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Introduction: Elevated pre-gestational body mass index (obese/overweight) and improper 
gestational weight gain are important risk factors for predicting adverse pregnancy outcomes.

Objective: We aimed to identify the association between pre-pregnancy body mass index 
(BMI) and gestational weight gain on birth outcomes.

Materials and Methods: Data from this retrospective cohort study were extracted from 
1457 (out of 1800) pair health records belonging to the pregnant mother and infants at 
Ahvaz Iran health care centers from 2010 to 2018. Ten public health care centers were 
randomly selected from the headquarters west and east of Ahvaz City. The samples were 
selected based on the inclusion criteria. They divided into different groups based on 
BMI (underweight, normal, overweight, and obese) and gestational weight gain (GWG) 
groups (inadequate and excessive versus adequate). Pregnancy outcome was analyzed 
according to the GWG during pregnancy for each BMI group through multivariable 
multinomial logistic regression. Relationships between maternal BMI, GWG, and offspring 
weight were examined. The analysis of covariance (ANCOVA) was used with adjusting 
the baseline values. The risks for adverse birth weight outcomes in women with different 
pre-pregnancy BMIs and GWGs were tested using the multivariable multinomial logistic 
regression analysis.
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Introduction

ormal pre-pregnancy body mass in-
dex (BMI) and maternal gestational 
weight gain (GWG) can have positive 
effects on birth and maternal out-
comes [1]. According to The World 
Health Organization (WHO), the 

prevalence of overweight and obesity is increasing in all 
age groups worldwide, and it is related to non-commu-
nicable diseases [2]. The global burden of overweight 
and obese pregnant women has increased in high-in-
come and middle-income countries. Additionally, Iran 
was considered one of the 20 high overweight burden 
countries [3].

The pre-pregnancy BMI and GWG below or above 
the Institute of Medicine (IOM) guidelines are consid-
ered two effective factors in pregnancy outcomes [1]. 
The prevalence of the adverse effects was reported as 
37.2% in pregnant women and 34.7% and 61.1% among 
underweight and obese (grade 3) women, respectively. 
Adverse maternal and infant outcomes were affected 
by maternal pre-pregnancy BMI more than incremental 
gestational weight gain [4].

A meta-analysis reports that a low GWG is positively 
related to Small for gestational age (SGA) and preterm 
birth and lower risk for large for gestational age (LGA) 
and macrosomia. Also, a higher risk for LGA, macroso-
mia, and cesarean delivery has been found in excessive 
GWG [5]. Excessive GWG can result in adverse mater-

N

Highlights 

• Pre-gestational body mass index and gestational weight gain outside of the normal range are associated with 
increased risks for adverse birth weight.

• Gestational weight gain is a physiologic condition for maternal and fetal health.

• The early increased weight gain during pregnancy is associated with the progress of gestational diabetes mellitus.

Plain Language Summary 

The global burden of overweight and obese pregnant women has increased in high-income and middle-income 
countries. Therefore, we aimed to determine the association between pre-pregnancy BMI and gestational weight 
gain on birth outcomes. Then, this retrospective cohort study was extracted from 1457 pair health records belonging 
to pregnant mothers and infants at Ahvaz health care centers, Ahvaz City, Iran. Overweight and obese mothers gained 
weight in the second trimester beyond the recommended range. An increased risk of large for gestational age, low 
birth weight, and macrosomia were observed in overweight mothers with gestational weight gain out of the guide-
lines. Likewise, hyperglycemia was associated with 3.58-fold increase in the incidence of macrosomia. 

Results: The Mean±SD of maternal age was 28.36±5.60 years. The Mean±SD birth weight 
was 3271.37±486.57 g. About 4.5%, 89.3%, and 6.2% of newborns were low birth weight, 
normal weight, and macrosomia, respectively. Also, 46.4% of women had weight gain above 
the guidelines. The increased risk for large for gestational age in overweight mothers (odds 
ratio [OR] =3.18, 95%CI; 0.45-7.29, P=0.007) and an increased risk for small for gestational 
age in those mothers with gestational weight gain below the guidelines (OR=2.9, 95%CI; 1.16-
7.45, P=0.02). An increased risk of large for gestational age, low birth weight, and macrosomia 
were observed in overweight mothers with gestational weight gain out of the guidelines. An 
increased association was found between the maternal pre-pregnancy BMI and fasting blood 
sugar in 24 to 28 weeks of gestation. Hence, hyperglycemia is related to the incidence of 
macrosomia (OR=3.58, 95%CI; 1.70-7.66, P=0.0001). 

Conclusion: Managing maternal weight with respect to reproductive health care is required 
for all women in childbearing age (before and during pregnancy) to reduce the adverse 
pregnancy outcome. 
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nal outcomes such as cesarean delivery, gestational 
diabetes mellitus (GDM), preeclampsia, and postnatal 
weight retention [6]. In 2009, IOM recommended the 
mean and range for the incremental weight gain during 
the second and third trimesters in relation to the pre-
pregnancy BMI class [7]. Despite the importance of ad-
equate total GWG, excessive GWG before 20 weeks was 
associated with a higher risk of LGA, regardless of total 
GWG [8]. Also, early excessive GWG can lead to a higher 
prevalence of GDM, regardless of pre-pregnancy BMI 
[9]. Several epidemiological studies have provided evi-
dence from different regions of Iran in terms of the role 
of GWG and pre-pregnancy BMI and adverse pregnancy 
outcomes. Hence, low birth weight (LBW) is more prev-
alent in women with GWG less than the recommended 
weight gain by IOM. Also, macrosomia is reported in 
women with GWG higher than the guideline [10, 11]. In 
addition, women with pre-pregnancy obesity are asso-
ciated with macrosomic infants [12, 13]. The finding of 
different studies in various geographical areas highlight 
the importance of maternal pre-pregnancy BMI and 
GWG on pregnancy outcomes in Iran [10-15]. There-
fore, this retrospective cohort study was conducted to 
determine the relationship between maternal pre-preg-
nancy BMI, GWG, and pregnancy outcomes.

Materials and Methods

Data from this retrospective cohort study were ex-
tracted using the pair health records of the pregnant 
mothers and infants from healthcare centers in Ahvaz 
City, Iran, from June 2010 to June 2018. Ten public 
healthcare centers were randomly selected through 
simple random sampling from the headquarters in the 
west and east of Ahvaz. During this period, the data 
were obtained from maternal-newborn health re-
cords. The subjects were selected based on the inclu-
sion criteria.

In the current study, we did not include some gesta-
tional complications and diseases, like preeclampsia, 
diabetes type 2 or 1, preterm birth, asthma, and hyper-
tension. Hence, we included gestational diabetes mel-
litus (GDM) without other complications and diseases. 

The final sample size consisted of 1457 pair partici-
pants out of 1800 files based on GWG as the main vari-
able with a Mean±SD value of 9.3±7.9, precision of 0.8, 
which is equivalent to 9% of the mean [16] and 99% 
test power, and confidence interval of 95%, 1794 equal 
to 1800 participants was considered. In the following, 
78 pregnant women without measurements of their 
offspring were excluded. Also, 129 participants were 

excluded due to the presence of diabetes, severe hy-
pertension, newborn congenital disease, anemia, pre-
eclampsia, preterm birth, cancer history, and asthma. 
Moreover, 136 mothers had only health records for the 
third trimester. 

The exclusion criteria were as follows: incomplete data 
for the mother during pregnancy and her offspring, 
multiple pregnancies, preeclampsia/ eclampsia, type 2 
diabetes mellitus, severe hypertension history, offspring 
congenital disease, and preterm pregnancy. The ex-
tracted information included maternal characteristics, 
including age, pre-pregnancy weight and height, pre-
pregnancy BMI, GWG, last delivery mode, pregnancy 
history consisting of GDM, lifestyle before and during 
pregnancy, alcohol consumption, and smoking, fasting 
blood sugar (FBS) in 24-28 week, (categorized into ≥ 92 
and <92 according to International Association of Dia-
betes and Pregnancy Study Groups) [17], and offspring 
characteristics comprising of gender, birth weight, small 
for gestational age, large for gestational age, appropri-
ate size for gestational age at birth, low birth weight, 
normal birth weight, and macrosomia.

SGA and LGA newborns were defined as those whose 
birth weights for gestational age were <10th and > 90th 
percentiles. Macrosomia and LBW were defined by a 
birth weight >4000 g and <2500 g, respectively [18].

Pre-pregnancy BMI and GWG categories were grouped 
in terms of the IOM recommendations. Some variables 
were calculated as per following: pre-pregnancy BMI 
(kg/m2) by dividing pre-pregnancy self-reported body 
weight (kg) over square height (m2) was measured at 
the first antenatal visit, incremental weight gain (g/wk.) 
through the difference between weight 2 and weight 1 
(g) divided by weeks between weights [19].

The two trained research assistants comprehensively 
collected information from maternal antenatal docu-
ments. SPSS software, version 18.0 (SPSS, Inc, Chicago, 
Illinois, USA) was used for statistical analyses. P values 
less than 0.05 were considered statistically significant 
using the 2-tailed tests. The independent t test was used 
for univariate evaluation. 

The analysis of covariance (ANCOVA) by adjusting 
the baseline values (maternal age, maternal pre-BMI, 
and infant birth weight) was performed to compare 
the GWG during the second and third trimesters with 
FBS. The risk for adverse birth weight outcomes (mac-
rosomia, LBW, SGA, and LGA) in women with different 
pre-pregnancy BMIs and GWGs were tested using the 
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multivariable multinomial logistic regression analysis to 
estimate adjusted odds ratios (aOR) and 95% confidence 
interval (95% CI). The association between maternal FBS 
level and macrosomia was performed through binary 
logistic regression.

Results

This study included 1457 pairs of the mother and 
offspring. The Mean±SD maternal age was 28.36±5.60 
years. The increasing trend of pre-pregnancy BMI was 
observed along with the rising maternal age. Female 
gender was positively associated with LBW in pre-preg-
nancy normal-weight mothers (P=0.04). Also, 82.1%, 
92.3%, and 94.9% of mothers regularly consumed their 
routine folic acid/multivitamin-mineral supplement in 
the first, second, and third trimesters, respectively. Un-
derweight mothers gained inadequately in the second 
and third trimesters, while overweight and obese moth-
ers gained beyond the IOM recommended range in the 
third trimester.

The frequency of maternal overweight and obesity 
was 56.8%. The proportion of underweight mothers 
was 3.5%. Also, 36.6% and 46.4% of mothers with GWG 
were below and above IOM guidelines, respectively. The 
normal and appropriate birth weights for gestational 
age were reported as 89.3% and 81%, respectively. Also, 
no preterm birth was registered in the present study. 
Moreover, the prevalence of LBW, SGA, LGA, and mac-
rosomia were 4.5%, 10.1%, 9%, and 6.2%, respectively. 
Also, GWG above IOM guidelines was found at 56.3% 
and 51% in overweight and obese mothers, respective-
ly. The prevalence of inadequate GWG and excessive 
weight gain in normal-weight mothers were 39.7% and 
37.3%, respectively (Table 1). 

The analysis of covariance (ANCOVA) exhibited that 
the FBS level ≥92 mg/dL was 9.4%. An association was 
found between maternal pre-pregnancy BMI and FBS 
level (P=0.0001). The increase in the prevalence rate 
of macrosomia was found at 11.9% and 5.6% in the 
mothers with FBS≥ and less than 92 mg/dL, respec-
tively (P=0.004). The binary logistic regression showed 
that FBS ≥92 mg/dL was related to a higher incidence 
of macrosomia (OR=2.75, 95% CI; 1.43–5.25), especially 
with adjusted variables (pre-pregnancy BMI, maternal 
age, hemoglobin, delivery mode, and GWG in the sec-
ond and third trimester) (aOR=3.58, 95% CI; 1.69–7.58). 
GWG during the second and third trimesters was higher 
in mothers with FBS ≥92 mg/dL compared to FBS less 
than 92 mg/dL (0.358 g/wk. vs. 0.235 g/wk., P=0.01). 

The multivariable multinomial logistic regression mod-
el showed that overweight mothers were at increased 
risk of LGA, and mothers with GWG below the IOM 
guideline were at an increased risk for SGA compared 
to GWG within the IOM guideline (Table 2). The findings 
of the ANOVA test displayed that the birth weight in-
creased (P=0.04) along with higher pre-pregnancy BMI 
(P=0.04) (Table 3). 

The multivariable multinomial logistic regression mod-
el showed that GWG less than the IOM guidelines was 
associated with higher rates of SGA (OR=5.4, 95%CI; 
1.02-28.4, P=0.04) for mothers with a pre-pregnancy 
normal BMI. For overweight mothers, GWG less than 
the IOM guidelines was associated with higher rates 
of macrosomia (OR=5.4, 95%CI; 2.73-32.7, P=0.001), 
LBW (OR=4.61, 95%CI; 2.91-8.53, P=0.0001), and LGA 
(OR=10.3, 95%CI; 7.84-54.01, P=0.001) compared 
with the overweight mothers with GWG within the 
IOM guidelines. In addition, for overweight mothers, 
GWG above the IOM guidelines was associated with 
higher risks of macrosomia (OR=13.3, 95%CI; 13.32-
13.33, P=0.0001), LBW (OR=11.23, 95%CI; 11.22-11.25, 
P=0.0001), and LGA (OR=6.6, 95%CI; 2.6-32.1, P=0.0001) 
compared to the overweight mothers with GWG within 
the IOM guidelines (Table 4).

Discussion

The findings indicated an increased risk for LGA, LBW, 
and macrosomia in overweight mothers and an in-
creased risk of SGA in mothers with GWG below IOM 
guidelines. The prevalence of macrosomia in the pres-
ent study was higher than in the previous study re-
ported in Iran [10-12]. Besides maternal pre-pregnancy 
BMI, excessive gestational weight gain is another critical 
point of view that needs more attention. 

 We found that women who were overweight or obese 
before pregnancy and had excessive gestational weight 
gain showed a three-fold increase in the risk of adverse 
outcomes. The mean GWG was similar to the IOM 
recommendations in normal BMI mothers during the 
second trimester of pregnancy and differed from IOM 
guidelines in other groups of pre-gestational BMI during 
mid or late pregnancy. Women with overweight/obesity 
in the third trimester tend to have gestational weight 
gain within the guideline range of IOM. This finding 
might be likely due to receiving more counseling from 
health personnel in health centers about the impact of 
excessive weight gain and pregnancy outcome, so they 
behaved wisely during the rest of the pregnancy period. 
Similarly, previous studies [20, 21] report that higher 
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BMI contributes to excessive GWG. Furthermore, due to 
the low number of underweight mothers, it was impos-
sible to make an association between GWG, pre-preg-
nancy BMI, and birth weight status. In normal-weight 
mothers, a high risk of SGA was significantly associated 
with inadequate GWG. In agreement with the previous 
studies, an increased risk of LGA [22, 23], LBW [24], and 

macrosomia [24, 25] was observed in overweight moth-
ers with GWG outside guidelines, significantly.

The exact mechanisms of the relationships between 
maternal obesity and low or excessive birth weight of 
an offspring are unknown. Besides genetic susceptibil-
ity, placental functions and maternal nutritional status 
are the main indicators of fetal growth [26-28]. Placen-

Table 1. Characteristics of the studied sample of mothers (n=1457) 

Mean±SD/No. (%)Variables

28.36±5.60Maternal age (y)

43(3.5)<18.5

Pre-pregnancy BMI* (kg/m2)
491(39.7)18.5-24.9 

459(37.2)25-29.9 

242(19.6)>30

452(36.6)Below 

GWG based on IOM guidelines 210(17)Within 

573(46.4)Above 

557(47.2)Cesarean 
Last delivery mode 

622(52.8)Vaginal

43(3.5)Gestational diabetes mellitus

Incremental GWG (kg/wk.)
Variables

Third TrimesterSecond Trimester

0.43±0.6430.46±0.243Underweight 

Pre-pregnancy BMI (kg/m2)
0.37±0.5530.37±0.408Normal 

0.32±0.5610.38±0.336Overweight 

0.22±0.6160.29±0.340Obesity

1305(90.6)<92 (mg/dL) 
FBS

135(9.4)≥92 (mg/dL)

981(82.1)Yes
First-trimester supplement intake

214(17.9)No

1105(92.3)Yes
Second-trimester supplement intake

92(7.7)No

987(94.9)Yes
Third-trimester supplement intake

53(5.1 No

Abbreviation: BMI, body mass index; GWG, gestational weight gain; IOM, Institute of Medicine; FBS, fasting blood sugar
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tal malfunction is associated with developing LBW and 
fetal growth restriction [29]. 

The prevalence of GWG above the IOM recommen-
dations is more common than the below one, which 
agrees with the results reported by Power et al. [21]. 

In our study, 46.4% of mothers had weight gain greater 
than the guideline IOM recommendation. Also, a recent 
systematic meta-analysis reported 47% GWG above 
guidelines [5]. Inadequate GWG is related to a high risk 
of SGA and LBW, consistent with a longitudinal cohort 

Table 2. Adverse birth weight outcomes associated with maternal pre-pregnancy BMI and gestational weight gain according to institute of 
medicine guidelines

Variables

Macrosomia
OR

95% CI
(Lower-Upper)

P*

LBW
OR

95% CI
(Lower-Upper)

P*

LGA
OR

95% CI
(Lower-Upper)

P*

SGA
OR

95% CI
(Lower-Upper)

P*

Pr
e-

pr
eg

na
nc

y 
BM

I

Normal 1 1 1 1

Underweight 0.42
0.05 – 3.68 0.43 1.58

0.39 – 6.33 0.51 0.21
0.02 – 1.74 0.14 1.27

0.3 – 4.95 0.78

Overweight 0.52
0.199- 1.38 0.19 1.93

0.51 – 7.38 0.33 3.18
1.45 – 7.29 0.007 1.26

0.56-2.82 0.56

Obese 0.77
0.31 – 1.89 0.56 1.63

0.71- 5.69 0.45 1.1
0.85 – 1.4 0.12 1.21

0.54 – 2.7 0.63

Ge
st

ati
on

al
 w

ei
gh

t g
ai

n Within IOM 
guideline 1 1 1 1

Below IOM 
guideline

0.47
0.125–1.79 0.88 3.17

0.77–3.14 0.11 1.11
0.4–3.07 0.83 2.9

1.16– 7.45 0.02

Above IOM 
guideline

1.09
0.33 – 3.57 0.27 0.855

0.16–4.51 0.85 0.46
0.14–1.45 0.18 1.7

0.77–4.19 0.17

*Multivariable multinomial logistic regression was applied, and data were presented as OR (95% CI) adjusted for gestational weight gain 
during trimesters 2 and 3, maternal age, gravity, maternal fasting blood sugar, delivery mode, and infant gender.

Abbreviations: BMI, body mass index; LBW, low birth weight; SGA, small for gestational age; LGA, large for gestational age; IOM, Institute 
of Medicine; OR, odds ratio

Table 3. The association between birth weight with pre-pregnancy BMI and gestational weight gain according to the institute of medicine guidelines

Variables Birth Weight (Mean±SD)

Pre-pregnancy BMI

Underweight 3194.28±398.16

Normal 3244.54±479.2

Overweight 3265.13±499.39

Obese 3346.59±508.13

P* 0.04

GWG

Below IOM guideline 3265.90±496.13

Within IOM guideline 3246.31±445.38

Above IOM guideline 3282.74±503.37

P* 0.64

*ANOVA test 

Abbreviations: GWG, gestational weight gain; IOM, Institute of Medicine; BMI, body mass index
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Table 4. Birth weight associated with gestational weight gain according to institute of medicine (IOM) guidelines in women with pre-
pregnancy BMI

M
at

er
na

l 
BM

I

Outcome
No. (%) Below VS Within 

 Adjusted OR
(95% CI) b

(Lower-Upper)

P*

Above VS Within 
 Adjusted OR

(95% CI) b 
(Lower-Upper) 

P*

Below IOM 
Guidelines a

Within IOM 
Guidelines a

Above IOM 
Guidelines a

Un
de

r w
ei

gh
t

Normal birth 
weight 0 0 0 - - - -

Macrosomia 1(4.8) 0 0 - - - -

LBW 20(95.2) 12(100) 9(100) - - -

AGA 17(81) 2(16.7) 0 - - - -

SGA 2(9.5) 10(83.3) 9(100) - - - -

LGA 2(9.5) 0 0 - - -

No
rm

al
 w

ei
gh

t

Normal birth 
weight 13(6.7) 14(12.5) 6(3.3) 1 1

Macrosomia 8(4.1) 4(3.6) 13(7.2) 1.204
0.138–0.48 0.86 0.845

0.105–6.804 0.87

LBW 174(89.2) 105(93.8) 162(89.5) 5.98
0.504–0.96 0.15 0.351

0.016-7.925 0.51

AGA 27(13.8) 13(9.0) 14(12.5) 1 1

SGA 156(80) 117(81.3) 94(83.9) 5.4
1.02–28.4 0.04 0.418

0.096–1.818 0.24

O
ve

r w
ei

gh
t

LGA 12(6.2) 14(9.7) 4(3.6) 0.665
0.084–5.24 0.69 2.48

0.348–17.72 0.36

Normal  
birth weight 6(4.2) 2(3.6) 13(5.1) 1 1

Macrosomia 10(6.9) 3(5.5) 17(6.6) 10.3
7.84–54.01 0.001 13.3

13.327–13.33 0.0001

LBW 128(88.9) 50(90.9) 227(88.3) 5.4
2.73–32.7 0.001 11.23

11.22–11.25 0.0001

AGA 3(9) 5(9.1) 25(9.7) 1 1

SGA 117(85.5) 47(85.5) 205(79.8) 2.19
0.38–12.67 0.38 1.415

0.254–7.88 0.69

LGA 14(9.7) 3(5.5) 27(10.5) 4.61
2.91–8.53 0.0001 6.6

2.6–32.1 0.0001

O
be

sit
y

Normal 
birth weight 2(2.3) 1(3.4) 6(4.9) 1 1

Macrosomia 10(11.4) 3(10.3) 6(4.9) 0.605
0.34-10.74 0.73 4.01

0.24–65.02 0.33

LBW 76(86.4) 25(86.2) 110(90.2) 1.2
0.21-80.6 0.9 0.064

0.0001–19.02 0.34

AGA 7(8) 5(17.2) 10(8.2) 1 1

SGA 70(79.5) 20(69) 98(80.3) 2.3
0.23-23.24 0.47 0.036

0.001–1.12 0.05

LGA 11(12.5) 4(13.8) 14(11.5) 0.387
0.042–3.55 0.4 2.21

0.293–16.67 0.44

*Multivariable multinomial logistic regression analysis was applied, and b Data are presented as OR (95%CI). a Data are presented as No. (%). 
Abbreviations: BMI, body mass index; LBW, low birth weight; SGA, small for gestational age; LGA, large for gestational age; IOM, Institute 
of Medicine; OR, odds ratio
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study in China [30] and Taiwan [31], and higher pre-
gestational BMI increased risk for LGA and macrosomia 
are in agreement with other studies reported in over-
weight/obese mothers [32].

In our study, higher pre-BMI was associated with a 
higher risk of adverse birth weight. Likewise, Lima et al. 
[33] reported an increasing trend for birth weight across 
higher pre-pregnancy BMI.

Moreover, the prevalence of macrosomia (6.2%) was 
higher in Ahvaz than the mean of Iran (5.2%) [34] and 
lower than in a previous retrospective hospital-based 
(2007-2011) study conducted in Ahvaz, which was re-
ported at 9% [13]. 

A recent meta-analysis found that childhood over-
weight/obesity could be attributed to maternal pre-
pregnancy overweight [35]. Maternal pre-pregnancy 
obesity reflects maternal genetic susceptibility, nutri-
tional status, fat accumulation, and inflammation, while 
gestational weight gain reflects fluid expansion and 
growth of the fetus, placenta, and uterus [36, 37].

 In the present study, we attempted to have a large 
possible sample size from different healthcare centers 
to cover all ethnic groups together. However, the exact 
number of other ethnic groups is not included in mater-
nal records. So, we could not explore ethnic differences 
in pre-pregnancy BMI, the prevalence of GWG below or 
outside IOM guidelines, and pregnancy outcomes. 

In addition, pre-pregnancy weight was recorded from 
antenatal records, and it may be measured by health 
members or self-reported, leading to the risk of recall 
bias. However, they were valid for epidemiologic studies 
[38]. Moreover, in the current study, the IOM guideline 
was applied for GWG based on pre-pregnancy BMI. Fur-
thermore, the recent meta-analysis [39] explored eth-
nic differences based on IOM guidelines and regional 
guidelines in maternal pre-pregnancy BMI and GWG on 
pregnancy outcomes across the USA, Western Europe, 
and East Asia. However, there were data restrictions 
from the Middle East. The IOM approaches are primarily 
based on US citizens and showed limited data on ethnic 
differences in associations between GWG and pregnan-
cy outcomes, leading to heterogeneity and diminishing 
the chance of comparisons across regions. Asia is the 
most inhabitant of the world’s population. Likewise, 
Asians are likely to have a higher percentage of adipose 
tissue, especially visceral adiposity, at lower BMI cut-off 
points than that stated by the WHO as standard cut-off 
points [40]. Therefore, establishing a new guideline and 

GWG recommendation for Asian populations is neces-
sary for optimal risk reduction during pregnancy.

In the present study, the information related to socio-
demographic and lifestyle characteristics (alcohol con-
sumption and smoking) was unreliable due to social 
beliefs.

Based on the results, screening for overweight and obe-
sity is an important preventive approach. It seems that 
along with all gestational monitoring and nutrition coun-
seling, more educational programs in healthcare centers 
are vital. Consequently, the important results of this 
study were the association between a higher prevalence 
of maternal overweight, obesity, and excessive GWG. 

Ethical Considerations

Compliance with ethical guidelines

This study was approved (Ethical Code: IR.AJUMS.
REC1396.80) by the Research Deputy of Ahvaz Jundis-
hapur University of Medical Sciences (AJUMS). All study 
procedures followed the principles of the Declaration of 
Helsinki. 

Funding

This work was supported by a grant from Ahvaz Jundis-
hapur University of Medical Sciences (AJUMS) and Social 
Determinants of Health Research Center, Ahvaz Jundis-
hapur University of Medical Sciences, Ahvaz, Iran.

Authors' contributions

Conceptualization and supervision: Fatemeh Borazjani, 
Shokrollah Salmanzadeh, and Maryam Azhdari; Method-
ology: Fatemeh Borazjani and Kambiz Ahmadi Angali; In-
vestigation, writing original draft and review: All Authors; 
Data collection: Parvin Shahri and Maryam Azhdari; Data 
analysis: Kambiz Ahmadi Angali; Funding acquisition and 
resources: Fatemeh Borazjani.

Conflict of interest

The authors declared no conflict of interest. 

Acknowledgments

We thank the Research Deputy of Ahvaz Jundishapur 
University of Medical Sciences, Social Determinants of 
Health Research Center, Ahvaz Jundishapur University of 
Medical Sciences (AJUMS), Ahvaz, Iran, for funding this 
research project. 

Ahmadi Angali  et al. Maternal Gestational Status and Pregnancy Outcome. J Holist Nurs Midwifery. 2023; 33(2):95-104

https://ajums.ac.ir/
https://ajums.ac.ir/
https://ajums.ac.ir/
https://ajums.ac.ir/
https://ajums.ac.ir/
https://ajums.ac.ir/


103

April 2023, Volume 33, Number 2

References

[1] Xiao L, Ding G, Vinturache A, Xu J, Ding Y, Guo J, et al. Associations 
of maternal pre-pregnancy body mass index and gestational weight 
gain with birth outcomes in Shanghai, China. Scientific Reports. 
2017; 7:41073. [DOI:10.1038/srep41073] [PMID] [PMCID]

[2] WHO. Obesity and overweight. Geneva: WHO; 2020. [Link]

[3] Chen C, Xu X, Yan Y. Estimated global overweight and obesity bur-
den in pregnant women based on panel data model. PloS One. 
2018; 13(8):e0202183. [DOI:10.1371/journal.pone.0202183] 
[PMID] [PMCID]

[4] Voerman E, Santos S, Patro Golab B, Amiano P, Ballester F, Barros 
H, et al. Maternal body mass index, gestational weight gain, and the 
risk of overweight and obesity across childhood: An individual par-
ticipant data meta-analysis. PLoS Medicine. 2019; 16(2):e1002744.  
[DOI:10.1371/journal.pmed.1002744] [PMID] [PMCID]

[5] Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison 
CL, et al. Gestational weight gain across continents and ethnicity: 
Systematic review and meta-analysis of maternal and infant out-
comes in more than one million women. BMC Medicine. 2018; 
16(1):153.  [DOI:10.1186/s12916-018-1128-1] [PMID] [PMCID]

[6] Haugen M, Brantsæter AL, Winkvist A, Lissner L, Alexander J, 
Oftedal B, et al. Associations of pre-pregnancy body mass index and 
gestational weight gain with pregnancy outcome and postpartum 
weight retention: A prospective observational cohort study. BMC 
Pregnancy and Childbirth. 2014; 14:201. [DOI:10.1186/1471-2393-
14-201] [PMID] [PMCID]

[7] Rasmussen KM, Yaktine AL. Weight gain during pregnancy: Reex-
amining the guidelines. Washington, DC: National Academies Press; 
2009. [DOI:10.17226/12584]

[8] Catov JM, Abatemarco D, Althouse A, Davis EM, Hubel C. Pat-
terns of gestational weight gain related to fetal growth among 
women with overweight and obesity. Obesity. 2015; 23(5):1071-8. 
[DOI:10.1002/oby.21006] [PMID] [PMCID]

[9] Dong B, Yu H, Wei Q, Zhi M, Wu C, Zhu X, et al. The effect of pre-
pregnancy body mass index and excessive gestational weight gain 
on the risk of gestational diabetes in advanced maternal age. On-
cotarget. 2017; 8(35):58364-71. [DOI:10.18632/oncotarget.17651] 
[PMID] [PMCID]

[10] Omani-Samani R, Sepidarkish M, Safiri S, Esmailzadeh A, Vesali S, 
Farzaneh F, et al. Impact of gestational weight gain on cesarean de-
livery risk, perinatal birth weight and gestational age in women with 
normal pre-pregnancy BMI. The Journal of Obstetrics and Gynecol-
ogy of India. 2018; 68(4):258-63. [DOI:10.1007/s13224-017-1023-
2] [PMID] [PMCID]

[11] Hoorsan H, Majd HA, Chaichian S, Mehdizadehkashi A, Hoorsan 
R, Akhlaqghdoust M, et al. Maternal anthropometric characteristics 
and adverse pregnancy outcomes in Iranian women: A confirmation 
analysis. Archives of Iranian Medicine. 2018; 21(2):61-6. [PMID]

[12] Amini P, Moghimbeigi A, Zayeri F, Mahjub H, Maroufizadeh S, 
Samani RO. Evaluating the impact of risk factors on birth weight and 
gestational age: A multilevel joint modeling approach. International 
Journal of Fertility & Sterility. 2018; 12(2):106-13. [doi:10.22074/
IJFS.2018.5330]

[13] Najafian M, Cheraghi M. Occurrence of fetal macrosomia rate and 
its maternal and neonatal complications: A 5-year cohort study. 
International Scholarly Research Notices. 2012; 2012:353791. 
[DOI:10.5402/2012/353791] [PMID] [PMCID]

[14] Bahrami Taghanaki H, Hashemian M, Lotfalizadeh M, Noras 
M. [The relationship between Body Mass Index (BMI) and birth 
weight and some pregnancy outcomes (Persian)]. The Iranian 
Journal of Obstetrics, Gynecology and Infertility. 2016; 19(30):1-8. 
[doi:10.22038/ijogi.2016.7926]

[15] Alizadeh SH, Namazi A, Delbari M. Relationship between body 
mass index before pregnancy and neonatal outcome (Persian)]. 
Koomesh. 2012; 13(4):445-51. [Link]

[16] Farajzadegan Z, Bahrami D, Jafari N. Weight gain during pregnancy 
in women attending a health center in Isfahan city, Iran. Internation-
al Journal of Preventive Medicine. 2012; 3(10):682-6. [DOI:10.2337/
dc09-1848] [PMID] [PMCID]

[17] Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, 
Damm P, et al. International association of diabetes and pregnancy 
study groups recommendations on the diagnosis and classification 
of hyperglycemia in pregnancy. Diabetes Care. 2010; 33(3):676-82. 
[DOI:10.2337/dc09-1848] [PMID] [PMCID]

[18] Kierans W, Agency BCVS. Charting birth outcome in British Colum-
bia: Determinants of optimal health and ultimate risk- an expansion 
and update. Vancouver: British Columbia Vital Statistics Agency; 
2003. [Link]

[19] Gilmore LA, Redman LM. Weight gain in pregnancy and applica-
tion of the 2009 IOM guidelines: Toward a uniform approach. Obe-
sity. 2015; 23(3):507-11. [DOI:10.1002/oby.20951] [PMID] [PMCID]

[20] Nowak M, Kalwa M, Oleksy P, Marszalek K, Radon-Pokracka M, 
Huras H. The relationship between pre-pregnancy BMI, gestational 
weight gain and neonatal birth weight: A retrospective cohort study. 
Ginekologia Polska. 2019; 90(1):50-4. [DOI:10.5603/GP.2019.0008] 
[PMID]

[21] Power ML, Lott ML, Mackeen AD, DiBari J, Schulkin J. A retrospec-
tive study of gestational weight gain in relation to the Institute of 
Medicine’s recommendations by maternal body mass index in rural 
Pennsylvania from 2006 to 2015. BMC Pregnancy and Childbirth. 
2018; 18(1):239. [DOI:10.1186/s12884-018-1883-1] [PMID] [PM-
CID]

[22] Hirooka-Nakama J, Enomoto K, Sakamaki K, Kurasawa K, Miy-
agi E, Aoki S. Optimal weight gain in obese and overweight preg-
nant Japanese women. Endocrine Journal. 2018; 65(5):557-67.  
[DOI:10.1507/endocrj.EJ18-0027] [PMID]

[23] Rogozińska E, Zamora J, Marlin N, Betrán AP, Astrup A, Bogaerts A, 
et al. Gestational weight gain outside the Institute of Medicine rec-
ommendations and adverse pregnancy outcomes: Analysis using 
individual participant data from randomised trials. BMC Pregnancy 
and Childbirth. 2019; 19(1):322. [DOI:10.1186/s12884-019-2472-7] 
[PMID] [PMCID]

[24] Sun Y, Shen Z, Zhan Y, Wang Y, Ma S, Zhang S, et al. Effects of pre-
pregnancy body mass index and gestational weight gain on mater-
nal and infant complications. BMC Pregnancy and Childbirth. 2020; 
20(1):390. [DOI:10.1186/s12884-020-03071-y] [PMID] [PMCID]

[25] Feng P, Wang X, Long Z, Shan S, Li D, Liang Y, et al. [The association 
of pre-pregnancy body mass and weight gain during pregnancy with 
macrosomia: A cohort study (Chinese)]. Zhonghua Yu Fang yi xue 
za zhi [Chinese Journal of Preventive Medicine]. 2019; 53(11):1147-
51. [doi:10.3760/cma.j.issn.0253-9624.2019.11.014]

[26] Staud F, Karahoda R. Trophoblast: The central unit of fetal 
growth, protection and programming. The International Journal of 
Biochemistry & Cell Biology. 2018; 105:35-40. [DOI:10.1016/j.bio-
cel.2018.09.016] [PMID]

Ahmadi Angali  et al. Maternal Gestational Status and Pregnancy Outcome. J Holist Nurs Midwifery. 2023; 33(2):95-104

https://doi.org/10.1038/srep41073
https://www.ncbi.nlm.nih.gov/pubmed/28120879
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5264385
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1371/journal.pone.0202183
https://www.ncbi.nlm.nih.gov/pubmed/30092099
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6084991
https://doi.org/10.1371/journal.pmed.1002744
https://www.ncbi.nlm.nih.gov/pubmed/30742624
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6370184
https://doi.org/10.1186/s12916-018-1128-1
https://www.ncbi.nlm.nih.gov/pubmed/30165842
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6117916
https://doi.org/10.1186/1471-2393-14-201
https://doi.org/10.1186/1471-2393-14-201
https://www.ncbi.nlm.nih.gov/pubmed/24917037
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4062904
https://doi.org/10.17226/12584
https://doi.org/10.1002/oby.21006
https://www.ncbi.nlm.nih.gov/pubmed/25865858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414675
https://doi.org/10.18632/oncotarget.17651
https://www.ncbi.nlm.nih.gov/pubmed/28938562
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601658
https://doi.org/10.1007/s13224-017-1023-2
https://doi.org/10.1007/s13224-017-1023-2
https://www.ncbi.nlm.nih.gov/pubmed/30065539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6046671
https://pubmed.ncbi.nlm.nih.gov/29664656/
https://doi.org/10.22074/ijfs.2018.5330
https://doi.org/10.22074/ijfs.2018.5330
https://doi.org/10.5402/2012/353791
https://www.ncbi.nlm.nih.gov/pubmed/23209925
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3504382
https://doi.org/10.22038/ijogi.2016.7926
https://koomeshjournal.semums.ac.ir/article-1-1392-fa.html
https://doi.org/10.2337/dc09-1848
https://doi.org/10.2337/dc09-1848
https://www.ncbi.nlm.nih.gov/pubmed/20190296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2827530
https://doi.org/10.2337/dc09-1848
https://www.ncbi.nlm.nih.gov/pubmed/20190296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2827530
https://librarycatalogue.vch.ca/en/permalink/catalog117337
https://doi.org/10.1002/oby.20951
https://www.ncbi.nlm.nih.gov/pubmed/25521748
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4340812
https://doi.org/10.5603/GP.2019.0008
https://www.ncbi.nlm.nih.gov/pubmed/30756371
https://doi.org/10.1186/s12884-018-1883-1
https://www.ncbi.nlm.nih.gov/pubmed/29914428
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6006928
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6006928
https://doi.org/10.1507/endocrj.EJ18-0027
https://www.ncbi.nlm.nih.gov/pubmed/29563351
https://doi.org/10.1186/s12884-019-2472-7
https://www.ncbi.nlm.nih.gov/pubmed/31477075
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6719382
https://doi.org/10.1186/s12884-020-03071-y
https://www.ncbi.nlm.nih.gov/pubmed/32631269
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336408
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.11.014
https://doi.org/10.1016/j.biocel.2018.09.016
https://doi.org/10.1016/j.biocel.2018.09.016
https://www.ncbi.nlm.nih.gov/pubmed/30266525


104

April 2023, Volume 33, Number 2

[27] Cassidy FC, Charalambous M. Genomic imprinting, growth and 
maternal-fetal interactions. Journal of Experimental Biology. 2018; 
221(Pt S 1):jeb164517. [DOI:10.1242/jeb.164517] [PMID]

[28] Vaughan O, Rosario F, Powell T, Jansson T. Regulation of placental 
amino acid transport and fetal growth. Progress in Molecular Biol-
ogy and Translational Science. 2017; 145:217-51. [DOI:10.1016/
bs.pmbts.2016.12.008] [PMID]

[29] Howell KR, Powell TL. Effects of maternal obesity on placental 
function and fetal development. Reproduction (Cambridge, Eng-
land). 2017; 153(3):R97-108. [DOI:10.1530/REP-16-0495] [PMID] 
[PMCID]

[30] Wang X, Zhang X, Zhou M, Juan J, Wang X. Association of pre-
pregnancy body mass index, rate of gestational weight gain with 
pregnancy outcomes in Chinese urban women. Nutrition & Me-
tabolism. 2019; 16:54. [DOI:10.1186/s12986-019-0386-z] [PMID] 
[PMCID]

[31] Chen CN, Chen HS, Hsu HC. Maternal pre-pregnancy body mass 
index, gestational weight gain, and risk of adverse perinatal out-
comes in Taiwan: A population-based birth cohort study. Interna-
tional Journal of Environmental Research and Public Health. 2020; 
17(4):1221. [DOI:10.3390/ijerph17041221] [PMID] [PMCID]

[32] Zhao RF, Zhou L, Zhang WY. Identifying appropriate pre-pregnancy 
body mass index classification to improve pregnancy outcomes in 
women of childbearing age in Beijing, China: A retrospective cohort 
study. Asia Pacific Journal of Clinical Nutrition. 2019; 28(3):567-76. 
[doi:10.6133/apjcn.201909_28(3).0016]

[33] Lima RJCP, Batista RFL, Ribeiro MRC, Ribeiro CCC, Simões VMF, 
Lima Neto PM, et al. Pre-pregnancy body mass index, gestational 
weight gain, and birth weight in the BRISA cohort. Revista de Saude 
publica. 2018; 52:46. [DOI:10.11606/S1518-8787.2018052000125] 
[PMID] [PMCID]

[34] Maroufizadeh S, Almasi-Hashiani A, Esmaeilzadeh A, Mohamma-
di M, Amini P, Omani Samani R. Prevalence of macrosomia in Iran: A 
systematic review and meta-analysis. International Journal of Pedi-
atrics. 2017; 5(9):5617-29. [doi:10.22038/ijp.2017.24357.2056]

[35] Voerman E, Santos S, Inskip H, Amiano P, Barros H, Charles MA, 
et al. Association of gestational weight gain with adverse maternal 
and infant outcomes. JAMA. 2019; 321(17):1702-15. [DOI:10.1371/
journal.pmed.1002744] [PMID] [PMCID]

[36] Gaillard R. Maternal obesity during pregnancy and cardiovascular 
development and disease in the offspring. European Journal of Epi-
demiology. 2015; 30(11):1141-52. [DOI:10.1007/s10654-015-0085-
7] [PMID] [PMCID]

[37] Gillman MW. Gestational weight gain: Now and the future. Cir-
culation. 2012; 125(11):1339-40. [DOI:10.1161/CIRCULATIONA-
HA.112.091751] [PMID] [PMCID]

[38] Hashim M, Radwan H, Hasan H, Obaid RS, Al Ghazal H, Al Hilali 
M, et al. Gestational weight gain and gestational diabetes among 
Emirati and Arab women in the United Arab Emirates: Results from 
the MISC cohort. BMC Pregnancy and Childbirth. 2019; 19(1):463.  
[DOI:10.1186/s12884-019-2621-z] [PMID] [PMCID]

[39] Najafi F, Hasani J, Izadi N, Hashemi-Nazari SS, Namvar Z, Mo-
hammadi S, et al. The effect of pre-pregnancy body mass index on 
the risk of gestational diabetes mellitus: A systematic review and 
dose-response meta-analysis. Obesity Reviews. 2019; 20(3):472-86.  
[DOI:10.1111/obr.12803] [PMID]

[40] Tabrizi R, Asemi Z, Lankarani KB, Akbari M, Khatibi SR, Naghibza-
deh-Tahami A, et al. Gestational diabetes mellitus in association 
with macrosomia in Iran: A meta-analysis. Journal of Diabetes & 
Metabolic Disorders. 2019; 18(1):41-50. [DOI:10.1007/s40200-019-
00388-0] [PMID] [PMCID]

Ahmadi Angali  et al. Maternal Gestational Status and Pregnancy Outcome. J Holist Nurs Midwifery. 2023; 33(2):95-104

https://doi.org/10.1242/jeb.164517
https://www.ncbi.nlm.nih.gov/pubmed/29514882
https://doi.org/10.1016/bs.pmbts.2016.12.008
https://doi.org/10.1016/bs.pmbts.2016.12.008
https://www.ncbi.nlm.nih.gov/pubmed/28110752
https://doi.org/10.1530/REP-16-0495
https://www.ncbi.nlm.nih.gov/pubmed/27864335
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5432127
https://doi.org/10.1186/s12986-019-0386-z
https://www.ncbi.nlm.nih.gov/pubmed/31452666
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6700840
https://doi.org/10.3390/ijerph17041221
https://www.ncbi.nlm.nih.gov/pubmed/32074959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7068269
https://doi.org/10.6133/apjcn.201909_28(3).0016
https://doi.org/10.11606/S1518-8787.2018052000125
https://www.ncbi.nlm.nih.gov/pubmed/29723385
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947505
https://doi.org/10.22038/ijp.2017.24357.2056
https://doi.org/10.1371/journal.pmed.1002744
https://doi.org/10.1371/journal.pmed.1002744
https://www.ncbi.nlm.nih.gov/pubmed/30742624
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6370184
https://doi.org/10.1007/s10654-015-0085-7
https://doi.org/10.1007/s10654-015-0085-7
https://www.ncbi.nlm.nih.gov/pubmed/26377700
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4684830
https://doi.org/10.1161/CIRCULATIONAHA.112.091751
https://doi.org/10.1161/CIRCULATIONAHA.112.091751
https://www.ncbi.nlm.nih.gov/pubmed/22344036
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4187208
https://doi.org/10.1186/s12884-019-2621-z
https://www.ncbi.nlm.nih.gov/pubmed/31795984
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6892062
https://doi.org/10.1111/obr.12803
https://www.ncbi.nlm.nih.gov/pubmed/30536891
https://doi.org/10.1007/s40200-019-00388-0
https://doi.org/10.1007/s40200-019-00388-0
https://www.ncbi.nlm.nih.gov/pubmed/31275873
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6582006

