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Abstract

Background: We aimed to study gestational weight gain (GWG) in a Singaporean population and compare it with
Institute of Medicine (IOM) 2009 GWG guidelines.

Methods: Nine hundred twenty-six women with low-risk singleton pregnancy were enrolled in a prospective cohort
study from 2010 to 2014 in a Singapore tertiary maternity hospital. Seven hundred twenty-four patients had maternal
weight information till term pregnancy and were included in analysis. Participants were categorized according to their
first antenatal visit body mass index (BMI) as underweight, normal weight, overweight and obese. Total GWG for each
BMI group was calculated. Multivariate logistic regression was performed to determine the predictors of total GWG
above and below IOM guidelines.

Results: Obese women had a mean total GWG (9.1 kg) that exceeded the upper limit IOM guidelines (9 kg). In
multivariate analysis of predictors of total GWG above IOM guidelines, being overweight (adjusted OR: 3.91
[95% CI, 2.60–5.88]; p < .0001) and obese (adjusted OR: 4.78 [95% CI, 2.80, 8.15]; p < .0001) significantly
increased the risks of gaining weight above IOM guidelines during pregnancy, compared to being normal
weight.

Conclusions: Overweight and obesity are independent significant risk factors for gaining excessive gestational
weight. Appropriate weight management for overweight and obese Singaporean women prior to and during
pregnancy is important.
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Background
Inadequate or excessive gestational weight gain (GWG)
is associated with adverse pregnancy and neonatal out-
comes [1]. For example, studies have shown associations
between excessive GWG and increased birth weight and
postpartum weight retention [2]. On the other hand, in-
adequate GWG is associated with higher risks of small
for gestational age and preterm birth [1].
In 2009, the Institute of Medicine (IOM) published re-

vised guidelines on GWG based on short-term and long-
term consequences of GWG on maternal, fetal and child

health outcomes. The IOM 2009 guidelines are based on
maternal pre-pregnancy body mass index (BMI) as per
the World Health Organization (WHO) classification
and are independent of age, race, parity, smoking and
ethnic background [3]. Many population-based studies
have since compared GWG with IOM 2009 guidelines
and most showed low adherent rates to the IOM recom-
mendation [4].
Thus far, most studies on the characteristics of GWG

were done in Western countries [5–8]. The majority of
studies on GWG in Asian populations were conducted in
China and Japan [9–14]. As there is limited data on the
characteristics of pregnancy weight gain in the Southeast
Asia, we would like to explore this in the Singaporean
population. The objective of our study is to examine in
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our cohort the predictors of GWG above and below IOM
2009 guidelines, to analyze total GWG and rate of GWG
in the second and third trimesters and compare it with
IOM guidelines as well as other international and Asian-
centered population studies.

Methods
Study design, setting and participants
The current study is nested in a prospective cohort study,
known as the Neonatal and Obstetric Risk Assessment
(NORA) study, which was conducted from September 2010
to August 2014 at the KK Women’s and Children’s Hospital,
Singapore.
The study design of NORA has previously been described

[15]. In summary, women attending their first antenatal
visits in KK Women’s and Children’s Hospital, Singapore,
were invited to participate in the NORA study. Those with
viable singleton pregnancies confirmed by ultrasonography
and at less than 14weeks of amenorrhea at the first ante-
natal visit were eligible. The exclusion criteria were multiple
pregnancies, chronic medical conditions that are associated
with adverse pregnancy outcomes (such as systemic lupus
erythematosus and renal diseases), pregnancies complicated
by aneuploidy or fetal anomalies, and pregnancies ending in
termination, miscarriage or fetal death before gestation age
(GA) of 24 weeks. All participants gave written informed
consent before the study began. One thousand thirteen pa-
tients participated in NORA and 926 completed the study.
Of the 926 patients, 724 patients had maternal body weight
information till term pregnancy (≥ 37weeks) and were in-
cluded in statistical analysis. Approval of the NORA study
was obtained from the SingHealth Centralised Institutional
Review Board Ethics Committee, Singapore (CIRB Ref No.
2010/214/D).

GWG measurement
All women had body weight and height measured by
clinic assistants during their first antenatal visits and the
numbers were documented in the women’s medical re-
cords. First visit BMI was calculated as the first visit
weight (in kg)/height squared (in m2). First visit BMI
was used as an estimate of pre-pregnancy BMI with the
assumption that there is negligible weight gain in the
first trimester [16]. First visit BMI is categorized accord-
ing to WHO BMI classification as follows: underweight
(BMI < 18.5 kg/m2), normal weight (18.5 kg/m2 ≤ BMI <
25 kg/m2), overweight (25 kg/m2 ≤ BMI < 30 kg/m2), and
obese (BMI ≥ 30 kg/m2). A breakdown by class of obesity
is also included in the analysis of total GWG compared
to IOM guidelines: Class I obesity BMI (30 kg/m2 ≤
BMI < 35 kg/m2), Class II obesity (35 kg/m2 ≤ BMI < 40
kg/m2), and Class III obesity (BMI ≥ 40 kg/m2).
Alongside patients’ routine antenatal visits, NORA com-

prised four stages of scheduled visits at 11–14weeks (Visit

1), 18–22weeks (Visit 2), 28–32weeks (Visit 3) and 34–39
weeks (Visit 4). Maternal body weight and the correspond-
ing GA were collected at the four scheduled NORA visits
and measured during participants’ routine antenatal visits.
Total GWG was calculated as the difference between the

first antenatal visit weight and the last documented weight
during pregnancy (≥ 37weeks). Rate of GWG (in kg/week)
was calculated between different NORA visits and is defined
as follows: rate of GWG 1 is the rate of GWG between
scheduled Visit 2 and Visit 1, rate of GWG 2 is the rate of
GWG between scheduled Visit 3 and Visit 2, and rate of
GWG 3 is the rate of GWG between scheduled Visit 4 and
Visit 3. These were calculated as (difference in weight /dif-
ference in GA) between the corresponding visits.

Comparison with IOM 2009 GWG guidelines
The mean value of total GWG for each BMI group (as well
as each subgroup of obesity) was compared to IOM 2009
GWG guidelines. According to IOM guidelines, the opti-
mal range of total GWG in kg is 12.5–18, 11.5–16, 7–11.5,
and 5–9 for the underweight, normal weight, overweight
and obese group, respectively [3]. Similarly, the rate of
GWG is compared to IOM 2009 guidelines which suggest
mean (range) in kg/week in the second and third trimesters
to be 0.51 (0.44–0.58), 0.42 (0.35–0.50), 0.28 (0.23–0.33),
and 0.22 (0.17–0.27) for underweight, normal weight, over-
weight and obese women, respectively [4].

Statistical methods
Demographic data and characteristics of study participants
were summarized as mean ± SD for continuous variables
and as percentages for categorical variables. Univariate and
multivariate logistic regressions were used to assess the asso-
ciation between maternal demographics and baseline char-
acteristics (age, race, BMI, parity, marital status, maternal
employment status at onset of pregnancy, maternal educa-
tional level and monthly household income), behavioral
factors (smoking, drinking and self-reported exercise), pre-
existing medical conditions (pre-existing hypertension, pre-
existing diabetes mellitus and thyroid disease) and illnesses
during pregnancy (gestational diabetes, hypertensive disor-
ders of pregnancy which includes pregnancy induced hyper-
tension, pre-eclampsia and HELLP syndrome) with total
GWG for the whole cohort and for each BMI group. SAS
9.3 Software (SAS, Inc., Cary, NC) was used for all statistical
analyses. Statistical significance was set at p < 0.05.

Results
Population demographics and baseline characteristics
Table 1 summarizes the baseline characteristics of whole
cohort. In our cohort, 8.1% were underweight, 57.2%
normal weight, 23.9% overweight and 10.8% obese.
Participants were categorized according to their first

visit BMI. Baseline characteristics were analyzed for each
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Table 1 Baseline characteristics of the whole cohort

Characteristics Whole cohort (N = 724) Characteristics Whole cohort (N = 724)

Demographic factors Maternal educational level, n (%)

Maternal age (year), mean (SD) 30.6 (5.0) Secondary and below 164 (22.7)

Maternal age range (year), n (%) ITE a 73 (10.1)

< 25 77 (10.6) Junior college/Polytechnic 211 (29.2)

25–29 235 (32.5) University and above 274 (37.9)

30–34 248 (34.3) Total monthly household income b, n (%)

35–40 137 (18.9) ≤ 1300 24 (3.3)

> 40 27 (3.7) 1301–3500 227 (31.4)

Maternal body mass index (kg/m2), mean (SD) 23.9 (4.6) 3501–5500 218 (30.2)

Race, n (%) 5500–8500 163 (22.6)

Chinese 378 (52.2) ≥ 8501 90 (12.5)

Malay 120 (16.6) Pre-pregnancy medical conditions

Indian 141 (19.5) Pre-existing hypertension, n (%) 9 (1.2)

Others 85 (11.7) Pre-existing diabetes mellitus, n (%) 12 (1.7)

Parity, n (%) Thyroid disease, n (%) 18 (2.5)

0 404 (55.8) Behavioral factors

1 225 (31.1) Smoking, n (%)

2 or more 95 (13.1) Before current pregnancy 109 (15.1)

Maternal employment at onset of pregnancy, n (%) During current pregnancy 17 (2.4)

Employed 581 (80.3) Alcohol use, n (%)

Unemployed 143 (19.7) Before current pregnancy 219 (30.3)

Marital status, n (%) During current pregnancy 9 (1.2)

Married 674 (93.1) Exercise, n (%)

Single 46 (6.4) Before current pregnancy 341 (47.1)

Separated/Divorced 4 (0.5) During current pregnancy 61 (8.4)
a ITE stands for Institute of Technical Education. It is a public vocational education institution in Singapore that provides pre-employment training to secondary
school leavers and continuing education and training to working adults.
bTotal monthly household income is measured in Singapore dollars, and defined as the combined monthly income for married couple, or patient’s monthly
income if she is single, separated or divorced.

Table 2 Total gestational weight gain with reference to IOM recommendations for different BMI groups

Pre-pregnancy
BMI groups

IOM recommendation of
total GWG (range in kg)

Total GWG in kg mean
(SD) median (IQR)

Weight Gain
<recommendation n (%)

Weight gain within
recommendation n (%)

Weight gain
>recommendation n (%)

Under Weight
(N = 59)

12.5–18 12.7 (3.8) 13.00 (10.1, 14.6) 26 (44.1) 31 (52.5) 2 (3.4)

Normal Weight
(N = 414)

11.5–16 12.5 (3.9) 12.6 (9.8, 15.0) 162 (39.1) 181 (43.7) 71 (17.2)

Over Weight
(N = 173)

7–11.5 11.3 (4.6) 10.8 (8.1, 14.8) 28 (16.2) 66 (38.2) 79 (45.7)

Obese (N = 78) 5–9 9.1 (6.1) 8.9 (3.9, 12.7) 23 (29.5) 17 (21.8) 38 (48.7)

Class I Obesity
(n = 61)

9.0 (5.8) 8.8 (4.0, 12.7) 17 (27.9) 15 (24.6) 29 (47.5)

Class II Obesity
(n = 13)

7.1 (6.2) 6.2 (1.8, 12.7) 6 (46.2) 1 (7.7) 6 (46.2)

Class III Obesity
(n = 4)

14.5 (8.7) 11.0 (9.7, 19.3) 0 (0) 1 (25.0) 3 (75.0)

Entire Cohort 11.8 (4.5) 11.8 (9.1, 14.7) 239 (33.0) 295 (40.7) 190 (26.3)
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BMI group and compared among the groups. These re-
sults were presented in Additional file 1: Table S1 “Base-
line characteristics of each BMI groups”.

Characteristics of GWG and comparison with IOM 2009
GWG guidelines
The mean (SD) of total GWG for the entire cohort was 11.8
(4.5) kg. The means of total GWG were within the IOM ref-
erences for the underweight, normal weight and overweight
women. In contrast, obese women had a mean (SD) total
GWG of 9.1 (6.1) kg, which exceeded the upper limit of
IOM recommendation (9 kg) (Table 2). Compared to IOM
2009 guidelines, 40.7% of women in our cohort had total
GWG within recommendation, 33% gained less weight and
26.2% gained more weight than IOM recommendation.
When analyzed by BMI subgroups, more underweight and
normal weight women achieved total GWG within IOM
guidelines, compared to overweight and obese women. In
addition, higher proportions of obese and overweight
women gained more weight than IOM references (Table 2).
We further presented data for obesity subcategories separ-

ately to show the means of total GWG of each subcategory,
and the percentages of women in each obesity subcategory
that exceeded, achieved or gained weight below IOM target
GWG. Although the number in each obesity subcategory is
small, it appears that Class III obesity had a higher chance
of gaining excessive weight than IOM guidelines, with a
mean total GWG of 14.5 kg and 75% of the group had total
GWG that exceeded IOM guidelines (Table 2).
The pattern of GWG for each BMI group is also

characterized in terms of the average rate of GWG
between different scheduled visits (in kg/week). Com-
pared to IOM guidelines, overweight and obese
women gained weight at higher rates than IOM rec-
ommendation between Visit 3 and Visit 2, i.e. be-
tween third and second trimesters, and between Visit
4 and Visit 3, i.e. within the third trimester. In con-
trast, underweight women had an average rate of

weight gain within IOM recommendation between the
third and second trimesters and in the third trimester,
and normal weight women had an average rate of
GWG within IOM guidelines in third trimester
(Table 3).

Predictors of total GWG
Table 4 a summarizes the results of logistic regression
on predictors of total GWG above IOM guidelines.
Variables with a p-value < 0.20 in univariate analysis
were entered in multivariate analysis. Maternal BMI
category was significantly associated with total GWG
above IOM recommendations, with underweight
women less likely to gain weight above guidelines (ad-
justed OR: 0.25 [95% CI: 0.08–0.83]; p = 0.023), whereas
overweight (adjusted OR: 3.91 [95% CI: 2.60–5.88];
p < .0001) and obese women (adjusted OR: 4.78 [95%
CI, 2.80, 8.15]; p < .0001) had significantly increased
risks of gaining weight above IOM guidelines compared
to normal weight women. Maternal educational level
also reached statistical significance; women with a uni-
versity and above degree were less likely to gain weight
above IOM guidelines. Additionally, women who
smoked before pregnancy had a higher odds or gaining
more weight than IOM references.
Table 4 b shows the results of logistic regression on pre-

dictors of total GWG below IOM guidelines. In multivariate
analysis, maternal BMI category was significantly associated
with weight gain below the guidelines (p < .0001), with over-
weight women less likely to gain weight below IOM refer-
ence compared to normal weight women (adjusted OR: 0.28
[95% CI: 0.18–0.44]; p < .0001).

Discussion
In our cohort, obese women as a group had a mean
GWG that exceeded the upper limit of IOM 2009 GWG
guidelines. Additionally, being overweight and obese sig-
nificantly increased the risks of gaining gestational

Table 3 Rate of GWG (in kg/week) between scheduled visits with reference to IOM recommendations

Pre-pregnancy
BMI groups

IOM recommendation of rate of GWG
in 2nd and 3rd trimesters

GWG 1a GWG 2b GWG 3c

Mean (range) in kg/week Mean in kg/week (with ref. to IOM recommendation)

Under Weight (N = 59) 0.51 (0.44–0.58) 0.38 (<R) 0.54 (WR) 0.50 (WR)

Normal Weight (N = 414) 0.42 (0.35–0.50) 0.33 (<R) 0.55 (>R) 0.47 (WR)

Over Weight (N = 173) 0.28 (0.23–0.33) 0.31 (WR) 0.47 (>R) 0.46 (>R)

Obese (N = 78) 0.22 (0.17–0.27) 0.19 (WR) 0.40 (>R) 0.46 (>R)

P-value comparing GWG among BMI groups <.0001 <.0001 0.816

Visit 1 (11–14 Week); Visit 2 (18–24 Week); Visit 3 (28–32 Week); Visit 4 (34 Week Onwards)
Definitions: <R: weight Gain less than recommended range; WR: weight gain within recommended range;>R: weight gain more than recommended range
aGWG 1 = rate of gestational weight gain between scheduled Visit 2 and Visit 1
bGWG 2 = rate of gestational weight gain between scheduled Visit 3 and Visit 2
cGWG 3 = rate of gestational weight gain between scheduled Visit 4 and Visit 3
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weight above IOM guidelines, compared to being nor-
mal weight.
In terms of percentages of women who gained weight

within IOL recommendations, our cohort showed a
higher adherence rate of 40.7% compared to a recent
meta-analysis of more than one million pregnant women

from diverse international cohorts which found that only
24.5% had pregnancy weight gain within IOM 2009 rec-
ommendations [1].
Within the different BMI subgroups, the observed

weight gain patterns in our cohort are comparable to
other Asian-centered population studies, with higher

Table 4 Predictors of total gestational weight gain above/below IOM recommendations, whole cohort(N = 724)

4a) Logistic regression of predictors of total gestational weight gain above IOM recommendations

Variable Univariate OR a Multivariate Adjusted OR b

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Maternal body mass index category (kg/m2) <.0001 <.0001

Underweight (BMI < 18.5) 0.33 (0.11, 0.99) 0.049 0.25 (0.08–0.83) 0.023

Normal weight (BMI 18.5–24.9) Reference Reference –

Overweight (BMI 25–29.9) 4.02 (2.70, 6.00) <.0001 3.91 (2.60–5.88) <.0001

Obese (BMI≥ 30) 4.98 (2.97, 8.35) <.0001 4.78 (2.80–8.15) <.0001

Maternal educational level 0.020 0.015

University and above Reference Reference-

Junior college/Polytechnic 1.93 (1.28, 2.93) 0.002 1.96 (1.25–3.07) 0.004

ITEc 1.59 (0.88, 2.87) 0.128 1.45 (0.76–2.76) 0.262

Secondary and below 1.39 (0.88, 2.21) 0.162 1.05 (0.63–1.77) 0.853

Smoking before pregnancy, Y vs N 1.76 (1.14, 2.72) 0.011 1.67 (1.02–2.77) 0.043

Hypertensive disorders of pregnancy, Y vs N 2.74 (1.04, 7.20) 0.042 2.36 (0.79, 7.01) 0.117

4b) Logistic regression of predictors of total gestational weight gain below IOM recommendations

Variable Univariate OR d Multivariate Adjusted ORe

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Maternal body mass index category (kg/m2)
<.0001 <.0001

Underweight (BMI < 18.5) 1.02 (0.59, 1.78) 0.945 1.06 (0.60–1.87) 0.841

Normal weight (BMI 18.5–24.9) Reference- Reference

Overweight (BMI 25–29.9) 0.30 (0.19, 0.47) <.0001 0.28 (0.18–0.44) <.0001

Obese (BMI≥ 30) 0.63 (0.37, 1.06) 0.079 0.60 (0.35–1.04) 0.067

Maternal age 1.03 (0.99, 1.06) 0.085 – –

Marital status, Unmarriedf vs Married 0.55 (0.28,1.10) 0.090 – –

Parity 0.020 0.002

0 Reference Reference-

1 1.63 (1.16, 2.29) 0.005 1.85 (1.29–2.64) 0.001

2 or more 1.28 (0.80, 2.06) 0.306 1.52 (0.98–2.69) 0.060

Smoking before pregnancy, Y vs N 0.69 (0.44, 1.08) 0.104 – –

Smoking during pregnancy, Y vs N 0.31 (0.08, 1.24) 0.098 0.27 (0.06–1.21) 0.087

Exercise during pregnancy, Y vs N 0.58 (0.31, 1.07) 0.080 0.63 (0.33–1.19) 0.155
aVariables significant at p < 0.20 in univariate analysis; variables not listed include maternal age, race, parity, maternal employment at onset of pregnancy, monthly
household income category, pre-existing hypertension, pre-existing diabetes, maternal thyroid disease, smoking during pregnancy, alcohol use before pregnancy,
alcohol use during pregnancy, exercise before pregnancy, exercise during pregnancy and GDM
bArea under the curve = 0.732
cITE stands for Institute of Technical Education, it is a public vocational education institution in Singapore that provides pre- employment training to secondary
school leavers and continuing education and training to working adults
dVariables significant at p < 0.20 in univariate analysis; variables not listed include race, maternal educational level, maternal employment at onset of pregnancy,
monthly household income category, pre-existing hypertension, pre-existing diabetes, maternal thyroid disease, alcohol use before pregnancy, alcohol use during
pregnancy, exercise before pregnancy, hypertensive disorders of pregnancy and GDM
eArea under the curve = 0.643
fUnmarried include single, separated or divorced
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percentages of obese and overweight women gaining
more weight than IOM guidelines and more under-
weight and normal weight women gaining weight below
IOM recommendations. For example, Tanaka et al. [13]
examined GWG in 1883 singleton low-risk Japanese
women and found that 44% of the obese and 29.6% of
the overweight women gained more weight than IOM
guidelines, whereas 73.7% of underweight and 61.5% of
normal weight women gained less weight than IOM
guidelines. Similarly in another study, 10,973 singleton
low-risk Taiwanese women that delivered after 37 weeks
were analyzed; significantly higher proportions of obese
(49.8%) and overweight (52.2%) pregnant mothers gained
more weight than IOM recommendations, while higher
proportions of underweight (44.4%) and normal weight
(27.9%) women gained less weight than IOM recom-
mendations [10]. Most available Asian studies, however,
used IOM 2009 guidelines as a reference due to the lack
of well-established GWG recommendations for Asian
populations. The distributions of BMI categories, how-
ever, are different between Asian and the US popula-
tions, with a much lower prevalence of obesity in the
Asian population. The prevalence of obesity among
adult women in the US is estimated to be 41.1% in
2015–2016, with severe obesity (BMI ≥40 kg/m2) consti-
tutes 9.7% of the population [17, 18]. The prevalence of
obesity among American Asian women is 14.8% in the
same time periods, much lower than the rest of ethnicity
[17]. In contrast, the prevalence of obesity in the Singa-
porean women is estimated to be 7.9% [19], significantly
lower than that for the overall adult American women
and also lower than the rate in American Asian women.
As weight gain recommendations may be affected by the
baseline weight of a population, and the IOM recom-
mendations use absolute values of weight based on data
derived from American women who are in general
higher in body weight than Asian women, it may be dif-
ficult to comment in these Asian studies whether gain-
ing more weight than IOM guidelines indicate excessive
weight gain and vice versa.
For predictors of GWG above IOM guidelines, over-

weight and obesity were found to be independent risk
factors of gaining excessive gestational weight in our co-
hort. This is consistent with data from western countries
[6, 7]. For example, in a study of 571 low-risk singleton
pregnancies in the USA, overweight and obese women
had significantly higher risks of total GWG above IOM
guidelines, with adjusted OR of 3.44 and 4.55, respect-
ively [7].
In the above cited studies, IOM 2009 GWG guidelines

were used as a benchmark. Only one study made GWG
recommendations based on data from Singaporean
population. In 2014, Ee et al. studied the optimal GWG
for Singaporeans based on the lowest aggregated risk for

delivery mode and size for GA, with GWG value corre-
sponding to vaginal delivery and baby size appropriate
for GA defined as the optimal GWG [20]. Their analyses
concluded that the optimal GWG for underweight
Singaporean women may be higher than IOM guidelines
with optimal GWG of 19.5 kg (range 12.9 to 23.9 kg);
whereas the values for obese women should be less than
IOM recommendations, with optimal GWG of 1.8 kg
(range − 5.0 to 7.0 kg). Compared to their suggested
values, the total GWG in our cohort was too low for the
underweight and normal weight, and too high for obese
women. The outcomes Ee’s study, however, were based
only on delivery mode and size for GA and did not con-
sider other maternal, perinatal and infant outcomes
which were also taken into account by IOM 2009 GWG
guidelines.
Several limitations of the current study merit atten-

tion. First, different BMI groups have different target
weight gains. Hence pregnant women with a stricter tar-
get may empirically be more likely to fail to achieve it
than a woman with a more lenient target, independently
of BMI, and this may confound the relationship between
BMI category and GWG. Second, BMI groups were clas-
sified according to WHO classification (instead of Asian
BMI classifications). However, there are no available data
that indicate a clear BMI cut-off point for Asians and
WHO BMI cut-off values are widely used as inter-
national classifications [21]. Third, we compared the
GWG of our cohort with IOM 2009 reference which is
based on American population. The suitability of IOM
2009 GWG guidelines in Asian women have been inves-
tigated in many studies, but no consensus has been
reached [9, 20, 22–24].
The effects of excessive weight gain in pregnancy have

been extensively studied and linked to adverse maternal
and neonatal outcomes [1, 25, 26]. As the implications
of excessive GWG could be profound and with the rising
prevalence of overweight and obesity in the Southeast
Asian [27, 28], understanding the characteristics of
GWG and making appropriate GWG advice for over-
weight and obese Singaporean women prior to and dur-
ing pregnancy is important.

Conclusions
In our cohort, obese women as a group had a mean total
GWG that exceeded the upper limit of IOM recommen-
dations. Overweight and obesity are independent signifi-
cant risk factors of gaining excessive gestational weight.
Our study adds to the understanding of the characteris-
tics of pregnancy weight gain in the Singaporean popula-
tion, and suggests that appropriate weight management
for overweight and obese women prior to and during
pregnancy is important. The implications of our results
on pregnancy outcomes could be investigated in future
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studies. In addition, high quality studies with large sam-
ple sizes are needed to develop GWG recommendations
in the multi-ethnic Singaporean populations.

Additional file

Additional file 1: Table S1. Baseline characteristics of each BMI groups.
(DOCX 19 kb)
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