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Abstract
The aim of this study was to assess the impact of mothers’ and newborns’ fat mass and obesity-associated gene (FTO) rs9939609
and leptin receptor (LEPR) rs1137101 gene polymorphisms on neonatal anthropometric parameters in order to identify a potential
risk for developing obesity.
We performed a cross-sectional study on 355 mother–newborn couples in an Obstetrics Gynecology Tertiary Hospital from

Romania, evaluated with regard to anthropometric parameters, clinical and laboratory parameters besides 2 genetic polymorphisms
(FTO rs9939609 and LEPR rs1137101).
Newborns with mothers carrying variant AT or AA genotype for FTO rs9939609 presented lower BMI (P=0.012) and lower MUAC

(P=0.029). There was a significant interaction effect between newborn and mother LEPR rs1137101 polymorphism on birth weight
(P=0.009) and BMI (P=0.007). We noticed significantly increased birth weight and BMI in newborns carriers of AG+GG genotype,
coming from mothers with AA genotype (P=0.006). There was no evidence of significant interaction effect between newborn and
mother FTO rs9939609 polymorphism on the studied anthropometrical data (P>0.05). In addition, lower BMI scores (P=0.042)
were observed in newborns carriers of TT genotype whose mothers had AA+AT genotype. Lower MUAC scores (P=0.041) were
noticed in newborns carriers of AA+AT genotype whose mothers had AA+AT genotype for FTO rs9939609 gene polymorphism.
Newborns carriers of the AG+GG genotype (P=0.003) of LEPR rs1137101 coming from mothers with increased FMI (upper tertile)
had significantly increased BMIs.
Presence of the variant A allele of FTO rs9939609 polymorphism inmothers decreased BMI andMUAC in newborns. The impact of

LEPR rs1137101 polymorphism on BMI and birth weight in newborns differed depending on the presence/absence of the dominant
LEPR allele in mothers. In addition, we noticed that maternal FMI presented a significant positive effect on newborns’ BMI by
changing the effect of LEPR rs1137101.
We can conclude that mothers’ FTO rs9939609 and LEPR rs1137101 gene polymorphisms presented an impact on birth weight

and newborns’ BMI, therefore being involved in the newborns’ nutritional status and in the design of a potential protocol.

Abbreviations: ADP = adiponectin, ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase, BMI = body mass
index, CDC = Centers for Disease Control and Prevention, Chol = cholesterol, CI = confidence interval, CRP = C-reactive protein,
ELISA = enzyme-linked immunosorbant assay, FMI = fat mass index, FTO = fat mass and obesity-associated gene, GWG =
gestational weight gain, H/L = height/length, HDL-chol = high-density lipoprotein cholesterol, HEI = healthy eating index, IL =
interleukin, IL-6 = interleukin 6, IL-8 = interleukin 8, LDL = low-density lipoprotein, LDL-chol = low-density lipoprotein cholesterol,
LEP = leptin, LEPR = leptin receptor, MUAC = mid-upper arm circumference, N = absolute number, OR = odds ratio,
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PCR= polymerase chain reaction, PI= ponderal index, SD= standard deviation, T-Chol= total cholesterol, TG= triglycerides, TST=

Mărginean et al. Medicine (2016) 95:49 Medicine
tricipital skinfold thickness, W = weight.
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1. Introduction
Birth weight is very important, representing a predictor not only
for the perinatal health, but also for the development, growth,
and the afterwards adult period. It is influenced by maternal
(mother’s weight, gestational weight gain [GWG]), obstetrical
and gynecological, genetic, environmental but also socioeconom-
ic factors.[1,2] Both low weight and overweight are associated
with an increased risk of obstetrical and neonatal complications,
but also metabolic and cardiovascular disorders later in life.[3,4]

Excessive body mass index (BMI) and GWG before labor are
strongly related with obstetrical and maternal risks.[5,6] Excessive
GWG increased birth weight and obesity risk, further on in life.[7]

There are also other important factors, such as genetic and
environmental ones (mother or infant obesity-related genes).[7]

High-quality diets during pregnancy are recommended in order
to provide an adequate growth of embryo and fetus.[8,9]

Obesity is determined by the combined effect of genes,
environment, lifestyle, and interactions of these factors.[10,11]

The critical periods for the onset of obesity are: preg-
nancy,[11,12]‘adiposity rebound’ childhood development (age
3–6 years),[13]and puberty.[14] Identification of risk factors for
obesity even since the first days of life and diminishment of
obesity incidence in pregnant woman and child have a great
impact also on the adult’s health, preventing complications of this
disorder.[15,16]

The determinism of adiposity, therefore of obesity and its
complications is the result of the combination between lifestyle,
genetic, and psychologic factors. Genetic factors include SNP
genes that codify the regulating proteins, proinflammatory
cytokines that are involved in the regulation of body composi-
tion.[17] Therefore, numerous genes involved in the determinism
of obesity are known, one of the most frequently involved in the
mechanism of this disease being the fat mass and obesity-
associated (FTO) gene, even though its role in energy homeostasis
and signaling pathways is not completely understood.[18–20]

Although there are studies on mice that emphasized the ubiquity
expression of this protein in both fetal and adult tissues, with the
highest concentration in the hypothalamus, the role of this gene in
the pathological mechanism of obesity is through modifications
of the energetic balance, as a result of the alteration of FTO
mRNA expression level in the hypothalamus.[19,21,22] Larder
et al[23] underlined that FTO protein is a member of iron(II) and
2-oxoglutarate oxygenase. Some studies have shown that FTO
gene is associated with a predisposition to obesity.[24] Labayen in
Helena study showed that the A allele of FTO rs9939609 gene
polymorphism is associated with elevated serum leptin levels in
adolescents independent of potential confounders, like adiposity.
Therefore we can say that leptin plays an important role between
FTO rs9939609 gene polymorphism and adiposity.[19] These
persons are at high risk for developing obesity, fact that leads to a
mandatory and careful monitoring of these children by
pediatricians and nutritionists, in order to issue recommenda-
tions for preventive dietary measurements and also in order to
prevent or even treat potential complications. Also, it was proven
that physical activity can attenuate the effect of the FTO
2

rs9939609 polymorphism on adiposity in children. In
addition, it was observed that small birth weight is associated
with metabolic disorders because these children present a smaller
proportion of lean tissue mass later on in life, fact that provides a
higher susceptibility to an increased nutritional intake in a certain
period of life.[26] The genetic determinism is decisive in
influencing birth weight (ponderal index [PI]) corresponding to
the length and adult metabolic disorders, and vice versa.[27,28]

There are numerous mediators involved in appetite regulation
such as insulin, gastrointestinal peptides (peptide Y, chole-
cystokinin, glucagon-like peptide-1), ghrelin that stimulates
the appetite, leptin that decreases the appetite and increases
the energy expenditure.[29] Leptin is a hormone synthetized in the
white adipocytes, but also in other organs. It controls the dietary
intake and energy expenditure through central and peripheral
mechanisms. In obesity an endogenous leptin-resistance mecha-
nism may be present, limiting the regulating effect, explaining the
correlation between high leptin levels and body fat mass.[19,30]

The leptin receptor gene (LEPR) is a biological pathway
associated with obesity. During pregnancy, leptin is produced
by the adipose tissue of the mother and fetus, but also by the
placenta, the serum level of leptin in the umbilical cord being
positively correlated with birth weight, in comparison to the
maternal levels of leptin.[31,32] There are several polymorphisms
in the LEPR gene involved in the mechanism of obesity, 3 single
nucleotide polymorphisms being the most studied, namely:
Q223R, K109R, and K656N. Recent studies sustain that LEPR
rs1137101 (Gln223Arg) is the most frequent one associated with
obesity.[33–35] Therefore, in some particular cases, it is important
to assess these genetic factors, for example in obese pregnant
women, those with excessive GWG, or even those who previously
had newborns with high birth weight. In the everyday medical
practice both FTO and LEPR polymorphisms can be important
diagnostic tools, and even prevention ones if they are assessed in
pregnant women at risk for having a macrosomic newborn, or a
child with increased susceptibility for developing obesity later
in life.
The aim of this study was to assess the impact of mothers’ and

newborns’ FTO rs9939609 and LEPR rs1137101 gene poly-
morphisms on neonatal anthropometric parameters in order to
identify a potential risk for developing obesity.
On the basis of the above mentioned facts, we considered the

following objectives: to investigate the effect of neonatal and
maternal FTO rs9939609 gene polymorphism on neonatal
anthropometric parameters; to assess the effect of maternal FTO
rs9939609 gene polymorphism on the relationship between
neonatal FTO rs9939609 gene polymorphism and neonatal
anthropometric parameters; to investigate the effect of neonatal
and maternal LEPR rs1137101 gene polymorphism on neonatal
anthropometric parameters; to assess the associations between
maternal and neonatal LEPR rs1137101 gene polymorphism and
neonatal anthropometric parameters; to evaluate the effect
of maternal fat mass index (FMI) on the relationship between
the newborn’s polymorphisms and neonatal anthropometric
parameters.
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2. Materials and methods

A cross-sectional study was performed on 355 pairs of
mothers–newborns in an Obstetrics Gynecology Tertiary
Hospital from Romania, during a period of 9 months. The
cases were included in the study as they presented in the clinic.
The criteria for inclusion were: mothers with a single fetus that
presented for labor in the above mentioned clinic, gestational age
between 37 and 42 weeks. The exclusion criteria were: mothers
and newborns with chronic diseases, patients with infectious
processes, parity >8; fetuses diagnosed with intrauterine
malformation, intrauterine growth retardation, patients with
incomplete anthropometric, clinic or laboratory data (usual and
genetic) or those who did not sign the informed consent.
All mothers gave written informed consent for them and their

child before inclusion in the study and research was performed in
compliance with the principles of the Helsinki Declaration, and
was approved by the Ethics Committee of the University of
Medicine and Pharmacy of Tîrgu Mures (No. 32/March 16,
2015).
2.1. Anthropometric characteristics

A single trained person performed the measurements including
the following: weight (kg), height (cm), MUAC (mid-upper arm
circumference), and TST. Weight was measured with a daily
calibrated scale (±10g error), height with a pedometer calibrated
in cm±SD (0.1cm error); MUAC was measured at the mid-point
between shoulder tip and elbow, using a tape measure calibrated
in centimeters and TST was determined on the posterior area of
the upper arm, using a thickness caliper (http://www.who.int/
childgrowth/training/jobaid_weighing_measuring.pdf). BMI was
calculated by dividing weight (kg) to standing height squared
(m2).
FMI of the mothers was calculated by dividing fat mass by

height squared (m). This was an estimate for body size analogue
with BMI. PI was computed in newborns as birth weight (kg)
divided by birth length (m) cubed and in pregnant women being
calculated as the ratio between the weight (kg) divided by height
(m) cubed.
2.2. Genotyping description

Purified genomic DNA was obtained from whole blood by using
the Zymo-Spin column technologywith the aid of aQuick-gDNA
MiniPrep kit (ZymoResearch, Irvine, California, USA). Geno-
typing of the LEPR rs1137101 (Gln223Arg) and FTO
rs9939609 gene polymorphisms was accomplished using the
polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) technique, as reported previously by
Matsuoka et al[36] and López-Bermejo et al,[37] respectively.
2.3. Statistical analysis

For statistical analysis the advanced environment for statistical
computing R (v.3.2.4, Vienna, Austria) and Statistics (StatSoft,
v.6.0) were used. To assess the normality of neonatal and
anthropometric newborn variables, the Shapiro–Wilk test,
quantile Q–Q plot, and 95% confidence intervals (CIs) of
univariate skewness and kurtosis were determined. All anthro-
pometric variables were expressed as mean± standard deviation
while studied polymorphisms distributions were described with
absolute and relative frequencies.
3

The possible associations between FTO rs9939609 and LEPR
rs1137101 gene polymorphisms in mothers and newborns were
tested by Chi-square test.
The individual main effect of each studied polymorphism was

investigated by 1-way univariate ANOVA while interaction
effects between maternal and neonatal polymorphisms were
tested using 2-way univariate ANOVA analysis.
We considered the following 4 subgroups for testing neonatal

and maternal FTO rs9939609 interaction: newborns carriers of
TT genotype coming from mothers with the same genotype (TT),
newborns carriers of TT genotype coming frommothers carrying
the variant AA or AT (AA+AT) genotype, newborns carrying the
AA or AT (AA+AT) whose mothers had TT genotype, and
newborns carrying the AA or AT genotype with mothers carrying
the same variant genotype (AA+AT).
We defined the following 4 subgroups for testing neonatal and

maternal LEPR rs1137101 associations: newborns carriers of
AA genotype whose mothers had the same genotype (AA)
newborns carriers of AA genotype with mothers carrying the
variant GG or AG (GG+AG) genotype, newborns carrying the
GG or AG genotype whose mothers had AA genotype, and
newborns carrying the GG or AG genotype whose mothers had
GG+AG genotype.
Post hoc analysis regarding differences between any of the

above defined 2 subgroups was realized using Student t test for
independent samples.
To assess the possible interaction between the neonatal FTO

rs9939609 and LEPR rs1137101 polymorphism and mother
FMI on anthropometric variables, we applied the same 2-way
univariate ANOVA analysis transforming the continuous FMI
variable into a categorical one defined by tertiles: lower tertile:
[0.578,6.36], middle tertile: [6.36,8.72], and upper: [8.72,20.5].
The level of statistical significance for all 2-sided tests was set

to 0.05.
3. Results

Neonatal and clinical characteristics are shown in Table 1. In the
studied samples 131 mothers were TT homozygous and 224
mothers carried the variant genotype (AA or AT) of FTO
rs9939609, while 170 neonates were TT homozygous and 185
were newborns with variant genotype of the FTO rs9939609
polymorphism. Regarding the LEPR rs1137101 polymorphism,
107mothers presented the AA genotype and 248mothers carried
the variant genotype (GG or AG), while 116 neonates had the AA
genotype and 239 were newborns who presented the variant
allele.
The anthropometrical characteristics (birth weight, birth

length, BMI, PI, MUAC, TST) distribution was not influenced
significantly by newborns’ gender (Student t test assuming equal
variances, P>0.05).
There was no significant difference in maternal age between the

AA+AT and TT groups of the FTO rs9939609 polymorphism
[Student t test assuming equal variances, t(353)=�1.56, P=
0.120] nor between newborns’ AA+AT and TT groups for the
same polymorphism [Student t test assuming equal variances,
t(353)=�1.13, P=0.260]. The age variability was similar both
in mothers’ GG+AG and AA genotype groups [t(353)=�0.04,
P=0.969] and newborns’ (P>0.05) The distribution of male and
female newborns was similar in the AA+AT and TT neonatal
subgroups (Chi-square test, P=0.400). The same result was
noticed in GG+AG and AA neonatal genotype subgroups
(Chi-square test, P=0.774 and P=0.258). We did not find any

http://www.who.int/childgrowth/training/jobaid_weighing_measuring.pdf
http://www.who.int/childgrowth/training/jobaid_weighing_measuring.pdf
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Table 1

Descriptive characteristics of the newborns and mothers (number of subjects, percentages, arithmetic mean values, and standard
deviations).

N Frequencies (%) Mean±SD

Newborns data
Birth weight, kg 355 3.30±0.46
Birth length, cm 355 53.57±2.61
BMI, kg/m2 355 11.50±1.04
PI, kg/m3 21.44±2.32
MUAC, cm 355 10.73±1.06
TST, mm 355 3.04±0.82
Newborn status, wk
37–40 316 89.00
40–42 39 11.00

Clinical characteristics
Females 163 45.90
Males 192 54.10

FTO rs9939609 genotype
TT 170 47.90
AT 132 37.20
AA 53 14.90

LEPR rs1137101 genotype
AA 116 32.70
AG 175 49.30
GG 64 18.00

Mothers data
Age, y 355 28.44±5.97
FMI 355 7.77±2.79
FTO rs9939609 genotype
TT 131 36.90
AT 176 49.60
AA 48 13.50

LEPR rs1137101 genotype
AA 107 30.10
AG 194 54.60
GG 54 15.20

AA=homozygous for A allele, AG=heterozygous, AT=heterozygous, BMI=body mass index, FMI= fat mass index, FTO= fat mass and obesity-associated gene, GG=homozygous for G allele, LEPR= leptin
receptor, MUAC=middle upper arm circumference, N= absolute number, PI=ponderal index, SD= standard deviation, TST= tricipital skinfold thickness, TT=homozygous for T allele.
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association between the presence/absence of the variant allele of
FTO rs9939609 and LEPR rs1137101 neither in mothers
(x2(1)=0.02, P=0.902) nor in newborns (x2(1)=0.12, P=
0.726).
Table 2 describes the main effects of maternal and neonatal

FTO rs9939609 polymorphisms on anthropometrical parame-
ters. Newborns with mothers carrying the A allele (included in
group AT+AA) presented lower BMI (P=0.012) and lower
MUAC (P=0.029) than newborns from mothers with the
TT genotype. We also noticed a tendency toward statistical
significance regarding the association between newborns FTO
rs9939609 polymorphism and BMI (P=0.073) as well asMUAC
(P=0.054). We did not identify any significant effect of maternal
or newborn LEPR rs1137101 polymorphism on anthropo-
metrical characteristics (P>0.05) (Table 2).
Table 3 describes the combined effect of maternal and neonatal

studied polymorphisms on anthropometrical characteristics, the
ANOVA analysis highlighting a significant interaction effect
between neonatal and maternal LEPR rs1137101 gene poly-
morphism on birth weight (P=0.009) and BMI (P=0.007). We
proved that the effect of newborns’ LEPR rs1137101 polymor-
phism on BMI and birth weight for GG+AG and AA maternal
subgroups was not the same. In addition, a significant increase in
birth weight and BMI was highlighted in newborns carriers of
GG+AG genotype whose mothers had AA genotype versus
4

newborns carriers of AA genotype whose mothers had the same
AA genotype (Student t test, P=0.006 and P=0.004, respective-
ly).
A tendency toward significance was observed for the

interaction effect between neonatal and maternal variant allele
of the LEPR rs1137101 polymorphism on MUAC (P=0.098),
the effect of the newborns’ variant allele on MUAC values being
different between the subgroups of mothers with GG+AG and
AA genotypes (Table 3).
There was no evidence of significant interaction effect between

neonatal and maternal FTO rs9939609 gene polymorphism and
the studied anthropometrical data (P>0.05), but maternal
variant allele significantly influenced BMI, while a tendency
toward statistical significance was reached for MUAC. In
addition, for the newborns carriers of the TT genotype lower
BMI scores (Student t test, P=0.042) were observed in mothers
with AA+AT genotype, versus mothers with TT genotype. Also,
for the newborns carriers of AA+AT, lower MUAC scores (P=
0.041) were noticed in the AA+AT genotype subgroup of
mothers versus the TT genotype.
We also investigated the combined effect of the tested

polymorphisms and maternal FMI on anthropometrical meas-
urements; the ANOVA analysis revealed a significant interaction
term between LEPR rs1137101 neonatal polymorphism and
FMI tertiles on BMI (interaction P=0.003).



Table 2

The main effects of neonatal/maternal FTO rs9939609 and LEPR rs1137101 polymorphisms on anthropometric variables.

Maternal polymorphisms

Outcomes variables FTO rs9939609 N Mean (95% CI) P
∗

LEPR rs1137101 N Mean (95% CI) P
∗

Birth weight (kg) TT 131 3.35 (3.28–3.43) 0.088 AA 107 3.31 (3.22–3.41) 0.771
AT+AA 224 3.27 (3.21–3.33) GG+AG 248 3.30 (3.24–3.35)

Birth length TT 131 53.64 (53.20–54.08) 0.697 AA 107 53.57 (53.08–54.05) 0.981
AT+AA 224 53.53 (53.18–53.88) GG+AG 248 53.57 (53.24–53.90)

BMI TT 131 11.68 (11.51–11.84) 0.012 AA 107 11.54 (11.33–11.76) 0.597
AT+AA 224 11.39 (11.25–11.53) GG+AG 248 11.48 (11.35–11.60)

PI (kg/m3) TT 131 21.70 (21.36–22.04) 0.102 AA 107 21.48 (21.07–21.89) 0.812
AT+AA 224 21.28 (20.95–21.61) GG+AG 248 21.42 (21.12–21.72)

MUAC (cm) TT 131 10.88 (10.71–11.05) 0.029 AA 107 10.74 (10.55–10.93) 0.868
AT+AA 224 10.63 (10.49–10.78) GG+AG 248 10.72 (10.58–10.86)

TST (mm) TT 131 3.07 (2.93–3.21) 0.550 AA 107 3.02 (2.88–3.17) 0.793
AT+AA 224 3.02 (2.95–3.12) GG+AG 248 3.05 (2.94–3.15)

Neonatal polymorphisms

Birth weight (gr) TT 170 3.34 (3.27–3.41) 0.135 AA 116 3.25 (3.16–3.35) 0.204
AT+AA 185 3.27 (3.20–3.34) GG+AG 239 3.32 (3.27–3.38)

Birth length TT 170 53.67 (53.32–54.08) 0.489 AA 116 53.42 (52.92–53.92) 0.445
AT+AA 185 53.48 (53.07–53.89) GG+AG 239 53.64 (53.32–53.97)

BMI (kg/m2) TT 170 11.60 (11.45–11.75) 0.073 AA 116 11.38 (11.17–11.59) 0.173
AT+AA 185 11.40 (11.25–11.56) GG+AG 239 11.55 (11.43–11.68)

PI (kg/m3) TT 170 21.56 (21.26–21.85) 0.347 AA 116 21.23 (20.85–21.60) 0.234
AT+AA 185 21.32 (20.95–21.70) GG+AG 239 21.54 (21.23–21.85)

MUAC (cm) TT 170 10.84 (10.68–11.00) 0.054 AA 116 10.63 (10.42–10.83) 0.217
AT+AA 185 10.62 (10.47–10.77) GG+AG 239 10.77 (10.64–10.90)

TST (mm) TT 170 3.05 (2.92–3.18) 0.790 AA 116 2.94 (2.79–3.10) 0.132
AT+AA 185 3.03 (2.91–3.14) GG+AG 239 3.08 (2.98–3.19)

95% CI=95% confidence interval of estimated mean; bold values denote statistical significance, AA=homozygous for A allele, AG=heterozygous, AT=heterozygous, BMI=body mass index, FTO= fat mass
and obesity-associated gene, GG=homozygous for G allele, LEPR= leptin receptor, MUAC=middle upper arm circumference, N=number of subjects, PI=ponderal index, SD= standard deviation, TST=
tricipital skinfold thickness, TT=homozygous for T allele.
∗
P values from 1-way univariate ANOVA or Brown–Forsythe test.
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For the mothers with increased FMI (upper tertile), there was a
significantly increased BMI in newborns carriers of GG+AG
genotype whose mothers had increased FMI (upper tertile),
versus newborns with AA genotype coming from the same
subgroup of mothers (Student t test, P=0.003). The effect of
neonatal LEPR rs1137101 polymorphism on BMI stratified by
tertile of maternal FMI are present in Fig. 1.
We did not find significant interaction between the neonatal

FTO rs9939609 polymorphism and maternal FMI (P>0.05) on
anthropometric data.
4. Discussions

4.1. Determinism of birth weight

Maternal body composition is a key determining factor for birth
weight. Multiple studies assessed the maternal body composition
through bioelectrical impedance studies and correlated the
findings with birth weight. Therefore, some of them underlined
the fact that maternal lean body mass is positively correlated with
birth weight in comparison to maternal fat mass that seems to
have no impact on birth weight.[3]

Obesity is a public health problem, therefore approximately
20% of mothers are obese at the beginning of the pregnancy.[38]

In this group of women, excessive GWG was identified as a
possible risk for an increased birth weight, while minimal GWG
can lead to a decreased birth weight for gestational age.[39–41]

Birth weight can lead to both, short-term and long-term
complications. Thus, large-for-gestational-age newborns can
5

present obstetrical complications (cesarean or operative delivery)
and hypoglycemia, but they can also associate obesity during
childhood, or metabolic syndrome later on in life.[42–44] In
antithesis, small-for-gestational-age newborns, especially pre-
term ones, present an increased risk for different neurological or
cardiovascular disorders, metabolic syndrome, or shorter height
later on in life.[45–49]

Even though birth weight is determined bymultiple factors and
the interaction between them, we must always take under
consideration the individual genetic susceptibility as an essential
factor in its determinism.

4.2. Considerations according to the FTO rs9939609 gene
polymorphism and anthropometric parameters of mothers
and newborns

FTO (fat mass and obesity associated) is a very important protein,
playing a role in the energetic metabolism and regulation of the
organism’s homeostasis,[23] although Larder underlined that
there are still numerous unknown facts in relation to the role of
FTO in adiposity. Thus, it was proven that the allele A of the FTO
rs9939609 polymorphism is associated with increased leptin
serum levels in adolescents, independent of other potential
cofactors involved in adiposity. Gesteiro et al[9] underlined an
association between an increased BMI and the AA homozygous
genotype of the FTO rs9939609 polymorphism. Also, Frayling
et al[20] noticed an increased risk of obesity in children with the
age of 7 years carrying the mutant gene of this polymorphism.
Leptin seems to own a relating role between the FTO rs9939609

http://www.md-journal.com
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Table 3

The interaction effect of neonatal and maternal FTO rs9939609/LEPR rs1137101 polymorphism on anthropometric variables.

FTO rs9939609 polymorphism

Outcome variables

Mothers P
∗

Newborns TT AT+AA Newborn genotype Mother genotype Two-factor interactions

Birth weight (kg) TT 3.37 (3.26–3.47) 3.32 (3.23–3.41) 0.259 0.127 0.516
AT+AA 3.34 (3.22–3.46) 3.23 (3.15–3.31)

Birth length TT 53.47 (52.86–54.07) 53.82 (53.30–54.33) 0.818 0.734 0.118
AT+AA 53.85 (53.19–54.51) 53.30 (52.84–53.76)

BMI TT 11.79 (11.55–12.03) 11.47 (11.26–11.67) 0.102 0.020 0.650
AT+AA 11.55 (11.29–11.81) 11.33 (11.15–11.51)

PI (kg/m3) TT 21.99 (21.45–22.53) 21.24 (20.79–21.70) 0.262 0.124 0.165
AT+AA 21.35 (20.76–21.94) 21.31 (20.91–21.72)

MUAC (cm) TT 10.91 (10.66–11.15) 10.79 (10.58–11.00) 0.150 0.052 0.342
AT+AA 10.85 (10.58–11.12) 10.51 (10.33–10.70)

TST (mm) TT 2.99 (2.80–3.19) 3.09 (2.93–3.25) 0.818 0.554 0.096
AT+AA 3.17 (2.96–3.37) 2.96 (2.82–3.11)

LEPR rs1137101 polymorphism

Outcome variables

Mothers P
∗

Newborn AA GG+AG Newborn genotype Mother genotype Two-factor interactions

Birth weight, kg AA 3.17 (3.05–3.30) 3.32 (3.20–3.43) 0.032 0.955 0.009
GG+AG 3.44 (3.32–3.56) 3.29 (3.22–3.36)

Birth length AA 53.13 (52.41–53.85) 53.65 (53.01–54.28) 0.243 0.873 0.139
GG+AG 53.96 (53.28–54.65) 53.55 (53.17–53.93)

BMI, kg/m2 AA 11.22 (10.93–11.50) 11.52 (11.27–11.77) 0.022 0.767 0.007
GG+AG 11.84 (11.57–12.11) 11.47 (11.32–11.61)

PI, kg/m3 AA 21.02 (20.38–21.65) 21.39 (20.83–21.95) 0.100 0.853 0.129
GG+AG 21.90 (21.29–22.51) 21.43 (21.09–21.76)

MUAC, cm AA 10.51 (10.22–10.81) 10.71 (10.46–10.97) 0.086 0.924 0.098
GG+AG 10.95 (10.67–11.23) 10.72 (10.57–10.88)

TST, mm AA 2.85 (2.62–3.07) 3.02 (2.82–3.22) 0.066 0.808 0.139
GG+AG 3.18 (2.96–3.39) 3.06 (2.94–3.17)

95% CI=95% confidence interval of estimated mean; bold values denote statistical significance, AA=homozygous for A allele, AG=heterozygous, AT=heterozygous, BMI=body mass index, FTO= fat mass
and obesity-associated gene, GG=homozygous for G allele, LEPR= leptin receptor, MUAC=middle upper arm circumference, N=number of subjects, PI=ponderal index, SD= standard deviation, TST=
tricipital skinfold thickness, TT=homozygous for T allele.
∗
P values from 1-way univariate ANOVA or Brown–Forsythe test.
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polymorphism and adiposity. Multiple studies proved that the
damaging effect of FTO rs9939609 polymorphism is annihilated
by 1hour of physical activity,[18,50] fact proven also on a cohort
of European teenagers.[25] Therefore, it is very useful for a
pediatrician to assess this polymorphism and to know whether
the child carries this genetic predisposition for obesity in order to
insert adequate recommendations for physical activity. Nonethe-
less, few studies tried to establish an association between the role
of FTO rs9939609 polymorphism in determining the risk of
obesity and gestational age, GWG, and the same risk in
newborns, respectively. Martins et al[51] noticed that the AA
genotype of FTO rs9939609 gene polymorphism is positively
associated with weight before birth, without being associated to
GWG or postpartum weight. In our study the variant allele was
also predominant in pregnant women (63.10%), in comparison
with only 52.10% of the newborns. In addition, we proved that
the newborns with mothers carrier of the A allele had lower BMI
and MUAC than those with mothers carrying the T allele (P=
0.012, and P=0.029, respectively). A tendency toward statistical
significance was noticed between the association of BMI and
MUAC in newborns and FTO rs9939609 polymorphism and
BMI (P=0.073, P=0.054). Similar to our study Sovio et al[52]

also proved that the presence of the A allele of FTO rs9939609 in
infants is associated with a lower BMI, but the aspect changes
during time, therefore above the age of 5 years the same allele is
associated with a higher BMI. This is a tricky aspect for the
6

pediatrician, favoring the development of obesity complications
by missing the unexpected onset of this pathology. On the other
hand, if the pediatrician is aware of the fact that the child is a
carrier of the A allele of FTO rs9939609, he will be able to
properly monitor the child, to assess its life style and adjust it in
order to prevent the so called “inevitable” genetic predisposition.
Gesteiro et al in their study tried to assess the association of

mother–newborn FTO rs9939609 gene polymorphism in order
to identify the manner in which they correlate to anthropometric
data, sensitivity to insulin, and lipids and lipoproteins serum
levels. On 53 pairs of mothers and newborns they noticed that A
allele predominated in 66% of cases, and that newborns from
these mothers presented lower glucose levels, and that the
newborns carrying the A allele had higher insulin and HOMA-
IR.[9] In exchange, in our study we did not notice any association
between the mothers’ and newborns’ alleles, but the mothers’
alleles significantly influenced neonatal BMI. In exchange, in
the mothers subgroup, AA+AT�newborns TT had a more
decreased BMI (P=0.042), and for the mothers AA+AT
subgroup�newborns AA+AT subgroup we obtained a more
decreased MUAC (P=0.041). Gesteiro et al[9] concluded that
theMediterranean diet can counterbalance the negative potential
of the obesogenic A allele of FTO rs9939609 on glucose
homeostasis in newborns. Perinatal complications can be an
important problem for the neonatologist, leading to neurologic
sequels or even death in case of repeated neonatal hypoglycemia.



Figure 1. Interaction effect between neonatal LEPR rs1137101 polymorphism andmaternal FMI tertiles on BMI. AA=homozygous for A allele, AG=heterozygous,
BMI=body mass index, FMI= fat mass index, GG=homozygous for G allele.
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Therefore, if the obstetrician is aware of the maternal genetic
predisposition by assessing whether the pregnant woman carries
the A allele, he will be able to prevent these neonatal
complications by recommending a proper diet during pregnancy
and also to improve the neonatal outcome.
Labayen et al[18] observed in a study which involved 628

adolescents that the A allele of FTO rs9939609 was associated
with increased BMI, body fat percentage, and FMI (P=0.05), but
not with PI. They also established that FMI was higher in
teenagers with lower PI tertile carrying the A allele of FTO
rs9939609. In our study, in exchange, we obtained no interaction
between the neonatal FTO rs9939609 gene polymorphism and
maternal FMI (P>0.05), probably due to the small number of
cases, but also due to the lack of longitudinal assessment of
children at a distance from the moment of birth.

4.3. Considerations according to the LEPR rs1137101
gene polymorphism and anthropometric parameters
of mothers and newborns

Leptin and ghrelin are 2 hormones with roles in the energetic
balance. Leptin is a protein with hormone role, expressed in
adipocytes, whose expression and secretion is correlated with
body fat and adipocyte size,[53] being at the same time a long-term
regulating mediator of the energetic balance that reduces dietary
food intake and determines weight loss,[54] stimulating energy
expenditure acting on the hypothalamic center of satiety.
7

Multiple studies assessed the role of LEPR rs1137101 gene
polymorphism on the small child, adolescent, and adult
nutritional status, but few of them tried to establish correlations
with the newborn’s birth weight or maternal LEPR gene.[31,55] It
is well known the fact that leptin is produced by maternal and
fetal adipose tissue, and is correlated with birth weight.[31]

Souren et al,[31] in their study on 396 monozygotic and 232
dizygotic twins noticed that the subjects carrying the R allele of
the Q223R SNP did not present a higher birth weight. In
comparison to this study, the research of Rand et al[56] did not
point out any correlation between the Q223R SNP in the
maternal LEPR gene and birth weight, similar data with those
obtained by us, meaning that in our study we did not observe the
effects of maternal or newborn LEPR rs1137101 polymorphism
on anthropometrical characteristics (P>0.05). On the other
hand, in our study we noticed that most of the mothers (69.80%)
were A carriers, a similar percentage being also observed in
newborns (67.30%). Guízar-Mendoza et al[11] showed that
patients presenting the G allele of the LEPR rs1137101 gene
polymorphism had higher body fat and leptin levels, correlated
with MUAC, TST, and H/L, without being associated with BMI
in the studied children. Also the studies of Mattevi et al[57] and
Mergen et al[58] showed that the G allele is more frequent in
overweight patients. In the review of Bender et al[59] it was
underlined that some studies state that the G allele is associated
with an increased risk of obesity, while others sustain that G allele
owns a protector role, while other studies failed to identify any

http://www.md-journal.com
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association. In a previous study of our team we did not find any
correlation between the G allele and gender nor age.[35] Similar
results reported by Pyrzak et al[60] highlighted the association
between LEPR rs1137101 gene polymorphism and obesity. Even
though the data are contradictory, in selected cases it is better to
assess the LEPR gene polymorphism and leptin serum levels,
taking under consideration the amount of obesity-related
complications and their systemic impact.
In our study, trying to establish the combined effect of LEPR

rs1137101 gene polymorphism in mothers and newborns, we
noticed a significant interaction between their alleles with
consequences on birth weight (P=0.009) and BMI (P=0.007),
meaning the effect of newborns’ alleles on BMI and birth weight
was not the same in the GG+AG and AA maternal genotype
subgroups. In addition, we observed that birth weight and BMI
were significantly higher in newborns carriers of variant GG+AG
genotype whose mothers had AA genotype in comparison to
newborns carriers of AA genotype whose mothers also had AA
genotype (P=0.006, and P=0.004, respectively). Regarding
the effect of maternal and neonatal LEPR rs1137101 gene
polymorphism on MUAC, we obtained only a tendency toward
significance for MUAC (P=0.098), the effect of newborn allele
on MUAC values differed between GG+AG and AA mothers
genotype subgroups. In comparison to our study, in a previous
study a higher frequency of the GG+AG genotypes was observed
in obese patients, also correlated with leptin levels (P=0.02) and
indirectly proportional to adiponectin levels.[42]

In any case, in our study, similarly to Helena’s study,[19] we
tried to establish the combined effect of LEPR rs1137101 gene
polymorphism and maternal FMI on anthropometrical measure-
ments, and we obtained a significant interaction term between
LEPR rs1137101 neonatal polymorphism and FMI tertiles on
BMI (interaction P=0.003). BMI was increased in newborns
carriers of GG+AG genotype coming from mothers with
increased FMI (upper tertile FMI) versus newborns with AA
genotype (P=0.003). Therefore, it seems that in practice it is
mandatory to assess the combined effect of maternal FMI
and LEPR gene polymorphism in newborns and to obtain a
correlation between them, in order to identify the groups at risk
for developing obesity and perform interventions at the right
moment in time with adequate diet and life style recommenda-
tions in both pregnant women and neonates/children. Due to the
increased incidence of childhood obesity and its large amount of
complications during adulthood, it is mandatory for both
obstetricians and pediatricians to collaborate in order to develop
proper preventive medical measurements in cases of patients
discovered to carry a high risk for developing obesity. Despite the
presence of a genetic predisposition for developing obesity, it
seems that certain interventions, such as a proper diet during
pregnancy, or an ideal life style and physical effort can hinder the
development of this condition. Nevertheless, it is very important
to periodically monitor the children at risk for developing obesity
because even though they have a normal BMI during their early
childhood, obesity can appear later on, especially in the periods of
“adiposity rebound.”
We must underline some limitations of our study, as the group

comes from a single gynecology clinic, from a single geographic
area of Romania, representing therefore a weakness of the study.
It is very important to longitudinally follow-up the children at
precisely set intervals until the preschool age and adolescent
period, when the impact of the genetic profile of the studied
polymorphisms is much higher. Other negative points of the
study worth mentioning are the limitations related to the fact that
8

this was a cross-sectional study, and also that there was no
randomization of the samples. In addition, is important to
provide the maternal caloric intake during pregnancy, to take
into account food habits, environmental factors, and geographic
ones that can interfere with the results. It is recommended to
extend the study on a larger geographic area, on a higher number
of cases, taking under consideration also the parental profile,
birth weight of the genitors and other factors.
It is also very important to mention the strong points of our

study, one of them being the very high estimation accuracy of the
statistical parameters due to an adequate sample size. Another
strength is represented by the fact that a single well trained person
provided all the anthropometric data, measuring these param-
eters according to a well-established protocol. Both, mothers and
newborns underwent all clinical and laboratory parameters, but
also genotyping analysis. It should be noted that no data are
available in the literature regarding the association between the
anthropometric parameters in mothers and their newborns as
well as FTO rs9939609 and LEPR rs1137101 gene polymor-
phisms and it may be considered a pilot study that needs to be
expanded to a larger population. As far as we know, at the
present moment there is no other study of this kind in Romania,
but also in Europe. In this study multiple factors which may
determine obesity in newborns were assessed. Even though these
strengths present a great impact in the study, wemust carry on the
research, assessing the newborns further on in life, in clearly set
periods in order to observe the impact of these parameters on the
children’s long-term nutritional status.
5. Conclusions

In our study we found that the presence of FTO rs9939609
variant A allele in mothers lead to the decrease of BMI and
MUAC in newborns. A significant increase in BMI and birth
weight was noticed in newborns carriers of GG+AG genotype
whose mothers had AA genotype versus newborns with AA
genotype coming frommothers with AA genotype.Maternal FMI
presented a significant positive effect on newborns’ BMI by
changing the effect of LEPR rs1137101.
We can conclude that mothers’ FTO rs9939609 and LEPR

rs1137101 gene polymorphisms presented an impact on birth
weight and newborns’ BMI, therefore being involved in the
newborns’ nutritional status. Also in clinical practice it is very
important to assess these genetic factors correlated with other
factors supposed to trigger obesity in order to improve the
outcome in selected cases by designing a potential protocol based
on these parameters for determining the newborn’s and child’s
risk for obesity. Further studies on larger groups and more
extended geographical areas are needed, in order to accurately
indicate the role of these 2 gene polymorphisms in predicting
obesity.
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