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Abstract
Objective To explore inadequate and excessive gestational weight gain (GWG) among pregnant women of different racial/ethnic
backgrounds in Ontario, Canada.
Methods A population-based retrospective cohort study was conducted among women who had prenatal screening and had a
singleton birth in an Ontario hospital between April 2016 and March 2017. We estimated adjusted risk ratios (aRR) of racial/
ethnic differences for inadequate or excessive GWG using multinomial logistic regression models. Interaction effects were
examined to determine whether racial/ethnic difference in GWG varied by pre-pregnancy body mass index (BMI).
Results Among 74,424 women, the prevalence of inadequate GWG in White, Asian, and Black women was 15.7%, 25.8%, and
25.0%, and excessive GWGwas 62.8%, 45.5%, and 54.7%, respectively. There were significant interaction effects between race/
ethnicity and pre-pregnancy BMI for inadequate GWG (Wald p < 0.01) and excessive GWG (Wald p < 0.01). Compared with
White women, Asian women had higher risk of inadequate GWG and lower risk of excessive GWG in all weight classes, and
Black women had higher risk of inadequate GWG and lower risk of excessive GWG if their BMI was normal, overweight, or
obese.
Conclusion Variations in unhealthy GWG by pre-pregnancy weight classes among OntarioWhite, Asian and Black women were
observed. Individualized counseling regarding appropriate GWG is universally recommended. Additional consideration of
racial/ethnic variations by maternal weight classes may help to promote healthy GWG in Canada.

Résumé
Objectif Explorer la prise de poids gestationnelle (PPG) insuffisante et excessive chez les femmes enceintes de différentes
origines raciales/ethniques en Ontario (Canada).
Méthode Une étude de cohorte populationnelle rétrospective a été menée auprès de femmes ayant subi un dépistage prénatal et
accouché d’un enfant unique dans un hôpital de l’Ontario entre avril 2016 et mars 2017. Nous avons estimé le risque relatif ajusté
(RRa) des différences raciales/ethniques dans la PPG insuffisante ou excessive à l’aide d’un modèle de régression logistique
multinomiale. Nous avons examiné les effets d’interaction pour déterminer si les différences raciales/ethniques dans la PPG
variaient selon l’indice de masse corporelle (IMC) d’avant la grossesse.
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Résultats Chez 74 424 femmes, la prévalence de la PPG insuffisante chez les femmes blanches, asiatiques et noires était
respectivement de 15,7 %, 25,8 % et 25,0 %, et celle de la PPG excessive était respectivement de 62,8 %, 45,5 % et 54,7 %.
Il y a eu des effets d’interaction significatifs entre la race/l’appartenance ethnique et l’IMC d’avant la grossesse pour la PPG
insuffisante (Wald p < 0,01) et la PPG excessive (Wald p < 0,01). Comparativement aux femmes blanches, les femmes asiatiques
de toutes catégories de poids présentaient un risque supérieur de PPG insuffisante et un moindre risque de PPG excessive, et les
femmes noires de poids normal, en surpoids ou obèses selon leur IMC présentaient un risque accru de PPG insuffisante et un
moindre risque de PPG excessive.
Conclusion Des écarts ont été observés dans la PPG malsaine par catégorie de poids prégestationnel entre des femmes blanches,
asiatiques et noires enOntario. Des conseils personnalisés au sujet de la PPG appropriée sont recommandés dans tous les cas. Une
attention supplémentaire aux différences raciales/ethniques par catégorie de poids maternel pourrait favoriser une PPG saine au
Canada.

Keywords Race/ethnicity .Weight gain . Bodymass index . Pregnancy
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Introduction

Inadequate and excessive gestational weight gain (GWG)
have both been linked with a number of adverse maternal
and neonatal outcomes, which in turn also vary by race/
ethnicity (Headen et al. 2012). The United States (US)
Institute of Medicine (IOM) developed GWG guidelines in
1990 and updated them in 2009, and these were adopted by
Health Canada in 2010 (Health Canada 2010). In Canada,
more than half of women exceed the 2009 national guidelines
for weight gain during pregnancy, and approximately one fifth
of women gain below the recommendations (Dzakpasu et al.
2015; Kowal et al. 2012), but data on racial/ethnic differences
in GWG and their impact on adverse pregnancy outcomes
were very limited. Exploring racial/ethnic variations in
GWG is the first step to understand this issue in Canada.

Previous studies have reported racial/ethnic differences in
GWG, with visible minorities at increased risk of inadequate
GWG and lower risk of excessive GWG (Headen et al. 2015;
Kinnunen et al. 2016; Pawlak et al. 2015; Bahadoer et al.
2015). A recent systemic review on GWG across three conti-
nents and diverse ethnicities indicated women in the United
States and Europe have higher prevalence of GWG above
guidelines and lower rates of GWG below guidelines than
women in Asia (Goldstein et al. 2018). However, knowledge
is limited in several ways. First, most of the population-based
studies on racial/ethnic differences in GWG were conducted
in the USA or Europe, and only two small studies have been
performed in Canada (Kowal et al. 2012; Larouche et al.
2010). One study of 960 pregnant women from Montreal
compared the GWG in six ethnic groups: White, Black,
Latin American, East Asian, West Asian/Arab, and South
Asian. No statistically significant differences were found be-
tween visible minorities and White women (Larouche et al.
2010). Kowal et al. used Canadian Maternity Experiences
Survey (MES) data to describe GWG among women from

several backgrounds, including Aboriginal, British Isles or
French, European, and North American; however, Asian and
Black populations were not examined (Kowal et al. 2012).
Considering limitations of small sample size and selective
participation bias in these studies, a larger population-based
Canadian study is needed (Kowal et al. 2012; Larouche et al.
2010). Second, although Canada and the USA share some
social and economic similarities, results of studies conducted
in the USA may not directly apply to Canada due to differing
racial/ethnic composition of the population and context. In the
USA, 13.3% of the total population identify as Black and
5.7% identify as Asian (US Census Bureau 2016). In
Canada, only 3.5% of the total population identify as Black,
and 17.7% identify as Asian which comprise the largest and
fastest-growing visible minority group in Canada (Statistics
Canada 2017). Moreover, the majority of Black Canadians
trace their family’s arrival to sometime after 1960, while more
than 85% of Black Americans trace their ancestry back three
or more generations in the USA (Vickers and Annette 2012;
Attewell et al. 2010). As a consequence of immigration histo-
ry, visible minority groups in Canada have increased gradually
in recent decades. According to the 2016 Census, visible mi-
norities now account for 22.3% of the total Canadian popula-
tion and comprise 29.3% of Ontario’s total population
(Statistics Canada 2017). The two largest visible minority
groups are Asian and Black, each with a population exceeding
one million in Canada (Statistics Canada 2017). Third, many
studies used separate binary logistic regression models or one
multinomial regression model to generate odds ratios of inad-
equate and excessive GWG (Liu et al. 2014; McDonald and
Beyene 2015). Few studies used multinomial regression
models to estimate the risk ratio (RR) of unhealthy GWG,
which will avoid multiple testing problems and have more
precise and accurate estimates, thus leading to correct conclu-
sions (McDonald and Beyene 2015; Camey et al. 2014).
Fourth, limited studies considered interaction effects between
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race/ethnicity and pre-pregnancy body mass index (BMI) on
GWG, although studies indicated racial/ethnic disparities in
pre-pregnancy BMI (Headen et al. 2015; Liu et al. 2014).

Ontario, the most populous province in Canada, has a high
level of racial/ethnic diversity, providing a unique opportunity
to examine racial/ethnic variations in GWG in Canada. The
purpose of our study was to examine racial/ethnic differences
in GWG in Ontario using data from a population-based birth
registry (Dunn et al. 2011).

Materials and methods

Study design and data sources

In this population-based retrospective cohort study, we used
data obtained from the Better Outcomes Registry & Network
(BORN) Ontario birth registry. The BORN registry contains
maternal demographic characteristics including race/ethnicity
and clinical information related to pregnancy, including ob-
stetrical complications and gestational weight gain. It has been
assessed as a reliable, high-quality, comprehensive source of
perinatal information covering 100% of hospital deliveries in
Ontario (Dunn et al. 2011; BORN Ontario. BORN Data
Quality Report 2012-2014 – Executive Summary n.d.). The
prenatal screening programwithin the BORN registry routine-
ly collects maternal racial/ethnic information to modify
screening algorithms. We obtained information on socio-
economic status, including neighbourhood household income
and education quintiles by linking the birth registry with 2011
Census data by maternal residence postal code.

Study population

We restricted our study population to women who had
prenatal screening during pregnancies that resulted in a
singleton birth in any Ontario hospital between April 1,
2016 and March 31, 2017. Approximately 70% of preg-
nant women received prenatal screening in Ontario in
2016 (BORN Ontario. Data Analysis for Annual Report
2014-2016. 2016 n.d.). Women who underwent prenatal
screening were more likely to live in an urban area, re-
ceive care from an obstetrician, have a higher income, and
have immigrant or refugee status (Hayeems et al. 2015).
Women with any of the following conditions were exclud-
ed: gestational age at birth < 22 weeks or > 42 weeks,
maternal age < 19 years old, multiple pregnancies, and
lethal fetal anomalies. Only the first birth was included
for those women who had two births during the study
year. Women with missing, mixed, or other racial/ethnic
background other than White, Asian, and Black were also
excluded. We further limited to pregnancies with com-
plete and plausible data on GWG and BMI: BMI range

of 15–70 kg/m2 and GWG range of − 30–50 kg
(McDonald et al. 2018).

Measures

Primary outcome

The primary outcome was total GWG, expressed as a categor-
ical variable (inadequate GWG, adequate GWG, and exces-
sive GWG) classified according to pre-pregnancy BMI cate-
gory. Actual total GWG was the difference between maternal
weight at delivery and pre-pregnancy weight as recorded in
the BORN database. Total GWG recommendations from the
IOM 2009 guidelines (which were adopted by Health Canada
in 2010) were used to define inadequate, adequate, and exces-
sive GWG (Table 1) (Health Canada 2010). Because GWG is
associated with gestational length, we accounted for the dura-
tion of gestation in our calculations of expected GWG.
Expected GWG was calculated based on IOM recommenda-
tions for the amount of weight gain during the first trimester,
which varied by pre-pregnancy BMI (underweight, 2 kg; nor-
mal weight, 2 kg; overweight, 1 kg; obese, 0.5 kg) (Headen
et al. 2015; Rasmussen and Yaktine 2009) and weight gain
during the second and third trimester. The expected GWGwas
then calculated as the recommended first trimester gain +
(gestational age − 13) × (weight gain during the second and
third trimesters). We calculated the ratio of actual GWG to the
expected GWG according to 2009 IOM recommendations. If
the ratio fell into the recommended range, then the woman
was classified as adequate GWG group. If the ratio fell above
or below these ranges, then total GWG was considered to be
excessive or inadequate, respectively (Table 1) (Liu et al.
2014).

Exposure

Women’s race/ethnicity (White, Asian, and Black) was our
main independent variable of interest, which was self-
reported and recorded by the prenatal care provider who com-
pleted the prenatal screening requisition.

Main covariate and modifier

Pre-pregnancy BMI, calculated by dividing self-reported pre-
pregnancy weight (kg) by self-reported height (m), squared,
was the main covariate and modifier. We used BMI categories
based on the World Health Organization (WHO) standards:
underweight (BMI < 18.5 kg/m2), normal weight (18.5 ≤BMI
< 25 kg/m2), overweight (25 ≤ BMI < 30 kg/m2), or obese
(BMI ≥ 30 kg/m2) (World Health Organization n.d.).
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Other covariates

We also included a wide range of potential confounders for
unhealthy GWG, including pre-pregnancy BMI categories
(underweight, normal, overweight, or obese), mother’s age
at birth (≤ 24, 25–29, 30–34, or ≥ 35 years), neighbourhood
household median income quintile (lowest, 2nd, 3rd, 4th,
highest), neighbourhood education quintile (percentage of
adults 26 to 64 years having a university degree), parity (nul-
liparous or multiparous), conception type (in vitro fertiliza-
tion, intrauterine insemination, or no assisted reproductive
technology), smoking during pregnancy (yes or no), pre-
existing maternal health conditions (chronic hypertension, di-
abetes, chronic heart disease, pulmonary disease [yes or no]),
and antenatal health care provider (inclusive of family physi-
cian, obstetrician, family physician and obstetrician, midwife,
other, or none).

Statistical analysis

Maternal demographic characteristics and clinical factors were
compared among the three racial/ethnic groups. We described
continuous variables by mean ± standard deviation (SD) and
categorical variables by count and percent (%). We assessed
the associations between covariates and race/ethnicity using
analysis of variance or Kruskal-Wallis H tests for continuous
data and chi-square tests for categorical data.

Prevalence of inadequate and excessive GWG stratified
by pre-pregnancy BMI categories was examined among
White, Asian, and Black women. Multinomial logistic re-
gression models were used to estimate the adjusted risk
ratio (aRR) with 95% confidence intervals (CI) of inade-
quate or excessive GWG across race/ethnicity groups,
with White women as the reference (SAS Institute Inc

2016). We first obtained the model parameter estimates
and GWG probabilities for each race/ethnicity from a
statement of PROC LOGISTIC and then calculated the
RR and 95% CI by using the NLEstimate macro (SAS
Institute Inc 2016). Potential confounders were identified
by comparing the measure of association before and after
adjusting for confounders. If the difference between the
two measures of association was 15% or more, the con-
founder was adjusted in the multivariate model. Even
though adjustment for socio-economic status (SES) has
been considered a form of overadjustment on causal in-
termediates and leads to biased estimates of the total ef-
fect in some ethnicity studies, we still adjusted for SES in
models as it is difficult to remove confounding effects of
SES when investigating racial/ethnic disparities in health
outcomes. We used multiple imputation methods to ac-
count for missing data on the following covariates:
neighbourhood household income (6.3% missing), educa-
tion (5.6% missing), parity (0.6% missing), and antenatal
health care provider (2.0% missing). Ten datasets were
imputed by using the fully conditional specification
(FCG) logistic regression method. We also conducted a
sensitivity analysis to compare our main results using im-
puted data, with a complete case analysis. Interaction ef-
fects were also tested to determine whether racial/ethnic
differences in GWG varied by pre-pregnancy weight cat-
egory. We used Wald tests to assess the significance of
interaction for both inadequate and excessive GWG at the
p ≤ 0.10 level. If significant interaction was detected, we
reported the magnitude of racial difference within each
stratum of pre-pregnancy weight class. All analyses were
performed using the Statistical Analysis System (SAS) for
Windows, version 9.4 (SAS Institute, Cary, NC), with 2-
tailed tests and a significance level of p < 0.05.

Table 1 2009 Institute of Medicine (IOM) total GWG recommendations for singleton pregnancy

Pre-pregnancy
BMI (kg/m2)

Recommended first
trimester weight gain

Weekly recommended gain
in 2nd and 3rd trimester

Recommended total GWG (kg)
for full-term gestational age

Recommended ranges of expected weight
gain based on the recommendationa

Mean in kg Mean (range) in kg/week Range in kg

Underweight,
BMI < 18.5

2 0.51 (0.44–0.58) 12.5–18.0 0.79–1.14

Normal weight,
18.5 ≤BMI
< 25

2 0.42 (0.35–0.50) 11.5–16.0 0.86–1.20

Overweight, 25 ≤
BMI < 30

1 0.28 (0.23–0.33) 7.0–11.5 0.81–1.34

Obese, BMI ≥ 30 0.5 0.22 (0.17–0.27) 5.0–9.0 0.78–1.41

a The ranges were used as the basis for the following categories of weight gain adequacy: inadequate (less than the lower cutoff of recommendations),
adequate (within recommended range), or excessive (greater than the upper cutoff of recommendations). The recommended range is calculated by
dividing the lower and upper limits of the recommended weight gain range by the expected weight gain at 40-week gestation for each BMI group. For
example, for underweight women, the range of weight gain is 12.5–18 kg, and the expected weight gain is 15.77 kg (2 kg + [40–13] × 0.51). Thus, the
adequate range of expected weight gain based on the recommendation for underweight women is 0.79–1.14, where 0.79 = (12.5/15.77) and 1.14 = (18/
15.77)
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Results

Following exclusions, a total of 74,424 women were
included in the study. Of these, 64.0% were Whites,
29.1% were Asians, and 6.9% were Blacks (Fig. 1).
Table 2 shows the distribution of selected characteristics
by race/ethnicity. Compared with White women, Asian
women were older, less likely to be obese, more edu-
cated, less likely to smoke during pregnancy, and less
likely to have chronic disease. Compared with White
women, Black women were more likely to be obese,
more likely to reside in a neighbourhood in the lowest
income quintile, and less likely to smoke during
pregnancy.

Table 3 shows the distribution of inadequate and ex-
cessive GWG across the three racial/ethnic groups.
Overall, 19.3% of women had inadequate GWG and
more than half (57.2%) of women had excessive
GWG. The prevalence of inadequate GWG was higher
in Asian (25.8%) and Black women (25.0%) than in
White women (15.7%). Conversely, Asian women and
Black women had a lower prevalence of excessive
GWG (45.5% and 54.7%) than White women (62.8%).

Table 4 shows the aRR of unhealthy gestational
weight gain among three race/ethnicity groups.
Compared with White women, after adjusting for mater-
nal demographic and clinical characteristics, the overall
aRRs of inadequate GWG were 1.20 (95% CI, 1.18,
1.22) and 1.29 (95% CI, 1.24, 1.33) for Asian and
Black women, respectively, and aRRs of excessive
GWG were 0.72 (95% CI, 0.71, 0.73) and 0.83 (95%
CI, 0 .80 , 0 .86) for Asian and Black women,
respectively.

There were significant interaction effects between race/
ethnicity and pre-pregnancy BMI for inadequate GWG
(Wald p < 0.01) and excessive GWG (Wald p < 0.01). Thus,
stratified results by pre-pregnancy BMIwere shown in Table 4
as well. Compared with White women, Asian women with all
weight classes had higher risk of inadequate GWG (under-
weight, aRR 1.18, 95% CI [1.12, 1.22]; normal, aRR 1.40,
95% CI [1.38, 1.45]; overweight, aRR 1.37, 95% CI [1.32,
1.43]; obese, aRR 1.07, 95% CI [1.02, 1.11]) and lower risk of
excessive GWG (underweight, aRR 0.81, 95% CI [0.79,
0.84]; normal, aRR 0.83, 95% CI [0.81, 0.84]; overweight,
aRR 0.89, 95% CI [0.88, 0.90]; obese, aRR 0.95, 95% CI
[0.94, 0.97]). Compared with Whites, Black women with
BMI ≥ 18.5 kg/m2 had higher risk of inadequate GWG (nor-
mal, aRR 1.45, 95% CI [1.41, 1.53]; overweight, aRR 1.53,
95% CI [1.46, 1.60]; obese, aRR 1.27, 95% CI [1.22, 1.34])
and lower risk of excessive GWG (normal, aRR 0.72, 95% CI
[0.67, 0.78]; overweight, aRR 0.88, 95% CI [0.87, 0.89];
obese, aRR 0.90, 95% CI [0.88, 0.91]). Our sensitivity analy-
sis showed that point estimates using multiple imputation for

missing covariates were similar to our complete cases results
(Supplementary Table 1).

Discussion

Our study, based on a large multi-ethnic cohort, found that
GWG varied among White, Asian, and Black women by
pre-pregnancy BMI, even after accounting for the difference
in baseline characteristics of the groups. Compared with
White women, Asian women regardless of their pre-
pregnancy weight classes and Black women except under-
weight had higher risk of inadequate gestational weight gain
and lower risk of excessive gestational weight gain. Excessive
GWG was, however, an important issue for all racial/ethnic
groups. Although minority women appeared to gain less
weight than White women, they were still not protected from
excessive GWG. We also observed significant modification
effects of race/ethnicity and pre-pregnancy BMI groups on
inadequate GWG and excessive GWG in this study.

To our knowledge, this is the first population-based study
in Canada that examines racial/ethnic differences in GWG
among White, Asian, and Black women. The overall preva-
lence of inadequate and excessive GWGobserved in our study
were consistent with those from a Canadian surveillance re-
port, which showed that approximately 20% of women have
inadequate GWG and more than 50% of women have exces-
sive GWG (Dzakpasu et al. 2015; Kowal et al. 2012). Studies
from the USA indicate that the prevalence of unhealthy GWG
varies among non-Hispanic White, non-Hispanic Black, and
Hispanic women, with Hispanic and Black women being
more likely to have inadequate GWG and less likely to have
excessive GWG compared with White women (Headen et al.
2012; Pawlak et al. 2015; Liu et al. 2014; De Jongh et al.
2014; Vanstone et al. 2017; Mendez et al. 2016; Hunt et al.
2013). However, in the US studies, Asian women were com-
bined with other racial/ethnic groups or were removed from
analysis due to the small population (Headen et al. 2012;
Pawlak et al. 2015; Liu et al. 2014; De Jongh et al. 2014;
Vanstone et al. 2017; Mendez et al. 2016; Hunt et al. 2013).
With a relatively high proportion of visible minority popula-
tions in Ontario, particularly for Asian women, our study pro-
vides further evidence on the differences between GWG in
White and Asian women—Asian women in Ontario are more
likely to have inadequate GWG and less likely to gain exces-
sive weight during pregnancy than White women, regardless
of weight classes. Our findings contradict those from a small
study conducted in Montreal in a tertiary care centre, which
compared GWG within six racial/ethnic groups and found no
significant differences between visible minorities and White
women in GWG (Larouche et al. 2010). The inconsistency
between our study and the Montreal study is most likely re-
lated to the lack of study power in the Montreal study, which
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only included 960 women in total, fewer than 400 of whom
represented ethnic minorities (Larouche et al. 2010).

An important contribution of this study is its more appro-
priate method of estimating the RR by using a multinomial
logistic regression model (SAS Institute Inc 2016). Instead of
using separate binary logistic regression models to generate
odds ratios of inadequate and excessive GWG (each compared
with adequate GWG), we used one multinomial logistic re-
gression model, which can overcome other drawbacks of sep-
arate binary models, such as redundancy and loss of informa-
tion that result when only a subset of the data is analyzed at a
time, as well as multiple testing problems that arise from an-
alyzing several pairs of categories (McDonald and Beyene
2015). Moreover, directly estimating the risk ratios for com-
mon outcomes (> 10%) is less biased than odds ratios (Camey
et al. 2014). To our knowledge, multinomial logistic regres-
sion model does not provide RR directly, but the NLEstimate
macro using the fitted model information saved with the

STORE statement in PROC LOGISTIC could produce RR
and 95% CI (SAS Institute Inc 2016). In addition, our large
sample size provided sufficient power to test the interaction
between race/ethnicity and pre-pregnancy BMI on unhealthy
GWG, and our findings of interaction effects were consistent
with several other large studies (Headen et al. 2015; Camey
et al. 2014; Fontaine et al. 2012; Hickey et al. 1999), but differ
from the results from two smaller studies (Pawlak et al. 2015;
Caulfield et al. 1996).

There were several limitations of our study. Pre-pregnancy
weight, weight at delivery, and racial/ethnic information were
all self-reported. Although high concordance has been ob-
served between self-reported and clinically recorded weight
as well as between birth certificate data and clinically recorded
GWG (Natamba et al. 2016; Holland et al. 2013; Bannon et al.
2017), studies using measured weight are needed to address
these limitations and confirm our study findings. Goldstein
et al. indicated variations in GWG between Asian and women

All women who had prenatal screening and 

resulted a birth in any Ontario hospital from 

April 1
st
, 2016 to March 31

st
, 2017 

(N=96,507)

Exclude (n=3,974):

· Multiple gestation (n=2,838);

· Gestational age <22 weeks (n=122);

· Gestational age >42 weeks (n=22);

· Maternal age<19 years old (n=589);

.  Maternal age is missing (n=238);

· Fetal lethal anomaly, genetic syndrome, chromosomal

anomaly (n=192);

· Second gestation in women who had two births in the study 

year (n=17)
Women with singleton birth

(N=92,533)

Exclude (n=9,976):

· Body mass index (BMI) is missing (n=4,874);

· Gestational weight gain (GWG)  is missing (n=8,497); 

· Implausible records of BMI  (out of range of 15-70kg/m2) 

(n=143);

· Implausible records of GWG (out of range of -30-50 kg) 

(n=647)

Women with singleton birth

(N=84,400)

Exclude (n=8,133): 

· Racial/ethnic background is missing (n=2,399);

· Mixed or other racial/ethnic background (n=5,734); 

White
(n=47,626; 64.0%)

Asian
(n=21,669; 29.1%)

Black
(n=5,129; 6.9%)

Population for analysis

(N=74,424)

Fig. 1 Flow chart of study
population
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in the USA and Europe were diminished when regional spe-
cific BMI categories were used (Goldstein et al. 2018).
However, it is unclear how well the IOM guidelines suit

different racial/ethnic groups as we used the WHO guidelines
to identify BMI categories. Misreporting race/ethnicity may
occur as well. Moreover, unavailability of GWG by trimester

Table 3 Distribution of GWG among pregnant women by race/ethnicity, stratified by pre-pregnancy BMI categories

Outcome Total White Asian Black

N % n % n % n %

Overall women

Inadequate GWG 14,367 19.3 7494 15.7 5590 25.8 1283 25.0

Adequate GWG 17,504 23.5 10,245 21.5 6216 28.7 1043 20.3

Excessive GWG 42,553 57.2 29,887 62.8 9863 45.5 2803 54.7

Underweight

Inadequate GWG 1678 38.0 723 34.7 875 41.0 80 40.4

Adequate GWG 1424 32.2 643 30.8 730 34.2 51 25.8

Excessive GWG 1318 29.8 720 34.5 531 24.9 67 33.8

Normal weight

Inadequate GWG 8282 21.1 4139 17.0 3582 27.6 561 28.9

Adequate GWG 12,367 31.5 7364 30.3 4445 34.2 558 28.7

Excessive GWG 18,633 47.4 12,837 52.7 4972 38.2 824 42.4

Overweight

Inadequate GWG 2182 12.2 1069 9.2 812 17.1 301 19.0

Adequate GWG 2120 11.8 1095 9.4 788 16.6 237 14.9

Excessive GWG 13,641 76.0 9438 81.3 3155 66.4 1048 66.1

Obese

Inadequate GWG 2225 17.4 1563 16.3 321 18.0 341 24.3

Adequate GWG 1593 12.5 1143 11.9 253 14.2 197 14.1

Excessive GWG 8961 70.1 6892 71.8 1205 67.7 864 61.6

GWG, gestational weight gain; BMI, body mass index

Table 4 Adjusted RR for racial/ethnic differences in risk of unhealthy GWG, stratified by pre-pregnancy BMI categories

Adjusted RR (95% CI)

All womena Underweightb Normal weightb Overweightb Obeseb

Inadequate GWG vs. adequate GWG

Asian 1.20 (1.18, 1.22) 1.18 (1.12, 1.22) 1.40 (1.38, 1.45) 1.37 (1.32, 1.43) 1.07 (1.02, 1.11)

Black 1.29 (1.24, 1.33) 1.08 (0.98, 1.18) 1.45 (1.41, 1.53) 1.53 (1.46, 1.60) 1.27 (1.22, 1.34)

White 1.00 1.00 1.00 1.00 1.00

Excessive GWG vs. adequate GWG

Asian 0.72 (0.71, 0.73) 0.81 (0.79, 0.84) 0.83 (0.81, 0.84) 0.89 (0.88, 0.90) 0.95 (0.94, 0.97)

Black 0.83 (0.80, 0.86) 1.04 (0.98, 1.11) 0.72 (0.67, 0.78) 0.88 (0.87, 0.89) 0.90 (0.88, 0.91)

White 1.00 1.00 1.00 1.00 1.00

RR, risk ratio; 95% CI, 95% confidence intervals; GWG, gestational weight gain; BMI, body mass index

Multinomial logistic regression models were used to estimate the risk ratios.

Multiple imputationmethods were used to impute missing values of covariates. Missing values of median household income, education level, parity, and
antenatal care provider were imputed by fully conditional specification (FCS) logistic regression method.
aModels were adjusted for pre-pregnancy BMI, maternal age, maternal neighbourhood household median income level, neighbourhood education level,
parity, conception type, smoking during pregnancy, maternal pre-existing health problem, and antenatal health care provider
bModels were adjusted for maternal age, maternal neighbourhood household median income level, neighbourhood education level, parity, conception
type, smoking during pregnancy, maternal pre-existing health problem, and antenatal health care provider
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limited our ability to examine the effect by gestational periods.
We were unable to investigate the differences in GWG be-
tween South Asian and East Asian women due to the lack of
specific identity information for these two racial/ethnic groups
in the database. Differential findings from East Asia compared
with those from South Asia have been reported for both obe-
sity and GWG (Kinnunen et al. 2016; Yi et al. 2015). In
addition, selection bias may have resulted from exclusion of
women who did not complete prenatal screening, but the di-
rection and magnitude are uncertain. Finally, although adjust-
ment was conducted for a range of potential confounders,
residual confounding may still exist.

Conclusion

Our large population-based study revealed variations in maternal
gestational weight gain amongWhite, Asian, and Black women
in Canada. In terms of racial difference, we found Asian women
in all pre-pregnancy weight classes and Black women if their
BMI was normal, overweight, or obese had higher risk of inad-
equate GWG and lower risk of excessive GWG than White
women. Further work should examine whether the racial/ethnic
differences in pre-pregnancy GWG by trimester and whether
racial/ethnic differences in GWG lead to differences in maternal
and childhood outcomes. Individualized counseling regarding
appropriate GWG is currently universally recommended in
Canada. Additional consideration of racial/ethnic variations
may help promote healthy pregnancy-related weight gain.
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