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Objective.This study aimed to clarify the effect of gestational weight gain (GWG) on perinatal outcomes in low risk pregnancieswith
normal prepregnancy body mass index (BMI). Study Design. A total of 572 low-risk pregnant women with a normal prepregnancy
BMI were included. GWG and inadequate or excessive weight gain were defined according to the United States Institute of
Medicine updated guidelines. Adverse perinatal outcomes were compared among inadequate, normal, and excessive weight gain
groups. Results. Of the 572 pregnant women enrolled, 62 belonged to inadequate GWG group, 80 to excessive GWG group, and
430 to normal GWG group. Maternal age, prepregnancy BMI, gravity, parity, and previous cesarean delivery rates were similar
among groups. Adverse perinatal outcomes were not statistically significant among groups. Fetal weight was significantly lower
in inadequate weight gain group compared to normal weight gain group (p<0.001) and fetal weight was significantly lower in
normal weight gain group compared to excessive weight gain group (p<0.001). Additionally, low birth weight <2.5kgs, birth weight
> 4.0kgs, and SGA and LGA rateswere similar among groups (P = 0.765, P = 0. 711, P = 0. 702, and P = 0.414, respectively). Although
gestational age at delivery was term in normal percentile it was significantly lower in the inadequate weight gain group compared to
others (P=0.010).Conclusions.This study showed that an inadequate or excessive weight gain in low-risk pregnancies with a normal
prepregnancy BMI did not increase the risk of adverse perinatal outcomes.

1. Introduction

In a routine obstetrics clinic, prenatal care providers are
often asked the following question. Howmuch weight should
I gain during this pregnancy? In 2009, the United States
Institute of Medicine (IOM) published updated guidelines to
provide guidance on healthy gestational weight gain (GWG)
expectancies for health care workers [1]. These guidelines are
specific to the prepregnancy body mass index (BMI) and are
intended to guide clinicians advising women on gestational
weight gain.

In a literature it is well documented that prepregnancy
obesity increases the risk of cesarean delivery, gestational
diabetes, preeclampsia, abnormal fetal growth, and dystocia
[2–4]. It is difficult to decide whether the prepregnancy
BMI or excessive GWG is related with a major risk for
adverse outcomes when excessive GWG occurs in women
with obesity. It can be easily presumed that, independent of
GWG, higher prepregnancy BMI is a major risk factor for

both mother and fetus. Women with a prepregnancy normal
BMI are more likely to deliver without adverse perinatal
outcomes. Hence, this study aimed to determine the effect
of GWG on perinatal outcomes in low risk pregnancies with
normal prepregnancy BMI.

2. Materials and Methods

This retrospective cohort study was conducted at Sivas
Sarkısla Government Hospital. The study was approved by
the “Ethics Committee of Cumhuriyet University” (decision
number: 2018-01/14) and performed according to the Decla-
ration of Helsinki.

The study included pregnant women with a normal
prepregnancy BMI (aged 18–35 years) who were followed
up at the obstetric clinic between January 2015 and January
2018. The patients were divided into three groups accord-
ing to GWG until delivery: (1) control, normal GWG; (2)
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Table 1: Comparison of demographic and obstetric characteristics between groups.

Inadequate weight
gain (n:62)

Normal weight
gain (n:430)

Excessive weight
gain (n:80) p-value

Maternal age (years) 29.1±3.1 28.6±3.2 28.7±3.2 0.186
Pregestational BMI
(kg/m2) 23.5±1.4 23.6±1.3 23.6±1.3 0.791

Gravity 2.5±0.8 2.4±0.7 2.5±0.7 0.548
Parity 2.0±0.7 2.1±0.7 2.1±0.7 0.326
Previous cesarean
history (n%) 15 (24,1%) 99(23,2%) 19(23,7%) 0.971

The comparison of more than two groups was investigated using ANOVA followed by Tukey’s post hoc test with Minitab 16 (MinitabInc.; StateCollege, PA,
USA). The difference between groups was considered statistically significant when p value was <0.05.

inadequate GWG; and (3) excessive GWG. Adverse perinatal
outcomes were compared among women with inadequate
weight gain (n=62), excessive weight gain (𝑛=80), and normal
weight gain (n=430).

Patients with multiple pregnancy, type 1 or 2 diabetes,
personal gestational diabetes history, chronic hypertension,
personal gestational hypertension or preeclampsia history,
intrauterin growth restriction(IUGR), systemic chronic dis-
ease, congenital or chromosomal abnormalities, and smok-
ing, alcohol, or drug use were excluded from the study.
Additionally, underweight, overweight, and obese patients
were excluded according to the prepregnancy BMI.

While the BMI was calculated as prepregnancy weight
in kilograms by area in meters, GWG was defined as the
difference between the actual weight at birth and the initial
weight before conception. The BMI was classified according
to the values determined by the World Health Organization
(underweight,<18.5 kg/m2; normal weight, 18.5–24.9 kg/m2;
overweight, 25–29.9 kg/m2; and obese >30 kg/m2) [5].

Values for the GWG under the recommended range,
within this range, and over this range were compared using
the 2009 IOM guidelines for each pre-pregnancy BMI cat-
egory [1]. Women with a GWG in the range recommended
by the IOM were classified as having a normal GWG.
In this guidline, recommended total weight gain during
pregnancy was classified for patients’ prepregnancy BMI
levels. Accordingly, weight gain of 11.5-16.0kg (20.0-350 lbs)
during pregnancy is considered normal for pregnant women
with normal BMI before pregnancy. In the present study,
weight gain of less than 11.5 kg was defined as inadequate and
weight gain of more than 16.0 kg was defined as excessive
weight gain. According to IOM recommendations, those
with inadequate or excessive GWG were classified as those
with less or excessive GWG, respectively. In routine clinical
practice we prefered delivery induction as the presence of any
of the following: oligohydramnios after 39 weeks of gestation,
anhydramnios after 34 weeks of gestation, and premature
rupture of membranes after 34 weeks of gestation.

Adverse perinatal outcomes were defined as the presence
of any of the following: prematurity (delivery before 37
weeks of gestation), Apgar 5 min <7, cesarean delivery for
nonreassuring fetal heart-rate testing, transient tachypnea of
the newborn (TTN), respiratory distress syndrome (RDS),
meconium-stained amniotic fluid, and hyperbilirubinemia.

Additionaly low birth weight <2.5kgs, birth weight > 4.0kgs,
small for gestational age (SGA), and large for gestational age
(LGA) rates were compared among groups.

The comparison of more than two groups was inves-
tigated using ANOVA followed by Tukey’s post hoc test
with Minitab 16 (Minitab Inc.; State College, PA, USA).
The difference between groups was considered statistically
significant when p value was <0.05

3. Results

Of the 572 pregnantwomen enrolled in the study, 62 belonged
to the inadequate GWG group, 80 to the excessive GWG
group, and 430 to the normal GWG group. Their demo-
graphic and obstetric characteristics were compared and are
shown in Table 1. Maternal age, prepregnancy BMI, gravity,
parity, and previous cesarean delivery rates were similar in
both groups.

Table 2 shows the adverse perinatal outcomes. Male sex,
induction of labor, prematurity, cesarean delivery for nonre-
assuring fetal heart-rate testing, Apgar 5 min <7, TTN, RDS,
meconium-stained amniotic fluid, and hyperbilirubinemia
rates were not statistically different among groups (P = 0.887,
P = 0.571, P = 0.868, P = 0.881, P = 0.870, P = 0.988, P =
0.864, P = 0.841, P = 0.386, respectively). Fetal weight was
significantly lower in inadequateweight gain group compared
to normal weight gain group (p<0.001) and fetal weight was
significantly lower in normal weight gain group compared to
excessive weight gain group (p<0.001). Additionaly, low birth
weight <2.5kgs, birth weight > 4.0kgs, and SGA and LGA
rates were similar among groups (P = 0.765, P = 0. 711, P =
0. 702, and P = 0.414, respectively). Although gestational age
at delivery was term in normal percentile it was significantly
lower in the inadequate weight gain group compared to
others (P=0.010).

4. Discussion

The present study showed that an inadequate or excessive
weight gain in low risk pregnancies with a normal prepreg-
nancy BMI was not found to increase the risk of adverse
perinatal outcomes.

Various studies in the literature evaluated GWG and ad-
verse perinatal outcomes. Karen E. Hannaford et al. reported



BioMed Research International 3

Table 2: Comparison of perinatal outcomes among groups.

Inadequate weight
gain (n:62)

Normal weight
gain (n:430)

Excessive weight
gain (n:80)

p-value

Gestational age at delivery (week) 37,95±1,33a 38,50±1,33b 38,47±1,53b 0.010

Fetal weight (g) 3063±279a 3395±321b 3652±324c <0.001

Low birth weight <2.5kgs (n%) 4 (6,4%) 22 (5,1%) 3 (3,7%) 0.765

Birth weight > 4.0kgs (n%) 2 (3,2%) 21 (4,8%) 5 (6,2%) 0.711

SGA (n%) 6 (9,6%) 30 (6,9%) 5 (6,2%) 0.702

LGA (n%) 2 (3,2%) 28 (6,5%) 7 (8,7%) 0.414

Male sex (n%) 34 (54,8%) 223(51,8%) 41(51,2%) 0.887

Induction of labor (n%) 13 (20,9%) 77 (19,0%) 19(23,7%) 0.571

Delivery<37 weeks (n%) 5 (8,0%) 35 (8,1%) 5 (6,2%) 0.868
Cesarean delivery for
nonreassuring fetal heart rate
testing (n%)

3 (4,8%) 17 (3,9%) 4 (5%) 0.881

Meconium-stained amniotic
fluid (n%) 4 (6,4%) 25(5,8%) 7 (8,7%) 0.841

TTN (n%) 3 (4,8%) 20 (4,6%) 4 (5%) 0.988

RDS (n%) 1 (1,6%) 4 (0,9%) 1 (1,25%) 0.864

Hyperbilirubinemia(n%) 2 (3,2%) 7 (1,6%) 3 (3,6%) 0.386
SGA: small for gestational age, LGA: large for gestational age, TTN: transient tachypnea of the newborn, and RDS: respiratory distress syndrome.
Note. Different superscripts indicate statistically significant differences. Fetal weight was significantly lower in inadequate weight gain group compared to
normal weight gain group (p<0.001). Fetal weight was significantly lower in normal weight gain group compared to excessive weight gain group (p<0.001).
The comparison of more than two groups was investigated using ANOVA followed by Tukey’s post hoc test with Minitab 16 (MinitabInc.; StateCollege, PA,
USA). The difference between groups was considered statistically significant when p value was<0.05.

that an inadequate weight gain led to 2.5 times more risk
for SGA and 2 times more risk for preterm delivery [6].
Chunming Li et al. confirmed that individuals who weighed
less than that recommended by the IOM were twice as likely
to have an SGA-born baby as the normal-weight group [7].
These resultswere consistentwith the findings of Ricci E. et al.
[8]. Oken E. et al. stated that the weight gain higher than that
recommended by the IOM was associated with macrosomia,
high birth weight, and LGA babies [9]. Another study
showed that weight gain higher than that recommended by
the guidelines was associated with the birth of LGA new-
borns [10, 11]. These studies had different inclusion criteria,
especially underweight, overweight, and obese prepregnancy
BMI, advanced age (≥35 years), smoking, and personal
history of gestational diabetes or gestational hypertension.
Therefore, potential risks associated with an inadequate or
excessive weight gain in low-risk pregnancies with a normal
prepregnancy BMI are not clear.

The results of the present study indicated that an inade-
quate or excessive weight gain in low-risk pregnancies with a
normal prepregnancy BMI was not a risk factor for adverse
perinatal outcomes. The positive results could be explained
by the absence of risk factors. Shin, Dayeon, et al. reported
that the prepregnancy BMI was an independent risk factor
for gestational diabetes, gestational hypertension, preterm
delivery, and delivery of SGA or LGA babies [12]. Mei-Dan
E. et al. demonstrated that preterm delivery, lower birth
weight, RDS, and neonatal mortality rates were significantly

higher in the active smoking group than control group [13].
In addition, Lıou, Jui-Der, et al. reported that advancing
age was associated with operative vaginal birth, cesarean
delivery, premature delivery, early preterm birth (before the
34th gestational week), fetal death, low Apgar scores, birth
weight <1500 g, and neonatal death [14]. Similarly, Marozio,
Luca, et al. showed that amaternal agemore than 40 yearswas
an independent risk factor for adverse maternal outcomes
[15]. Isabel Fridmann et al. suggested that any weight change
during a given gestation period, apart from the generally
recommended weight, did not increase infant mortality [16].
Similarly, the preconception normal BMI category generally
had the lowest infant mortality risk compared with women of
all other BMI classes [17].

The study has some limitations. The retrospective design
of the study, the low number of patients, and the lack of data
on gastrointestinal problems, especially in the inadequate
weight gain group, are important limitations.

An important finding of the present study was that the
prematernal BMI was an important risk factor for neonatal
outcomes. Hence, the reason for reducing the weight to an
acceptable weight of gestation was to avoid all metabolic and
birth complications that could affect the mother and the new-
born. However, nearly half of pregnancies are unplanned, and
overweight and obese women may not have the ability to lose
weight before conception. Therefore, these women should
be monitored more closely by obstetricians to minimize the
negative consequences of overweight during pregnancy.
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5. Conclusion

In conclusion, the present study showed that an inadequate
or excessive weight gain in low-risk pregnancies with a
normal prepregnancyBMIdid not increase the risk of adverse
perinatal outcomes. Further prospective studies with a larger
number of patients are required in this regard.
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