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Abstract: This study aimed to evaluate the impact of selected pregnancy pathologies statistically
depending on overweight/obesity and excessive maternal weight gain during pregnancy on women
who gave birth in the years 2013-2015 at the Second Department of Gynecology and Obstetrics at
the University Hospital in Bratislava, Slovakia. In a retrospective study, we analyzed data gathered
from the sample, which consisted of 7,122 women. Our results indicate a positive statistical
dependency of the groups of women with overweight and obesity and gestational hypertension
(adjusted odds ratio [AOR]=15.3; 95% CI 9.0-25.8 for obesity), preeclampsia (AOR=3.4; 95% CI
1.9-6.0 for overweight and AOR=13.2; 95% CI7.7-22.5 for obesity), and gestational diabetes mellitus
(AOR=1.9; 95% CI 1.2-2.9 for overweight and AOR=2.4; 95% CI 1.4-4.0 for obesity). A higher
incidence of pregnancies terminated by cesarean section was observed in the group of obese women.
Gestational weight gain above the IOM (the Institute of Medicine) recommendations was associated
with a higher risk of pregnancy terminated by C-section (AOR=1.2; 95% CI 1.0-1.3), gestational
hypertension (AOR=1.7; 95% CI 1.0-2.7), and infant macrosomia (AOR=1.7; 95% CI 1.3-2.1).
Overweight and obesity during pregnancy significantly contribute to the development of pregnancy
pathologies and increased incidence of cesarean section. Systematic efforts to reduce weight before
pregnancy through pre-pregnancy dietary counseling, regular physical activity, and healthy
lifestyle should be the primary goal.

Keywords: retrospective hospital-based study, overweight, obesity, pregnancy pathologies,
caesarean section, weight gain

1. Introduction

The obesity epidemic has become a worldwide phenomenon not only from a medical point of view
but also from a social one. The alarming increase in obesity worldwide has led the World Health
Organization (WHO) to classify obesity as one of the most pressing global health issues of the 21st
century [1]. Today, obesity is considered to be the most common metabolic disorder, which has
reached epidemic character. Obesity is defined as excess body fat that is highly likely to lead to health
deterioration, increased morbidity, and mortality. The high increase in the prevalence of obesity has
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also affected women of reproductive age. The most commonly used indicator of obesity is the body
mass index (BMI). In 2009, based on the BM], the Institute of Medicine (IOM) classified body weight
into underweight (BMI<18.5 kg/m2), normal weight (BMI=18.5-24.9 kg/m2), overweight (BMI=25.0—
29.9 kg/m2), and obese (BMIZ30kg/m2). Based on the BMI, obesity has three levels: BMI 30.0-34.9
(class I), BMI 35.0-39.9 (class II), and BMI>40 (class III) or morbid obesity. Obesity in pregnancy is
defined as BMI>30 kg/m2 at the first prenatal counseling visit. The IOM recommendations estimate
a range of weight gain for underweight (12.5-18.0 kg), normal weight (11.5-16.0 kg), overweight (7.0—
11.5 kg), and obese (5.0-9.0 kg) [2]. Maternal obesity has become one of the most commonly occurring
risk factors in obstetric practice [3-5].

Numerous experimental and epidemiological studies show that nutritional changes in prenatal
and postnatal stages of life can have a significant impact on health and child development [6-7].
Professional scientific societies point to the fact that due to obesity in pregnancy, in the postnatal
period and adulthood, there is a higher incidence of metabolic disorders, neurodevelopmental
disorders, cancer, and adverse changes in the immunological functions of an individual [8-11]. In
developed countries, most women of childbearing age are already overweight or obese before
becoming pregnant. The number of obese pregnant women is rising, which poses a threat to the
future health of children. The WHO reports that the prevalence of obesity during pregnancy ranges
from 1.8% to 25.3% [1]. According to the European Perinatal Health Report [12], in most European
countries, more than 30% of pregnant women are obese. The proportion of overweight or obese
women ranges from 30% to 50%, with a prevalence of less than 30% in Croatia, Austria, and Slovenia
and around 50% in the UK. Some EU countries, including Slovakia, do not systematically contribute
to the database of the Euro-Peristat network on BMI data on maternal body weight. Therefore, in the
literature, some European countries have no relevant data on maternal obesity.

Obesity in pregnancy is associated with an increase in pregnancy complications, such as the
risk of miscarriage, fetal and congenital anomalies, thromboembolism, preeclampsia and gestational
hypertension, fetal macrosomia, gestational diabetes mellitus, IUGR, and stillbirth, as well as
intrapartum and postpartum complications and neonatal mortality [13-26]. In connection with
obesity, a higher number of cesarean sections [27-28] and a lower number of lactating women [29]
are recorded, compared with women with a normal BMI. Obesity may be a risk factor for maternal
mortality: the “Confidential Enquiry into Maternal and Child Health” report on children’s health and
maternal mortality within the three-year period from 2003 to 2005 states that 28% of mothers who
died in connection with obesity were obese [30], 30% of women who died in 2011-2013 in the UK
were obese and 22% were overweight [31].

Gestational weight gain is also an important predictor of adverse maternal and neonatal health
outcomes. Insufficient weight gain is associated with increased risks of preterm birth and delivery of
a low-birth-weight infant, whereas excessive weight gain is associated with increased risks of
gestational hypertension, preterm birth, delivery of a high-birth-weight infant, and cesarean delivery
[32-33].

This study aimed to evaluate the impact of selected pregnancy pathologies statistically
depending on overweight/obesity and excessive maternal weight gain during pregnancy on women
who gave birth in 2013-2015 at the Second Department of Gynecology and Obstetrics at the
University Hospital in Bratislava, Slovakia.

2. Materials and Methods

In our retrospective study, we analyzed a group of 7,122 pregnant women during the period of
January 1, 2013, to December 31, 2015. The study data were obtained from a computerized obstetrics
database (Hospital Information System) and included demographic characteristics, medical and
obstetric histories, and information on maternal and perinatal outcomes. We analyzed all singleton
deliveries after 37 weeks of gestation, excluding pregnancies with chronic hypertension, fetal
anomalies, and diabetes mellitus types 1 and 2. Women were categorized into four groups based on
their prepregnancy BMI and three groups of gestational weight gain (GWG) relative to the IOM
guidelines [2].
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Prepregnancy weight was measured at the first antenatal visit during the first trimester of
pregnancy; final pregnancy weight was measured at the last antenatal visit or the time of delivery.
Body weight was assessed using a standard method during each antenatal visit. BMIs were
categorized according to the WHO's classifications: underweight (<18.5), normal weight (18.5-24.9),
overweight (=25.0), and obese (=30).

Gestational weight gain was defined as the difference between the final weight and the
prepregnancy weight and was classified into three groups based on prepregnancy BMI and GWG
relative to the IOM guidelines: (i) weight gain below the guidelines, (ii) weight in the range, and (iii)
weight gain above the guidelines.

We examined the following maternal outcomes: preeclampsia, gestational hypertension,
gestational diabetes mellitus (GDM), gestational hepatopathy, intrauterine growth restriction
(IUGR), and cesarean delivery in relation to maternal advanced age (over 35). The neonatal outcomes
examined were low birth weight (<2,500 g) and macrosomia (>4,000 g), which were defined according
to the WHO'’s birth weight classification [34]. The American College of Obstetricians and
Gynecologists (ACOG) have adopted the definition of IUGR as an estimated fetal weight of less than
10th percentile [34].

Gestational hypertension was defined on the basis of a systolic pressure greater than or equal
to 140mm Hg or a diastolic pressure greater than or equal to 90 mm Hg on two separate occasions 2—
240 hours apart after 20 weeks of gestation in the absence of proteinuria. Preeclampsia was defined
as gestational hypertension with either proteinuria, which was defined as greater than or equal to
300 mg in a 24-hour sample [35].

Gestational diabetes mellitus is defined as any glucose intolerance with the onset or first
recognition during pregnancy. We used a 50 g oral glucose challenge test (OGCT) as a screening
method for GDM at 24-28 weeks of gestation [36].

The outcomes for the second part of our analysis of gestational weight gain were gestational
hypertension, preeclampsia, GDM, cesarean section delivery, and IUGR in relation to maternal
advanced age (over 35), gestational age, and smoking.

Data obtained were statistically compared among particular groups of women. In each group,
we analyzed and statistically evaluated the incidence of pathological conditions complicating the
course of pregnancy. Indications for deliveries terminated by cesarean section were statistically
evaluated and compared in particular statistical groups.

Regarding statistical analysis, the continuous variables were expressed as mean + standard
deviation as determined by ANOVA. For the categorical variables, the categorical Mantel-Haenszel
analysis was used. Associations of selected parameters with the BMI and GWG outside the IOM
guidelines and adverse perinatal outcomes were analyzed by using a multivariable logistic regression
with the adjusted odds ratios (AOR) and at 95% confidence intervals (CI). Statistical significance was
evaluated at the significance level of p<0.05. Statistical analysis was performed using the SPSS
software, Version 24.

This study was approved by the University Hospital Ethics Committee No. EK/101/2018.

3. Results

Of the 7,122 women, 741 (10.4%) accounted for the category of women with maternal
underweight, 5,400 (76.0%) women with normal weight, 602 (8.5%) women with overweight,
and 358 (5.0%) women with obesity. Because of missing data, 21 women were excluded from the
total group and 7,101 women remained for the analysis.

Table 1 summarizes the results of the statistical analysis of the selected data of the women
and the selected pathological conditions in pregnancy in the BMI categories, which indicated a
statistical significance in the comparison of the groups with obesity and overweight with the
group of women with normal BMI and underweight. Obese women had a significantly higher
prevalence of gestational hypertension (10.6%), preeclampsia (10.9%), and GDM (8.7%) than
normal-weight and underweight women (p<0.001). Pregnancy terminated by cesarean section
was more often seen in the group of obese and overweight women (57%) than in the group of
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normal-weight women (34.7%; p<0.001). The prevalence of IUGR was higher in the group of
obese women (3.9%) than in the group of women with normal weight (1.2%; p<0.001). In the
group of underweight women, the prevalence of IUGR was 1.8%. In the group of obese mothers,
the number of smokers was significantly higher (7.3%) than in the group with normal-weight
mothers (1.6%; p<0.001). The prevalence of infants with macrosomia was higher in overweight
(9.3%) and obese women (9.6%) than in normal and underweight women (7.0%; p<0.05).

Table 1. Maternal/fetal outcomes among BMI categories in the sample of pregnant women

(N=7,101)
Normal weight
Underweight Overweight Obese
N =5400 p-value
N =741 (10.5%) N =602 (8.5%) N =358 (5.0%)
(76.0%)
Pre-pregnancy BMI 17.7+0.7 21.2+1.6 26.8+1.3 349+3.7 <0.001
Maternal BMI before
22.7+1.8 26.3+24 30.6+2.5 37.2+53 <0.001
delivery
Gestational weight gain 14.3+49 14.0+5.0 10.3+6.8 6.5+11.8 <0.001
C-section 211 (28.5) 1875 (34.7) 229 (38.0) 204 (57.0) <0.001
Gestational
6 (0.8) 50 (0.9) 9(1.5) 38 (10.6) <0.001
hypertension
Preeclampsia 8 (1.1) 56 (1.0) 17 (2.8) 39 (10.9) <0.001
Gestational DM 18 (2.4) 100 (1.9) 25 (4.2) 31 (8.7) <0.001
IUGR 13 (1.8) 65 (1.2) 7(1.2) 14 (3.9) <0.001
Smoking 15 (2.0) 84 (1.6) 14 (2.3) 26 (7.3) <0.001
Low birth weight 43 (5.8) 262 (4.8) 36 (6.1) 8(2.4) ns.
Macrosomia 354.7) 378 (7.0) 55 (9.3) 32 (9.6) <0.05

N-Number of cases; n.s.-non significant

Table 2 shows the results of the multivariable logistic regression analysis assessing the
independent effect of overweight/obesity on selected maternal pathologies controlling for age,
gestational age, gestational weight gain, and smoking. There was a positive statistical
dependency in the groups of women with overweight/obesity and pregnancy pathologies, such
as gestational hypertension for obesity (AOR 15.3; 95% CI9.0-25.8), preeclampsia for overweight
(AOR 3.4; 95% CI 1.9-6.0) and obesity (AOR 13.2; 95% CI 7.7-22.5), gestational diabetes mellitus
for overweight (AOR 1.9; 95% CI1.2-2.9) and obesity (AOR 2.4; 95% CI 1.4-4.0), IUGR for obesity
(AOR 3.7; 95% CI 1.8-7.8) and infant macrosomia for overweight (AOR 1.7; 95% CI 1.2-2.3) and
obesity (AOR 1.8; 95% CI 1.2-2.7). In obese women, there was also a significantly higher risk of
terminated pregnancy by C-section (AOR 2.1; 95% CI 1.7-2.8) and lower risk of a low-birth-
weight infant (AOR 0.2; 95% CI 0.1-0.5). In contrast, underweight women had a significantly
lower risk of caesarian delivery (AOR 0.8; 95% CI 0.6-0.9) and infant macrosomia (AOR 0.7; 95%
CI0.5-0.9).

Table 2. The relation among weight categories and selected maternal outcomes (multivariable
logistic regression analysis)
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Underweight Normal weight Overweight Obese
Adjusted OR Adjusted OR Adjusted OR Adjusted OR
[95% CI] [95% CI] [95% CI] [95% CI]
C-section 0.8 [0.6-0.9]** 1 1.0[0.9-1.2] 2.1 [1.7-2.8]***
Gestational
0.9 [0.4-2.2] 1 1.5[0.7-3.2] 15.3[9.0-25.8]***
hypertension
Preeclampsia 1.1[0.5-2.3] 1 3.4 [1.9-6.0]*** 13.2[7.7-22.5]***
Gestational DM 1.4[0.9-2.4] 1 1.9 [1.2-2.9]** 2.4 [1.4-4.0]**
IUGR 1.3[0.7-2.5] 1 0.6 [0.3-1.6] 3.7 [1.8-7.8]**
Low birth weight 1.1[0.7-2.5] 1 0.9 [0.6-1.4] 0.2 [0.1-0.5]***
Macrosomia 0.7 [0.5-0.9]* 1 1.7 [1.2-2.3]** 1.8 [1.2-2.7]**

OR-Odds Ratio; CI-Confidence Interval; *p<0.05; **p<0.01; ***p<0.001

Adjusted for maternal age, gestational age, gestational weight gain, smoking

Distribution of GWG according to BMI categories is illustrated in Figure 1. Adequate
amount of weight gain was observed in 47.2% of the underweight women, 37% of whom were
below the IOM range and only 15.7% had excessive weight gain during pregnancy. Inadequate
weight gain was mostly seen in the underweight and normal BMI groups, whereas excessive
GWG was observed in overweight and obese mothers. GWG above the recommended range was
observed in 48.2% of the overweight mothers and 49.7% of the obese mothers.
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Figure 1. Proportion of maternal BMI categories in gestational weight gain groups (IOM recommendations)

A statistical analysis of selected pregnancy pathologies in women according to the GWG
IOM recommendations is shown in Table 3. Women with excessive GWG had significantly
higher pre-pregnancy BMI (22.74+4.39 vs. 21.67+3.64; p<0.001), higher BMI before delivery
(29.65+4.01 vs. 26.53+3.19; p<0.001), longer gestation (39.31+1.25 vs. 39.20+1.33; p<0.001), higher
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occurrence of cesarean delivery (38.5% vs. 34.0%; p<0.05), higher occurrence of gestational
hypertension (2.2% vs. 1.1%; p<0.05), and higher incidence of infant macrosomia (10.3% vs. 6.1%;
p<0.001) compared with women with GWG in the normal range. Mothers with lower-than-
recommended GWG had higher incidence of IUGR (2.2% vs. 1.3%; p<0.001) and a low-birth-
weight infant (9.1% vs. 3.5%; p<0.001) compared with those who gained the recommended
amount of weight.

Table 3. Maternal outcomes associated with GWG (IOM recommendations)

GWG (IOM recommendations)

Maternal outcomes Below Range Above p-value
N =2172 (31.9) N =2738 (38.6) N =2191 (30.9)

Weight gain 8.37 +2.69 13.50 +2.29 19.16 + 4.20 <0.001
Pre-pregnancy BMI 21.54 = 3.38 21.67 + 3.64 22.74 +4.39 <0.001
Maternal BMI before delivery 24.57 +2.96 26.53 +3.19 29.65 +4.01 <0.001
C-section 744 (34.3) 932 (34.0) 843 (38.5) <0.05
Gestational hypertension 26 (1.2) 29 (1.1) 48 (2.2) <0.05
Preeclampsia 28 (1.3) 46 (1.7) 46 (2.1) n.s.
Gestational DM 63 (2.9) 67 (2.4) 44 (2.0) ns.
IUGR 47 (2.2) 35(1.3) 17 (0.8) <0.001
Low birth weight 197 (9.1) 95 (3.5) 57 (2.6) <0.001
Macrosomia 106 (4.9) 168 (6.1) 226 (10.3) <0.001

GWG-gestational weight gain; N-Number of cases; n.s.-non significant

The relationship among GWG and selected maternal outcomes explored using multiple
logistic regression is presented in Table 4. Excessive weight gain was significantly associated
with increased risk of caesarean section (AOR 1.2 [95% CI 1.0-1.3]), gestational hypertension
(AOR 1.7 [95% CI 1.0-2.7]), and infant macrosomia (AOR 1.7 [95% CI 1.3-2.0]) and lower risk of
GDM (AOR 0.6 [95% CI 0.4-0.9]) compared with adequate weight gain during pregnancy.
Women with weight gain lower than the IOM recommendations were more likely to be in
advanced age (AOR 1.3 [95% CI 1.1-1.6]), had lower risk of preeclampsia (AOR 0.5 [95% CI
0.3-0.9]), and were in a higher risk of delivering a low-birth-weight infant (AOR 2.0 (95% CI
1.5-2.7) compared with mothers with adequate GWG.

Table 4. The relation among GWG (IOM recommendations) and selected maternal outcomes

(multiple logistic regression analysis)
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Inadequate GWG Excessive GWG
Adjusted OR Adjusted OR
[95% CII [95% CI]

C-section 0.9 [0.9-1.1] 1.2 [1.0-1.3]**
Gestational hypertension 1.1 [0.6-1.8] 1.7 [1.0-2.7]*
Preeclampsia 0.5[0.3-0.9]* 0.9 [0.6-1.5]
Gestational DM 1.2 [0.9-1.8] 0.6 [0.4-0.9]*
IUGR 0.9 [0.6-1.5] 0.5[0.3-1.0]
Low birth weight 2.0 [1.5-2.7]*** 0.9 [0.6-1.4]
Macrosomia 0.8 [0.6-1.1] 1.7 [1.3-2.1]***

GWG-gestational weight gain; OR-Odds Ratio; CI-Confidence Interval; *p<0.05; **p<0.01; ***p<0.001

Adjusted for maternal age, gestational age, maternal BMI, smoking

4. Discussion

The prevalence of obesity in pregnant women worldwide ranges from 1.8% to 25.3% [1]. In
developed countries as well as in Slovakia, obesity is on the rise. In our retrospective study, we had
602 (8.5%) overweight women and 358 (5.0%) obese women. Comparing the percentages of obese
women in individual years, we observe a slight annual increase of obesity in pregnancy: 3.96% in
2013, 4.23% in 2014, and 4.39% in 2015. A total of 7,122 women who gave birth in those years in our
hospital came from different regions in Slovakia and are working and living in the Bratislava
agglomeration. In the observed period, although the women with overweight and obesity in our
sample belonged to a lower limit of the obesity prevalence in pregnancy in the EU, based on our
results, we can conclude that not only obesity with BMI > 30.0 but also overweight with BMI between
25.0 and 29.9 is a high-risk factor for the occurrence of pathological conditions in pregnancy, such as
preeclampsia, GDM, gestational hypertension, and IUGR [37-38]. Liu et al. [39] showed that
compared with antenatal weight gain within the IOM recommendations, excessive weight gain
increased the incidence of cesarean section, preeclampsia, and infant macrosomia and reduced the
incidence of GDM, while inadequate antenatal weight gain increased the incidence of GDM and low
birth weight. The results of our study are consistent with several publications that confirm that
obesity is a significant risk factor contributing to a higher incidence of pregnancies terminated by
cesarean section [40]. Within the given period, in our obese group, up to 57% of pregnancies were
terminated by cesarean section; this figure significantly exceeds the national average of pregnancies
terminated by cesarean section in Slovakia (31% in 2016) [41].

In our study, inadequate, adequate, and excessive gestational weight gain were observed: in the
inadequate GWG group, 37.0% underweight, 31.7% normal weight, 18.5% overweight, and 19.0%
obese; in the adequate GWG group, 47.2% underweight, 38.4% normal weight, 33.2% overweight,
and 33.3% obese; in the excessive GWG group, 15.7% underweight, 29.9% normal weight, 48.2%
overweight, and 49.7% obese. Gestational weight gain greatly differed per maternal prepregnancy
BMI group and was gradually higher across higher BMI groups. It was concluded that obese women
are more likely to exceed the GWG recommendations.

Both extremes, excessive or inadequate GWG, can lead to adverse pregnancy outcomes.
According to several studies [42—44], women whose weight gain is outside the IOM-recommended
ranges are also associated with a higher incidence of pregnancy complications compared with
women with normal weight gain. In our analysis, we found that excessive weight gain is associated
with hypertensive disorders in pregnancy, GDM, delivery of a macrosomic infant, and higher
incidence of C-section, which corresponds to a number of published results [42, 45-46]. In a study
conducted in Ireland, maternal obesity and increased GWG were associated with an increased risk of
caesarean section and preeclampsia [47]. Some studies have reported that weight gain above the
recommendations is associated with an increased risk of delivering a macrosomic infant, whereas
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less-than-recommended weight gain is associated with an increased risk of delivering an infant with
low birth weight, consistent with our results [48—49].

The rate of overweight and obesity is also increasing in the Australian obstetric population.
Women who are overweight and obese have an increased risk of adverse pregnancy outcomes. In
particular, obese women are at increased risk of developing gestational diabetes (relative risk [RR]
2.10 [95% CI 1.17, 3.79]), gestational hypertension, and preeclampsia (relative risk [RR] 2.99 [95%
confidence intervals [CI] 1.88, 4.73]) [50].

In Nova Scotia, Canada, moderately obese women have an increased risk of developing
gestational hypertension (AOR 2.38 [95% CI 2.24, 2.52]) and cesarean delivery (AOR 1.60 [95% CI
1.53, 1.67]). Severely obese women have an increased risk of developing gestational hypertension
(AOR 3.00 [95% CI 2.49, 3.62]) and cesarean delivery (AOR 2.46 [95% CI 2.15, 2.81]) [51].

In our study, the increased adjusted risk of gestational hypertension, preeclampsia, GDM,
cesarean delivery, IUGR, and macrosomia was higher in overweight and obese women, when
adjusted for age, gestational age, GWG, and smoking.

The strength of our study is its large sample of pregnant women obtained retrospectively from
an electronic obstetric database of the Hospital Information System (HIS) of the University Hospital
Bratislava, which includes the demographic, obstetric, and neonatal characteristics of hospitalized
women. Its limitation is its restriction to the Bratislava agglomeration only, even though families from
all regions of Slovakia come to the area for work. The other limitation is its short-time retrospective
design (2013-2015) instead of a longitudinal study design. In the multivariate logistic regression
analysis, we could adjust only for age, gestational age, and smoking; data on socioeconomic and
marital status were not available.

The next issue is that we recorded maternal weight at the beginning of the first trimester of
pregnancy. Prepregnancy weight was recorded only through self-report, and it could not correspond
to the true prepregnancy weight.

We fully understand that studies on the impact of obesity and GWG require the use of more
precise data collection methods and calculations of body weight and GWG. Researchers and
clinicians should use uniform definitions and diagnostic criteria for maternal and neonatal outcomes
to allow for a better comparison of maternal weight and GWG data and their influence on maternal
and infant outcomes.

In spite of these limitations, our data provide information on maternal weight and GWG and
their impact on pregnancy outcomes, and these findings could have important implications for the
clinical practice.

5. Conclusion

In our study, we comprehensively analyzed the influence of prepregnancy BMI and GWG on
perinatal outcomes. We confirmed that both prepregnancy BMI and GWG cause adverse perinatal
outcomes.

Prepregnancy dietary counseling, regular physical activity, and a healthy lifestyle could help
reduce the incidence of gestational obesity. Systematic efforts to reduce weight before pregnancy and
excessive GWG should be the primary goal. Achieving optimal weight for every pregnant woman is
the basis for the development of a healthy population and an essential factor for the physiological
course of pregnancy and childbirth and thus contributes to a significant decline in the number of
cesarean sections and perinatal complications and a reduction of fetal and neonatal morbidity and
mortality.

Author Contributions: L.A., M.S., A.T. conceived and designed the project, L.A., M.S,, D.V., M.S., M.Sa., A.C.
wrote the manuscript, L.A., D.V.,, M.T,, A.T. analyzed the data, ].J., M.S., L.A. provided critical revision of the
manuscript, M.S., A.T., L.A., M.Sa. performed literature search and drafted sections of the manuscript, J.S. was
responsible for funding acquisition and project administration, M.S., J.J., L.A., A.C. provided critical revision of


http://dx.doi.org/10.20944/preprints201904.0130.v1
https://doi.org/10.3390/ijerph16101751

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2019 d0i:10.20944/preprints201904.0130.v1

the manuscript and did the language, style and spell check. Language, style and spell check was also provided
by a native speaker. All authors have approved the submitted version.

Funding: This manuscript was partially supported by University Hospital Faculty of Medicine, Comenius
University in Bratislava, Slovakia and by the ESFOPV project, MPH study program development at Comenius
University in Bratislava in English language (Master of Public Health) ITMS code of the project: 261402300093.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Global Database on Body Mass Index: BMI Classification. 2013. Available
online: http://apps.who.int/bmi/index.jsp?introPage=intro_3.html (accessed on 30 January 2013).

2. Institute of Medicine (IOM), Subcommittee on nutritional status and weight gain during pregnancy.
Nutrition during pregnancy. National Academies Press: Washington, DC, USA, 2009.

3. Sebire, N.J; Jolly, M.; Harris, ].P.; Wadsworth, J.; Joffe, M.; Beard, RW.; Regan, L.; Robinson, S. Maternal
obesity and pregnancy outcomes: a study of 287,213 pregnancies in London. Int. . Obes. Relat. Metab. Disord.
2001, 25, 1175-82, doi: 10.1038/sj.1j0.0801670.

4. Guelinckx, I; Devlieger, R.; Beckers, K.; Vansant, G. Maternal obesity: pregnancy complications, gestational
weight gain and nutrition. Obes. Rev. 2008, 9, 140-50, doi: 10.1111/j.1467-789X.2007.00464.x.

5. Lim, C.C; Mahmood, T. Obesity in pregnancy. Best Pract. Res. Clin. Obstet. Gynaecol. 2015, 29, 309-19, doi:
10.1016/j.bpobgyn.2014.10.008.

6.  Fuemmeler, B.F.; Zucker, N.; Sheng, Y.; Sanchez, C.E.; Maguire, R.; Murphy, S.K.; Kollins, S.H.; Hoyo, C.
Pre-Pregnancy Weight and Symptoms of Attention Deficit Hyperactivity Disorder and Executive
Functioning Behaviors in Preschool Children. Int. J. Environ. Res. Public Health 2019, 16, pii: E667, doi:
10.3390/ijerph16040667.

7. Van Lieshout, R]. Role of maternal adiposity prior to and during pregnancy in cognitive and psychiatric
problems in offspring. Nutr. Rev. 2013, 71 Suppl 1, S95-101, doi: 10.1111/nure.12059.

8.  Symonds, M.E,; Stephenson, T.; Gardner, D.S.; Budge, H. Long-term effects of nutritional programming of
the embryo and fetus: mechanisms and critical windows. Reprod. Fertil. Dev. 2007, 19, 53—-63.

9.  Hanley, B.; Dijane, J.; Fewtrell, M.; Grynberg, A.; Hummel, S.; Junien, C.; Koletzko, B.; Lewis, S.; Renz, H.;
Symonds, M.; et al. Metabolic imprinting, programming and epigenetics - a review of present priorities
and future opportunities. Br. J. Nutr. 2010, 104 Suppl 1, S1-25, doi: 10.1017/S0007114510003338.

10. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S,;
Abbafati, C.; Abera S.F.; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the global burden of disease study 2013.
Lancet 2014, 384, 766-781, doi: 10.1016/S0140-6736(14)60460-8.

11. Gaillard, R. Maternal obesity during pregnancy and cardiovascular development and disease in the
offspring. Eur. ]. Epidemiol. 2015, 30, 1141-1152, doi: 10.1007/s10654-015-0085-7.

12.  Euro-Peristat Project. European Perinatal Health Report. Core indicators of the health and care of pregnant
women and babies in Europe in 2015. 2018. Available online:
https://www.europeristat.com/images/EPHR2015_web_hyperlinked_Euro-Peristat.pdf (accessed on 20
November 2018).

13. Leikin, E; Jenkins, J.H.; Graves, W.L. Prophylactic insulin in gestational diabetes. Obstet. Gynecol. 1987, 70,
587-92.

14. Catalano, P.M.; Drago, N.M.; Amini, S.B. Maternal carbohydrate metabolism and its relationship to fetal
growth and body composition. Am. J. Obstet. Gynecol. 1995, 172, 1464-70.

15. Baeten, ].M.; Bukusi, E.A.; Lambe, M. Pregnancy complications and outcomes among overweight and obese
nulliparous women. Am. . Public Health 2001, 91, 436—40.

16. O'Brien, T.E.; Ray, J.G.; Chan, W.S. Maternal body mass index and the risk of preeclampsia: a systematic
overview. Epidemiology 2003, 14, 368-374.

17.  Lashen, H.; Fear, K; Sturdee, D.W. Obesity is associated with increased risk of first trimester and recurrent
miscarriage: matched case-control study. Hum. Reprod. 2004, 19, 1644-6, doi: 10.1093/humrep/deh277.

18.  Nohr, E.A; Bech, B.H.; Davies, M.].; Frydenberg, M.; Henriksen, T.B.; Olsen, ]. Prepregnancy obesity and
fetal death. Obstet. Gynecol. 2005, 106, 250-9, doi: 10.1097/01.AOG.0000172422.81496.57.

19. Dyachenko, A.; Ciampi, A.; Fahey, J.; Mighty, H.; Oppenheimer, L.; Hamilton, E.F. Prediction of risk for
shoulder dystocia with neonatal injury. Am. | Obstet. Gynecol. 2006, 195, 1544-9, doi:
10.1016/j.aj0g.2006.05.013.

20. Murphy, V.E.; Smith, R.; Giles, W.B.; Clifton, V.L. Endocrine regulation of human fetal growth: The role of
the mother, placenta, and fetus. Endocr. Rev. 2006, 27, 141-69, doi: 10.1210/er.2005-0011.

21. Abenhaim, H.A; Kinch, R.A.; Morin, L.; Benjamin, A.; Usher R. Effect of prepregnancy body mass index


http://dx.doi.org/10.20944/preprints201904.0130.v1
https://doi.org/10.3390/ijerph16101751

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2019 d0i:10.20944/preprints201904.0130.v1

categories on obstetrical and neonatal outcomes. Arch. Gynecol. Obstet. 2007, 275, 3943, doi: 10.1007/s00404-
006-0219-y.

22. Larsen, T.B.; Serensen, H.T.; Gislum, M.; Johnsen, S.P. Maternal smoking, obesity, and risk of venous
thromboembolism during pregnancy and the puerperium: a population-based nested case-control study.
Thromb. Res. 2007, 120, 505-9, doi: 10.1016/j.thromres.2006.12.003.

23. Rasmussen, S.A.; Chu, S.Y.; Kim, S.Y.; Schmid, CH.; Lau, ]. Maternal obesity and risk of neural tube defects:
a metaanalysis. Am. J. Obstet. Gynecol. 2008, 198, 611-9, doi: 10.1016/j.ajog.2008.04.021.

24. Jacobsen, A.F.; Skjeldestad, F.E.; Sandset, P.M. Ante- and postnatal risk factors of venous thrombosis:
a hospital-based case-control study. J. Thromb. Haemost. 2008, 6, 905-12, doi: 10.1111/j.1538-
7836.2008.02961.x.

25. Ovesen, P.; Rasmussen, S.; Kesmodel, U. Effect of prepregnancy maternal overweight and obesity on
pregnancy outcome. Obstet. Gynecol. 2011, 118, 305-12, doi: 10.1097/A0G.0b013e3182245d49.

26. Minsart, AF,; Buekens, P.; De Spiegelaere, M.; Englert, Y. Neonatal outcomes in obese mothers:
a population-base analysis. BMC Pregnancy Childbirth. 2013, 13, 36, doi: 10.1186/1471-2393-13-36.

27. Nuthalapaty, F.S.; Rouse, D.J.; Owen, J. The association of maternal weight with cesarean risk, labor
duration, and cervical dilation rate during labor induction. Obstet. Gynecol. 2004, 103, 452-6, doi:
10.1097/01.AOG.0000102706.84063.C7.

28. Weiss, ].L.; Malone, F.D.; Emig, D.; Ball, R.H.; Nyberg, D.A.; Comstock, C.H.; Saade, G.; Eddleman, K;
Carter, S.M.; Craigo, S.D.; et al. FASTER Research Consortium, obesity, obstetric complications and
cesarean delivery rate population-based screening study. Am. J. Obstet. Gynecol. 2004, 190, 1091-7, doi:
10.1016/j.ajog.2003.09.058.

29. Amir, LH.; Donath, S. A systematic review of maternal obesity and breastfeeding intention, initiation and
duration. BMC Pregnancy Childbirth 2007, 7, 9, doi: 10.1186/1471-2393-7-9.

30. Bowyer, L. The Confidential Enquiry into Maternal and Child Health (CEMACH). Saving Mothers” Lives:
reviewing maternal deaths to make motherhood safer 2003-2005. The Seventh Report of the Confidential
Enquiries into Maternal Deaths in the UK. Obstet. Med. 2008, 1, 54, doi: 10.1258/0m.2008.080017.

31. Nair, M,; Kurinczuk, ].J.; Brocklehurst, P.; Sellers, S.; Lewis, G.; Knight, M. Factors associated with maternal
death from direct pregnancy complications: a UK national case-control study. BJOG 2015, 122, 653-62, doi:
10.1111/1471-0528.13279.

32. Godoy, A.C,; Nascimento, S.L.; Surita, F.G. A systematic review and meta-analysis of gestational weight
gain recommendations and related outcomes in Brazil. Clinics. (Sao Paulo) 2015, 70, 758-764,
doi:10.6061/clinics/2015(11)08.

33. Goldstein, R.F.; Abell, S.K.; Ranasinha, S.; Misso, M.; Boyle, J.A.; Black, M.H.; Li, N.; Hu, G.; Corrado, F.;
Rode, L.; et al. Association of Gestational Weight Gain With Maternal and Infant Outcomes: A Systematic
Review and Meta-analysis. JAMA 2017, 317, 2207-2225, doi: 10.1001/jama.2017.3635.

34. American College of Obstetricians and Gynecologists. Intrauterine growth restriction. ACOG: Washington
DC, USA, 2000.

35. American College of Obstetricians and Gynecologists. Hypertension in Pregnancy. 2013. Available online:
https://www.acog.org/~/media/Task%20Force%20and %20W ork %20
Group%20Reports/public/HypertensioninPregnancy.pdf (accessed on 30 December 2013).

36. Abu-Heija, A.; Al-Bash, M.; Ishrat, N.; Al-Kharausi, L. 50 Grams Oral Glucose Challenge Test: Is It an
Effective Screening Test for Gestational Diabetes Mellitus? J. Obstet. Gynaecol. India 2015, 66 Suppl 1, 7-11,
doi:10.1007/s13224-015-0752-3.

37. Devlieger, R.; Benhalima, K.; Damm, P.; Van Assche, A.; Mathieu, C.; Mahmood, T.; Dunne, F.; Bogaerts,
A. Maternal obesity in Europe: where do we stand and how to move forward?: A scientific paper
commissioned by the European Board and College of Obstetrics and Gynaecology (EBCOG). Eur. . Obstet.
Guynecol. Reprod. Biol. 2016, 201, 203-8, doi: 10.1016/j.ejogrb.2016.04.005.

38. Ogawa, K,; Morisaki, N.; Sago, H.; Fujiwara, T.; Horikawa, R. Association between women's perceived
ideal gestational weight gain during pregnancy and pregnancy outcomes. Sci. Rep. 2018, 8, 11574, doi:
10.1038/s41598-018-29936-z.

39. Liu, L.; Hong, Z.; Zhang, L. Associations of prepregnancy body mass index and gestational weight gain
with pregnancy outcomes in nulliparous women delivering single live babies. Sci. Rep. 2015, 5, 12863, doi:
10.1038/srep12863.

40. Young, T.K.; Woodmansee, B. Factors that are associated with cesarean delivery in a large private practice:
the importance of body mass index and weight gain. Am. J. Obstet. Gynecol. 2002, 187, 312-8.

41. National Health Information Center, Bratislava. The care for childbearing woman and the newborn in SR
in 2014. 2016. Available online: http://www.nczisk.sk/Documents/ publikacie/2014/zs1651.pdf (accessed on
9 July 2018).

42. Ekblad, U.; Grenman, S. Maternal weight, weight gain during pregnancy and pregnancy outcome. Int. J.


http://dx.doi.org/10.20944/preprints201904.0130.v1
https://doi.org/10.3390/ijerph16101751

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2019 d0i:10.20944/preprints201904.0130.v1

Gynaecol. Obstet. 1992, 39, 277-83.

43. Ferrari, N.; Mallmann, P.; Brockmeier, K.; Striider, H.K.; Graf, C. Secular trends in pregnancy weight gain
in German women and their influences on foetal outcome: a hospital-based study. BMC Pregnancy
Childbirth 2014, 14, 228, doi: 10.1186/1471-2393-14-228.

44. Gibson, K.S.; Waters, T.P.; Catalano, P.M. Maternal weight gain in women who develop gestational
diabetes mellitus. Obstet. Gynecol. 2012, 119, 560-5, doi: 10.1097/AOG.0b013e31824758e0.

45. Li, N,; Liu, E; Guo, |,; Pan, L, Li, B.; Wang, P,; Liu, J.; Wang, Y.; Liu, G.; Baccarelli, A.A_; et al. Maternal
prepregnancy body mass index and gestational weight gain on pregnancy outcomes. PLoS One 2013, 8,
e82310, doi: 10.1371/journal.pone.0082310.

46. Michlin, R.; Oettinger, M.; Odeh, M.; Khoury, S.; Ophir, E.; Barak, M.; Wolfson, M.; Strulov, A. Maternal
Obesity and Pregnancy Outcome. Isr. Med. Assoc. ]. 2000, 2, 10-3.

47. O'Dwyer, V.; O'Tool, F.; Darcy, S.; Farah, N.; Kennelly, M.M.; Turner, M.]. Maternal obesity and gestational
weight gain. J. Obstet. Gynaecol. 2013, 33, 6714, doi: 10.3109/01443615.2013.821461.

48. Bodnar, L.M,; Siega-Riz, A.M.; Simhan, H.N.; Himes, K.P.; Abrams, B. Severe obesity, gestational weight
gain, and adverse birth outcomes. Am. J. Clin. Nutr. 2010, 91, 16428, doi: 10.3945/ajcn.2009.29008.

49. Vesco,K.K; Sharma, A ]; Dietz, P.M.; Rizzo, ] H.; Callaghan, W.M.; England, L.; Bruce, F.C.; Bachman, D.] ;
Stevens, V.J.; Hornbrook, M.C. Newborn size among obese women with weight gain outside the 2009
Institute  of Medicine = recommendation.  Obstet. ~ Gynecol. 2011, 117, 812-8, doi:
10.1097/A0G.0b013e3182113ae4.

50. Athukorala, C.; Rumbold, A.R.; Willson, K.J.; Crowther, C.A. The risk of adverse pregnancy outcomes in
women who are overweight or obese. BMIC Pregnancy Childbirth 2010, 10, 56, doi: 10.1186/1471-2393-10-56.

51. Robinson, H.E; O'Connell, CM.; Joseph, K.S; McLeod, N.L. Maternal outcomes in pregnancies
complicated by obesity. Obstet. Gynecol. 2005, 106, 1357-1364.


http://dx.doi.org/10.20944/preprints201904.0130.v1
https://doi.org/10.3390/ijerph16101751

