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Abstract

Introduction: The aim of this study was to describe the
influence of maternal pregnancy body mass index (BMI)
and maternal weight gain during pregnancy on perinatal
and neonatal outcomes.

Methods: Retrospective analysis of singleton pregnancies
> 37 weeks of gestation delivered between 2004 and
2014. Fetal anomalies and intrauterine deaths have been
excluded.

Results: Our data demonstrate a correlation between pre-
pregnancy BMI and preeclampsia (k* = 0.029, p = 0.024) as
well as between the BMI at the time of delivery and maternal
hypertension (k* = 0.443, p = 0.046) and preeclampsia (k* =
0.491, p = 0.02). The results also show a significant relation
between maternal BMI and the birth mode (k* = 0.052, p =
0.0003) and between BMI and fetal macrosomia (r = 0.009,
p = 0.03). The rate of macrosomic newborns was higher
both in obese women (r = 0.165, p = 0.016) as well as in
underweight women (r = 0.196, p = 0.036). Weight gain
during pregnancy seems to play a minor role compared to
the pre-pregnancy BMI and the maternal BMI at the time of
delivery.

Conclusion: Optimal weight gain during pregnancy in re-
lation to maternal pre-pregnancy BMI remains a contro-
versial issue in perinatology and pregnancy management.
Overweight and obese women have an increased risk of
preeclampsia, hypertension and macrosomia. Underweight
women are also at risk of adverse perinatal outcome.
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Introduction

For the last two decades, obesity rates have in-
creased in both developed and developing countries
and, in particular, the number of obese women has
roughly doubled during this period [1].

35.5% of the female population living in the United
States are obese, as defined by a Body Mass Index (BMI)
of > 30 and 68% are overweight as defined by a BMI
of > 25, whereas 41.4% of the German population are
classified as overweight or obese (60.1% of the male
and 42.9% of the female population) [2]. In Australia,
nearly one-third of all pregnant women are overweight
or obese [3]. Approximately 13.8% of the worldwide
female population is declared as obese [4]. Current
projections assume that in 2030 more than 50% of the
European population will be obese [5]. Obesity used to
be considered to be a problem in high-income countries
once, but it is now recognized as one of the biggest
epidemics including major public health issues of the
215t century (with major public health issues) [6].

Pregnant women have a physiological weight gain
which consists of 30% of fetus, 50% of tissue liquid,
increased blood volume, breast tissue and fat depot
and 20% of amniotic fluid and placenta [7]. A German
study called KiGGS-study has evaluated the maternal
weight gain in Germany for the last 20 years. This study
demonstrated an average increase of maternal weight
gain during pregnancy from 13 to 15 kg over the years

[8].
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Additionally, the number of obese women in the first
trimester has increased. Various studies demonstrate a
significant influence of maternal pre-pregnancy obesity
and excess weight gain during pregnancy on obstetrical
and neonatal outcome. Adverse obstetrical outcomes
include induced preterm delivery, pre-eclampsia, ges-
tational hypertension, gestational diabetes (GDM), type
2 diabetes, and cardiovascular diseases like venous
thromboembolism [9-11] and an elevated risk of cesar-
ean section [12]. Whereas regarding adverse neonatal
outcome, a higher number of APGAR scores < 7 and still-
birth [9], associated with the increase amount of macro-
somic babies are seen. But a low pre-pregnancy weight
is also associated with complications like preterm la-
bour and neonatal underweight.

It is also known that children of women with GDM
are more likely to be obese and have impaired glucose
tolerance, metabolic syndrome and diabetes in child-
hood and adulthood [13,14]. One possible explanation
of the above described relations might be the theory of
perinatal programming, which means that in addition to
the genetic disposition fundamental metabolic process-
es are determined during pregnancy [15].

In 2009 the Institute of Medicine (IOM) released new
guidelines regarding appropriate maternal weight gain
in pregnancy according to pre-pregnancy BMI, which
have been widely adopted, but not generally accepted:
underweight (BMI < 18.5) women should gain 12.5-18
kg, normal weight (BMI 18.5-24.9) women 11.5-16 kg,
overweight (BMI 25-29.9) women 7-11.5 kg and obese
(BMI = 30) women 5-9 kg [16,17].

The importance of weight gain during pregnancy
remain sun clear as some studies report a relation be-
tween weight gain during pregnancy and the rate of ob-
stetrical and delivery complications [18,19] while oth-
ers were able to demonstrate no connection between
these factors [20].

However, the effect of pre-pregnancy BMI as well as
the maternal weight gain during pregnancy with regard
to the original weight before pregnancy on obstetrical,
neonatal and delivery outcome is still discussed contro-
versially in literature.

In reflection of the ongoing discussion this retro-
spective study was conducted to analyze the longitudi-
nal development of maternal BMI and maternal weight
gain during pregnancy in nulliparous and multiparous
women during a time period from 2004 to 2014. Fur-
thermore, the association of low, normal, and high BMI
and maternal weight gain during pregnancy on mater-
nal, neonatal and delivery outcome were investigated.

Methods

For this retrospective data analysis all patients with
singleton pregnancy > 37 gestational weeks, who deliv-
ered during the period from January 2004 to December
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2014 at the department of obstetrics of the Medical
School of Hannover, were included and selected from
the obstetric database. Missing data was obtained from
medical records. The data used for evaluation purposes
were inserted in Excel and anonymized.

Inclusion criteria

All patients with a live-born singleton pregnancy > 37
weeks of gestation without fetal malformations.

Exclusion criteria

Multiple pregnancies, intrauterine death, singleton
pregnancies < 37 weeks of gestation, fetal malforma-
tions.

Maternal characteristics included

Maternal age, gravidity, parity, gestational week
at delivery, mode of delivery, indication for operative
childbirth, BMI before pregnancy and at the time of de-
livery, weight gain during pregnancy, maternal diseases
like diabetes mellitus, gestational diabetes, hyperten-
sion, pregnancy induced hypertension, preeclampsia,
thrombophilia, hyper- and hypothyroidism.

Neonatal characteristics included

Birth weight (including birth percentile), birth length
and head circumference at birth, APGAR score, arterial
umbilical pH, base excess, reason for transfer to neona-
tal intensive care unit (NICU).

Primary outcome parameters depending on pre-
pregnancy BMI, BMI at time of birth and weight gain
are:

- Mode of delivery
- Rate of induction of labor

- Maternal diseases: Gestational diabetes and diabe-
tes mellitus, hypertension, preeclampsia and HELLP,
thrombophilia

- Maternal peripartal complications: Perineal/vaginal
tears and injury, uterine rupture

- Neonatal outcome measures: pH value of arterial
umbilical cord < 7.20, Apgar score 5’ < 7, macrosomia
as defined birth weight 4000g and more or birth
weight > 90.centile, IUGR defined as birth weight
< 10.centile, shoulder dystocia, necessity for
oxygenation, necessity for intubation, necessity for
reanimation, necessity for transfer to NICU

Statistical analysis

The statistical analysis was conducted in cooperation
with the Institute of Statistics of the Leibniz University
Hanover using the statistics program R (http://www.
cran.r-project.org).

First of all, a descriptive analysis of the study
collective was performed. Second, a correlation analysis
was executed regarding pregnancy complications, birth
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and neonatal complications in regard to maternal BMI
and weight gain.

Statistical analysis was performed by linear regres-
sion analysis or logistic regression analysis depending
on the variables. For nominal scaled variables, the cor-
rected contingency coefficient was calculated as a mea-
sure of the relationship between the variables and test-
ed for the independence of the parameters with the x2
independence test. In ordinal scaled data the Spearman
rank correlation coefficient was used. Also, logistic re-
gression was calculated, and significance was tested by
the t-test.

Statistical significance was achieved if p < 0.05.

The study was approved by the regional Ethics
Committee of Hanover (No 3166-2016).

Results

15439 pregnant women were included in this study.
The demographic parameters are shown in Table 1. The
mean maternal BMI before pregnancy was 24.73. The
average increase of weight during pregnancy was 5 BMI
points (13.9 kg) with a mean maternal BMI of 29.74 at
the time of birth. The highest increase of weight during
pregnancy was 38 kg, the highest weight loss was 17.5
kg. The distribution of BMI is shown in Table 2.

Mode of delivery

The majority of the pregnant women (66.4%) deliv-
ered between 38 to 41 weeks of gestation. 66% of the
women delivered spontaneously, whereas an elective
C-section was carried out in 13.6% (2098 cases), a sec-
ond stage C-section was carried out in 11.5% (1777 cas-
es) and 8.5% (1313 cases) of the women delivered via

Table 1: Demographic parameters of the whole study popu-
lation.

Mean (Min.-Max.)
31.2 (14.4-56.1)
40 (37-42)

69 (30-196)

24.7 (12.8-62.5)
82.8 (38-220)
29.6 (16.8-62.5)
13.9 (-17.5-38)

Maternal Age (years)

Gestational Age at delivery (weeks)

Weight before pregnancy (kg)

BMI before pregnancy (kg/m?)

Weight at delivery (kg)
BMI at delivery (kg/m?)
Gestational weight gain (kg)

vaginal operative delivery.

An induction of labor was seen in 27.4% (4236 cases)
of all cases. In the group of underweight pregnant
women labor was induced in 20%, while in the group of
overweight women labor was induced in 40%. Despite
the higher rate of induction of labor in obese women
compared to underweight women, these results are not
statistically significant (p = 0.7).

Our results show a significant relation between the
BMI and birth mode (k" =0.052, p =0.0003). There was a
significant negative correlation between adipositas and
elective C-section (k" = -0.031, p = 0.0004), while there
was no significant relation between adipositas and the
rate of second stage C-section. The results show that
there was a lower rate of elective C-section in obese
women.

There was a significant negative correlation between
underweight and elective C-section (k" = -0.347, p =
0.001) and a positive correlation between underweight
and second stage C-section (k" =0.293, p = 0.002). These
results demonstrate that underweight is associated
with a higher rate of second stage c-sections, but a
lower rate of elective c-section.

Maternal disease and peripartal complications

Maternal diseases like hypothyreosis, thrombophilia,
gestational diabetes, diabetes mellitus, hypertension,
preeclampsia and HELLP were approximately evenly
distributed in all weight categories.

There was a significant correlation (k" = 0.029, p =
0.024) between pre-pregnancy-BMI and preeclampsia.
A higher pre-pregnancy-BMI was associated with an
increased risk to develop preeclampsia.

Additionally, there was a significant correlation
between BMI at the time of delivery and maternal
hypertension as well as preeclampsia. A higher BMI at
the time of delivery was associated with an increased
risk to develop maternal hypertension (k" = 0.443, p =
0.046) and preeclampsia (k" = 0.491, p = 0.02).

The weight gain during pregnancy showed no
influence on maternal diseases.

With regard to the incidence of childbirth injury we
found 1832 cases with a vaginal tear and 63 cases with a
cervical tear without statistical significance between the

Table 2: Distribution of BMI, macrosomic and IUGR newborns with regard of the different maternal weight groups.

Maternal weight BMI before
group pregnancy n (%)

BMI at delivery
n (%)

Macrosomic newborns n (%)
corresponding to each weight

group

IUGR newborns n (%)
corresponding to each weight

group

Total population 'n= 15439 n = 15439

2024 (13.11% of total population)

1258 (5.58% of total population)

Under weight 1071 (6.94%) 10 (0.06%)

154 (14.69%)

70 (6.68%)

Normal weight | 8579 (55.57%) 2263 (14.66%)

1051 (12.41%)

713 (8.42%)

Overweight 3632 (23.52%) 7117 (46.10%)

495 (13.54%)

287 (7.85%)

Obesity 2157 (13.97%) 6049 (39.18%)

324 (14.32%)

188 (8.31%)
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different weight groups. 2031 perineal lacerations were
noted. In those cases there was a significant positive
correlation between pre-pregnancy-BMI as well as
with BMI at the time of childbirth and the incidence
of perineal lacerations (k* = 0.010, p = 0.02) meaning
that a higher BMI leads to an increased risk for perineal
lacerations.

The weight gain during pregnancy showed no
significant influence.

Regarding the number of complications during child-
birth there were 25 uterine ruptures (0.16%) and 43
early abruptions of placenta (0.28%). Although uterine
rupture was at 0.31% higher in obese women, this did
not reach statistical significance between. Although a
positive correlation between weight gain during preg-
nancy and the risk of uterine rupture (K" = 0.056, p =
0.09) was visible, this was not significant.

Neonatal outcome

The mean weight of the newborn was 3500 g, the
mean length of the newborn was 52.5 cm and the mean
head circumference was 35 cm.

The mean birth pH was 7.3. The analysis demonstrat-
ed that the rate of complication with regard to a low
pH < 7.14 increased with higher pre-pregnancy BMI (r =
-0.017, p = 0.021) as well as with higher BMI at the time
of delivery (r =-0.014, p = 0.071).

Considering the different BMI groups, the analysis
revealed the higher rate of fetal acidosis (pH < 7.14) in
overweight (r = -0.218, p = 0.042) and obese women (r
=-0.287, p =0.02).

901 (5.85%) children had to be transferred to the
intensive care unit and 860 (5.58%) children needed
oxygenation. 95 (0.62%) children were intubated and

reanimation was necessary in 316 (2.05%) cases. The
mean APGAR score after one minute was 9 and after 5
minutes 10. However, there were no differences with
regard to the weight groups.

1258 (8.15%) newborns were IUGR and 2024
(13.11%) newborns were macrosomic. Table 2 also dis-
plays the distribution of macrosomic and IUGR new-
borns with regard to the different weight groups at the
time of delivery. There was a significant correlation (r
= 0.009, p = 0.03) between BMI at the time of delivery
and the occurrence of macrosomia. The rate of macro-
somic newborns was higher in obese women (r = 0.165,
p = 0.016). Additionally, the results demonstrated that
underweight women are also at a significantly increased
risk of their newborns suffering from macrosomia (r =
0.196, p = 0.036).

There was no significant influence of pre-pregnancy
BMI (r = -0.0010, p = 0.8517) or BMI at the time of
delivery (r = 0.0044, p = 0.4146) on the occurrence of
IUGR's.

During the study period, there was a significant
increase in the births of children with macrosomia and
IUGR (Figure 1). The amount of macrosomic newborns
increased from 138 cases in year 2006 to 237 cases in
year 2014. The amount of IUGR babies increased from
99 cases in the year 2006 to 169 cases in the year 2014.

The weight gain during pregnancy also showed a
statistically significant correlation with regard to mac-
rosomic neonates. A higher weight gain was associat-
ed with an increased risk of macrosomia (r = 0.009, p
= 0.04). However, the risk of IUGR neonates was not
significantly altered with regard to the weight gain (r =
-0.010, p = 0.06).

Discussion

rate of macrosomic newborns
160 200 220 240
| | | |
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|
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Figure 1: Rate of macrosomic and IUGR newborns during the period of 2004-2014.
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Obesity is one of the biggest epidemics in the 21
century. 35.5% of the female population living in the
United States are obese and 68% are overweight,
whereas 41.4% of the German population are classified
as overweight or obese [21]. In England, adult obesity
rose from 16.4% to 26% between 1995 and 2010
[22]. Approximately 13.8% of the worldwide female
population is considered as obese [23].

The KiGGS-study evaluated the maternal weight
gain in the German population and demonstrated an
average increase of maternal weight gain of 2 kg within
the last two decades [8]. Our study results show a mean
maternal pre-pregnancy BMI of 24.73. The average
increase of weight gain during pregnancy was 13.9 kg.
The mean maternal BMI at the time of birth was 29.74.
In the population we examined, we found that 6.94%
women were underweight, 55.57% women were of
normal weight, 23.52% women were overweight, and
13.97% women were obese before pregnancy.

As mentioned in the introduction, in 2009 the IOM
released new guidelines regarding appropriate maternal
weight gain in pregnancy according to pre-pregnancy
BMI [16]. These recommendations have been based
on observational studies carried out in the United
States. However, recent study results questioned these
recommendations, especially in case of overweight and
obese pregnant women. Data from the German KiGGS-
study demonstrated an increased risk of children later
becoming overweight when born by mothers of normal
weight that had a high weight gain during pregnancy.
One additional kilo weight gain increases the child’s
risk of later overweight of? only 1% [8]. Data from this
German population also show that overweight and
obese pregnant women with a permitted weight gain,
according to the recommendations of IOM, developed
on the one hand less preeclampsia and also the rate of
elective C-section was lower. But on the other hand the
rate of diabetes, preterm delivery, less birth weight and
higher perinatal morbidity was higher [8].

Another retrospective observational study draws
the conclusion that very obese women with a BMI
over 40/m? have less complication risks like gestational
diabetes, maternal hypertension, birth complications,
fetal macrosomia as well as subsequent overweight
of the child and associated complications in case of
weight gain reduction during pregnancy up to 10 kg
[7]. Overall, the evidence is too inconsistent to define
exact upper and lower limits for the recommended
weight gain during pregnancy, depending on the pre-
conceptional Body Mass Index (BMI). Internationally,
there is no consensus on weight gain recommendations
in pregnancy, especially for overweight and obese
women [7].

These inconsistencies allow doubts on the quality of
the present data and question the recommendations by

Kundu et al. Int J Womens Health Wellness 2019, 5:095

the IOM.

Concludingly, the results of our study show that
underweight is associated with a higher amount of
second stage C-section but with a lower rate of elective
C-section. Adipositas is associated with a lower rate
of elective C-section, but there was no significance
with regard to the rate of second stage C-section. The
higher rate of second stage C-sections in the group of
underweight women might be a sign for a higher rate
of absolute or relative disproportion, especially, as we
have seen a higher rate of macrosomic newborns in
underweight women. The low rate of elective C-section
in overweight and obese women might be due to
cautious recommendation for an elective C-section
due to the known risk of higher complication rates in
overweight and obese women such as intrapartum
surgery complications and wound healing defects
afterwards. Maternal obesity is a high-risk situation
for mother and child, demanding a higher standard in
perinatal care.

Our study demonstrated that a higher BMI is
associated with an increased risk of perineal lacerations
while the weight gain during pregnancy showed no
significant influence. These findings are supported by
other studies that found that perinatal complications
such as perinatal lacerations are higher in overweight
and obese women [24,25].

However, the rate of peripartal complications in
women with a high BMI was not increased in this study.
This may be due to the fact that these women’s deliv-
eries are usually thoroughly planned and conducted by
more experienced obstetrical staff as they are consid-
ered to be high risk situations.

The data of our study shows that a higher pre-
pregnancy BMI is associated with an increased risk
to develop preeclampsia. Whereas, a higher BMI
before delivery was associated with an increased
risk of hypertension as well as of preeclampsia
whereas the weight gain during pregnancy showed
neither a significant influence on the development of
preeclampsia or hypertension nor on other maternal
diseases.

A review analysis did show that that overweight and
obese women benefit from diet and exercising, so that
they can reduce weight gain. But these interventions
did not reduce the risk of preeclampsia or pregnancy
related hypertension [26].

Another study demonstrated a positive correlation
between a high BMI before 16 weeks of gestation and
the risk of developing preeclampsia in the course of the
pregnancy [27].

These results confirm the data in our study.
Pre-pregnancy BMI has an impact on the potential
development of conditions like preeclampsia.
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Nevertheless, pre-pregnancy conditions influence
the developing pregnancy. Studies show that in obese
animals’ oxidative stress in oocytes and during placen-
tation was increased. Oxidative stress however, may be
an important factor in the development of preeclamp-
sia [28].

The risk of preeclampsia is high in obese women
compared to non-obese women. Marshall, et al. and
Hartge, et al. reported a preeclampsia rate of 10.9% [29]
and 10.1% [30] in obese women. In our study the overall
preeclampsia rate was 2.05% which is comparable to
the prevalence described in literature. However, in our
study the rate of preeclampsia in overweight women
was 2.03% and in obese women 2.25%.

In general, the fact that woman's weight at the mo-
ment of conception is more important than the weight
gain during pregnancy is well accepted [7]. Various stud-
ies showed an association between maternal pre-preg-
nancy obesity as well as excess maternal weight gain
during pregnancy and fetal outcome regarding the neo-
natal, childhood and adult health profile including en-
docrinological, cardiovascular and neurological issues
[31-36].

Other studies suggested less weight gain during
pregnancy for obese women to reduce the risk of fetal
macrosomia [37-39].

The results of our study present a significant relation
between BMI and macrosomia as well as IUGR. Under-
weight women showed an increased risk of macrosomia
and a lower risk of IUGR, while overweight and obese
women have an increased risk of macrosomia. The re-
sults furthermore displayed that a higher weight gain
was associated with a higher rate of macrosomia. The
literature [17,40,41] clearly shows a higher risk of mac-
rosomic newborns in overweight and obese women. In
contrast to our results, the literature clearly defines a
higher risk of IUGR and a lower risk of macrosomia in
underweight women [17,42-45].

These contradictory results in literature and in our
study might be explained due to the fact that the BMl is
just a measure of the body symmetry. That means that
the BMI can be identical in an extremely tall woman and
in an extremely short woman if their body mass ratios
are the same. Therefore, the recommended gestational
weight gain cannot be the same for all women with
identical BMI but different weight. Based on their study,
Mestrovic, et al. proposed to recalculate BMI change in
kilograms depending on maternal height instead of just
calculating BMI in kilograms [17].

The optimal weight gain in pregnancy is certainly not
easy to estimate. Control and correction of weight gain
during pregnancy in both underweight and overweight
women seems to improve pregnancy outcome [46,47],
but adjusting weight before conception seems to have
a major impact.
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The maternal BMl is certainly not the only influencing
factor for an adverse perinatal outcome. Multivariance
analyses has indicated nicotine as an important
influential factor for adverse outcomes in case of
underweight pregnant women and gestation diabetes
in case of overweight [48]. Certainly, the correlation
between factors like consumption of nicotine and
social status of under- and overweight women plays an
important role [48,49]. Also, genetic and sociocultural
factors should be considered, as a combination of both
these factors is most likely influential [50,51].

Limitation of the Study

We acknowledge the limitations of a retrospective
study design from a single institution as well as the low
amount of cases in the varying subgroups. However, the
strength of this study is the high overall number of cases
over a sufficient period of time in a single primary center.
Yet, any study on the effects on pregnancy course and
on neonatal and maternal complications and outcome
is limited by the difficulty of separating all possible
cofactors influencing theses outcome parameters.

Conclusion

Optimal weight gain during pregnancy in relation to
maternal pre-pregnancy BMI remains a controversial
issue in perinatology and the management of pregnan-
cies. The risk of preeclampsia, hypertension and mac-
rosomia is high in overweight and obese women. Un-
derweight women are also at risk for adverse perinatal
outcome.

Although data of this study suggest a minor role of
weight gain during pregnancy as previously suspected,
one cannot draw definite conclusions from these
findings. Many more co-factors need to be considered.

As the BMI is defined as the body mass divided by
the square of the body height it has some limitations.
It might overestimate body fat in athletes as well as
underestimate body fat in persons with a lower muscle
portion. Therefore, the recommendable gestational
weight gain cannot be the same for all women with
identical BMI, depending on different body composition
notreflected by the BMI. Therefore, the recommendable
individual optimum gestational weight gain depends
on pre-pregnancy weight in relation to the height of
the women. Given the epidemiological significance of
adipositas, further studies, which focus on individual
weight gain assessment are certainly needed to specify
the best management in pregnancy.
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