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Does gestational weight gain of more than 12 kg
in women increase the risk of a cesarean section delivery,
gestational diabetes and pregnancy induced hypertension?
A retrospective case series

A. Antonakou', D. Papoutsis?, A. Kechagia3

! Midwifery School, ‘Alexander’ Technological Educational Institute of Thessaloniki, Thessaloniki (Greece)
2 Shrewsbury and Telford Hospital, NHS Trust, Shropshire (UK)
3 Independent Practice Midwifery, Ptolemaida (Greece)

Summary

Purpose: The purpose of this study was to investigate whether the gestational weight gain of more than 12 kg represented a risk fac-
tor for an increased rate of cesarean section (CS) delivery, gestational diabetes, and pregnancy-induced hypertension (PIH). Materials
and Methods: This was a retrospective case series study performed in a Greek National Health Service hospital and included women
having given birth to singleton pregnancies between 2004-2009. Cases with multiple pregnancies, stillbirths, and congenital fetal ab-
normalities were excluded. Results: 600 eligible women were included in the study. Gestational weight increase correlated positively
and was higher in women with a CS delivery, gestational diabetes, and PIH. The prepregnancy body mass index was identified as a pre-
dictor of gestational diabetes. The weight gain of less than 12 kg during pregnancy provided a protective effect against CS delivery by
reducing the likelihood of this by 85%. Conclusion: The present authors have shown that the increased body weight gain during preg-
nancy of more than 12 kg is associated with increased rates of CS delivery, gestational diabetes, and hypertensive disorders in pregnancy.
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Introduction

There are several reports in literature that prepregnancy
body mass index (BMI) is a risk factor associated with ma-
ternal and neonatal morbidity. In a recent cohort study that
involved 75,432 women from Australia, it was found that
maternal obesity was associated with hypertension in preg-
nancy, gestational diabetes, and increased rates of cesarean
section (CS) delivery [1]. Another large population register-
based cohort study of 99,403 live births in the United King-
dom found that overweight and obese women had a higher
risk of CS delivery and giving birth to macrosomic infants
[2]. Other researchers investigating the effect of obesity on
the neonatal outcomes concluded that maternal obesity was
significantly associated with neonatal macrosomia and
meconium aspiration syndrome [3].

As the correlation between maternal BMI and perinatal
outcome has been studied extensively in the literature, there
are not many published studies investigating the effect of
excessive weight gain during pregnancy on the perinatal
outcome of women. In 2009 the Institute of Medicine
(IOM) and the National Research Council (NRC) in the
United States released a guideline commenting on the rec-
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ommended weight gain during pregnancy in relation to ma-
ternal prepregnancy BMI [4]. In this guideline, major re-
search gaps were identified that involved the significant
lack of evidence on the effect of weight gain during preg-
nancy on both the maternal and neonatal outcomes. The
IOM and NRC in September 2013 released an updated re-
port quoting that ‘many women still do not receive ade-
quate pre- or post-conception advice about weight and
pregnancy-weight gain’ [5]. Moreover, the report stated that
the health professionals were not familiar with the new rec-
ommendations about pregnancy weight gain and therefore
did not provide adequate guidance to their clientele. A most
recent study from the United Kingdom demonstrated that
midwives, who are considered the frontline professionals
in the provision of weight-related advice to pregnant
women, are still biased when providing advice to obese
women by their own personal beliefs about body image and
their counselling is not always evidence-based [6].

While the IOM and NRC have recommended that
women with a normal BMI should gain no more than 35
Ibs (or 15.8 kg) during pregnancy and overweight women
should gain no more than 25 Ibs (or 11.3 kg), nevertheless,
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researchers are still trying to identify more strict weight
gain limits. At present there is a lack of evidence about the
cut-off point for the optimal weight gain during pregnancy
in order to reduce antenatal complications.

The primary objective of this study was to investigate the
effect of weight gain during pregnancy on the perinatal out-
come in women. The secondary objective was to determine
any cut-off values for gestational weight increase that could
be predictive of the mode of delivery, gestational diabetes,
and hypertension in pregnancy.

Materials and Methods

This was a retrospective case series of women who gave birth
at the maternity unit of a Greek National Health Service (NHS)
hospital in the area of Ptolemaida of Northern Greece between
the years 2004-2009. Data were collected with manual retrieval of
the hospital notes for each woman identified during the study pe-
riod. The authors recorded information on the womens’ age, par-
ity, and mode of delivery. They only used in their calculations, the
occurrence only of gestational diabetes and pregnancy-induced
hypertension (PTH), as these were the most frequently occurring
antenatal complications in this cohort. They did not include other
end-points in this study as dependent variables, as their incidence
rates were less than 1% and the sample was small and therefore
the study was underpowered to detect any significant associations,
if present. The neonatal variables recorded were birth weight and
gestational age at birth.

The weight gain during pregnancy and the prepregnancy BMI
were recorded. The prepregnancy maternal BMI was calculated
using the self-reported prepregnancy weight and measured
height at the patient’s first antenatal visit at five to eight weeks
of gestation as recorded in the maternal notes. Prepregnancy
BMI was further categorized according to the World Health Or-
ganization’s definition into four groups according to BMI: 1)
underweight (< 18.5 kg/m?), normal (18.5-24.9 kg/m?), over-
weight (25.0-29.9 kg/m?), and obese (> 30.0 kg/m?) [7]. All
women during their admission to give birth on the birthing suite
were weighed and their weight was recorded in the maternity
notes. Pregnancy weight gain was determined using the mother’s
weight just prior to delivery subtracted from the prepregnancy
weight.

The authors did not record the reason for CS delivery as a vari-
able in their analyses. The reason is that the indication was miss-
ing in the majority of the hospital notes of the women. Therefore,
the indication for CS was not accounted for as a potential con-
founding factor.

Quantitative variables are presented with mean and standard
deviation. Qualitative variables are presented with absolute and
relative frequencies. Fisher’s exact test was used for the com-
parison of proportions. Student’s ¢-test and ANOVA was com-
puted for the comparison of mean values. Multiple logistic
regression analyses were conducted in order to find if weight gain
during pregnancy was independently associated with the mode
of delivery and the occurrence of antenatal complications. Odds
ratios with 95% confidence intervals were calculated from the
results of the logistic regression analyses. Receiver operating
characteristic (ROC) curves were used in order to estimate the
optimal cut-off’s of weight gain during pregnancy for the out-
comes of the study. Statistical analysis for quantitative data was
performed with the use of SPSS statistical software version 19.0
and level of significance was set at p = 0.05 (two-tailed).

Ethical approval for collection and management of data in this

Table 1. — The clinical features for the cohort of n=600
women.

N %
Age (years), mean + SD 28.1£5.0
Nulliparity 255 42.6
Gestational weight gain (kg), mean + SD 11.5+2.7
Weight gain (< 12 kg)

No 115 19.2

Yes 485 80.8
Prepregnancy BMI (kg/m?), mean + SD  22.6+2.2
Prepregnancy BMI (kg/m?)

Underweight 3 0.5

Normal 525 87.5

Overweight 72 12.0
Gestational age (weeks)

37-41 566 94.3

>41 23 3.8

<37 11 1.8
Mode of delivery

Vaginal birth 404 67.3

CS 196 32.7
Birth weight (g), mean + SD 3266.0+444.7
Birth weight (g)

2,500—4,000 g 554 923

<2,500 g 17 2.8

<1,500 g 0 0.0

> 4,000 g 29 4.8
Gestational diabetes

No 561 93.5

Yes 39 6.5
Pregnancy induced hypertension

No 585 97.5

Yes 15 2.5

*SD: standard deviation.

study was obtained by the hospital’s Ethics Committee.

Results

680 women were initially identified as having given
birth at the NHS hospital of Ptolemaida in Northern
Greece during the five-year study period. Nevertheless,
80 were excluded because of multiple pregnancies (n=30)
and missing data (n=50). This resulted in the inclusion of
600 pregnant women who delivered singleton, live-born
infants with no major congenital anomalies.

Table 1 shows the clinical features of the women in this
cohort. Mean age was 28.1 years with 98.2% of women
delivering at term and the CS delivery rate was 32.7%. Ap-
proximately 9% presented with an antenatal complication
such as gestational diabetes (6.5%) and PIH (2.5%).
Preeclampsia involved only two out of the 15 women with
hypertension in pregnancy. Mean gestational weight gain
was 11.5 kg with 19.2% of women gaining more than 12
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Table 2. — Percentage of women with a body weight gain of
> 12 kg during pregnancy according to their clinical fea-
tures.

Body weight gain of >12 kg during pregnancy

Yes No p-value
N % N %
Mode of delivery
Vaginal birth 38 9.4 366 90.6 <0.001*
CS 77 393 119 60.7
Gestational age (weeks)
37-41 109 193 457 80.7 0.160*
>41 2 8.7 21 913
<37 4 364 7 63.6
Gestational diabetes
No 104 185 457 81.5 0.138*
Yes 11 28.2 28 718
Hypertensive disorders
No 107 18.6 478 81.4  0.002*
Yes 8 53.8 7 46.2
Birth weight (g), 3244444955 3271.14432.1 0.564%*
mean+SD
Birth weight (g)
2,500—4,000 g 100 18.1 454 819  0.0501
<2,500 g 6 353 11 64.7
>4,000 g 9 31.0 20 69.0

*Fisher’s exact test; **student’s #-test; TANOVA.

kg throughout pregnancy. Prepregnancy BMI was normal
in 87.5% of women and 12% were overweight at booking.

Table 2 shows the percentage of women who gained >12
kg of body weight in pregnancy in relation to their clinical
features. The percentage was significantly higher in those
women who had a CS delivery, hypertension in pregnancy,
and in those with a birth weight of > 4000 grams.

Table 3 shows the mean gestational weight gain accord-
ing to the womens’ clinical features in pregnancy. Weight
increase correlated positively and was higher in those with
CS delivery, gestational diabetes, hypertensive disorders,
and birth weight of > 4,000 grams.

Multiple regression analysis showed that the increased
gestational weight gain was a significant predictor for the
likelihood of a CS delivery (OR = 1.34, 95% CI:
1.24-1.46; p <0.001). Conversely, if a woman had gained
<12 kg during pregnancy, this offered a protective effect
against CS (OR =0.15, 95% CI: 0.09-0.24; p <0.001) re-
ducing the likelihood of CS by 85%. Additionally, ROC
analysis showed that the optimal cut-off for the prediction
of CS from weight gain during pregnancy was 12 kg
(65.3% sensitivity and 57.4% specificity). Multiple re-
gression analysis also identified that the increased
prepregnancy BMI was a significantly strong predictor
for gestational diabetes (OR for overweight women at
booking = 85.86, 95% CI: 26.25-280.82; p <0.001). The
only association between gestational diabetes and weight
gain was shown through ROC analysis where the opti-

Table 3. — Mean gestational weight gain according to the
participants’ clinical features.
Weight gain during pregnancy (kg)

Mean SD p-value*
Prepregnancy BMI
Underweight 11.00  2.40 <0.001
Normal 14.60 2.90
Mode of delivery
Vaginal birth 10.86  2.44 <0.001
CS 12.72 2.89
Gestational age (weeks)
37-41 11.46 275 0.613
>41 11.39  1.95
<37 1227  3.23
Gestational diabetes
No 11.24 258 <0.001
Yes 14.74  2.85
Hypertensive disorders
No 11.37  2.67 <0.001
Yes 1577  2.20
Birth weight (g)
2,500—4,000 g 11.38  2.67 0.004
<2,500 g 11.82 341
> 4,000 g 13.07 3.01

*Student’s #-test.

mal cut-off for the discrimination of women with gesta-
tional diabetes from weight gain during pregnancy was
13 kg (74.4% sensitivity and 78.8% specificity).

Multiple analysis also showed that if a woman had gained
<12 kg during pregnancy, this offered a protective effect
against the pooled conditions of CS delivery, gestational
diabetes, and hypertension in pregnancy (OR = 0.29, 95%
CI: 0.12-0.69; p = 0.005), reducing the likelihood of these
pooled occurrences by 71%. Additionally, ROC analysis
showed that the optimal cut-off for the prediction of the
aforementioned pooled conditions from weight gain dur-
ing pregnancy was 14 kg (73.3% sensitivity and 86.7%
specificity).

Discussion

This study involved a cohort of 600 women who gave
birth in a Greek NHS hospital over a five-year period. The
great majority of the participants (87.5%) had a normal
prepregnancy BMI and 12% were reported as overweight.
Similar percentages were noted in a recent multicenter
study performed in the United States in 2013 where 69% of
the participants had a normal BMI and 15% were over-
weight [8]. In the present study, 19.2% of the participants
had a weight gain of more than 12 kg during their preg-
nancy. This percentage is significantly much less than what
is reported in other studies where more than half of preg-
nant women exceed the recommended weight gain during
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pregnancy [9, 10].

The present study has shown that women who gained
more than 12 kg of body weight during pregnancy were at
a higher risk of CS delivery. Moreover, if a woman had
gained <12 kg during pregnancy, this offered a protective
effect against CS delivery while reducing the likelihood of
this by 85%. The present findings are in agreement with
a recent cohort study published in 2013 that involved nul-
liparous women from several different countries who par-
ticipated in the multicenter SCOPE trial [11]. Researchers
found that after using the 2009 IOM guidelines for the
definition of ideal weight gain during pregnancy, nulli-
parous women with an increased weight gain had an in-
creased risk for CS delivery (OR = 1.46; 95% CI :
1.03—2.07) [11]. Furthermore, the ideal weight gain dur-
ing pregnancy for the prediction of CS in the present study
was 12 kg, which is much lower than the 15.8 kg recom-
mendation from the Institute of Medicine in 2009 [4].

The present study identified that the increased prepreg-
nancy BMI had a significant effect on the pregnancy out-
come with overweight pregnant women being at an
increased risk of developing gestational diabetes. This is in
line with an earlier study of 287,213 pregnancies in the
United Kingdom in 2001 where a BMI of > 25 kg/m? was
correlated with a significantly increased risk of gestational
diabetes (OR = 1.68; 99% CI: 1.53—1.84) [12]. Even
though regression analysis in the present study did not
identify weight gain during pregnancy as an independent
risk factor for gestational diabetes, nevertheless ROC
analysis showed that there was a cut-off point of 13 kg in
women that could be used for the prediction of developing
gestational diabetes. It is interesting that another recent
study of 37,973 pregnant women in China also concluded
that gestational weight gain was not an independent risk
factor itself for gestational diabetes. Only when weight
gain during pregnancy was combined with prepregnancy
obesity there was a two-fold higher risk of gestational di-
abetes [13]. The researchers in their study unfortunately
did not provide any cut-off points for gestational weight
gain for the prediction of gestational diabetes [13].

The present authors did not demonstrate that prepreg-
nancy BMI or weight gain during pregnancy was an inde-
pendent risk factor for developing PIH. This study only
indicated that the percentage of women who gained >12 kg
of body weight in pregnancy was significantly higher in
those women who had hypertension in pregnancy. The only
instance where weight gain of less than 12 kg in women
offered a protective effect against PIH was when this ante-
natal condition was pooled with the other conditions of ges-
tational diabetes and CS delivery, thus probably indicating
that the cohort was underpowered for this arm of the study.
In this case, a weight gain of <12 kg during pregnancy re-
duced the likelihood of the pooled conditions of hyperten-
sion in pregnancy, CS delivery, and gestational diabetes by
71%. The optimal cut-off for the prediction of women with

the aforementioned pooled conditions from weight gain
during pregnancy was 14 kg.

There are several reports in literature about the associa-
tion between weight increase during pregnancy and
prepregnancy BMI with hypertensive disorders in preg-
nancy [14]. A report from Canada in 2009 found that the
excess weight gain in both normal weight and overweight
women at booking was associated with increased rates of
gestational hypertension (OR = 1.27; 95% CI: 1.08—1.49)
[9]. An earlier systematic review of 13 studies by O’Brien
et al. in 2003 that included more than 1.4 million women
managed to quantify the risk of preeclampsia in regards to
maternal BMI [15]. They found that the risk typically dou-
bled with each five to seven kg/m? increase in prepreg-
nancy BMI and remained strong even after adjustment for
confounding factors, such as diabetes mellitus, multiple
gestations or other confounders. A most recent case-con-
trol study concluded that there was a 1.5-fold higher like-
lihood of developing PIH in women with an initial BMI
of > 30kg/m? as compared to BMI of <30 kg/m? [16]. Sim-
ilar results were presented by an earlier study of 287,213
pregnancies in London where a BMI of > 25 kg/m? was
correlated with an increased risk of preeclampsia (OR =
1.44; 99% CI: 1.28—1.62) [12].

There are certain limitations to consider about this study.
First, the retrospective nature indicated that all data were
extracted from the hospital-held maternal notes. Therefore
it was not possible to have a weekly body weight measure-
ment in order to associate any rapid body weight increases
with antenatal pathology occurrence. Second, the prepreg-
nancy weight was self-reported during the first antenatal
visit of the women at five to eight weeks of gestation and
therefore may be subject to a recall bias. Third, the indica-
tion for CS delivery was not available for the majority of
women to be included as a variable in the present analyses.
The strength of this study was the simple study design of
assessing the associations of gestational weight gain and
maternal prepregnancy BMI, with the mode of delivery,
gestational diabetes, and PIH. Extrapolation of results in
this way allows for a clear understanding and a better im-
plementation of the findings in antenatal clinical practise.

Conclusion

The present authors have shown that the increased body
weight gain during pregnancy of more than 12 kg was as-
sociated with increased rates of CS delivery, gestational di-
abetes, and hypertensive disorders in pregnancy. What is
new with the present study is that the cut-off points are
lower than those provided by the IOM recommended
guidelines issued in 2009 about the ideal weight gain dur-
ing pregnancy [4]. This is an issue that requires further clar-
ification in future studies.
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