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Claudiu Mărginean, MD, PhDa, Cristina Oana Mărginean, MD, PhDb,∗, Mihaela Iancu, MSC PhDc,
Bela Szabo, MD, PhDa, Manuela Cucerea, MD, PhDd, Lorena Elena Melit, MD, PhDb,
Andrei Crauciuce, Claudia Bănescu, MD, PhDe

Abstract
This study proposed to establish a correlation between the risk score for child obesity and anthropometric, genetic, and
bioimpedance characteristics in mothers and newborns, and to assess the discriminant ability for anthropometric parameters to
classify over-fatness (defined by bioimpedance body fatness %) in pregnant women.
We performed a cross-sectional study on 388 couples (mother and father) and their newborns admitted in a Tertiary Hospital from

Romania. The measured parameters for mothers and their newborns were risk percentage for child obesity, anthropometric
characteristics (mid-upper arm circumference [MUAC], tricipital skinfold thickness [TST] of mother and newborn), genetic
polymorphisms (human peroxisome proliferator-activated receptor g [PPARg2] 34 C>G and transforming growth factor-beta 1
[TGF-b1] 869 T>C gene polymorphisms in both mothers and newborns), andmother’s bioimpedance characteristics (fat mass [FM]
%).
The obesity risk score according to standard predictable Northern Finland Birth Cohort equation was in our study 4.07%. We

found a monotone positive significant correlation between the newborn’s risk of childhood obesity and the mother’s TST (P = 0.01),
as well as a tendency toward statistical significance concerning correlation with mother’s MUAC (P = 0.053), without any correlations
with the mothers’ bioimpedance parameters and also a positive correlation between the newborn’s risk of childhood obesity and the
newborn’s anthropometrical characteristics like body mass index (BMI), MUAC, and TST (P<0.001). We observed that the
calculated newborn’s risk percentage for child obesity was greater for the variant allele of the TGF-b1 869 T>C polymorphism
and also for the wild-type C allele of the PPARg2 34 C>G gene polymorphism. Our study indicated that the best predictors for
over-fatness are BMI and MUAC (P = 0.01<0.02 and P = 0.019<0.02, respectively).

Abbreviations: AHT = arterial hypertension, BIA = bioelectrical impedance analysis , BMI = body mass index, FM = fat mass,
GWG = gestational weigh gain, MUAC = mid-upper arm circumference, NFBC = Northern Finland Birth Cohort, PPAR g = human
peroxisome proliferator-activated receptor g, ROC = receiver operating characteristic, SD = standard deviation, SNP = single-
nucleotide polymorphism, TGF-b1 = transforming growth factor-beta 1, TST = tricipital skinfold thickness.
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1. Introduction infants’ weight associated with maternal BMI and gender,
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Childhood overweight and obesity are major public health
problems due to their impact on afterward morbidity and
mortality.[1] The incidence of obesity in children increased lately
in Europe, even in school-aged children and younger.[2] Obesity
is an important entity in pediatric pathology due to both the
increased risk of cardiovascular, renal, metabolic complications
and the social integration problems as well as psychological
ones.[3,4] In addition, prevention and nutritional measures are
not adequate, beginning from the moment of birth and then
during childhood and adolescence, therefore being in need of
major improvements.[5] Thus, according to International
Obesity Force Task, the incidence of child obesity increased
with 0.8% at the beginning of the 1990s and with over 2% in the
2000s.[6] In Romania, studies estimated a prevalence of
overweight between 12.84% and 24%,[7,8] and an incidence
of obesity between 5.75%[9,10] and 29%.[7] Overweight and
obesity in fertile women represent also an important health
problems in both developed and developing countries, varying
between 16.8% and 28%.[11–13] This has a great impact on the
woman’s weight gain during pregnancy and on the newborn’s
birth weight and children’s weight.[2] Assessment of the obesity
risk is very important in order to apply early prevention
measures and to prevent the complications of obesity in the
child, and afterward in the adult period.[14] In cross-sectional
studies, it was observed that obesity, genetic factors, low socio-
economic status, accelerated weight gain during childhood,
sitting in front of a TV, or computer were determining factors for
obesity,[14–18] while in longitudinal studies, it was noticed that
parental overweight and obesity represented the determining
factors.[19,20]

Thus, even since the 1980s, there was the intent to calculate
a predictability score for developing obesity. Fuentes’s study
noticed that the children’s obesity risk in adolescence is influenced
by the life style, parents’ educational degree,[21] while the study of
Plachta-Danielzik et al[22] proved that parents’ obesity, smoking,
and reduced physical activity determined overweight in boys and
girls between 5 and 16 years. In Finland, 2 big studies called
Northern Finland Birth Cohort 1966 and 1986 (NFBC1986)
wanted to explore the long-term effect of the genetic and
environmental factors on morbidity, on the children’s develop-
ment in the fetal period, and then their influence during
childhood, adolescence, and maturity.[23] As a result of these
very big cohorts, different authors evaluated diverse aspects of
the children’s development. Morandi et al[14] analyzed the
lifetime NFBC1986 on a number of 4032 children in order to
point out predictive factors for overweight/obesity in children,
certain parameters among the traditional risk factors (parental
body mass index [BMI], gestational weigh gain [GWG] of
mothers, behavior, and social indicators) and the genetic score,
which included 44 obesity predisposing single-nucleotide
polymorphisms (SNPs). The study underlined that the parental
BMI was the most important predictor factor in determining
children’s obesity (P<0.001 for maternal obesity and P = 0.042
for paternal one), birth weight, maternal GWG, mother’s
profession, and smoking being independent predictors for
obesity, while the genetic factors had a more reduced prediction
not globally influencing the standard risk factors.[14] Pirkola
et al[24] showed that maternal overweight before pregnancy is a
risk factor for abdominal obesity at the age of 16 years. In a meta-
analysis which comprised 10 studies on 47,661 participants,
Druet et al[2] showed that the risk score, which included the
allowed the obesity risk in children. One study showed that high
birth weight is a risk factor for obesity,[11] while other study
observed that obesity in early pregnancy doubles the obesity risk
in children.[25]

Transforming growth factor-beta (TGF-b) is a multifunctional
cytokine involved in the regulation of cellular growth, produced
by multiple tissues, including adipose tissue.[26,27] In obese
people, both PAI-1 and TGF-b[28] are increased in the visceral
and subcutaneous adipose tissues. The correlations between
TGF-b and obesity are contradictory. Some studies pointed out
that the reduction of TGF-b1, antilipogenesis factor, plays an
important role in the pathogenesis of obesity,[29–31] while other
studies underlined that the level of TGF-b1 from adipose tissue is
increased in the presence of insulin.[32] On the other hand, Yener
et al showed lower levels of TGF-b in obese children without
being correlated with lipid or insulin resistance,[33] while another
study was also pointing out an indirect proportional relation
between serum TGF-b levels, BMI, and waist circumference,
respectively.[34] Wong et al[35] proved that the TGF-b1 869T>C
(Leu10Pro) gene polymorphism is associated with type 2 diabetes
mellitus, pointing out a correlation between the C allele of the
TGF-b1 869T>C gene polymorphism and serum TGF-b levels.
Human peroxisome proliferator-activated receptor g (PPAR g)

has also an important role in regulating the lipid and
carbohydrates homeostasis, in differentiating adipocytes and
depositing the fatty acids, in oncogenesis, and also in inflamma-
tion.[4,36,37] The PPARg2 Pro12Ala gene polymorphism, also
known as PPARg2 34 C>G polymorphisms, was proven to be
associated with insulin resistance and obesity, type 2 diabetes,
and ischemic stroke.[36,38] The association of the variant allele of
PPARg2 34 C>G with obesity was not constant in all studies.
Thus, Luan et al[39] underlined in their study that a reduced
intake of polyunsaturated fatty acids versus saturated fatty acids
is associated with an increased BMI in carriers of the variant
allele. In addition, a direct proportional relationship was pointed
out between trans fatty acids and type 2 diabetes mellitus in
carriers of the Ala[40] allele, which explains the possible role of
PPARg2 34 C>G polymorphism in the regulation of body
weight.[41] Studies on obese children proved that the risk of
adiposity is higher in Pro allele homozygotes 34 C>G gene
polymorphism, being sex-specific and age-dependent, and related
to dietary fat intake,[38,42] while Bhatt et al[36] showed that
the variant allele of the PPARg2 34 C>G polymorphism is
associated with obesity and insulin resistance in the Indian
population.
On the basis of the above-mentioned facts, we considered the

following objectives: The primary objective of our study was to
investigate whether the newborns risk percentage for childhood
obesity was correlated with the anthropometric, genetic, and
bioimpedance characteristics of both mothers and their new-
borns. We tested the following hypotheses: mid-upper arm
circumference (MUAC) and tricipital skinfold thickness (TST) in
mothers after delivery and in newborns were correlated with the
risk score of obesity; there was a difference concerning the values
of risk percentage for obesity between patients (mother and
newborn, respectively) with variant TNF-b1 869 T>C or variant
PPARg2 34 C>G versus normal; and fat-free mass percent in
mothers and their newborns was correlated with the risk
percentage for obesity. Our secondary objective was to assess
the discriminant ability ofMUAC, BMI, and TST to classify over-
fatness defined by fatness % as bioimpedance parameter in
pregnant women.



2. Materials and methods (amplification refractory mutation system–polymerase chain

3. Results
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2.1. Study sample

A cross-sectional study was performed on a representative sample
of 388 mothers and their newborns, evaluated in a Tertiary
Hospital from Romania in an Obstetrics Gynecology Clinic
between April 2015 and February 2016.
We included in the study all mothers with the age above 18

years and who had only 1 fetus. We excluded from the study:
mothers and newborns who presented intrauterine growth
retardation due to congenital malformations, chronic disease,
intrauterine infections (C-reactive protein>5mg/L), patients
without complete clinical, paraclinical, anthropometric, and
genetic evaluation, or those who refused to sign the informed
consent. All patients included in the study signed the informed
consent on their behalf and their newborns’ before inclusion in
the study and the research was approved by the Ethics Committee
of the University of Medicine and Pharmacy of TîrguMures (No.
32, March 16, 2015), being also performed in compliance with
the principles of the Helsinki declaration.

2.2. Variables of interest

The newborn’s risk percentage for child obesity defined by
Morandi et al[14] was considered an estimator for predicting
childhood obesity at birth, being composed of traditional risk
factors, according to the ones used in the Finish cohort,[43] being
constituted from parental BMI, number of household members,
maternal professional category, gestational smoking, and birth
weight.

2.2.1. BMI, MUAC, TST, FM. Mother and newborn measure-
ments were performed by a single trained person and included:
weight (kg), height (cm), MUAC, and TST. We evaluated body
weight with a daily calibrated scale, with ±10g error. Also,
height was measured with a pedometer, calibrated daily, and was
evaluated by standard deviation (SD) (0.1 cm error). In order to
measure MUAC, we assessed the arm circumference with a tape
measure calibrated at the midpoint between shoulder and elbow
tips, and TST was measured in the posterior upper arm using a
thickness caliper. BMI was calculated by dividing weight (kg) by
standing height squared (m2) and according to Control Disease
Center; women with a BMI between 25.0 and 29.9 were
considered overweight and obese if BMI was 30.0 or higher.[44]

Bioelectrical impedance analysis (BIA) was effectuated accord-
ing to the recommendations of the manufacturer’s guidelines at a
frequency of 50kHz, using a Tanita BC-420 MA body composi-
tion analyzer (Tanita Corp, Tokyo, Japan). Weight was recorded
automatically with a 0.5kg adjustment for the weight of clothes,
while height, sex, and age were manually introduced. Prior to the
measurement the patients emptied their bladder. Themeasurement
procedure was performed with the patients standing bare feet on
the analyzer. BIA assesses the difference in impedance determined
by the difference of electric potential between fat and lean tissue.
The Tanita Analyzer estimates fat mass (FM).
Over-fatness was a variable defined using a cut-off value of

33% for FM (%).[45,46]

2.2.2. Genetic variables. All genotyping investigations in
mothers and newborns were performed on genomic DNA
isolated from fresh peripheral blood collected on EDTA, using
the Clean-Spin column technology available with the Quick-
gDNA MiniPrep Kit (ZymoResearch, Irvine, CA). The TGF-b1
869 T>C gene polymorphism was evaluated by ARMS-PCR
reaction) method, as previously described[47] and the PPARg2
34 C>G gene polymorphism was investigated by PCR-RFLP
(restriction fragment length polymorphism) assay, as previously
described by Oh et al.[48]

2.3. Statistical analysis

Normally distributed quantitative variables were described using
mean±SD while median and interquartile interval [25th
percentile; 75th percentile] were used for variables with
deviations from the Gaussian low. Qualitative variables were
presented as absolute and relative frequencies. The Mann–
Whitney U test for nonparametric data was performed to
investigate differences between 2 groups concerning the new-
born’s risk of childhood obesity while Kruskal–Wallis test was
used for comparisons between multiple groups. In order to
identify the source of differences, the Kruskal–Wallis test was
followed by a post hoc analysis with Dunn test adjusted for
multiple testing. A chi-squared test was used to evaluate the
Hardy–Weinberg equilibrium.
To assess the size and significance of correlations between the

risk for childhood obesity and different mother and newborn
parameters, the Spearman correlation coefficient was used.
Univariate logistic regression was performed to test and

quantify the individual effect of studied predictors on over-
fatness. The effect size was described by odds ratio and their
associated 95% confidence interval. In order to establish the
performance of MUAC, TST, and BMI in classifying over-fat
pregnant women, the receiver operating characteristic (ROC)
analysis was used. Over-fatness in pregnant women was defined
as FM % >33%. The area under the ROC curve (AUROC)
determined using a nonparametric approach was considered an
index of predictors’ performance, an estimated value of 0.5
having no ability in predicting the over-fatness, whereas an
AUROC of 1.0 had a perfect discriminant ability. For multiple
ROC curves, a higher estimated AUROC indicated a better
performance of the predictor. The ROC curves for the 3
predictors were then tested for significance using the De Long test
adjusted for multiple comparisons.
Considering the coordinates of the ROC curves, we also

determined the optimal cut-point for each predictor, as the point
that gave a fair weight between specificity and sensitivity. The
predictive ability analysis was followed by point estimation and
95% confidence intervals for sensitivity, specificity, positive
predictive value, negative predictive values, false positive rate,
false negative rate, positive likelihood ratio (LR+), negative LR
(LR�), and accuracy. Statistical significance was reached when
the estimated level of significance P was <0.05. Statistical
analysis was performed using the R software, version 3.2.2 (R
Foundation for Statistical Computing, Vienna, Austria).
3.1. Descriptive statistics of anthropometric treasures

The mean age of mothers included in our study was 29.04±5.41
years. The GWG of the mothers included in the study was 15.05
±5.80kg with a range from 2 to 38kg, with a BMI before
pregnancy of 22.47±3.52kg/m2 varying between 14.00 and
38.00kg/m2. At the end of the gestational period, mothers’ BMI
was 28.10±3.90kg/m2. The mean weight of the fathers was
81.68±12.59kg (ranging from 55 to 150kg) and their BMI was
26.55±3.81kg/m2 (ranging from 18.51 to 47.92kg/m2).
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The mean height of the mothers included in the study was

P = 0.01, Table 3), with a tendency toward correlation between

Table 1

Descriptive statistics of anthropometric characteristics inmothers
and their newborns.

Variables Mothers
∗

Newborns
∗

Height, cm 163.56±0.06 53.00 [51.00–55.00]
Weight at the end of pregnancy

(after the delivery), kg
75.28±11.75 3.17±0.59

BMI after pregnancy, kg/m2 28.10±3.90 11.27±1.29
MUAC, cm 27.62±3.47 10.49±1.25
TST, mm 16.98±7.08 2.91±0.85

BMI=body mass index, MUAC=mid-upper arm circumference, TST= tricipital skinfold thickness.
∗
Mean± standard deviation or median [25th percentile to 75th percentile] or n (%), where n=

absolute number.

Table 2

Descriptive statistics of genetic characteristics in mothers and
their newborns.

Variables Mothers
∗

Newborns
∗

TGF-b1 869 T > C polymorphism
(variant genotype vs normal genotype)

339 (87.40) 310 (79.9)

TGF-b1 869 T > C polymorphism
Genotypes
TT 150 (38.7) 91 (23.5)
CT 189 (48.7) 219 (56.4)
CC 49 (12.6) 78 (20.1)

Alleles
T 489 (63.02) 401 (51.68)
C 287 (36.98) 375 (48.32)

PPARg2 34 C > G polymorphism
(variant genotype vs normal genotype)

87 (22.4) 70 (18.0)

PPARg2 34 C > G polymorphism
Genotypes
CC 301 (77.6) 318 (82.0)
CG 82 (21.1) 70 (18.0)
GG 5 (1.3) –

Alleles
C 684 (88.14) 706 (90.98)
G 92 (11.86) 70 (9.02)

CC=homozygous for C allele, CG=heterozygous for G allele, CT=heterozygous for G allele, GG=
homozygous for G allele, TT=homozygous for T allele PPAR g 34 C > G polymorphism=human
peroxisome proliferator-activated receptor g2 (CC= control group), TGF-b1 869 T > C
polymorphism= transforming growth factor-b1 (TT= reference category).
∗
Mean± standard deviation or median [25th percentile to 75th percentile] or n (%), where n=

absolute number.
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163.56±0.06cm (ranging from 145 to 180cm), while for the
fathers the mean value of height was 175.43±7.38 (ranging from
150 to 197cm). Regarding the mothers’ educational degree,
44.80% had superior studies, 31.20% had �13 grades, 11.30%
had high school studies, 9% had postsecondary studies, and
3.60% were without studies; 65.20% of them were employed,
18.00% were smokers, 0.80% were diabetics and only 4.40%
had gestational arterial hypertension (AHT), 47.40% were at
their first pregnancy, and 67.30% delivered vaginally (Table 1).
The median length of gestation was 39.00 weeks (25%

percentile to 75% percentile: 38.00–40.00) while the majority of
mothers had a mean FM equal to 28.74±6.01% with a
maximum value of 44%.
Among the newborns included in the study, 77.80%were born

at term, 12.40% were preterm babies, and 9.80% were
postmature ones. The newborns’ BMI was 11.27±1.29 (ranging
from 2.90 to 14.37kg/m2), with a birth weight of 3167.00±
593.80 g, a TST of 2.91±0.85mm and an MUAC of 10.49±
1.25cm.
The median obesity risk score according to standard

predictable NFBC parameters (mother’s BMI, father’s BMI,
number of household members, maternal professional category,
gestational smoking, and birth weight) was 4.07% (25%
percentile to 75% percentile: 1.57–8.96) with a range from
0.14% to 78.36%.

3.2. Descriptive statistics of genetic characteristics

For the TGF-b1 869 T>C polymorphism, the variant genotype
was found in 87.40% of mothers, while the variant PPARg2 34
C>G genotype was present in 22.40% of cases (Table 2).
For the TGF-b1 869 T>C polymorphism in newborns, we

found the variant genotype in 79.90% of cases, while for the
PPARg2 34 C>G gene polymorphism the variant genotype was
observed in 18% of cases (Table 2).
3.3. Main results Table 3

Spearman correlation coefficients (r) with the newborn’s risk for
child obesity and the associated level of significance (P).

Studied variables r P value
∗

TST mother, mm 0.13 0.014
BMI new born, kg/m2 0.29 <0.001
MUAC newborn, cm 0.29 <0.001
TST newborn, mm 0.25 <0.001

BMI=body mass index, MUAC=mid-upper arm circumference, TST= tricipital skinfold thickness.
∗
Obtained from Student t test.
3.3.1. Anthropometric parameters. We assessed the correla-
tions between the risk for child’s obesity and different maternal
parameters (Table 3).
We did not identify a statistical correlation between the fetal

risk for obesity and the mother’s weight gain (Spearman
correlation coefficient r = �0.04, P = 0.47), and neither with
gestational weeks (Spearman correlation coefficient r = 0.10, P =
0.85). Nonetheless, we found a monotone positive correlation,
statistically significant, between the child’s risk for obesity
and mother’s TST (Spearman correlation coefficient r = 0.13,
4

the child’s risk for obesity and mother’s MUAC (Spearman
correlation coefficient r = 0.098, P=0.053). We did not obtain
significant statistical correlations between the bioimpedance
parameters (FM) in mothers and the child’s risk for obesity. We
found a monotone positive statistically significant correlation
between the newborn’s risk for obesity and the newborn’s
anthropometrical parameters (Table 3): BMI (Spearman corre-
lation coefficient r = 0.29, P<0.001), MUAC (Spearman
correlation coefficient r = 0.29, P<0.001), and TST (Spearman
correlation coefficient r = 0.25, P<0.001).
We identified an association between the risk for obesity and

the newborn’s status (Kruskall–Wallis test, P<0.001); from the
post hoc analysis resulted that the source of these correlations
was due to the differences between the risks for obesity in preterm
newborns and those born at term, and in postmature compared
with preterm ones, respectively (Dunn test, P adjusted<0.001).

3.3.2. Genetics polymorphisms. In our study, we found a
statistically significant association between the risk percentage
for child obesity and the PPARg2 34 C>G gene polymorphism



in newborns (Kruskal–Wallis test, x2=4.04, P=0.045). We
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remarked higher values of risk score for child obesity in carriers
of the homozygous CC (wild-type group) than in the heterozy-
gous newborns. No significant association was found related to
the PPARg2 34 C>G polymorphism in mothers (Kruskal–
Wallis test, x2=2.13, P=0.345), although we noticed that
mothers with homozygous CC genotype gave birth to the
newborns with higher values of risk for child obesity, compared
to the mothers with heterozygous and variant homozygous
genotype.
Concerning the TGF-b1 869 T>C polymorphism, we did not

identify any association with the risk percentage of child obesity
neither in mothers (Kruskal–Wallis test, x2=0.31, P=0.855) nor
in newborns (Kruskal–Wallis test, x2=1.50, P=0.473), but we
noticed that the obesity risk values were greater in newborns with
heterozygous or variant homozygous genotype than wild-type
homozygous.
3.4. Discriminant ability of BMI end-pregnancy, MUAC,

tolerance test in healthy men[31] and an increased level in obese

Figure 1. ROC curves for BMI, MUAC, and TST. BMI = body mass index,
MUAC = mid-upper arm circumference, ROC = receiver operating
characteristic, TST = tricipital skinfold thickness.
and TSF to predict the over-fatness

The results of the univariate logistic regression analysis pointed
out that the BMI at the end of the pregnancy, MUAC and TST
were predictors for over-fatness (P<0.001) (Table 4).
The AUROC values for BMI and MUAC versus over-fatness

denoted a good predictive ability: 0.82 (0.78, 0.86) and
0.81 (0.77, 0.86) while TST had an estimated AUROC of
0.75 (0.70, 0.80).
According to the DeLong test, there was no significant

difference concerning the discriminant ability of BMI andMUAC
(P=0.83>0.02). Based on the ROC graphs (Fig. 1) and the
DeLong test, TST was the worst predictor of over-fatness related
to BMI and MUAC (P=0.01<0.02 and P=0.019<0.02,
respectively).
Sensitivity and specificity were good for the optimal cut-off

value of MUAC (88.4% and 62.3%, respectively), BMI (74.3%
and 75.90%, respectively), and TST (72.8% and 63.4%,
respectively). The proportion of pregnant women correctly
classified using the associated cut-off values of MUAC (69.9%),
BMI (74.7%), and TST (70.10%) was acceptable (Table 5).
4. Discussions
4.1. Correlation between newborn’s risk for child obesity
and genetic polymorphisms, major findings obtained in
our study

Some studies proved that TGF-b1 is a cytokine produced by
many tissues, including the adipose tissue.[27] There are some
studies, which observed a decreased level of TGF-b during the fat
Table 4

Individual effects of possible predictors on over-fatness: results
from univariate logistic regression.

Variables P
∗

Crude OR 95% CI for crude OR

BMI end-pregnancy, kg/m2 <0.001 1.43 [1.32, 1.56]
MUAC mother, cm <0.001 1.50 [1.36, 1.66]
TST mother, mm <0.001 1.16 [1.11, 1.20]

BMI=body mass index, CI= confidence interval, MUAC=mid-upper arm circumference, OR=odds
ratio, TST= tricipital skinfold thickness.
∗
Wald test unadjusted P values.

5

women[49]; also Alessi and Rosmond emphasized an increase of
TGF-b1 gene polymorphism with BMI and abdominal tissue in
case of morbid obesity.[50,51] Even though there are not any
studies performed on children, Kanra et al[28] wanted to establish
the relation between the 509 C>T, 915 G>C, and 869 T>C of
TGF-b1 gene polymorphisms and obesity-related metabolic
disorders, but he did not identify any correlation.
Yamada’s study pointed out the correlation between the C

allele of the TGF-b1 869 T>C gene polymorphism and serum
TGF-b levels.[52] The study of Long proved that both
apolipoprotein E and TGF-b1 genes are associated with obesity.
For the TGF-b1 869 T>C gene, correlations between the lean
mass and SNP5, and the percentage of FM and SNP1 were
identified.[26] Correlations of lean mass with haplotype C + C and
T + C, and with the G allele of SNP of the TGF-b1 869 T>C gene
polymorphism[26] were also encountered. In our study, the TGF-
b1 869 T>C variant genotype was present in 87.40%ofmothers
and in 79.90% of newborns. We also identified in our study that
newborns with heterozygous or variant homozygous genotype
(TC + CC) have a higher obesity risk, similar to the study ofMao,
who showed that the CC genotype of the TGF-b1 869 T>C gene
is associatedwith type 2 diabetes mellitus, thus representing a risk
factor,[53] and also with Rodrigues’ study who pointed out that
the CC genotype in patients with BMI under 25kg/m2 and TC
genotype of the TGF-b1 869 T>C polymorphism in patients
with BMI of 30kg/m2 are associated with type 2 diabetes
mellitus.[54]

The role of PPARg is well known in the genesis of adiposity and
in the regulation of lipid metabolism.[37,38] Even though the
PPARg2 34 C>G gene polymorphism has proven to be
associated with obesity, insulin resistance, and type 2 diabetes
mellitus,[36,38] the studies performed until now are still
contradictory. Therefore, some studies underline that the variant
allele of PPARg2 34 C>G is associated with an increased risk for

http://www.md-journal.com


obesity depending only on the fat dietary intake,[39] with
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increased risk for type 2 diabetes mellitus,[40] and with a higher
risk of adiposity and insulin resistance, respectively.[36] Com-
paratively, Dedoussis et al[38] showed that adiposity is correlated
with PPARg2 34 C>G polymorphism depending on the sex and
age, andGupta et al[55] pointed out a predominance of the variant
allele of the PPAR g 34 C>G polymorphism in patients with
nonalcoholic fatty liver disease. Other studies underlined that
thin patients’ carriers of the variant gene have a diminished
expression of this gene in their visceral tissue.[41] Mato et al[56]

did not obtain any correlation between the polymorphism of this
gene and obesity, and type 2 diabetes mellitus, respectively.
In our study, we observed higher values of risk score for child

obesity in homozygous wild-type genotype of the PPARg2 34 C
>G polymorphism, so we can say that the presence of the variant
allele can have a protective role in determining the obesity in
newborns, similar data with those obtained by Scaglioni et al[42]

who noticed that the children carrying the variant allele of this
polymorphism are protected against the metabolic complications
of obesity. Also, we noticed that the homozygous mothers for
the C allele had newborns with higher values of risk for child
obesity than mothers with heterozygous or variant homozygous
genotype. For the PPARg2 34 C > G polymorphism, the variant
genotype was found in 22.40% of mothers and in 18% of
newborns.
Therefore, we observed that the genetic factors influenced the

determination of obesity in our population, results similar to
those reported by Yu et al[11] and Whitaker et al[57] besides other
authors.[58–60]
4.2. Correlation between newborn’s risk for child obesity

and anthropometric characteristics

In time, several studies tried to establish the risk of developing the
obesity phenotype, based especially on the traditional risk factors
in newborns. Thus, in Finland, on a cohort of over 120,000
pregnant women, the long-term effects of the genetic and
environmental factors on fetal development were explored and
afterward the manner in which these factors influenced the
development during childhood and adolescence.[23] As a result
of this cohort, Morandi et al,[14] analyzing the traditional
parameters such as the genitor’s BMI, GWG of the mother, and
other behavioral and social parameters, noticed that these ones
are more useful as predictors for severe obesity than for the
medium one, the factors being stable until early adulthood. This
study proved that parents’ BMI increased the accuracy for the
estimation of obesity risk. In addition, Morandi et al[14]

underlined that the parents’ BMI, birth weight (big or on the
contrary low—the catch-up phenomenon), maternal GWG,
number of household members, mother’s profession, or obesity
represent independent predictor factors (P<0.001). Also, we
observed an association between the risk for obesity and the
newborn’s status: the difference in risk for obesity in preterm
newborns versus term newborns, and also postmature newborns
versus preterm ones. There are other studies which sustained the
relation between a single factor and obesity in adolescents or
adults. Thus, Whitaker et al[57] underlined that parental obesity
doubles or more the risk of adult obesity, even though at the age
of 10 years the studied children were not obese. In exchange,
Plachta-Danielzik et al[22] proved that parents’ obesity or
smoking, and also low physical activity were determinant factors
in overweight boys, while the parental ones increase the obesity
risk in girls.



In our study, maternal GWG was 15.05±5.80kg, with a BMI 4.3. Assessment of the discriminant ability of MUAC, BMI,
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at the end of pregnancy of 28.10±3.90kg/m2 and a paternal BMI
of 26.55±3.81kg/m2; 44.80% of mothers had superior studies,
18% of mothers were smokers, and 4.4% had gestational AHT.
Though, these factors, in our study, did not represent indepen-
dent predictors in determining obesity, when associated they
determined a standard predictable obesity risk NFBC of 4.07%
(ranging from 1.57% to 8.96%). Morandi et al[14] sustained the
validation of this traditional risk score on 2537 children, when he
pointed out that the BMI was the most important predictor for
obesity, the genetic score (by adding a 44 obesity predisposing
SNPs selected according to the genome-wide significant level of
association to obesity) having a weak prediction without globally
influencing the standard risk factors.
Even though early determination of the child’s obesity risk

was proven to be important, it is also very important to focus
on therapeutic measures such as breastfeeding, alimentation on
request, adequate diversification around the age of 6 months,
normal size portions, avoidance of prolonged TV or computer
activity, avoidance of sweets, and beverage intake.[61] In
addition, it is very important to assess the BMI at the moment
of adiposity rebound, which seem to be a very good predictor for
child and adult obesity. The parents should be aware of these
facts, as the previously mentioned parameters cannot be taken
under consideration when calculating the neonatal risk score.[62]

Discriminant accuracy is another important parameter as a
predictive tool. In the study of Morandi et al, it was noticed that
the accuracy of the calculated risk depending on traditional
factors was excellent for obesity during childhood (AUROC=
0.85),[14] good for the prediction of overweight/obesity persis-
tence in adolescents (AUROC=0.75–0.78) and satisfying for the
clinical manifestations of obesity in teenagers.[14,63]

Plachta-Danielzik et al[22] proved in his study a decrease of
obesity by decreasing parental obesity, and Fuentes et al[21]

noticed that children with at least 1 parent with increased BMI
had a risk of developing obesity in adolescence, risk that could be
influenced by modifications in their life style.
Even though the study of Butte et al[64] underlined the

correlation between fat-free mass and FM and birth weight and
Larciprete et al[65] observed correlations between total body
water and GWG; in our study, we did not identify correlations
between fetal risk for obesity and mother’s GWG or mother’s
bioimpedance parameters.
In our study, we encountered correlations between the fetal

risk for obesity and mother’s TST (P=0.01) and a tendency
toward correlation with the mother’s MUAC (P=0.053). We
found in exchange a monotone significant correlation between
the fetal risk for obesity at birth and the newborn’s anthropo-
metric parameters (BMI, MUAC, and TST).
Pirkola et al[24] and Graversen et al[66] underlined, as we also

observed in our study, the fact that maternal obesity clearly
represents a risk factor for child obesity at birth and at the age of
16 years. Yu et al[11] and Druet et al[2] proved a relation between
birth weight and the risk for obesity, and also the association of
the latter one with maternal BMI.
Another previous study by the same authors underlined that

GWG may be an important predicting factor for the afterward
weight of the fetus, correlated with bioimpedance parameters
(total body water, muscle mass, bone mass, and FM) in mothers
and also with anthropometric parameters.[67] The authors also
emphasized that the variant genotype of the IL-6-572C > G
polymorphism was a protection factors against the development
of mother obesity.[67]
and TST to classify over-fatness

According to Ode et al, BMI should be used carefully when
classifying obesity in athletic or nonathletic persons, due to the
fact that it does not represent a very accurate predictor for over-
fatness according to the ROC curves.[68] In a study performed by
Ge et al,[69] it was proven that waist-hip ratio and waist-height
ratio were the best predictors for obesity and subclinical
atherosclerosis. In exchange, Okereke et al[70] pointed out in
their study on 578 pregnant women that MUAC and calf
circumference had a sensitivity and specificity of more than 70%
for the identification of obesity. In addition, they underlined that
MUAC has the best accuracy in predicting obesity (sensitivity of
76% and specificity of 91%).[70] Sagun et al,[71] in a study
performed on 387 obese persons from Turkey, of whom 340
were females, showed that MUAC (P<0.01) was correlated with
metabolic syndrome and bioimpedance measurements (over-
fatness), and with hip circumference and waist-to-hip ratio,
respectively. He underlined that a nonconventional parameter,
but easily assessable, namely MUAC, can be a very good
predictor for visceral FM (AUROC being 0.63).[71] Craig et al[46]

in a study performed in Great Britain on 978 participants (481
children with the age between 5 and 9 years and 497 teenagers
with the age between 10 and 14 years) noticed that MUAC is a
very good predictor for the assessment of overweight (defined by
BMI) and over-fatness (defined by bioelectrical bioimpedance) in
children and teenagers. Sensitivity, specificity, and AUC were
similar to other studies.[20] In addition,McCarthy et al[72] defined
over-fatness as very high levels of body fatness. Higgins et al[45]

defined as persons with increased risk of obesity and cardiovas-
cular complications individuals with more than 33% body fat.
Based on the ROC curves, Craig et al[46] underlined the fact that
the cut-off value ofMUACwas the best predictor for overweight.
In our study performed on mothers who gave birth, according

to a univariate logistic regression analysis, we noticed that BMI,
MUAC, and TST were predictors for over-fatness (P<0.001).
According to AUROC curves, BMI and MUAC were good
predictors for over-fatness (0.82 [0.78, 0.86] and 0.81 [0.77,
0.86], respectively), TST being the worst predictor. Similar to the
studies of Sagun et al,[71] Okereke et al,[70] Craig et al,[46] we
found in our study that sensitivity and specificity were good
for the optimal cut-off value of MUAC (88.4% and 62.3%,
respectively), with more increased values than for BMI or TST.
Therefore, also in our study, MUAC together with BMI are good
predictors for over-fatness.
However, certain limitations of this study should be stated. We

did not follow the newborns on long term, and thus we do not
have a clear image regarding the manner in which risk factors
influence the later development of obesity during childhood. A
prosecution and a longitudinal re-evaluation of the newborns
included in the study at the different stages of life is imposed,
when we will also take under consideration other risk factors,
such as nutritional intake on different diet principles, eating
habits, and other environmental, genetic factors, etc. Another
limitation of the study is a result of the fact that we had a
limitation in performing the bioimpedance measurements in
newborns, limitation provided by the Tanita machine, which
could not evaluate the children under the age of 5 years. We did
not evaluate food intake on different classes of diet principles
(carbohydrates, lipids, proteins) neither in mothers nor in their
infants, thus we were not able to establish a correlation between
obesity and the energetic intake. The complications of obesity
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and the degree of social insertion among obese children in
collectivities were other lacks that need to be taken under
consideration in time. Taking into account the multifactorial
etiology of obesity we consider that PPARg2 and TGF-b1 gene
polymorphisms need to be assed in the family members and to be
extended to other geographic areas.
Among the advantages of this study, we mention that the

statistical parameters’ precision of estimation was very high due
to adequate sample size. Also, measurements were taken by a
single person who accurately measured all the anthropometric
and bioimpedance parameters according to a well-established
protocol. All clinically assessed parameters, laboratory param-
eters, and genetic tests were performed in both mothers and their
newborns. This research was, nevertheless, the first performed on
mothers and their newborns with regard to the neonatal risk in
predicting obesity. As we do not have data in the literature about
the association between risk factors, anthropometric and
bioimpedance parameters in mothers and their newborns as
well as TGF-b1 869 T > C and PPARg2 34 C > G
polymorphisms, gene polymorphisms, we consider that this
was a pilot study that needs to be expanded to a larger
population. To our knowledge, this was the first study of this
kind in Romania and Europe, the study that took under
consideration multiple factors that can be involved in determin-
ing obesity in newborns. Anyway, the study must be continued
and the newborns will have to be evaluated in different, well-
established, stages of life in order to observe in which manner
these factors influence the children’s long-term nutritional status.

5. Conclusions

In our study, we found that the newborn’s risk percentage for
child obesity was higher for the variant T allele of the TGF-b1
869 T> C gene polymorphism and also for the wild-type C allele
of the PPARg2 34 C > G gene polymorphism.
The obesity risk according to standard predictable parameters

(parental BMI, birth weight behavior, and social indicators) was
4.07%. Mother’s TST and MUAC were correlated to the child’s
risk score for obesity, while maternal bioimpedance parameters
showed no correlation. The newborn’s anthropometrical pa-
rameters (BMI, MUAC, and TST) were also correlated with the
obesity risk. Maternal BMI and MUAC were the best predictors
of over-fatness. Our study pointed out that the most important
factors correlated with obesity risk percentage, further longitu-
dinal studies being necessary in this respect, if parameters such as
MUAC and TST are considered predictors for child obesity. We
can conclude with some clinical implications meaning that
genetic polymorphisms and anthropometric measurements like
BMI,MUAC, and TST could be useful parameters for diagnosing
the obesity in children.
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