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Abstract
The present study had 2 objectives, first, to investigate possible relationships between increased gestational weight gain and
demographic, clinical, paraclinical, genetic, and bioimpedance (BIA) characteristics of Romanian mothers, and second, to identify the
influence of predictors (maternal and newborns characteristics) on our outcome birth weight (BW).
We performed a cross-sectional study on 309 mothers and 309 newborns from Romania, divided into 2 groups: Group I—141

mothers with high gestational weight gain (GWG) and Group II—168 mothers with normal GWG, that is, control group.
The groups were evaluated regarding demographic, anthropometric (body mass index [BMI], middle upper arm circumference,

tricipital skinfold thickness, weight, height [H]), clinical, paraclinical, genetic (interleukin 6 [IL-6]: IL-6 -174G>C and IL-6 -572C>G
gene polymorphisms), and BIA parameters.
We noticed that fat mass (FM), muscle mass (MM), bone mass (BM), total body water (TBW), basal metabolism rate (BMR) and

metabolic age (P<0.001), anthropometric parameters (middle upper arm circumference, tricipital skinfold thickness; P<0.001/P=
0.001) and hypertension (odds ratio=4.65, 95% confidence interval: 1.27–17.03) were higher in mothers with high GWG. BW was
positively correlated with mothers’ FM (P<0.001), TBW (P=0.001), BMR (P=0.02), while smoking was negatively correlated with
BW (P=0.04). Variant genotype (GG+GC) of the IL-6 -572C>G polymorphism was higher in the control group (P=0.042).
We observed that high GWGmay be an important predictor factor for the afterward BW, being positively correlated with FM, TBW,

BMR, metabolic age of the mothers, and negatively with the mother’s smoking status. Variant genotype (GG+GC) of the IL-6
-572C>G gene polymorphism is a protector factor against obesity in mothers. All the variables considered explained 14.50% of the
outcome variance.

Abbreviations: AHT = arterial hypertension, ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase, BIA =
bioimpedance, BM= bonemass, BMI = body mass index, BMR= basal metabolism rate, BW= birth weight, Chol= cholesterol, FM
= fat mass, GA = gestational age, GWG = gestational weigh gain, H = height, IL-6 = interleukin 6, IOM = Institute of Medicine, MM =
muscle mass, MUAC =middle upper arm circumference, SD = standard deviation, TBW = total body water, TST = tricipital skinfold
thickness, W = weight.
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Birth weight (BW) is an important parameter of the newborn’s
health status.[1] Low BW is associated with prematurity and
growth retardation, with serious consequences to the newborn
such as a difficult adaptation to extrauterine life, severe
postpartum complications, and even death.[1,2] Large BW is
associated with obstetrical complications such as shoulder
dystocia and imposes a cesarean section.[3,4] In addition, large
BW is an important predictor factor for the afterward weight of
the baby through the increase of adipose cells number, and can be
associated or can determine diabetes mellitus and cardiovascular
diseases later in life.[1,5]

Intrauterine malnutrition, especially the decreased intake of
vitamin B12 and folic acid, can modify the functioning of some
key genes. The not correspondingly fed fetus will be programmed
to deposit all the available energy from the organism with the
increase of obesity and metabolic diseases’ risk at maturity.[6,7]

On the other hand, excessive energetic intake, especially of amino
acids and glucose stimulates the secretion of Insulin-like growth
factor 1 (IGF-1) and insulin determining obesity and diabetes
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mellitus in children.[8–10] BW is determined by a series of pregnancy and perinatal medicine.[29] Genetic studies underlined

2. Material and methods
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environmental, biological, social, and also genetic factors that
exert their action during time and over generations.[1,11,12]

Maternal weight, and especially mother’s obesity became
epidemic and a flagella of the 21st century, being associated with
adverse pregnancy and birth outcomes.[13] Maternal obesity
increased lately; thus, in the United States 64% of the women at
fertile age are overweight and 35% are obese, and in Great
Britain 1 of 5 women is obese before becoming pregnant.[14]

Excessive maternal weight gain can have different effects on the
normal course of the delivery, problems associated with the
normal evolution of the pregnancy, associated gestational
diabetes, preeclampsia/eclampsia and dystocic deliveries, but
also decisive influences on the newborn’s weight and ulterior
complications.[13,14] Studies have proven that mother’s obesity is
associated with macrosomia.[1] Therefore, the Institute of
Medicine (IOM) revised the guides for gestational weight gain
(GWG) for women in the different World Health Organisation
BMI categories.[15,16] Thus, as the mother’s BMI is higher, the
recommended weight gain of the pregnant woman will be
lower.[1,15,17] The IOM recommends a weight gain of 5 to 9kg for
obese pregnant women.[13,15] The body mass composition of the
mother should own an important role in the determinism of the
newborns’ weight. Thus, using bioimpedance (BIA) the manner
in which the maternal body composition parameters (fat and fat-
free mass [FFM]) influenced BW was evaluated. Although the
studies of Abrams and Neufeld reported that maternal weight
gain in the second trimester is associated with the fetal growth
and BW,[18,19] the study of Farah underlined that gestational
weight gain before the third trimester influences the BW in
women with normal BMI and overweight, and in addition
maternal FFM and weight gain during pregnancy influence
BW.[1,20,21] There are also some studies performed on Danish
women that reported a mild weight gain at birth, coupled with
excessive weight gain of the mother during pregnancy.[22]

The studies pointed out the relationship between BW and
mother’s body composition, reporting a high incidence of
macrosomia and neonatal adiposity,[23–25] in both nullipara
and multipara women.[13]

In a review elaborated by Freeman[23] it was proved that the
origin of obesity is very early. It discussed the interaction between
genetic factors and in utero environment that have an impact on
the development of fetal obesity and programs the future child’s
obesity. During pregnancy, the metabolism of pregnant women is
impaired; thus, these women have an increased percentage of
adipose tissue and they are insulin resistant and exposed to a
higher risk of vascular and metabolic diseases. O’Reilly and
Reynolds[14] also underlined the role of prenatal and postnatal
factors as well as the degree of obesity, environmental factors,
activity, diet, lifestyle factors as sports, and also genetic factors
(that explain the descendants’ BMI in a percentage of 20%–90%)
in determining obesity in the conception product.
A reduced degree of inflammation is correlated with obesity,

insulin resistance, and metabolic diseases. In the pathogenesis of
these diseases, an important role is owned by the proinflamma-
tory cytokines. Interleukin 6 (IL-6) is a mediator of the immune
and inflammatory response, especially regulating the response of
the acute phase, which influences the function of adipose tissue as
well as lipid and glucose metabolism.[26] In obesity, increased
IL-6 serum levels were observed, especially in those with body
FM excess.[27–29] The maternal composition suffers adaptive
modifications during pregnancy. Thus, the FM, FFM, and total
body water (TBW) are modified and have a special role in
the fact that the IL-6 -174G>C gene polymorphism owns an
important role and it is more frequently associated with obesity
and type 2 diabetes mellitus, especially in a population with
excess in body FM.[26,27,30–32] The studies of Vazarova and
Illig[33,34] showed that the G allele is associated with the
comorbidities of obesity, whereas other studies[35] showed that
the variant C allele of the IL-6 -174G>C gene is associated with
type 2 diabetes mellitus, hypertension, and cardiovascular
diseases.[36,37] The IL-6 -174G>C gene polymorphism was
associated with increased risk of coronary disease,[36,38] namely
the C allele with an increased risk of arterial hypertension
(AHT),[36] whereas the G allele of the IL-6 -572C>G gene
polymorphism was associated in 95% of cases with obesity and
type 2 diabetes mellitus,[39] correlations with the parameters of
the lipid and protein metabolism being also established.[40]

Another study[41] emphasized that the GG genotype of the IL-6
-572C>G gene polymorphism is associated with obesity in
adults, whereas a different study observed that the CC genotype
and the C allele of the IL-6 -572C>G gene polymorphism are
highly associated with obesity in children.[42]

According to the 2008 WHO data in Romania, 51% of the
adult population was overweight and 19.1% was obese[43]; in
children obesity varies between 7.2% in Timisoara[44] and 29%
in Cluj.[45] Another study showed that variant heterozygous
genotype of IL-6 -174G>C single nucleotide polymorphism
(SNP) is associated with obesity in children, whereas variant
homozygous CC genotype of IL-6 -174G>C SNP is a protector
factor for obesity in children.[42]

On the basis of the above mentioned facts, the objectives of our
studywere to investigate possible relationships between increased
gestational weight gain and demographic, anthropometric (BMI,
middle upper arm circumference [MUAC], tricipital skinfold
thickness [TST], weight, height [H]), clinical, paraclinical
(cholesterol [Chol], triglyceride, and transaminases levels),
genetic (IL-6 -174G>C and IL-6 -572C>G gene polymor-
phisms), and BIA characteristics (FM, FFM, and TBW) of the
mothers from a Caucasian population in Romania (southeastern
Europe) and the influence of possible predictors (maternal and
newborns genetic and BIA characteristics) on our outcome BW.
A cross-sectional study design was performed on a consecutive
representative population of 407 mothers and their newborns,
evaluated in an Obstetrics Gynecology Tertiary Hospital from
Romania, between April 2015 and December 2015. The studied
groups cases and controls were defined “a posteriori,” during the
analysis phase and not at the design phase. Selection of subjects
was independent of explicative variables or outcome. Because the
sample size was subdivided into 2 groups (controls and cases), to
assure their comparability, we chose the mothers with similar age
and weight before pregnancy (n=309). The criteria for inclusion
in our study were age of the mother above 18 years and singleton
pregnancy. We excluded from our study mothers and newborns
with chronic diseases, patients showing presence of an infectious
process (clinical signs and C-reactive protein >5mg/L); parity
>6; cases diagnosed with intrauterine growth retardation due
to congenital malformations of the fetuses, patients without
complete clinical, anthropometrical, laboratory, and genetic
evaluation as well as cases who did not sign the informed consent.
According to the IOM[15] we used the following classification

for GWG: underweight BMI<18.5kg/m2, recommended GWG



12.5 to 18kg; normal weight BMI=18.5 to 24.9kg/m2, q/15, where q represented “limiting sample size.” For example, in

3. Results
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recommended GWG 11.5 to 16kg; overweight BMI=25 to
29.9kg/m2, recommended GWG 7.00 to 11.5kg; obese BMI
>30kg/m2, recommended GWG 5 to 9 kg.[15] Then, we classified
the mothers with their newborns into 2 groups: the study group
comprising women who had a weight gain higher than the
superior limit of the reference interval (increased weight gain) and
the control group containing women with a weight gain in the
reference interval (normal weight gain). Group I comprised 141
mothers with high GWG and Group II included 168 mothers
with normal GWG, that is, control group.
All mothers gave written informed consent for them and their

child prior to inclusion in the study and researchwas 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 TîrguMuret (No 32/March 16, 2015).

2.1. Measurement characteristics
2.1.1. Anthropometric characteristics. All mother and new-
born measurements were performed by a single trained person
and included the following: weight (kg), height (cm),MUAC, and
TST. Body weight was measured with a daily calibrated scale,
with ±10g error. Height was measured with a pedometer,
calibrated daily, and was evaluated by standard deviation (SD)
(0.1-cm error). MUAC was evaluated at the midpoint between
shoulder and elbow tips, with the use of a tapemeasure calibrated
in centimeters, whereas TST was measured in the posterior upper
arm using a thickness caliper. BMI was computed by dividing
weight (kg) by standing height squared (m2).
Bioelectrical impedance analysis (BIA) was performed using

the Tanita BC-420MA body composition analyzer (Tanita Corp,
Tokyo, Japan). BIA measurements were done according to the
manufacturer’s guidelines at a frequency of 50kHz. Participants
were asked to void their bladder prior to the measurement.
Height, sex, and age were entered manually; weight was recorded
automatically with a 0.5-kg adjustment for the weight of clothes.
The measurement procedure required the subject to stand
barefooted on the analyzer. BIA assesses the difference in
impedance caused by the fact that fat and lean tissues have
different electrical properties. The Tanita Analyzer estimates FM,
FFM, muscle mass (MM), and TBW.

2.1.2. Laboratory parameters. Chol, triglyceride, alanine
aminotransferase (ALAT) and aspartate aminotransferase
(ASAT) levels were measured by spectrophotometry on a Cobas
Integra 400 plus automated analyzer for all surveyed mothers
and newborns. Chol level was considered normal at <170mg/dL
and triglyceride level at <130mg/dL.

2.1.3. Genotyping. Genomic DNA was isolated from fresh
blood samples collected on EDTA (Acide Éthylènediamineté-
tracétique) from newborns and their mothers who met the
inclusion criteria. IL-6 -174G>C gene polymorphism was
investigated by amplification refractory mutation system—

polymerase chain reaction (ARMS-PCR) as previously described
by Daneshmandi et al.[46] The polymerase chain reaction—
restriction fragment length polymorphism (PCR-RFLP) method
previously reported[47] was used to investigate the IL-6 -572C>G
gene polymorphism.

2.2. Statistical analysis
2.2.1. Sample size. In order to assure the reliability (calibration)
of the regression model, we considered the following require-
ment[48]: the average number of predictors (p) had to be less than
3

the case of linear regression for 20 predictors it was necessary to
have a minimum of 300 subjects.
Post-hoc sample size calculation using G∗Power (v.3.1.9.2)

software showed that a sample size of 309 subjects achieved a
99% power with a medium effect size (f2) of 0.18 and 23 degrees
of freedom for linear multiple regression and an alpha level of
0.05.
Descriptive statistics used to describe the studied variables were

both mean ± SD or median (25th percentile–75th percentile) for
quantitative variables and frequencies for qualitative variables.
Unpaired Student t tests for parametric data and Mann–Whitney
U tests for nonparametric data were done to identify differences
between compared groups regarding each quantitative charac-
teristic. A x2 test was used to evaluate the Hardy–Weinberg
equilibrium and x2 or Fisher’s exact test were done to analyze the
frequency distribution. The univariate and multivariate linear
regression were done to evaluate the crude and covariate-
adjusted individual impact of interest variables onGWGand BW,
respectively. To quantify the magnitude of dependence between
predictor and outcome variable, we calculated the unadjusted
and adjusted estimates of regression coefficients with their
associated 95% confidence interval (CI). Statistical significance
was achieved when the estimated level of significance for all
2-sided tests (P<0.05). Statistical analysis was performed using
R software version 3.2.2 (R Foundation for Statistical Comput-
ing, Vienna, Austria) and Statistica version 7.0 (StatSoft Inc,
Tulsa, OK).
3.1. Demographic, anthropometric, clinical, paraclinical,
and BIA characteristics of the mothers and their newborns

From all mothers who presented at the Obstetrics Gynecology
Tertiary Hospital from Romania, the eligibility criteria for
participating in our study were fulfilled by 407mothers with their
407 newborns. After a closer selection of the cases, only 309
mothers and 309 newborns were included in the present study.
The mean age for all the “mothers” included in the study

was 29.20±5.44 years (range between 18 and 43 years) and
the height was 163.70±5.89cm with a range between 145 and
180cm. Regarding the educational degree, 47.20% had superior
studies, 39.50% had<12 grades and 9.40% had between 13 and
14 grades; 67.30% of them were employed, 16.50% were
smokers, 0.60% were diabetics, and only 4.50% had gestational
AHT (Table 1).
The number of mothers’ pregnancies was 1.89±1.32, and the

medium length of gestation was 39.00 weeks. At the onset of
pregnancy, the mediumweight of the womenwas 59.38±6.91kg
and the BMIwas 22.15±2.19kg/m2. At the end of the gestational
period, mothers’weight was 75.05±8.87kg with a BMI of 27.99
±2.91kg/m2. Among the laboratory parameters, Chol and
triglycerides evaluated at the end of the gestational period were
above the reference range (229.14±49.47mg/dL and 211.81±
83.57mg/dL, respectively), whereas transaminases had normal
levels (19.20–32.30U/L for ASAT and 10.30–19.00U/L for
ALAT) (Table 1). BIA parameters obtained from the mothers
underlined an FM of 20.51±6.21kg, MM of 46.32±5.03kg,
bone mass (BM) 2.47±0.26kg, TBW 34.59±4.03kg, a BMR of
1494.46 (1382.00; 1565.00), and a metabolic age of 30.31±
10.90 years. Regarding the IL-6 -174G>C genotype, we found
the variant genotype in 61.50% of mothers and for IL-6
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Table 1

Demographic, anthropometric, clinical, paraclinical, and BIA characteristics in mothers and their newborns.

Variables Frequencies, %
Mean±SD or median

(25th percentile–75th percentile) Range (min–max)

Mothers age, y 29.20±5.44 18–43
H, cm 163.70±5.89 145–180
Education level
Without 3.9
�12 grades 39.50
13–14 grades 9.40
Superior 47.20

Employment status
Yes 67.30
No 32.70

Smoking status
Yes 16.50
No 83.50

Diabetes mellitus
Yes 0.60
No 99.40

Hypertension in pregnancy
Yes 4.50
No 95.50
Parity 1.89±1.32 1–6
GA, wk 39.00[38.00–40.00] 27–42
Weight before pregnancy, kg 59.38±6.91 42–78
Weight after pregnancy, kg 75.05±8.87 55–103
BMI before pregnancy, kg/m2 22.15±2.19 16.98–27.34
BMI after pregnancy, kg/m2 27.99±2.91 21.46–36.51
Chol, mg/dL 229.14±49.47 35.40–388.80
TG, mg/dL 211.81±83.57 13.30–502.90
ASAT, u/L 24.00[19.20;32.30] 10.90–147.80

ALAT, u/L 14.00[10.30;19.00] 5.10–168.00
Fat, % 29.01±6.01 5.50–43.60
FM, kg 20.51±6.21 3.10–49.20
MM, kg 46.32±5.03 37.90–64.10
BM, kg 2.47±0.26 2.00–3.40
TBW, kg 34.59±4.03 27.70–48.60
TBW, % 50.21±4.34 27.70–65.80
BMR, kcal 1494.46[1382.00;1565.00] 1220–2379
Metabolic age, y 30.31±10.90 12–57

IL-6 -174G>C genotype
Variant 61.50
Wild-type 38.50

IL-6 -572C>G genotype
Variant 98.70
Wild-type 1.30

Newborns
BW, g 3189.27±601.62 900–4600
BMI, kg/m2 11.38±1.30 3–15
TST, mm 2.97±0.93 1–7
MUAC, cm 10.51±1.34 6–15
Chol, mg/dl 64.69±22.56 33–318
TG, mg/dL 36.45±23.74 9–256
ASAT, u/L 38.00[30.00–50.00] 15–159
ALAT, u/L 11.00[8.00–14.00] 3–77

IL-6 -174G>C genotype
Variant 73.10
Wild-type 26.90

IL-6 -572C>G genotype
Variant 91.90
Wild-type 8.10

AHT = arterial hypertension, ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase, BIA = bioimpedance, BM = bone mass, BMI= body mass index, BMR= basal metabolism rate, BW = birth
weight, Chol = cholesterol, FM = fat mass, GA = gestational age, IL-6 -174G>C genotype = polymorphism of gene IL-6 -174 G>C, IL-6 -572C>G genotype = polymorphism of gene IL-6 -572C>G, IL-6 =
interleukin 6, MM = muscle mass, MUAC = middle upper arm circumference, n = absolute number, SD = standard deviation, TBW = total body water, TG = triglycerides, TST = tricipital skinfold thickness,
W = weight.
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-572C>G we observed the presence of variant genotype in In Table 2, we showed the descriptive statistics of anthropo-

Table 2

Demographic, anthropometric, clinical, paraclinical, and BIA characteristics in mothers from the 2 groups.

Variables Study group (n=141) Control group (n=168) P-value
∗

Age, y 29.57±5.57 28.89±5.32 0.27
GA, wk 39 [38;40]† 39 [38;40]† 0.05
H, m 1.64±0.06 1.63±0.06 0.08
Parity 1.90±1.34 1.88±1.31 0.87
Fat, % 30.73±5.63 27.56±6.04 <0.001
FM, kg 23.02±5.73 18.40±5.81 <0.001
MM, kg 48.50±5.50 44.49±3.73 <0.001
BM, kg 2.59±0.28 2.37±0.19 <0.001
TBW, kg 36.43±4.26 33.04±3.07 <0.001
BMR, kcal 1532.00[1455.00;1656.00]† 1414.00[1337.00;1496.00]† <0.001
Metabolic age, y 33.42±10.45 27.71±10.60 <0.001
TST, mm 18.50±6.44 15.58±6.02 <0.001
MUAC, cm 28.68±2.89 26.69±2.69 <0.001
Chol, mg/dL 227.53±52.35 230.50±47.03 0.60
TG, mg/dL 211.61±91.11 211.97±76.96 0.97
ASAT, U/L 24.00 [19.40;32.30]† 23.70 [18.65;32.35]† 0.81
ALAT, U/L 13.80 [10.00;19.00]† 14.10 [11.00;19.25]† 0.48

ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase, BIA = bioimpedance, BM = bone mass, BMR = basal metabolism rate, Chol = cholesterol, FM = fat mass, GW = gestational age,
H = height, MM = muscle mass, MUAC = middle upper arm circumference, n = absolute number, TBW = total body water, TG = triglycerides, TST = tricipital skinfold thickness.
∗
P values obtained from Student-t test (assuming equal/unequal variances) or Mann-Whitney test.

†Median value [25th percentile–75th percentile].
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98.70% of the cases (Table 1).
The newborn medium weight among the entire group was

3189.27±601.62 g, with a BMI of 11.38±1.30kg/m2, TST 2.97
±0.93mm, and a MUAC of 10.51±1.34cm. Chol, triglycerides,
and transaminases in newborns had normal levels. For the IL-6
-174G>C gene polymorphism in newborns, we found the variant
genotype in 73.10% of cases, whereas for the IL-6 -572C>G
gene polymorphism the variant genotype was observed in
91.90% of cases (Table 1).
3.2. Maternal characteristics and GWG
GWG represented division criteria for the pregnant women:
Group I (the study group) consisted of 141 pregnant women with
high GWG according IOM and Group II consisted of 168
pregnant women with normal GWG.
Figure 1. The assessment of differences regarding fat (%) and FM (kg) on
2 studied groups. FM = fat mass.

5

metric, biochemical, and BIA parameters of the 2 groups of
mothers. Mothers’ age in the 2 groups were similar (Student t test
assuming equal variances, statistics t(307)=1.10, P=0.27). We
did not identify any significant differences in the 2 studied groups
regarding the values of gestational age (GA) (Mann–Whitney
test, statistics U=10363.50, P=0.05), and weight before
pregnancy (Student t test assuming unequal variances, statistics
t(273.29)=1.92, P=0.056).
There was a significant (P<0.001) increase in weight at the end

of pregnancy in the study group (80.56±7.90kg) versus the
control group (70.42±6.74kg), and a significantly higher BMI
(P<0.001) at the end of pregnancy in the study group (29.84±
2.63kg/m2) versus the control group (26.44±2.12kg/m2).
Regarding the BIA parameters, we observed that FM (Fig. 1),

MM, BM, TBW (Fig. 2), BMR, and metabolic age were
significantly higher in mothers with high GWG in comparison
Figure 2. The evaluation of differences regarding TBW and MM on 2 studied
groups. MM = muscle mass, TBW = total body water.

http://www.md-journal.com


with those from the control group, P values proving statistical

outcome variance. No statistical correlations were found between

4. Discussions

Table 3

Crude (unadjusted) impact of maternal and newborn character-
istics on BW evaluated by simple linear regression.

Variables Unstandardized
Newborn parameters coefficients (B) P

Gender
∗ �21.40 0.756

IL-6 -174G>C genotype† �59.31 0.443
IL-6 -572C>G genotype† 62.31 0.620

Maternal parameters
Maternal age, y 6.62 0.294
H, cm 11.87 0.041
Education level 37.01 0.275
Employment status‡ 63.20 0.387
Smoking status‡ �120.29 0.039
Diabetes Mellitus‡ 287.59 0.501
Hypertension in pregnancy‡ �154.11 0.350
Parityx �24.57 0.545
GA, wk 74.85 <0.001
GWG 169.29 0.014
Fat, % 20.30 <0.001
FM, kg 16.89 0.002
MM, kg 5.63 0.410
BM, kg 166.67 0.208
TBW, kg 9.46 0.267
TBW, % 25.64 0.001
BMR, kcal 0.49 0.020
Metabolic age 10.38 0.001
IL-6 -174G>C genotype† �68.49 0.33
IL-6 -572C>G genotype† �454.11 0.13

BM = bone mass, BMR = basal metabolism rate, BW = birth weight, FM = sat mass, GA =
gestational age, GWG = gestational weight gain, H = height, IL-6 -174G>C genotype =
polymorphism of gene IL-6 -174 G>C, IL-6 -572C>G genotype = polymorphism of gene IL-6
-572C>G, IL-6 = interleukin 6, MM = muscle mass, TBW = total body water.
∗
Female = reference category.

† Variant = reference category.
‡ No = reference category.
x 1 child = reference category.
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significance for every parameter (P<0.001). We also emphasize
that in the high GWG group, TST, and MUAC were significantly
higher than in the control group (P<0.001/P<0.001). We did
not obtain any correlations with paraclinical indicators, such as
Chol, triglycerides, ASAT, ALAT.
Our study also included the comparative evaluation of multiple

social, environmental, and clinical factors. Regarding the
association between the level of education and GWG during
pregnancy, we did not observe a statistical significance (Fisher
test P=0.11), although a higher percentage of GWG in pregnant
women with 13 to 14 grades or a university degree (55.2%;
48.6%) was observed.
We did not find any significant statistical association between

GWGand vaginal versus cesarean section (x2=0.908, P=0.341),
smoking (x2=1.01, P=0.40), diabetes mellitus (P=0.21), and
the number of pregnancies (x2=0.98, P=0.61).
The presence of increased GWG was a risk factor for

hypertension in pregnancy (P=0.01, odds ratio=4.65, 95%
CI: 1.27–17.03), the risk of developing AHT in pregnant in
womenwith high GWGbeing 4.65 times higher in comparison to
those in the group with normal GWG.
We also evaluated the manner in which IL-6 -174G>C and IL-

6 -572C>G gene polymorphisms were associated with GWG.
For the combined variant genotype [CC+CG] IL-6 -174G>C, we
did not observe a statistical significance between the 2 groups
(P=0.06). In addition, we noticed that 44.2% of mothers with
variant genotype had high GWG versus 55.8% of mothers with
normal genotype.
Regarding the combined variant genotype [GG+GC] of the

IL-6 -572C>G gene polymorphism, we observed a significantly
higher frequency (P=0.04) in the control group (55.1%) versus
the study group (44.9%), which means that the variant genotype
is a protective factor for GWG, and therefore against obesity.
Regarding the association between the level of education and

GWG, we did not find a statistical significance (Fisher test P=
0.09), but nonetheless we found a higher percentage of GWG in
pregnant women with high-school, college, or university degree
(63.6%, 55.2%, or 48.6%, respectively).

3.2.1. BW depending on maternal and newborn character-
istics. The results of simple linear regression showed that
mother’s height (P=0.04), GWG (P=0.01), GA (P<0.001), FM
(%) (P<0.001), FM (kg) (0.002), TBW (P=0.001), BMR (kcal)
(P=0.02), and metabolic age (P=0.001) positively influenced
BW, whereas smoking status was negatively correlated with BW
(P=0.04), meaning that mothers who smoked had newborns
with lower BW compared with nonsmoker ones (Table 3).
To establish which of the variables were independent

predictors of BW after adjusting for other exogenous variables,
we performed a multivariate linear regression analysis containing
all variables whose P<0.25 in univariate regression. In addition,
we omitted from the regression the highly correlated variables:
maternal TBW (%), maternal TBW (kg), BMR, and metabolic
age. The tested multivariable model contained the following
predictors: height (cm), smoking status, GA, GWG, FM (%), and
mothers’ IL-6 -572G>C variant (GC, CC) genotype. In the
regression results, only GW (unstandardized regression coeffi-
cient=66.81, P<0.001) and FM% (unstandardized regression
coefficient=13.26, P=0.023) remained independent predictors
of BW, whereas height, smoking status and mothers’ IL-6
-572G>C variant genotype were not predictive for BW. All
variables considered in the final model explained 14.50% of the
GWG and other different maternal risk factors such as maternal
age, employment status, diabetes mellitus, gestational AHT, and
parity.
In the specialty literature numerous published studies tried to
establish correlations between mother’s weight at the beginning
of the pregnancy, weight gain during the gestational period and
the newborn’s nutritional status at birth, and to establish possible
risk factors for the child’s evolution toward overweight or
malnutrition. Thus in the review of Lau et al[49], it is noticed that
GWG is a potential risk factor for child’s obesity and that the
results must be interpreted also in association with some familial
characteristics, such as genetic, maternal factors, and the child’s
life style. Lau underlined that a GWG above the IOM[15]

admitted limits increases the risk of overweight/obesity in the
child with the age between 5 and 8 years with a percentage
between 27% and 73%. It is also discussed the fact that there
are 2 possible mechanisms regarding the influence of GWG in
the accumulation of fetal adipose tissue: direct transfusion of
free fatty acids from the mother to the fetus which is increased
if the GWG is more expressed in the second trimester of
pregnancy,[15,50] or through the synthesis of free fatty acids from
the glucose provided by the mother, who exposes the fetus to a
supplementary intake of glucose.[15] Branum et al[51] pointed out



that the association between GWG and the child’s BMI is no with the child’s overweight/obesity at the age of 11.9 years.[53]

4.1. Limitations of this study
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longer present if we also take under consideration familial
factors. In addition, Lawlor et al[52] underlined that genetic and
environmental factors have a more important role in determining
the child’s weight, compared with intrauterine ones. Another
study performed on 42,133 women and their children[53]

minimized the role of familial factors stating that a GWG over
the accepted limit significantly increased the BMI in children with
the age of 11.9 years, increasing by 8% the risk of obesity in
children whose mothers gained over 18kg during the pregnancy.
These parameters were independent of GA, maternal smoking
status, parity, children’s age, and BMI.[53]

In the study of Farah et al,[1] by the use of a multivariate
analysis, the evaluated factors influenced GWG in 5% and the
study of Ferrari et al[25] using a linear regression showed that
GWG has a great impact on BW, having a total outcome variance
of 8.4%. In our study the mother’s weight gain (expressed
especially by the FM and GA) had a total variance of 14.5%.
Ferrari et al[25] also underlined that the mother’s excessive

weight gain determines an increase in BW, a lower Apgar score at
birth and a lower pH in the blood from the umbilical cord, in
comparison to the group with adequate weight gain during
pregnancy. Macrosomic newborns are more exposed to further
development of overweight and obesity during childhood and
have an increased risk of cardiovascular and metabolic
disorders.[54,55] In addition, it was noticed that infants with
normal weight mothers had a BW of 3261.0g in comparison to
infants with obese mothers who had a BWof 3336.0g, with a P<
0.05; also, women with higher than admitted GWG values had
54.5% higher chances of having macrosomic children than
women with normal GWG.[25]

The review of Faucher and Barger[16] on 740,000 obese women
pointed out that obese women have a risk for increased GA and
higher newborns’ BW. Similarly, in our study we noticed that the
increase in GA positively influenced the newborns’ BW (P<
0.001) (an increase with 1 week in GA determined an increment
in the newborns’ BW by 74.85g).
In another retrospective study performed by Farah on 262

cases, no correlation was identified between BW and BMI from
early pregnancy, the mother’s body composition being also
evaluated through BIA techniques, like in our study. On the other
hand, they noticed that BW was correlated with parity, smoking,
and GA at delivery.[1] In our study we also noticed a direct
proportional influence of GWG on BW and GA at delivery (P<
0.001), together with a reverse proportional relationship to the
mothers’ smoking status (P=0.039, B coefficient=�120.29).
BW was correlated with GWG before the first trimester (P=
0.027), and not in the third trimester. Unlike this study[1] and an
American one,[56] which established a correlation between FFM
(P=0.027) and FM at 28 to 37 gestational weeks and predicted
BW, we obtained significant correlations between TBW (%) (P=
0.001), Fat (%), FM, BMR, metabolic age in mothers at delivery,
and BW (P<0.001/0.002/0.020/0.001).
The study of Ghezzi et al[57] noticed that BW is influenced by

the TBW and extracellular water in the second trimester of
pregnancy, fact also noticed by us through the correlation
between the TBW and BW (P=0.001). The study of Sanin
Aguirre et al[58] performed in Mexico on 196 mothers and their
fetuses, and that of Kent et al[20] performed on 2618women from
Ireland also established obvious correlations between BW and
TBW, and between BW and FFM, respectively, but not FM.
Anyway, recent studies established a connection between the risk
of fetal macrosomia and maternal obesity,[4] and correlations
Kent et al also underlined that the recommendations regarding
gestational weight gain of pregnant woman approved by the
IOM should be revised, and that BMI is not a faithful factor for
the evaluation of adipose tissue since BW andGWGare especially
correlated with FFM and TBW.[20]

Sanin Aguirre et al[58] in a cross-sectional study on 196 pairs of
mothers and newborns noticed that FM was a faithful predictor
for BW in the group of mothers with low BMI. This study also
pointed out that the bivariate model that included TBW and GA,
mother’s age, gender, and weight of the placenta established an
obvious relationship with the mother’s weight.[58] On the other
hand, Larciprete et al[29] in a study performed on 198 pregnant
patients noticed normal TBW values in relation with GWG. TBW
and intracellular water increased slightly during gestation. In
addition, they observed that FM deposition and reactance
(another indirect indicator of the FM), not just TBW were
responsible for GWG and correlated with BW.[29] In 2 previous
studies by the same authors a reduction of TBW in the third
trimester of pregnancy in women with gestational AHT [59] and
an increase of TBW in women with gestational AHT treated with
nifedipine[60] were noticed. In our study, we noticed that AHT
was 4.65 times higher in women with increased GWG in
comparison to those with normal weight gain (P=0.013, odds
ratio=4.65, 95% CI: 1.27–17.03). The mother’s smoking status
was associated with a smaller BW. We observed that 16.5% of
mothers were smokers, percentage similar with that from other
studies, namely 17.7% in the study of Farah.[1] IL-6 is an
important mediator of the immune and inflammatory response,
which is involved in the hepatic function and lipid metabolism,
being increased in the adipose tissue, and especially in body FM
excess.[26,27,29,31] Several published studies pointed out that the G
allele of the IL-6 -174G>C gene polymorphism is associated in
general population with obesity and hypertension,[33,34] whereas
other studies established correlations between the C allele and
complications of obesity (hypertension and cardiovascular
diseases).[36,37] In a previously published study, we noticed that
the heterozygous variant CG genotype of the IL-6 -174G>C gene
polymorphism was associated with obesity, whereas the CC
genotype of the same gene was a protector factor for obesity in
children.[42] In our study, we did not find any correlation
regarding the G or C alleles of the IL-6 174 G>C gene
polymorphism and the biochemical or anthropometric param-
eters, and neither between this polymorphism in mothers and
their newborns. Regarding the IL-6 -572C>G gene polymor-
phism, a study performed in China pointed out the fact that the
GG genotype is more frequently associated with obesity,[41]

whereas other studies underlined that the CC genotype, and the C
allele, respectively, are associated in a higher percentage with
obesity.[42]

In our study we observed that the combined variant genotype
(GG+GC) of the IL-6 -572C>G SNP was more frequently
encountered in the control group (55.1%) in comparisonwith the
study group (P=0.042), which means that the variant genotype
was a protector against weight gain in pregnant women.
Nonetheless, there is a reduced number of studies that pointed
out the association between the IL-6 -572C>G gene polymor-
phism and anthropometric and laboratory parameters.[26,61,62]
The present study had certain limitations, such as the relatively
small number of cases included in the study, which diminished the
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statistical power of the study, even though initially there were 407 BMR (P=0.02), and metabolic age (P=0.001) of the mothers; in
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cases the number decreased after eliminating the extreme weight
values (values more than 3.5 SD); therefore, we included in our
final model the group with increased GWG (n=141) and the
control group with normal GWG (n=168) together with their
newborns. Another limitation was the impossibility to perform
BIA measurements in newborns due to the limitations of the
Tanita device used in this purpose (it allows the measurements
only for children with the age above 5 years). Thirdly, we only
evaluated the population from a single area of Romania, the
center of the country, thus a single area of Europe. We did not
evaluate the complications of obesity, such as metabolic
syndrome, insulin resistance, and we did not take under
consideration the ingestion of alimentary principles (glucids,
lipids, proteins), as well as the geographic and environmental
factors (even though some of the factors such as smoking,
gestational AHT, the educational degree were included in the risk
factors), factors that can be important in determining GWG, and
BW. Due to the fact that obesity is a multifactorial disease, we
evaluated the gene polymorphisms in mothers and their children,
but we did not investigate the IL-6 -174G>C and -572C>G
SNPs in their respective fathers, which is our future goal. In
addition, it would be very useful for this study to be extended on
an even bigger geographic area of Europe.
4.2. Strengths of this study
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