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Abstract

Background Gestational weight gain (GWG) proportional

to body mass index before pregnancy is one of the factors

on maternal and neonatal outcomes. The aim of the current

study was to assess association between GWG, and

cesarean section, birth weight and gestational age at birth

in women with normal BMI prior to pregnancy.

Methods This was a cross-sectional study carried out in

103 hospitals in Tehran, the capital of Iran, from July 6 to

21, 2015. The data were extracted by 103 trained mid-

wives. Finally, 2394 pregnant women with normal BMI

before pregnancy and singleton birth were examined.

GWG was categorized based on Institute of Medicine

(IOM) recommendations.

Results Prevalence of low birth weight (LBW) was 5.41%

and prevalence of macrosomia was 2.18%. The prevalence

of LBW in women with GWG less than the weight gain

recommended by IOM was 2.13 times [95% confidence

interval (CI) 1.13–4.02, P = 0.019] more than in women
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with GWG equal to the weight gain recommended by IOM.

There was no statistically significant difference in the

prevalence of LBW between women with GWG more than

recommended weight gain by IOM and women with GWG

equal to the weight gain recommended by IOM

(OR = 1.21, 95% CI 0.61–2.38, P = 0.580).

Conclusion After controlling for confounding variables,

the prevalence of cesarean section and preterm birth had no

significant difference at various levels of GWG. Accord-

ingly, the prevalence of LBW among women with GWG

less than the recommended weight gain by IOM was sig-

nificantly 2.13 more than that among women with GWG

equal to the recommended weight gain by IOM.

Keywords Gestational Weight Gain � Preterm Birth �
Low Birth Weight � Cesarean Delivery

Introduction

Maternal weight gain in pregnancy and its pattern in dif-

ferent trimesters influence the outcomes of pregnancy [1].

Excessive weight gain during pregnancy (with incidence

about 50%) has a significant impact on fetal growth and

weight change in next generations [2, 3]. Gesta-

tional weight gain (GWG) is one of the effective factors in

the outcomes of pregnancy. Some studies have reported

that excessive weight gain during pregnancy is related to an

atypical increase in fetal growth, neonatal macrosomia,

gestational diabetes mellitus and cesarean section [4]. In

addition, GWG, an unusually high or low maternal body

mass index (BMI) before pregnancy, can affect pregnancy

outcome and fetal growth. Some related researches showed

that pre-pregnancy maternal BMI is associated with an

adverse pregnancy outcome and also is related to fetal

growth in the second and third trimesters of pregnancy as

well [5, 6].

Numerous factors can affect the preterm delivery. Some

studies have pointed out the role of GWG in preterm

delivery [7, 8]. Available data suggest that weight loss in

obese women during pregnancy is associated with an

increased risk of preterm delivery [9]. Another consider-

able issue is cesarean section whose prevalence has been

rising in recent decades, especially among low- and mid-

dle-income countries [10–13]. Cesarean section in most

countries is one of the main causes of surgery and nearly

18.5 million cases are delivered annually by the section

around the world [14]. In some studies, it has been reported

that there is a significant association between cesarean

section and GWG [15, 16]. In some other studies, it was

reported that GWG during pregnancy has a significant

relationship with birth weight independent of genetic fac-

tors [17]. World Health Organization (WHO) declared that

prevalence of low birth weight (LBW), as birth weight less

than 2500 g, was 15.5% around the world. LBW includes

annually almost 20 million infants of whom 96.5% can be

observed in developing countries [18]. LBW like preterm

birth is considered one of the main causes of mortality and

morbidity in newborns and may be related to GWG

[19–21].

The Institute of Medicine (IOM) pointed out the amount

of appropriate GWG based on BMI before pregnancy and

recommended to gain more weight in pregnant women

with low BMI and less GWG in women with high BMI

[22, 23]. However, given the higher prevalence of adverse

childbirth outcomes in women with adequate weight gain

during pregnancy based on recommendations made by

IOM, some studies have suggested to revise the IOM

guideline [15]. Consequently, the aim of this study was to

assess an association between GWG and cesarean section,

birth weight and gestational age at birth in women with

normal BMI.

Materials and Methods

This was a cross-sectional study, which was a part of large

survey on twin and multiple pregnancies in Tehran, the

capital of Iran. Data collected were attributed to 5170

deliveries in 103 hospitals from July 6 to 21, 2015,

equipped to obstetrics and gynecology wards. The data

were extracted by 103 trained midwives. Pregnant women

who had twin or multiple pregnancies and those with BMI

less than 18.5 and more than 25 kg per square meter (kg/

m2) before pregnancy were excluded. Finally, 2394 preg-

nant women with normal BMI before pregnancy were

studied. More details about design and methodology were

reported elsewhere [24, 25].

The outcomes of interest were cesarean section, LBW

and preterm birth, and GWG was considered an indepen-

dent variable. Gestational weight gain was extracted from

medical records during pregnancy. In Iran, there is a pre-

natal care and one of the main variables examined and

recorded by caregivers, midwifes and gynecologists is

maternal weight changes during pregnancy as GWG.

Therefore, GWG was extracted from those records. Con-

founding variables, such as maternal age, socioeconomic

status score, the number of previous gravida, the number of

previous parity, a history of pre-eclampsia in the current

pregnancy and maternal BMI before pregnancy, were

controlled for data analysis. Economic status of pregnant

women was measured based on asset base, in which the

women were asked about having some equipment at home,

including vacuum cleaner, handicraft carpet, laptop, free-

zer, dish-washing machines, private cars, touch mobile,
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three-dimensional TV, side-by-side refrigerator, a micro-

wave, the number of rooms and area of residence. Principal

components analysis (PCA) score was used to calculate the

economic status of these pregnant women. GWG was

categorized based on IOM recommendations. In other

words, pregnant women with normal BMI before preg-

nancy should have weight gain between 25 and 35 lb

during pregnancy (a range from 11.33 to 15.87 kg) [15]. In

the present study, in terms of GWG, women were divided

into three groups, including less than the recommended

weight gain (less than 11.33 kg), equal to the recom-

mended weight gain (between 11.33 and 15.87 kg) and

more than the recommended weight gain (more than

15.87 kg).

Data for this study were collected using a questionnaire.

Some of the variables were obtained through referring to

medical records and conducting interviews with specialists

and nurses.

Ethical Considerations

Ethical approval was obtained from the Ethics Committee

of the Royan Institute. The aims of the study were clearly

explained to all participants prior to the investigation and

confidentiality and anonymity was assured. Filling up the

questionnaire in voluntarily basis was considered as con-

sent. Participation in or withdrawal from the study had no

impact on their current or future relationship with the

hospital. The current study was performed in compliance

with Helsinki Declaration.

Data Analysis

Descriptive statistics (mean, standard deviation and per-

cent) and logistic regression were used to analyze the data.

Control of confounding variables was carried out on

maternal age, economic status score, the number of pre-

vious gravida, the number of previous parity, a history of

pre-eclampsia in current pregnancy and pre-pregnancy

BMI, which entered to the logistic model. P\ 0.05 was

considered statistically significant. The statistical analysis

was performed by Stata version 14 (Stata, College Station,

TX, USA).

Results

In this study, 5170 pregnant women were enrolled, but

2394 women with recorded GWG and normal pre-preg-

nancy BMI were analyzed. The mean age of pregnant

women was 28.62 years (95% CI 28.40–28.83 years). The

mean pre-pregnancy BMI of participants was 22.36 kg/m2

(95% CI 22.30–22.43 kg/m2). The mean birth weight was

3165 g and mean gestational age at birth was 37.82 weeks.

Prevalence of LBW was 5.41% and prevalence of macro-

somia was 2.18%. Prevalence of cesarean section and

premature delivery was 68.81 and 8.27%, respectively.

According to IOM recommendation for women with

normal pre-pregnancy BMI category, 847 women (35.38%)

had weight gain less than IOM recommendation, 747

women (31.20%) weight gain equal to the weight gain

recommended by IOM and 800 women (33.42%) weight

gain more than IOM recommendation.

As shown in Table 1, there was a statistically significant

difference among the three groups of women by the IOM

category in terms of mean pre-pregnancy BMI, mean birth

weight, mean gestational age at birth, the prevalence of

LBW, macrosomia, cesarean section and preterm delivery.

As shown in Table 2, after controlling for confounding

variables using logistic regression model, no statistically

significant difference was observed between prevalence of

LBW at different levels of GWG and the weight gain

recommended by IOM. Accordingly, after controlling for

confounding variables, there was no statistically significant

Table 1 Women’s characteristics comparison in three groups by studied variables

Variable All women GWG\ IOM GWG = IOM GWG[ IOM P

N = 2394 N = 847 N = 747 N = 800

Age 28.62 (5.24) 28.77 (5.39) 28.78 (5.22) 28.31 (5.10) 0.124

BMI 22.36 (1.70) 22.54 (1.66) 22.31 (1.73) 22.23 (1.71) 0.001

GWG 13.84 (6.33) 8.32 (2.78) 13.41 (1.15) 20.07 (6.27) 0.001

Birth weight 3165 (477.6) 3062 (516.7) 3187 (401.9) 3245 (485.2) 0.001

Gestational age at birth 37.82 (4.89) 36.47 (7.33) 38.48 (2.66) 38.63 (2.28) 0.001

Low birth weight 124 (5.41) 63 (8.18) 30 (4.08) 31 (3.96) 0.001

Macrosomia 50 (2.18) 10 (1.29) 12 (1.63) 28 (3.58) 0.001

Cesarean section 1584 (68.81) 488 (62.48) 510 (69.39) 586 (74.55) 0.001

Preterm delivery 193 (8.27) 122 (14.79) 40 (5.49) 31 (3.96) 0.001
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difference between prevalence of cesarean section at dif-

ferent levels of GWG and weight gain recommended by

IOM, whereas the prevalence of LBW in women with

GWG less than the weight gain recommended by IOM was

2.13 times (95% CI 1.13–4.02, P = 0.019) more than

women with GWG equal to the weight gain recommended

by IOM after controlling for variables such as mother’s

age, economic status, number of previous gravida, number

of previous parity, a history of pre-eclampsia in the current

pregnancy, gestational age, cesarean delivery and pre-

pregnancy BMI, but there was no statistically significant

difference in the prevalence of LBW between women with

GWG more than recommended weight gain by IOM and

women with GWG equal to the weight gain recommended

by IOM (OR = 1.21, 95% CI 0.61–2.38, P = 0.580).

Discussion

The findings of the current study revealed that in women

with normal pre-pregnancy BMI, the prevalence of LBW,

macrosomia, cesarean section and preterm birth were 5.41,

2.18, 68.81 and 8.27%, respectively. The mean GWG was

13.84 kg and mean age at birth was 37.82 weeks.

After controlling for confounding variables, no statisti-

cally significant difference was observed between different

levels of GWG, and the recommended prevalence of

cesarean section and prevalence of preterm birth by IOM.

The prevalence of LBW among women with GWG less

than the recommended weight gain stipulated by IOM was

significantly higher than among women with GWG equal

to the recommended weight gain by IOM.

In the present study, the mean GWG was 13.84 kg, cor-

responding to the IOM recommendation. IOM recommends

that pregnant women with normal pre-pregnancy BMI

should have weight gain between 25 to 35 lb during preg-

nancy (a range from 11.33 to 15.87 kg) [15, 26]. In a study in

China [27], GWG in women with normal pre-pregnancy

BMI was 17.2 kg, of whom 17.5% had weight gain less than

the IOM recommendation, 25% equal to the weight gain

recommended by IOM and 55.7%weight gain more than the

recommended weight gain by IOM. Esimai et al. [28] have

shown that in Nigeria 99.6% of women with normal pre-

pregnancy BMI had weight gain during pregnancy less than

the IOM recommendation. However, the prevalence of

GWG in the present study was 35.38%, which was widely

different from results of Esimai’s study in 2014.

In the present study, the prevalence of LBW and

macrosomia was 5.14 and 2.18%, respectively. In a study

conducted in China in 2015 [27], the prevalence of LBW

was 2.9% and prevalence of macrosomia 6.5%. According

to the WHO report, the prevalence of LBW is 15.5%

worldwide [18]. The prevalence of LBW in Iran shows that

the rate is lower than the global average (15.5%), but the

prevalence of LBW in Iran is higher than in China. The

present study was conducted on women with normal pre-

pregnancy BMI, whereas WHO report and study of Yang

et al. were carried out in all women.

The results of the present study revealed that after

controlling for confounding variables, the prevalence of

LBW among women with GWG less than the recom-

mended weight gain by IOM was significantly more than

that among women with GWG equal to the recommended

weight gain by IOM (OR = 2.13). The prevalence of LBW

among women with GWG which is higher than suggested

weight gain by IOM was not significantly different from

women with GWG equal to the given weight gain by IOM.

In a study by Yang on women with normal pre-pregnancy

BMI, it was found that in women with GWG less than the

IOM recommendation the odds of LBW is greater in

comparison with women with GWG equal to the recom-

mended weight gain by IOM (OR = 1.27). Also, the odds

of LBW in women with GWG more than the IOM rec-

ommendation was significantly less than women with

GWG equal to the recommended weight gain by IOM

(OR = 0.45) [27]. Similar to our results, in a meta-analysis

Table 2 Adjusted relationship between GWG, and type of delivery, low birth weight and preterm birth

Outcome GWG lower than IOM recommendation GWG higher than IOM recommendation

Odd ratio CI P Odd ratio CI P

Cesareana 1.02 0.76–1.38 0.849 1.09 0.80–1.48 0.564

Low birth weightb 2.13 1.13–4.02 0.019 1.21 0.61–2.38 0.580

Preterm birthc 0.94 0.51–1.72 0.849 0.79 0.42–1.49 0.482

a Adjusted for maternal age, economic status score, the number of previous gravida, the number of previous parity, a history of pre-eclampsia in

current pregnancy, pre-pregnancy BMI, preterm birth and low birth weight
b Adjusted for maternal age, economic status score, the number of previous gravida, the number of previous parity, a history of pre-eclampsia in

current pregnancy, pre-pregnancy BMI, cesarean section and preterm birth

Adjusted for maternal age, economic status score, the number of previous gravida, the number of previous parity, a history of pre-eclampsia in

current pregnancy, pre-pregnancy BMI, cesarean section and low birth weight
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study [29] on 55 papers (37 cohort papers and 18 case–

control studies), it has shown that in singleton births, lower

GWG women have higher risk of preterm birth and LBW.

However, Esimai et al. reported a significant association

between GWG and birth weight. In a study conducted by

Yang et al. [27], it was observed a significant association

between macrosomia and GWG, and the prevalence of

macrosomia in women with GWG less than the recom-

mended weight gain was 0.75 times more than women with

GWG equal to the recommended weight gain by IOM. The

prevalence in women with GWG higher than IOM rec-

ommendation was 2.26 times more than in women with

GWG equal to the recommended weight gain by IOM. In

2013, Nan Li [30] found that GWG more than the rec-

ommended weight gain by IOM had a significant associa-

tion with cesarean section, macrosomia and lower risk of

preterm birth and LBW. GWG less than the recommended

weight gain by IOM had a significant association with

lower risk of macrosomia and increased risk of preterm

birth. However, in the present study after controlling for

confounding variables a significant association was not

observed between GWG, and cesarean section and preterm

birth. Han et al. [29] revealed that GWG less than IOM

recommendation is associated with an increased risk of

preterm birth and LBW. In a study by McDonald et al.

[31], women with GWG more than IOM recommendation

had an increased risk of preterm birth and LBW.

Some studies have reported that maternal weight gain

during the first trimester of pregnancy is not associated

with birth weight, but this relationship is well established

in the second and third trimesters. Michele Drehmer et al.

[32] reported that insufficient weight gain in the third -

trimester was not related to adverse outcomes, but they

found that inadequate weight gain in the second trimester

increases the risk of small for gestational age and excessive

GWG increases the risk of large for gestational age. Also,

excessive weight gain in third trimester is associated with

preterm birth and cesarean section, and women with

insufficient GWG in the second trimester showed a lower

risk of cesarean section. In another study performed by

Karachaliou et al. [33], the results show that excessive

GWG during both second and third trimesters of pregnancy

was associated with the higher risk of large for gestational

age. In a long-term cohort study carried out by Mamun

et al. [34], the results showed that weight gain during

pregnancy predicts the long-term weight gain and obesity

of women.

The strength of the study was recruitment of IOM

guideline for GWG analysis, collecting data from all hos-

pitals in the capital of country and controlling for con-

founding variables such as socioeconomic status. One of

the limitations of the study was the lack of rural partici-

pants in the study that can reduce generalizability. Also,

gestational diabetes, preexisting diabetes and other prob-

lems, like bleeding, were not measured in this study, and

the results were not adjusted for them.

Conclusion

The results of the present study showed that after con-

trolling for confounding variables the prevalence of

cesarean section and preterm birth had no significant dif-

ference at various levels of GWG. Accordingly, the

prevalence of LBW among women with GWG less than the

recommended weight gain by IOM was significantly 2.13

more than women with GWG equal to the recommended

weight gain by IOM. The prevalence of LBW among

women with GWG higher than IOM recommended weight

gain was not significantly different from that among

women with GWG equal to the recommended weight gain

by IOM.
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