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Abstract
Aims/hypothesis The aim of this study was to examine how BMI influences the association between Asian ethnicity and risk of
gestational diabetes (GDM).
Methods This population-based cohort study included pregnant women without pre-existing diabetes mellitus in Ontario,
Canada between 2012 and 2014. Women of Chinese and South Asian ethnicity were identified using a validated surname
algorithm. GDM was ascertained using hospitalisation codes. The relationship between ethnicity and GDM was modelled using
modified Poisson regression, adjusted for maternal age, pre-pregnancy BMI, parity, previous GDM, long-term residency status,
income quintile and smoking status. An interaction term between ethnicity and pre-pregnancy BMI was tested.
Results Of 231,618 pregnant women, 9289 (4.0%) were of South Asian ethnicity and 12,240 (5.3%) were of Chinese ethnicity.
Relative to women from the general population, in whom prevalence of GDM was 4.3%, the adjusted RR of GDM was higher
among those of South Asian ethnicity (1.81 [95% CI 1.64, 1.99]) and Chinese ethnicity (1.66 [95% CI 1.53, 1.80]). The
association between GDM and Asian ethnicity remained significant across BMI categories but differed according to BMI.
The prevalence of GDM exceeded 5% at an estimated BMI of 21.5 kg/m2 among South Asian women, 23.0 kg/m2 among
Chinese women and 29.5 kg/m2 among the general population.
Conclusions/interpretation The risk of GDM is significantly higher in South Asian and Chinese women, whose BMI is lower
than that of women in the general population. Accordingly, targeted GDM prevention strategies may need to consider lower BMI
cut-points for Asian populations.
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Abbreviations
BORN Better Outcomes Registry and Network
GDM Gestational diabetes
PAF Population attributable fraction

Introduction

Gestational diabetes (GDM) is a metabolic disorder of preg-
nancy that currently affects around 5–9% of pregnancies [1].
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Established adverse neonatal effects of GDM include
macrosomia, preeclampsia, preterm delivery and neonatal
death [2]. While glucose tolerance normalises in most women
after delivery, those who develop GDM during pregnancy
have a tenfold increased risk of developing subsequent type
2 diabetes [3].

Risk of GDM is heterogeneous and is influenced by factors
such as BMI and ethnicity [4, 5]. Relative to normal-weight
women, risk of GDM is fourfold higher in obese women as
defined by a BMI >30 kg/m2 [5]. GDM is also more prevalent
in most ethnic minority populations [6–9]. In particular,
evidence indicates that South Asian and Chinese women have
a higher risk of GDM when compared with white women [7].
Despite this, the prevalence of obesity is lower in South Asian
and Chinese women than it is in white women [10].
Explanations for these conflicting patterns of GDM risk
include differences in visceral fat distribution and other genet-
ic or epigenetic factors. Evidence suggests that Asian popula-
tions have a higher percentage body fat for a given BMI than
white populations [11, 12] and that the risk of adverse
health outcomes such as type 2 diabetes and CVD
increases at lower BMI values [13]. As a result, the
WHO recommends a lower cut-off for defining ‘over-
weight’ in Asian populations (>23 kg/m2) compared with
the general population (>25 kg/m2). Few studies have
investigated how risk of GDM is influenced by differences
in maternal BMI when comparing Asian women with
women in the general population. Furthermore, while there
is some evidence that immigrant women have greater risk
of GDM than non-immigrant women, less is known about
how immigrant status influences the association between
Asian ethnicity and GDM [7].

Understanding differences in the association between
ethnicity and GDM by BMI is important for identifying opti-
mal BMI targets for women entering pregnancy, to reduce
their risk of GDM and, subsequently, adverse neonatal events.
Clinicians will also be better placed to risk-stratify women to
guide GDM prevention strategies early in pregnancy.

Using population-based health administrative datasets
within a single-payer health system, we aimed to examine
the effect of BMI on the association between Asian ethnicity
and GDM in a large population of pregnant women in
Ontario, Canada. We additionally explored the influence of
immigrant status on this relationship.

Methods

Data sources Data were obtained from population-based
administrative datasets held at ICES, an independent, non-
profit research institute whose legal status under Ontario’s
health information privacy law allows it to collect and analyse
healthcare and demographic data without consent for the
purposes of health system evaluation and improvement. The
following administrative databases were used: registered
persons database for demographics including neighbourhood
income quintile and vital status; Canadian Institute of Health
Information discharge abstract database for hospital admis-
sion and discharge data; Ontario Health Insurance Plan;
Ontario’s free healthcare plan for comorbidity data; and
Ontario Laboratories Information System (OLIS) for labora-
tory data. The Better Outcomes Registry and Network
(BORN), Ontario’s perinatal registry, was the primary source
of data for identifying the cohort and key pregnancy-related
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variables. This dataset was established in 2009 and captures
maternal and neonatal information from hospitals, midwifery
practice groups, specialised antenatal clinics, prenatal screen-
ing laboratories and fertility clinics relating to all pregnancies
occurring across Ontario. BORN is funded by the Ontario
Ministry of Health and Long-Term Care and supported by
the Children’s Hospital of Eastern Ontario. The
Immigration, Refugees and Citizenship Canada Permanent
Resident Database was used to identify individuals who immi-
grated to Canada since 1985 [14]. Details regarding these
databases can be found at: https://www.ices.on.ca/Data-and-
Privacy/ICES-data/Data-dictionary. The datasets are linked
using unique encoded identifiers and are analysed at ICES.
The use of data in this project was authorised under section
45 of Ontario’s Personal Health Information Protection Act,
which does not require review by a Research Ethics Board.

Study design and participants This retrospective cohort study
included all women aged 16–50 years at date of delivery who
delivered a baby in hospital in Ontario between 1 April 2012
and 31 March 2014. For women who had multiple pregnan-
cies during this period, only the first pregnancy was included.
The following women were excluded: those who were ineli-
gible for healthcare; those who were not a resident of Ontario
in the 2 years prior to the date of delivery; and those who had
pre-existing diabetes. Pre-existing diabetes was defined as a
record in the Ontario Diabetes Database ≥150 days before the
delivery date based on a validated algorithm to identify diabe-
tes from administrative data sources [15].

Outcome and covariates The primary outcome was a diagno-
sis of GDMduring the index pregnancy, defined as an ICD-10
code (http://apps.who.int/classifications/icd10/browse/2016/
en) for GDM (O24) or diabetes (E10, E11, E12, E13, E14)
during the index hospitalisation. Screening for diabetes is
offered to all pregnant women, between the 24th and 28th
week of pregnancy in Canada. The diagnostic threshold for
GDM changed during the study period, with lower glucose
thresholds implemented in 2013 [16, 17]. Details of the
change are detailed in the electronic supplementary material
(ESM) Table 1. Maternal Asian ethnicity was defined using a
validated algorithm, which utilises surnames to identify
people of South Asian and Chinese ethnicity; all others ethnic-
ities were categorised as the general population group [18].
The algorithm has >99.5% specificity but lower sensitivity
(50% for South Asian and 80% for Chinese ethnicity). Since
immigration status could be determined from 1985 onwards,
women were classified as long-term residents if they did not
have an immigration record from 1985 onwards. Women with
an immigration record after 1985 were classified as non-long-
term residents. Data on pre-pregnancy maternal BMI,
smoking status and parity were obtained from the BORN
database. In a recent data quality assessment, maternal height

and pre-pregnancy weight records in BORN, fromwhich BMI
is calculated, exhibited excellent agreement with data from
patients’ charts [19]. Neighbourhood income was based upon
census data, with average household incomes attributed to
individuals within specified areas containing up to 700 indi-
viduals, and then divided into quintiles. Rurality was
measured using the continuous RIO2008 score [20].
Individuals living in a community that had a RIO score of
40 or above were defined as having a rural residence.
Previous GDM was ascertained using hospitalisation records.

Statistical analyses Baseline characteristics of the study popu-
lation were described by ethnicity. Missing data were imputed
using multiple imputation [21] and complete case analyses
were conducted as sensitivity analyses. Age-standardised risk
of GDM was calculated for each ethnicity group, BMI cate-
gory and long-term residency category by direct
standardisation using the study population distribution.
Unadjusted rates were also calculated and presented in the
ESM. Modified Poisson regression models were used to esti-
mate RR (95% CI) of GDM [22]. All models included BMI
and were sequentially adjusted for age at delivery, parity (0, 1,
2, 3, >3), long-term residency (long-term resident/non-long-
term resident), income quintile (1 [lowest income] to 5
[highest income]), previous GDM (yes/no/not applicable)
and smoking status (yes/no). An interaction term between
ethnicity and BMI was included in all models. BMI was first
included in modified Poisson regression models as a categor-
ical variable according to the WHO’s definition (normal
<25 kg/m2; overweight 25 kg/m2 to <30 kg/m2; obese
≥30 kg/m2). BMI was subsequently modelled as a linear term,
after checking for non-linearity using restricted cubic splines
with knot placement based upon the percentile distribution of
BMI. Models were also stratified by long-term residency.
Risk differences were calculated by using the identity link
function. All statistical analyses were conducted in R (version
3.5.1) [23]. Predicted probability estimates derived from
Poisson regression models have been plotted using ggplot
(version 3.1.0) [24]. For illustration, the predicted probabili-
ties are presented for nulliparous women aged 31 years, non-
smokers and in income quintile 3.

Results

The study population consisted of 231,618 women without
pre-existing diabetes who delivered a baby in hospital
between April 2012 and March 2014. ESM Table 2 presents
a comparison of people with and without missing data. There
were 9289 (4.0%) South Asian women and 12,240 (5.3%)
Chinese women; the remaining 210,089 (90.7%) were
categorised as general population. Of the study population,
10,895 (4.7%) women developed GDM during pregnancy:
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9.9% of South Asian women; 8.2% of Chinese women; and
4.3% of general population women. Most of the study popu-
lation were long-term residents (74.6%). The mean ± SD pre-
pregnancy BMI was 25.5 ± 6.6 kg/m2; 76,578 (33.1%) and
32,922 (14.2%) of the study population were classified as
overweight (25–30 kg/m2) and obese (>30 kg/m2),
respectively.

Table 1 presents the characteristics of the study population
by ethnicity. Compared with general population women,

South Asian and Chinese women were slightly older at deliv-
ery, had a lower pre-pregnancy weight, were less likely to be
long-term residents, and were most likely to deliver babies
that were small for gestational age (using the Canadian growth
chart). The mean pre-pregnancy BMI of the South Asian,
Chinese and general population women was 24.5 kg/m2,
23.0 kg/m2 and 25.6 kg/m2, respectively.

Age-standardised prevalence rates for GDM by ethnicity,
BMI and long-term residency status are presented in Table 2.

Table 1 Characteristics of the
study participants Characteristic Chinese

ethnicity

(N = 12,240)

South Asian
ethnicity

(N = 9289)

General
population

(N = 210,089)

Demographics

Median (IQR) age at delivery, years 33 (6) 32 (6) 31 (8)

Income quintile, n (%)

1 (lowest) 1963 (16.1) 1847 (19.9) 43,287 (20.7)

2 2718 (22.3) 2330 (25.1) 40,515 (19.4)

3 2376 (19.5) 2417 (26.1) 42,606 (20.3)

4 2989 (24.5) 1632 (17.6) 45,954 (21.9)

5 (highest) 2145 (17.6) 1048 (11.3) 37,011 (17.7)

Rurality, n (%) 81 (0.7) 33 (0.4) 24,105 (11.5)

Long-term resident, n (%) 4350 (35.5) 2923 (31.5) 165,585 (78.8)

Weight and smoking measures

Mean (SD) height, cm 161.1 (6.4) 160.9 (6.4) 164.1 (7.4)

Mean (SD) weight gain, kg 15.0 (13.1) 14.1 (12.2) 15.0 (13.5)

Mean (SD) pre-pregnancy BMI, kg/m2 23.0 (5.7) 24.5 (6.0) 25.6 (6.6)

Mean (SD) pre-pregnancy weight, kg 57.3 (12.4) 63.1 (14.2) 69.2 (18.1)

Smoker, n (%) 114 (0.9) 71 (0.7) 9409 (4.5)

Parity, n (%)

0 5574 (47.8) 3694 (41.1) 90,361 (43.6)

1 4683 (40.2) 3780 (42.0) 72,791 (35.1)

2 1147 (9.8) 1196 (13.3) 29,173 (14.1)

3 190 (1.6) 234 (2.6) 9233 (4.5)

>3 57 (0.5) 87 (1.0) 5587 (2.7)

Prior pregnancy conditions, n (%)

GDM 278 (2.3) 267 (2.9) 3033 (1.4)

Gestational hypertension 179 (1.5) 109 (1.2) 5127 (2.4)

Preeclampsia 39 (0.3) 32 (0.3) 1186 (0.6)

Hypertension in the index pregnancy, n (%)

Preeclampsia 129 (1.1) 82 (0.8) 3236 (1.5)

Gestational hypertension 336 (2.7) 206 (2.2) 8023 (3.8)

Newborn characteristics

Mean (SD) newborn weight, g 3168.5 (558.8) 3277 (509.4) 3381.4 (594.6)

Large-for-gestational-age birthweight, n
(%)

447 (4.9) 678 (5.6) 22,076 (10.6)

Small-for-gestational-age birthweight, n
(%)

1524 (16.9) 1246 (10.5) 17,838 (8.7)

Stillbirth, n (%) 17 (0.2) 21 (0.2) 388 (0.2)

Note: Not all column percentages will total 100% due to the presence of missing data

808 Diabetologia (2021) 64:805–813



Crude prevalence rates for GDM by ethnicity, BMI and long-
term residency status are presented in ESM Table 3. After
standardisation, GDM prevalence was highest among South
Asian women (9.6% [95% CI 9.0, 10.5]), followed by
Chinese women (6.9% [95% CI 6.4, 7.6]) and then women
in the general population (4.3% [95%CI 4.2, 4.4]). Prevalence
was higher in overweight and obese women than in normal-
weight women in all ethnic groups. Of the women who devel-
oped GDM, the mean BMI of the South Asian, Chinese and
general population group was 25.9 kg/m2, 23.7 kg/m2 and
28.3 kg/m2, respectively. Non-long-term residents also had
higher GDM prevalence than long-term residents (Table 2).
These patterns were similar in the unadjusted analyses.

After adjusting for BMI and other covariates, the risk of
GDM was significantly higher in Chinese (RR 1.66 [95% CI
1.53, 1.80]) and South Asian (RR 1.81 [95% CI 1.64, 1.99])
women compared with general population women (ESM

Table 4). The absolute risk difference was 2.01% (95% CI
1.33, 2.69) for Chinese and 2.28% (95% CI 1.43, 3.13) for
South Asian women (ESM Table 5).

Overweight (RR 1.54 [95% CI 1.45, 1.61]) and obese (RR
2.50 [95% CI 2.38, 2.62]) women had significantly increased
risk of GDM compared with normal-weight women.
Importantly, normal-weight and overweight South Asian and
Chinese women remained at significantly increased risk of

Table 2 Age-standardised preva-
lence of GDM by long-term resi-
dent status, ethnicity and pre-
pregnancy BMI

Residency Chinese ethnicity

(N = 12,240)

South Asian ethnicity

(N = 9289)

General population

(N = 210,089)

Long-term residents

Normal weight (<25 kg/m2) 5.2 (4.5, 6.4) 5.7 (4.7, 7.2) 2.2 (2.1, 2.3)

Overweight (25–30 kg/m2) 8.2 (6.2, 15.3) 9.5 (7.2, 16.7) 3.6 (3.4, 3.8)

Obese (>30 kg/m2) 6.7 (4.3, 14.1) 12.1 (8.8, 17.5) 7.2 (6.9, 7.5)

Overall 5.8 (5.2, 6.9) 7.5 (6.5, 8.8) 3.6 (3.5, 3.7)

Non-long-term residents

Normal weight (<25 kg/m2) 6.9 (6.3, 9.2) 8.9 (7.8, 10.4) 5.5 (5.2, 8.7)

Overweight (25–30 kg/m2) 9.2 (7.6, >100) 13.4 (11.7, 20.2) 8.1 (7.6, 8.7)

Obese (>30 kg/m2) 8.4 (6.3, 765.3) 15.4 (12.6, 769.1) 10.0 (9.3, 11.0)

Overall 7.4 (6.9, 9.6) 10.9 (10.0, 12.2) 6.8 (6.6, 7.1)

Prevalence is presented as % (95% CI)

Fig. 1 RR (95% CI) of developing GDM in relation to ethnicity, BMI
and long-term resident status, with women from the general population
serving as the referent. Estimates are adjusted for maternal age at delivery,
parity, previous GDM, long-term residency, income quintile and smoking
status. BMI was classified as normal (<25 kg/m2), overweight (25 kg/m2

to <30 kg/m2) or obese (≥30 kg/m2)

Fig. 2 Predicted probability of developing GDM by pre-pregnancy BMI
among South Asian, Chinese and general population women. Estimates
were derived using Poisson regression, adjusted for age, income quintile,
smoking status, parity, ethnicity, BMI and an interaction term between
ethnicity and BMI. The lines depict ethnicity and the shading shows 95%
CIs. The dashed lines represent the levels of BMI for each ethnicity at
which the predicted probability of GDM is 5%. For illustration, the
predicted probabilities are presented for nulliparouswomen aged 31years,
who are non-smokers and are in income quintile 3
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GDM compared with general population women in those
categories. While this association remained significant for
obese South Asian women, there was no difference in risk
between obese women of Chinese ethnicity and obese general
population women (Fig. 1). Non-long-term residents were
also at greater risk of GDM after adjustment (RR 1.73 [95%
CI 1.66, 1.81]), and the association between ethnicity and
GDM was stronger for long-term residents than non-long-
term residents, with comparable trends across weight catego-
ries (Fig. 1). ESM Fig. 1 presents estimates stratified by long-
term residential status from complete case analyses.

The relationship between increasing BMI and predicted
GDM prevalence by ethnicity is shown in Fig. 2. The preva-
lence of GDM exceeded 5% at an estimated BMI of 21.5 kg/
m2 and 23.0 kg/m2 for South Asian and Chinese women,
respectively, whereas 5% prevalence was not reached until a
BMI of 29.5 kg/m2 for women in the general population (Fig.
2). The association between GDM and increasing BMI
differed between general population and ethnic groups, with
a larger difference noted for South Asian women.

Discussion

Using province-level data from Ontario, Canada, we have
conducted the largest study to date to examine the association
between BMI and GDM by ethnicity. Approximately 5% of
pregnancies between 2012 and 2014 were affected by GDM,
and South Asian and Chinese women had a significantly
higher risk of GDM compared with general population
women regardless of BMI status. Most notably, the GDM
prevalence in South Asian and Chinese women with a BMI
of 21.5 kg/m2 and 23.0 kg/m2, respectively, was equivalent to
GDM prevalence in general population women with BMI
29.5 kg/m2. These findings indicate that while BMI is an
important risk factor for GDM in women of South Asian
and Chinese ethnicity, this risk begins to increase at far lower
BMI levels when compared with the general population.

Limited studies have examined the association between
BMI and GDM in Asian populations. In agreement with the
findings reported here, a London-based study among 53,264
mothers found that risk of GDM in South Asian and East
Asian women with BMI values of 21 kg/m2 was equivalent
to the risk of GDM inwhite womenwith BMI values of 30 kg/
m2 [25]. Another study conducted in a cohort of women in
California found that GDM prevalence was considerably
higher among Asian women than among non-Hispanic white
women (10.2% vs 4.5%) [26]. In the same clinical study, the
authors found that being overweight or obese accounted for
52% of the GDM risk in non-Hispanic white women but only
23% of GDM risk in Asian women. Another California-based
study reported higher GDM prevalence among Chinese
(15.3%) and Asian Indian (19.3%) women than among non-

Hispanic white women (7.0%) [27]. The population attribut-
able fraction (PAF) of overweight/obese women was 28.9%
for non-Hispanic white ethnicity, 25.5% for Asian Indian
ethnicity and 7.9% for Chinese ethnicity. However, upon
using the WHO/ADA BMI cut-off points, the PAFs of over-
weight and obese women increased to 39.0% and 22.9% for
those of Asian Indian and Chinese ethnicity, respectively.
Conversely, an Australian study of GDM prevalence in
Australian and New Zealand women compared with South
Asian women found no evidence of an interaction between
BMI and ethnicity [28]. Our study provides support for the
suggestion that the effect of BMI on GDM risk differs in
South Asian compared with general population women.

There are numerous proposed biological, environmental,
social and behavioural explanations for the increased risk of
GDM at lower BMI levels among South Asian and Chinese
women. One biological explanation relates to differences in
the distribution of body fat across ethnicities. Evidence
suggests that compared with white women, South Asian
women have greater levels of visceral abdominal fat, an
important determinant of insulin resistance. These observa-
tions may relate to the ‘thrifty phenotype hypothesis’, which
suggests that some populations may be more susceptible to
developing the metabolic syndrome due to exposure to under-
nutrition in early life [29]. Poor fetal and infant nutrition is
thought to create a thrifty phenotype that is ill adapted to later
periods of high-energy food consumption. For example, low
birthweight has been shown to be an independent marker of
subsequent GDM risk, highlighting the likely important role
of early life factors in predisposing to future disease [30, 31].
These epigenetic changes can be transmitted to the second
generation and therefore the excess risk of GDM may remain
even among long-term resident Asian women, as was shown
in our study [32]. Furthermore, compared with white women,
South Asian women have been found to have lower BMI
values for the same percentage body fat [11, 12]. Pre-
pregnancy BMI also has a greater influence on insulin resis-
tance in pregnancy in Asian women than in white women
[33]. Together, these observations suggest that BMI may not
be a sufficient marker of metabolic risk in Asian populations
and that markers of visceral fat and insulin resistance may be
more important for predicting susceptibility to GDM and
diabetes.

A further explanation for our finding of increased preva-
lence of GDM in Chinese women even at low BMIs may
relate to the two-step GDM screening process used in
Canada. Using this approach, women with positive glucose
challenge test results undergo a GTT and GDM is diagnosed if
one of fasting, 1 h and 2 h glucose values exceed a given
threshold. Evidence from the Hyperglycaemia and Adverse
Pregnancy Outcome (HAPO) study indicates that Asian
women, particularly Chinese women, may be more likely to
have elevated 1 and 2 h glucose values compared with white
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women. In contrast, women of white ethnicity were more
likely to have elevated fasting GTT values. This disparity
could there therefore lead to more GDM diagnoses in Asian
women than in white women.

We found that GDM prevalence was lower in long-term
residents than in non-long-term residents but that disparities in
GDM risk between general population women and South
Asian women were largest in long-term resident women.
Several USA-based studies have also found that the risk of
GDM was much higher in immigrant women than in USA-
born women, regardless of ethnicity [7, 27, 34–36]. The
mechanism for the relatively higher GDM risk among long-
term residents compared with non-long-term residents of
Asian ethnicity is unclear. It is likely that the combined influ-
ence of an increased genetic predisposition to fat accumula-
tion, country of birth differences and exposure to an
obesogenic environment upon entering Canada may have
contributed to this finding.

BMI is a key modifiable risk factor that may be targeted to
reduce GDM risk. Randomised control trials of lifestyle inter-
ventions to reduce GDM incidence have reported mixed find-
ings, and have primarily been conducted among high risk
women who previously had a GDM pregnancy or who had
high BMI (>29 kg/m2) [37]. Given the comparatively high
risk of GDM in South Asian and Chinese women even at
low BMIs, further studies are required to identify whether
GDM risk can be reduced through lifestyle interventions in
these populations. One lifestyle intervention study conducted
among Chinese womenwith a meanBMI of 23.6 kg/m2 found
no difference in risk of GDM between intervention and
control groups [38]. This finding may suggest that achieving
GDM risk reduction in low-BMI populations may be difficult
to achieve. However, neither did the intervention result in a
significant difference in gestational weight gain between the
groups, possibly reflecting an ineffective intervention. Given
the high prevalence of GDM in South Asian and Chinese
women, identifying interventions that reduce GDM risk in
these ethnicities remains a key research priority.

Strengths and limitations A key strength of this study was the
use of routinely collected datasets of a full population covered
in a single-payer system. This increased the likely
generalisability of the findings, limited selection biases and
ensured a sufficiently large sample size to allow for stratified
analyses. We also had access to population-level data on pre-
pregnancy BMI (which is often missing from health adminis-
trative data) and a validated algorithm to identify individuals
of South Asian and Chinese ethnicities, which are two of the
largest ethnic minority groups in Canada [39].

A number of limitations should be mentioned. First, pre-
pregnancy BMI data were missing for 20.7% of the women;
we addressed this using multiple imputation. Sensitivity anal-
yses using complete case analyses yielded similar results to

those reported in multiply imputed data. A second limitation is
that data relating to immigration status prior to 1985 were not
available and therefore it was not possible to classify the
immigration status of women over the age of 33 years,
representing one-third of the cohort. We therefore opted to
classify women based on whether they were long-term resi-
dents or not. A third limitation was the unavailability of a
number of potential confounding factors including family
history and lifestyle patterns, such as dietary patterns.
Fourth, the diagnostic criteria for GDM changed during the
study period; this change likely led to an increase in preva-
lence of GDM but it is unknown whether the associations
between BMI, ethnicity and GDM were affected differential-
ly. Finally, while the surname algorithm exhibits 99.7% spec-
ificity for both South Asian and Chinese ethnicities compared
with self-reported ethnicity, its lower sensitivity means that a
number of South Asian and Chinese women were likely
included in the general population group [18]. Furthermore,
the general population group also includes women from other
higher risk ethnicities such as white African-Caribbean and
Hispanic. Given that each of these ethnic groups are known
to have elevated risks of GDM, the RRs in our Asian popula-
tions compared with the general population may have been
underestimated due to misclassification.

Implications GDM remains a common complication of preg-
nancy, and ethnicity and increasing BMI are key risk factors
for GDM development. We showed that South Asian and
Chinese women are at significantly greater risk of developing
GDM even at low BMIs. Interventions aimed at reducing
excess weight and obesity in South Asians and Chinese
women may be less impactful in reducing GDM prevalence.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00125-020-05356-5) contains peer-reviewed but
unedited supplementary material..
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