.93) only in adolescents within the lower tertile of
PI (adjusted P = 0.008, P = 0.709, and P = 0.335 for the lower,
middle, and upper tertiles of PI, respectively).

DISCUSSION

The present study shows that PI at birth, a proxy of the intra-
uterine growth, influences the associations of several com-
mon LEP and LEPR polymorphisms with adiposity in healthy
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Figure 1 Interactions between leptin (LEP) rs10244329 and LEP
rs3828942 and ponderal index at birth on adiposity in adolescents.
Associations of the LEP (a) rs10244329 and (b) rs3828942
polymorphisms with fat mass index according to sex-specific tertiles of
ponderal index at birth. Values are means =+ standard errors adjusted
for duration of pregnancy, sex, age, pubertal status, and center. Sample
size in parentheses.

European adolescents. The LEP rs10244329 and rs3828942
polymorphisms and the LEPR rs8179183 polymorphisms were
associated with total adiposity only in adolescents within the
lower sex-specific tertile of PI, regardless of duration of preg-
nancy, sex, age, pubertal status, and center. To the best of our
knowledge, this is the first study examining the possible inter-
action effect of newborn body size at birth on the association
between LEP and LEPR polymorphisms and adiposity.

A number of epidemiological studies on the association of
the LEP or LEPR polymorphisms with obesity and obesity-
related traits have shown controversial results. Whereas sev-
eral studies failed to identify any association (37-42), others
found significant relationships (43-47), yet there is no con-
sensus regarding the risk allele associated with obesity or
obesity-related traits (17,39). In our study, only the rs1137100
polymorphism in the LEPR gene was significantly associated
with total adiposity in the whole sample; adolescents carrying
the A allele showed higher BMI and FMIL.

The effect of common LEP and LEPR polymorphisms on
neonatal characteristics has been little examined. Souren et al.

a LEPRrs1137101
751

P=0.060

Fat mass index (kg/m?)

(156) (81) (11) (155) (87) (19) (139) (85) (17)

b LEPR 15817983

957 P=0.006 =g
9.0 1 == CC
8.5
8.0 1
7.5 1
7.0
6.5 -
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5.0
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P=0.885

Fat mass index (kg/m?)

(162) (71) (15)

Lower

(177) (80) (3)
Middle
Ponderal index tertiles

(174) (59) (8)
Upper

Figure 2 Interactions between leptin receptor (LEPR) rs1137101

and LEPR rs817983 and ponderal index at birth on adiposity in
adolescents. Associations of the LEPR (a) rs1137101 and (b) rs817983
polymorphisms with fat mass index according to sex-specific tertiles of
ponderal index at birth. Values are means + standard errors adjusted
for duration of pregnancy, sex, age, pubertal status, and center. Sample
size in parentheses.

(24), in a study conducted in monozygotic and dizygotic twins
found significant and additive associations between the LEPR
rs1137101 and rs1137100 polymorphisms and body weight
at birth. They suggested a possible role for the LEPR gene in
explaining the inverse relationship between birth weight and
the development of metabolic diseases in adulthood. In our
study, the LEPRrs1137101 and rs1137100 polymorphisms were
not significantly associated with birth weight or PI at birth,
even when we specifically examined those adolescents whose
birth weight was below 2500g (all adjusted P > 0.3). Indeed,
only the LEPR rs8179183 polymorphism was associated with
both an adiposity estimate, i.e., leptin levels, and birth weight.

The fetal origin hypothesis proposes that the nutrient and
hormonal milieu of the fetus alters gene expression, causing
developmental adaptations that lead to permanent changes in
physiology and metabolism, which in turn can predispose to
chronic diseases later in life (5). Our results suggest that indi-
viduals born with a lower P, a surrogate of adverse intrauterine
environment, could be more susceptible to be influenced by the
LEP rs10244329 and rs3828942 polymorphisms and the LEPR

www.obesityjournal.org
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rs8179183 polymorphism on adiposity later in life. Therefore,
we show that these three polymorphisms exert combined and
additive effects on adiposity content in those adolescents born
within the lower PI tertile. Nevertheless, as our sample is rela-
tively small due to stratification on PI, larger studies or multi-
study collaborations are needed to confirm these findings. The
lack of studies examining the early life nutritional status effect
on the relationships between these common obesity-related
SNPs and adiposity later in life hampers comparisons.

We observed significant interaction effects between the LEP
and LEPR polymorphisms and PI at birth, but there was no
evidence for any interaction with other neonatal variables
commonly used in the literature, such as birth weight or birth
length. However, PI is a body proportionality index providing
information about newborn’s nutritional status and adiposity
(48). Recent reports suggest that this index should be consid-
ered in routine growth assessment of newborns (49). PI was
categorized according to sex-specific tertiles in order to main-
tain a relatively large numbers of participants by tertile.

The strength of the present study lays in the valid measure-
ment of the phenotypes. Likewise, despite the analyses were
restricted to 823 assessed adolescents out of 1,144 eligible
subjects, the study sample did not differ significantly from the
sample of those excluded neither from the study, nor from the
whole sample. The sample guaranteed a large geographical
spread all over Europe and all measurements followed stand-
ardized procedures throughout different study centers. Our
study also had some limitations. First, when correction for
multiple comparisons were made (36), most of the associations
presented (relationships between the LEP rs10244329 and
rs3828942 polymorphisms and total adiposity) would become
nonsignificant. Second, the observed power for our sample size
was relatively low (ranging from 0.53 to 0.77), which may have
masked associations in the middle or upper PI tertiles. This
warrants further investigation with larger sample sizes to draw
firm conclusions. Third, other interesting data such as mater-
nal nutrition or parental body composition indexes that may
influence PI at birth and the associations studied in this report
were unfortunately not recorded in the HELENA study.

In summary, the findings of the present study suggest that
individuals born with a lower PI could have higher susceptibil-
ity to the deleterious effect of risk alleles of the LEP rs10244329
and rs3828942 polymorphisms and the LEPR rs8179183 poly-
morphism on total adiposity content later in life. Future larger
studies should replicate these findings, identify the underly-
ing mechanisms and assess whether these effects persist into
adulthood.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/oby
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