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Association of pre-pregnancy body mass index and
gestational weight gain with pregnancy outcomes

Hoi-Ki CHUNG, MB ChB
Department of Obstetrics and Gynaecology, Queen Elizabeth Hospital, Hong Kong

Background: Gestational weight gain (GWG) is a modifiable risk factor for pregnancy outcomes. This study aimed to
evaluate the associations of pre-pregnancy body mass index (BMI) and GWG with perinatal and maternal outcomes
in Hong Kong women and to identify risk factors for poor perinatal/maternal outcomes.

Methods: Medical records of low-risk women with singleton pregnancy who delivered babies between 1 January
2019 and 28 February 2019 at our hospital were reviewed. Based on pre-pregnancy BMI, women were categorised
as underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), pre-obesity (25-29.9 kg/m?), and obesity (>30 kg/m?).
Based on the recommended total GWG by the Institute of Medicine, women were categorised as inadequate, normal,
and excessive GWG. The normal group was compared with each of the other groups.

Results: 465 women were included for analysis. Of them, 439 (94.4%) delivered after 37 weeks of gestation and
26 (5.6%) delivered before 37 weeks of gestation. After adjusting for confounders, the risk factors for gestational
diabetes were women with pre-obesity (odds ratio [OR]=3.879, p=0.001) and women with obesity (OR=15.118,
p<0.001), whereas the risk factor for neonatal ventilator use was women with pre-obesity (OR=5.719, p=0.035) and
the risk factor for caesarean section was women with excessive GWG (OR=1.591, p=0.047).

Conclusion: High pre-pregnancy BMI is associated with gestational diabetes and neonatal ventilator use, whereas
excessive GWG is associated with caesarean section.

Keywords: Body mass index; Gestational weight gain; National Academies of Science, Engineering, and Medicine,
U.S., Health and Medicine Division; Pregnancy outcome

Introduction

The importance of pre-pregnancy nutritional
status and gestational weight gain (GWGQG) is increasingly
recognised. Pre-pregnancy underweight is associated with
low birth weight and preterm delivery, whereas obesity is
associated with gestational diabetes, hypertensive disorder,
and macrosomia. Inadequate or excessive GWG has
persistent negative impact to offspring on cardiometabolic
risks such as childhood adiposity, hypertension, and insulin
resistance. Health counselling based on the body mass
index (BMI) status is not adequate. GWG is a modifiable
risk factor for adverse pregnancy outcomes. Nonetheless,
the optimal GWG remains controversial. In 2009, the
United States Institute of Medicine proposed a guideline
on GWG (Table 1)'. Whether this guideline applies to
the Chinese population is not known. This study aimed
to evaluate the associations of pre-pregnancy BMI and
GWG with perinatal and maternal outcomes in Hong Kong
women and to identify risk factors for poor perinatal/
maternal outcomes.

Materials and Methods

This study was approved by the Kowloon Central
Cluster Research Ethics Committee (reference: KC/KE-21-
0210/ER-1). Medical records of low-risk healthy Chinese

women with singleton pregnancy who were followed up
and delivered at Queen Elizabeth Hospital between 1
January 2019 and 28 February 2019 were retrospective
reviewed. The hospital is a tertiary public hospital in Hong
Kong, with live births around 5000 to 6000 per year.

Exclusion criteria were (1) non-Chinese couples,
(2) women with pre-existing medical conditions (diabetes,
hypertension, thyroid disease, autoimmune disease,
history of malignancy, cardiac disease, epilepsy, liver
disease, kidney disease, or other systemic condition), (3)
women with a history of substance abuse, (4) smokers, (5)
women with negative outcomes in previous pregnancies
(low birth weight, macrosomia, intrauterine death, fetal
anomaly, placenta pathology, preterm delivery, gestational
diabetes, gestational hypertensive disorder, postpartum
haemorrhage, severe neonatal complication), (6) women
with fetal or placental pathology in the current pregnancy,
(7) women with multiple pregnancies or intrauterine death,
and (8) women with incomplete follow-up and delivery
data.
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Pre-pregnancy BMI and gestational weight gain and pregnancy outcomes

Table 1. Total gestational weight gain recommended
by the US Institute of Medicine'

Body mass index, kg/m? Total gestational weight
gain recommended, kg

<18.5 (underweight) 12.5-18

18.5-24.9 (normal weight) 11.5-16

25-29.9 (pre-obesity) 7-11.5

>30 (obesity) 5-9

Material characteristics retrieved included maternal
age, gravida, parity, previous caesarean section, education
level, working status, family history of diabetes mellitus,
family history of hypertension, assisted reproductive
technology, maternal height, and body weight and BMI
before pregnancy, at 20 to 24 weeks of gestation, and at
delivery. Early GWG was defined as body weight at 20 to
24 weeks of gestation minus pre-pregnancy body weight.
Late GWG was defined as body weight at delivery minus
body weight at 20 to 24 weeks of gestation. Total GWG was
defined as body weight at delivery minus pre-pregnancy
body weight.

Pregnancy and neonatal outcomes retrieved included
low birth weight, macrosomia, preterm birth, modes of
delivery, primary postpartum haemorrhage, gestational
diabetes, gestational hypertensive disorder, maternal
peripartum fever, neonatal intensive care unit admission,
neonatal sepsis, need for neonatal resuscitation, neonatal
respiratory distress syndrome, transient tachypnoea of the
newborn, need for ventilator support, neonatal jaundice,
neonatal enterocolitis,

necrotising hypoxic-ischemic

encephalopathy, neonatal seizure, meconium-stained

liquor, and obstetric anal sphincter injury.

Analyses were performed using SPSS (Windows
version 26; IBM Corp, Armonk [NY], US). A p value of
<0.05 was considered statistically significant. Based on pre-
pregnancy BMI, women were categorised as underweight
(<185 kg/m?), normal weight (18.5-24.9 kg/m?), pre-
obesity (25-29.9 kg/m?), and obesity (>30 kg/m?). Based on
the recommended total GWG by the Institute of Medicine,
women were categorised as inadequate, normal, and
excessive GWG. The normal group was compared with
each of the other groups using the unpaired sample t-tests
or ANOVA for continuous data and the Chi-square test or
Fisher exact test for categorical data. Multivariate analysis
was used to adjust the effect of confounders on adverse
maternal and neonatal outcomes.

Results

Of 916 women followed up and delivered during
the 2-month study period, 451 were excluded based on the
exclusion criteria and 465 were included for analysis. Of
them, 439 (94.4%) delivered after 37 weeks of gestation
and 26 (5.6%) delivered before 37 weeks of gestation. In
terms of pre-pregnancy BMI, 61 (13.1%) women were
underweight, 329 (70.8%) women were normal weight,
60 (12.9%) women were pre-obese, and 15 (3.2%) women
were obese. In terms of total GWG, 157 (33.8%) women
were inadequate, 194 (41.7%) women were normal, and
114 (24.5%) women were excessive.

Association of maternal demographics with pre-pregnancy
BMI

Compared with women with normal weight, women
with underweight were younger (29.33 vs 30.28, p=0.020),
and women with obesity were older (31.60 vs 30.28,
p=0.005), and women with pre-obesity had a higher parity
(0.55 vs 0.35, p=0.009) and more caesarean sections (0.17
vs 0.05, p=0.048) [Table 2]. Women with normal weight
had the highest percentage of tertiary education, compared
with women with underweight, pre-obesity, or obesity
(72.3% vs 55.7% vs 51.7% vs 40%, p=0.016 to p=0.001),
and had higher percentage of being employed, compared
with women with obesity (53.5% vs 82.7%, p=0.01).

Association of pre-pregnancy BMI with GWG

Compared with women with normal weight,
women with pre-obesity had a lower percentage of normal
GWG (26.7% vs 42.6%, p=0.021), whereas women with
underweight had a lower percentage of excessive GWG
(9.8% vs 23.1%,p=0.020) and women with pre-obesity had
a higher percentage of excessive GWG (46.7% vs 23.1%,
p<0.001) [Table 2].

Association of maternal demographics with GWG

Compared with women with normal GWG, women
with excessive GWG were younger (29.43 vs 30.29 years,
p=0.013), had a lower percentage of tertiary education
(57% vs 71.6%, p=0.009) and had a higher pre-pregnancy
BMI (22.817 vs 21.195 kg/m?, p<0.001) [Table 3].

Association of pre-pregnancy BMI with pregnancy
outcomes

The percentage of gestational diabetes was
highest in women with obesity (46.7%), followed by
women with pre-obesity (18.3%), compared with women
[p<0.001 and p=0.002,

respectively]. Gestational diabetes was associated with a

with normal weight (5.5%)
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Table 2. Maternal characteristics and pregnancy outcomes among women with normal weight, underweight,
pre-obesity, or obesity

Characteristic Normal weight Underweight p Value Pre-obesity p Value  Obesity p Value
(n=329)" (n=61)" (n=60)" (n=15)"
Age,y 30.28+2.901  29.33+3.048 0.020 30.33+2.660 0.900 31.60+1.502  0.005
Parity 0.35+0.554 0.38+0.610  0.697 0.55+0.565 0.009 0.53+0.516  0.201
Gravida 1.71£0.954 1.72+0.933  0.903 1.95£0964 0.069 2.07+1.223  0.157
Previous caesarean section 0.05+0.228 0.10£0.351 0.213 0.17£0418 0.048 0.13x0.352 0405
Maternal height, cm 159.4+5.7 159.7+4.9 0.679 158.6+£5.2 0.296 1592455 0.888
Tertiary education 238 (72.3) 34(55.7) 0.010 31 (51.7) 0.001 6 (40.0) 0.016
Employment 272 (82.7) 44 (72.1) 0.054 44 (73.3) 0.088 8(53.3) 0.010
Assisted reproductive technology 12 (3.6) 1(1.6) 0.701 1(1.7) 0.701 2(13.3) 0.119
Family history of diabetes mellitus 56 (17.0) 14 (23.0) 0.268 19 (31.7) 0.008 3(20.0) 0.728
Family history of hypertension 114 (34.7) 22 (36.1) 0.831 26 (43.3) 0.198 3(20.0) 0.241
Gestational weight gain
Inadequate 113 (34.3) 25 (41.0) 0.319 16 (26.7) 0.245 3(20.0) 0.250
Normal 140 (42.6) 30 (49.2) 0.338 16 (26.7) 0.021 8(53.3) 0410
Excessive 76 (23.1) 6(9.8) 0.020 28 (46.7)  <0.001 4(26.7) 0.757
Outcome
Preterm birth 15 (4.6) 5(8.2) 0.218 6 (10.0) 0.113 0(0) 1.000
Caesarean section 74 (22.5) 17 (27.9) 0410 14 (23.3) 0.886 5(33.3) 0.349
Maternal complication
Gestational diabetes 18 (5.5) 3(7.7) 1.000 11 (18.3) 0.002 7 (46.7) <0.001
Gestational hypertensive 9.7 0(0) 0.365 2(3.3) 0.681 0(0) 1.000
disorder
Postpartum haemorrhage 16 (4.9) 2(3.3) 0.750 4(6.7) 0.526 0 (0) 1.000
Peripartum fever 25 (7.6) 6(9.8) 0.605 5(8.3) 0.795 1(6.7) 1.000
Neonatal complications
Low birth weight 16 (4.9) 5(8.2) 0.348 1(1.7) 0.489 0(0) 1.000
Macrosomia 4(1.2) 1(1.6) 0.575 1(1.7) 0.569 1(6.7) 0.201
Neonatal sepsis 18 (5.5) 4 (6.6) 0.762 3(5.0) 1.000 1(6.7) 0.581
Neonatal intensive care unit 70 (21.3) 13 (21.3) 0.995 12 (20.0) 0.824 3(20.0) 1.000
admission
Need of resuscitation 3(0.9) 0 (0) 1.000 0(0) 1.000 0 (0) 1.000
Respiratory distress syndrome 72.1) 1(1.6) 1.000 4(6.7) 0.073 1(6.7) 0.303
Transient tachypnoea of the 20 (6.1) 1(1.6) 0222 2(3.3) 0.551 0(0) 1.000
newborn
Need of ventilator support 3(0.9) 1(1.6) 0.495 3(50) 0.018 0(0) 1.000
Respiratory complication 24 (7.3) 2(3.3) 0.400 7(11.7) 0.296 1(6.7) 1.000
Neonatal jaundice 131 (39.8) 29 (47.5) 0.260 32(53.3) 0.051 7(46.7) 0.597
Meconium stained liquor 31 (94) 9 (14.8) 0.207 6 (10.0) 0.888 1(6.7) 1.000

* Data are presented as mean + standard deviation or No. (%) of participants

68
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Table 3. Maternal characteristics and pregnancy outcomes among women with normal gestational weight
gain (GWG), inadequate GWG, or excessive GWG

Characteristic Normal GWG Inadequate p Value Excessive GWG p Value
(n=194) GWG (n=157) (n=114)
Age,y 30.29+2.89 30.66+2.69 0.222 29.43+2.96 0.013
Parity 0.37+0 .54 0.46+0.61 0.111 0.30+0.51 0.282
Gravida 1.65+0.88 1.82+0.96 0.094 1.83+1.08 0.106
Previous caesarean section 0.08+0.29 0.09+0.30 0.835 0.05+0.22 0.350
Maternal height, cm 159.550+5.24 158.775+5.93 0.195 159.761+£5.27 0.735
Tertiary education 139 (71.6) 105 (66.9) 0.334 65 (57.0) 0.009
Employment 152 (78.4) 128 (81.5) 0461 88 (77.2) 0.813
Assisted reproductive technology 8 (4.1) 7(4.5) 0.877 1(0.9) 0.162
Family history of diabetes mellitus 40 (20.6) 27 (17.2) 0417 25(21.9) 0.785
Family history of hypertension 69 (35.6) 55(35.0) 0917 41 (36.0) 0.944
Pre-pregnancy body mass index, kg/m>  21.195£3.4236  21.493+3.5690 0426 22.817+4.161 <0.001
Preterm birth 7(3.6) 11 (7.0) 0.151 8(7.0) 0.180
Caesarean section 45(23.2) 28 (17.8) 0.218 37 (32.5) 0.048
Maternal complications
Gestational diabetes 15(7.7) 14 (8.9) 0.688 10 (8.8) 0.747
Gestational hypertensive disorder 4 (2.1 3(1.9) 1.000 4(3.5) 0474
Postpartum haemorrhage 6(3.1) 11 (7.0) 0.140 504 0.543
Peripartum fever 16 (8.2) 10 (6.4) 0.504 11 (9.6) 0.674
Neonatal complications
Low birth weight 7 (3.6) 13 (8.3) 0.048 2(1.8) 0.493
Macrosomia 3(1.5) 1(0.6) 0.631 3(2.6) 0.674
Neonatal sepsis 11 (5.7 7(4.5) 0.609 8 (7.0) 0.635
Neonatal intensive care unit admission 40 (20.6) 28 (17.8) 0.512 30 (26.3) 0.249
Need of resuscitation 3(1.5) 0(0) 0.256 0(0) 0.298
Respiratory distress syndrome 6(3.1) 2(1.3) 0.305 5044 0.543
Transient tachypnoea of the newborn 9(4.6) 8(5.1) 0.843 6(5.3) 0.806
Need of ventilator support 5(2.6) 1(0.6) 0.230 1(0.9) 0418
Respiratory complication 15(7.7) 10 (6.4) 0.662 9(7.9) 0.959
Neonatal jaundice 82 (42.3) 59 (37.6) 0.373 58 (50.9) 0.143
Meconium-stained liquor 21 (10.8) 15(9.6) 0.696 11 (9.6) 0.744

* Data are presented as mean + standard deviation or No. (%) of participants

family history of diabetes mellitus (odds ratio [OR]=5.78, The percentage of neonates needing ventilator
p<0.001), early GWG (OR=1.13, p=0.048), and late GWG  support was higher in women with pre-obesity, compared
(OR=0.78, p<0.001) but not total GWG. After adjusting  with women with normal weight (5.0% vs 0.9%, p=0.018).
for confounders, gestational diabetes was associated with ~ After adjusting for confounders, the need for neonatal
women with pre-obesity (OR=3.879, p=0.001) and women ventilator support was associated with women with pre-
with obesity (OR=15.118, p<0.001) [Table 4]. obesity (OR=5.71, p=0.035) [Table 4].
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Table 4. Multivariate analysis for the association of pre-pregnancy body mass index with gestational

diabetes and need for neonatal ventilator support

weight

Gestational diabetes”
p Value 0.861
Need for neonatal ventilator support’

0.610

p Value

Underweight vs normal

0.894 (0.255-3.132)

1.811 (0.185-17.704)

Adjusted odds ratio (95% confidential interval)
Pre-obesity vs normal Obesity vs normal
weight weight
3.879 (1.728-8.704) 15.118 (4.932-46.341)
0.001 <0.001
5.719 (1.126-29.041) -
0.035

* Adjusted for family history of diabetes and early and total gestational weight gain
" Adjusted for maternal age, preterm birth, and late gestational weight gain

Table 5. Multivariate analysis for the association
of gestational weight gain (GWG) with caesarean
section and low birth weight

Adjusted odds ratio (95%
confidential interval)

Underweight vs
normal weight

Caesarean section” 0.719 (0.424-1.218) 1.591 (1.241-3.012)

Obesity vs
normal weight

p Value 0.220 0.047
Low birth weight” 2.412 (0.938-6.200) 0.477 (0.097-2.337)
p Value 0.068 0.361

* Adjusted for parity, gravida, number of previous caesarean
sections, and maternal height
¥ Adjusted for maternal height and parity

Association of GWG with pregnancy outcomes

Compared with women with normal GWG, women
with excessive GWG had a higher percentage of caesarean
section (32.5% vs 23.2%, p=0.048). After adjusting for
confounders, excessive GWG was associated with a higher
rate of caesarean section (OR=1.591, p=0.047, Table 5).

Compared with women with normal GWG, women
with inadequate GWG had a higher percentage of low birth
weight babies (8.3% vs 3.6%, p=0.048, Table 3). After
adjusting for confounders, the association became not
significant (Table 5).

Discussion

Age and education level were associated with
pre-pregnancy BMI and total GWG. Age may affect the
metabolic rate. Women with higher education levels may
have higher awareness of the consequences of an abnormal
BMI and GWG and thus had better diet control®.

The percentage of inadequate GWG was highest in
underweight women, whereas the percentage of excessive
GWG was highest in pre-obesity women. These findings
are consistent with those in previous studies®*. Inadequate
and excessive GWG can be associated with diet. The
diet quality score was highest in women with normal
GWG, and the association between GWG adherence and
prenatal diet quality was dependent on pre-pregnancy
BMI*. This suggests that antenatal interventions such as
nutrition counselling may improve diet quality and GWG,
particularly in women with pre-obesity or obesity**.

Women with pre-obesity or obesity had higher risk of
gestational diabetes. Pre-pregnancy BMI is associated with
gestational diabetes'*!, probably owing to the difference in

1213 Tn women

adipose tissue influences insulin resistance
with obesity, adipocytes can act as an endocrine factor,
releasing adipokines, which can affect oocyte differentiation
and maturation?®. In addition, implantation and reproductive
functions are also impaired in women with obesity. Higher
early GWG is associated with a higher risk of gestational
diabetes'®"”. Advice for optimal BMI should be provided
in pre-conception and antenatal counselling, as high BMI
increases the risk of developing type 2 diabetes mellitus.
Thus, diet modification and physical activities during and

beyond pregnancy are important!'+!8,

Women with excessive GWG had a higher rate
of caesarean section, whereas women with pre-obesity
had a higher rate of neonatal ventilator support. Women
with higher GWG have been reported to have a higher
risk of emergency caesarean sections and instrumental
deliveries™ .

The total GWG recommended by the US Institute
of Medicine was associated with the mode of delivery only.
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An increase in adverse pregnancy outcomes in women
with excessive GWG can be due to effects of oxidative
stress, pro-inflammatory status, altered placental function,
and impaired insulin sensitivity. However, the present
study failed to demonstrate such associations, as did other
studies'??°. The reasons can be due to socioeconomic,
medical, cultural, and nutritional differences or the small
sample size. The prevalence of obesity is higher in Western
countries. Strict inclusion criteria might have eliminated
many risk factors of maternal and perinatal complications.
Active smokers have a higher risk of preterm delivery, low
birth weight, and neonatal respiratory distress syndrome?'.
Advanced maternal age is associated with operative
vaginal delivery, caesarean section, preterm birth, low birth
weight, and neonatal death®>. A multicentre study with a
larger population is required to verify the applicability of
the Institute of Medicine recommendations in Hong Kong
Chinese populations. A specialised electronic obstetric
system is needed to facilitate data collection and analysis
across various hospitals®.

The present study has limitations. The sample size
was too small to determine the optimal GWG range. The
number of women with obesity was small. Pre-pregnancy
body weight was self-reported. Women with delivery
during 24 to 41 weeks of gestation were included; GWG
partly depends on the pregnancy duration. Smaller GWG
occurs in extreme preterm birth, and smaller babies have
more neonatal complications. The reason for including
preterm births was to compare the effect of GWG on
the risk of preterm delivery. GWG per week was not
examined owing to the retrospective nature. The rate of
GWG through trimesters may be more accurate. The oral
glucose tolerance test is not universally performed in
Hong Kong; the prevalence of gestational diabetes may be
underestimated. Long-term outcomes of the newborn and
mother were not studied.
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