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Abstract

Aims/hypothesis Ethnicity and gestational diabetes mellitus
(GDM) are both risk factors for the development of type 2
diabetes. However, it is uncertain whether ethnicity modi-
fies the effect of GDM on diabetes risk. We aimed to
determine the risk of diabetes following pregnancy with
and without GDM for Chinese and South Asian women
compared with white women.

Methods Using healthcare databases, all 1,050,108 women
aged 20—49 with live births between January 1995 and June
2008 in Ontario were identified. They were followed for up
to 15 years for the diagnosis of diabetes.

Results The age-standardised prevalences of GDM were
4.1%, 7.1% and 2.9% for Chinese, South Asian and white
women, respectively. The cumulative incidence of diag-
nosed diabetes at the median follow-up time of 7.6 years
was 16.5% and 1.8% for Chinese women with and without
GDM, 31.8% and 3.6% for South Asian women with and
without GDM, and 25.7% and 1.8% for white women with
and without GDM. The presence of GDM conferred an
increase in the risk for diabetes after pregnancy of more
than 13-fold in white women, but only a nine- to tenfold
increase among Chinese and South Asian women.
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Conclusions/interpretation Although one-third of South
Asian women with GDM were diagnosed with diabetes
within 8 years postpartum, the incremental impact of
GDM on diabetes risk was not as strong among Chinese
and South Asian women as it was among white women.
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Introduction

Gestational diabetes mellitus (GDM) is defined as an abnor-
mal carbohydrate tolerance diagnosed or first recognised in
pregnancy, and it affects between 2% and 7% of pregnant
women [1, 2]. This antepartum glucose intolerance is a
marker of insulin resistance that can persist into the post-
partum period [3, 4], and increases the risk of developing
type 2 diabetes [5, 6].

While ethnicity is another well-recognised risk factor for
type 2 diabetes [7—10], less is known about its role in GDM.
A 1992 US study showed that white women had a lower
prevalence of GDM than all other racial groups [11]. More
recent data have corroborated this observation [12-14].
Furthermore, there are data suggesting that women from
some minority groups may be at increased risk of glucose
intolerance or diabetes following pregnancy complicated by
GDM [15-17]. However, these earlier studies were small,
and they did not include patients without GDM, so whether
the observed ethnic differences in diabetes risk after GDM
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differed from baseline ethnic differences in diabetes risk
could not be evaluated. One recent study examined 13,000
Californian women with GDM, and found marked variation
between ethnic groups in diabetes incidence, ranging from
15.8 per 1,000 person-years in white women to 29.0 per
1,000 person-years in black women [18]. Notably, this study
did not disaggregate Asian populations, despite the known
heterogeneity in diabetes risk in Asian subgroups [19, 20].

The two largest minority ethnic groups in Canada are
Chinese (people with Chinese, Hong Kong or Taiwanese
ancestry) and South Asians (people with Indian [subconti-
nent] ancestry) [21]. Two-stage universal screening for
GDM is recommended for all pregnant women by Canadian
clinical practice guidelines [22]. The objective of this study
was to determine whether the incremental impact of GDM
on the risk for subsequent diabetes after pregnancy differed
between Chinese and South Asian women compared with
white women. We hypothesised that minority ethnicity and
GDM would act synergistically as risk factors for incident
diabetes after pregnancy.

Methods

Study design and data sources We conducted a population-
based cohort study using healthcare databases from the
government-funded health insurance programme of the
Ontario Ministry of Health and Long-Term Care. This
programme is available to all permanent residents of
Ontario, Canada's most populous and most ethnically di-
verse province. These databases include hospital-discharge
data, which provide detailed information on all hospitalisa-
tions in the province, and the Registered Persons Database,
which includes demographic information on all Ontario
residents. We also used the Ontario Diabetes Database
(ODD), a validated registry of all people diagnosed with
non-gestational diabetes in Ontario, derived from healthcare
databases [23]. Though the database cannot distinguish be-
tween types of diabetes, most incident diabetes in this age
group would be of type 2 diabetes. Individuals are linked
between these databases and across time by their unique
health card number.

Study population All women aged 20-49 years with in-
hospital live births between 1 January 1995 and 30 June
2008 were identified. For women with multiple deliveries
during the study period, one delivery was selected at random
as the index delivery. Women with pre-existing diabetes
were excluded. Women were defined as having GDM if
diabetes was coded on the hospitalisation record for the
delivery.

Measured baseline characteristics were age at delivery,
socioeconomic status (measured ecologically as the

neighbourhood household income, divided into province-
wide quintiles), the presence of chronic comorbidities (mea-
sured using the Charlson comorbidity index) [24], urban vs
rural residence, antenatal ambulatory visits with an obstetri-
cian, and ambulatory visits with a primary care physician in
the 2 years preceding delivery (as a baseline measure of
intensity of health service use). Women with missing ad-
dress information, for whom some of these baseline charac-
teristics could not be determined, were excluded.

The cohort was subdivided based on ethnicity. As there
are no ethnic identifiers in Canadian healthcare data, assign-
ment of people to Chinese and South Asian ethnic groups
was based on their surnames, using two lists of surnames
validated to identify people with Chinese and South Asian
origins in Ontario [25]. Both lists demonstrate excellent
positive predictive values when compared with self-
reported ethnicity (91.9% for Chinese and 89.3% for South
Asian) [25]. Women whose surnames were not on either list
were defined as white, as whites make up approximately
87% of the non-Chinese/non-South Asian population of
Ontario [21].

Outcome of interest and statistical analysis Both crude and
age-standardised prevalences of GDM were determined for
each population.

The primary outcome of interest was diagnosis of diabe-
tes after pregnancy, determined by entry into the ODD
postpartum. All women were followed until 31 March
2010. Cumulative incidence curves were constructed for
diagnosed diabetes after pregnancy, stratified by ethnic
group and by GDM status. Cox proportional hazards regres-
sion models were fitted in which individuals were censored
at death: both an unadjusted model and a model adjusting
for age, socioeconomic status and comorbidity. The inde-
pendent variables of interest were GDM status and ethnicity.
An interaction term between GDM status and ethnicity was
included to test for effect modification. The assumption of
proportionality was confirmed for all models by plotting log
(—log[survival]) vs log(time) to assess parallelism.

All statistical analyses were performed using SAS ver-
sion 9.2.

Ethics approval The study was approved by the Research
Ethics Board of Sunnybrook Health Sciences Centre, Tor-
onto, ON, Canada.

Results
There were 1,069,098 women with live births during the
study period. Of these, 14,591 (1.4%) were excluded be-

cause of pre-existing diabetes, and a further 4,399 (0.4%)
were excluded because of missing address information. The
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baseline characteristics of the final 1,050,108 individuals are
shown in Table 1.

GDM occurred in 33,203 (3.2%) pregnancies. The crude
prevalence of GDM was higher for both minority groups:
5.0% for Chinese and 6.5% for South Asian compared with
2.9% for white women. When standardised for age, the
prevalence of GDM among Chinese women was attenuated
but remained higher than in white women (4.1%; 95% CI
3.9%, 4.3%; p<0.0001), whereas the age-standardised prev-
alence of GDM among South Asian women was even
higher than the crude prevalence (7.1%; 95% CI 6.8%,
7.4%; p<0.0001 vs white women).

Diabetes was diagnosed in 30,234 of the women in the
cohort: 7,755 of the women with GDM at index (39.8 cases
per 1,000 person-years), and 22,479 of the women without
GDM (2.8 cases per 1,000 person-years). Incidence rates
were 2.7, 5.3 and 2.7 cases per 1,000 person-years for
Chinese, South Asian and white women without GDM,
respectively, and 25.8, 54.7 and 39.7 cases per 1,000
person-years for Chinese, South Asian and white women
with GDM, respectively. The cumulative incidence of diag-
nosed diabetes after pregnancy is shown in Fig. 1. At the
median follow-up time of 7.6 years, 1.8% of Chinese wom-
en, 3.6% of South Asian women and 1.8% of white women
without GDM were diagnosed with diabetes, compared with
16.5% of Chinese women, 31.8% of South Asian women
and 25.7% of white women with GDM.

Both GDM status and ethnicity were independently as-
sociated with diabetes diagnosis in the Cox proportional
hazard models, and a statistically significant interaction term

Table 1 Baseline characteristics of women delivering between 1995
and 2008

Characteristic Chinese South Asian White
n=49,607 n=42,521 1n=958,980
Median age 32 (29-35) 29 (26-32) 30 (26-34)
(interquartile range)
Socioeconomic status
Lowest 26 32 22
2 26 26 20
3 19 21 20
4 17 14 21
Highest 12 7 17
Chronic comorbidity 0.6 0.3 0.8
Rural residence 0.6 0.3 11.0
Antenatal obstetrician 92.9 93.2 82.2
care
Number of primary
care Vvisits
>10 449 65.5 57.8
<10 55.1 345 422

Results are presented as %, unless stated otherwise
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between the two indicated that effect modification was
present. Table 2 shows the HRs and 95% Cls for specific
comparisons of interest from both the unadjusted and ad-
justed models. Compared with white women with GDM,
Chinese women with GDM were at decreased risk of being
diagnosed with diabetes, whereas South Asian women with
GDM were at increased risk. When compared with their
counterparts without GDM, white women with GDM were
at greater risk of being diagnosed with diabetes (adjusted
HR 13.6; 95% CI 13.2, 14.0) than either Chinese women
with GDM (adjusted HR 9.2; 95% CI 8.1, 10.3) or South
Asian women with GDM (adjusted HR 9.6; 95% CI 8.8,
10.5).

Discussion

In this large population-based study of over 1 million wom-
en followed for up to 15 years, we observed ethnic differ-
ences in the prevalence of GDM and in the incremental
impact of GDM on the risk of diabetes after pregnancy.
The age-adjusted prevalence of GDM was 41% higher
among Chinese and 145% higher among South Asians
compared with white women. Among women with GDM,
incident diabetes increased most rapidly in the first 4 to
6 months postpartum, with many of these cases probably
representing previously undiagnosed type 2 diabetes that
was first recognised during screening in pregnancy. Of note,
previous data have shown that undiagnosed diabetes is not
associated with minority ethnicity in Canada [26], so it is
unlikely to bias the results. South Asians with GDM had the
greatest risk of being subsequently diagnosed with diabetes,
with a cumulative incidence of 50% by 12.5 years postpar-
tum. In contrast, despite having a higher prevalence of
GDM than white women, Chinese women with GDM had
a lower risk of being diagnosed with diabetes after pregnan-
cy, suggesting that the metabolic abnormalities and insulin
resistance leading to GDM in Chinese women are unique to
pregnancy and do not persist postpartum to the same degree
as in white women. In fact, notwithstanding the differences
in the absolute risk, the relative incremental impact of GDM
on future diabetes risk was lower among both minority
groups than in white women: the presence of GDM in the
index pregnancy led to a >13-fold increase in the risk of a
subsequent diagnosis of diabetes for white women, but
conferred only a nine- to tenfold increase in risk for both
Chinese and South Asian women.

This study confirms the results of two prior population-
based studies that showed that Chinese and South Asian
women have a higher prevalence of GDM than white wom-
en. A large Australian study demonstrated that women born
in East or South Asia had an increased risk of developing
GDM relative to women born in Australia (ORs 3.2 and 4.2,
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respectively) [27]. Similarly, a smaller study in New York
City demonstrated an increased risk of GDM among virtu-
ally all minority populations compared with whites, includ-
ing an adjusted relative risk of 2.3 for Chinese women and
4.7 for South Asian women [28]. The high risk of subse-
quent diabetes after GDM among South Asians has been
previously described in a small UK study, where the cumu-
lative diabetes incidence at 4.4 years after pregnancy was
49% among South Asians but only 25% among whites [17].
Other studies have similarly described ethnic variation in the
risk of subsequent diabetes after GDM [6, 18, 29], but have
not shown effect modification of Asian ethnicities on the
relationship between GDM and subsequent diabetes risk.
Rather than ethnicity and GDM acting synergistically on
the risk of subsequent diabetes after pregnancy as hypoth-
esised, minority ethnicity actually attenuated the impact of
GDM on future diabetes risk. Hence, the relative impact of
GDM on diabetes risk compared with the absence of GDM
was not as strong for Chinese and South Asian women as it
was for white women. The possible explanations for this
observation and the greater prevalence of GDM among
minority women are uncertain, but lifestyle, dietary or cul-
tural factors may contribute. Alternatively, Chinese and

Time (years)

South Asian women may have metabolic differences from
white women that reflect higher degrees of antenatal insulin
resistance and therefore relatively greater degrees of glucose
intolerance in pregnancy [17, 28, 30], but that do not nec-
essarily lead to similar degrees of insulin resistance postpar-
tum. The original diagnostic thresholds for GDM described
by O’Sullivan, which were shown to predict postpartum
diabetes incidence, were derived from a predominantly
white population in New England [31]. Our study suggests
that it may be inappropriate to generalise these thresholds to
other ethnic groups, where antenatal glucose distributions
and their relationship to future diabetes risk may be differ-
ent. A recent Canadian study supported the hypothesis that
normative glucose distributions during pregnancy may be
higher among minority populations compared with white
women [32].

Our study has several strengths to note: it is by far the
largest and longest duration study to report on the risk of
incident diabetes following GDM in any population. In
addition, the use of secondary healthcare data ensured that
the data were comprehensive, complete and truly
population-based. However, a number of limitations deserve
mention. First, the secondary data sources had limited

Table 2 Comparisons between

selected groups for the risk of Groups compared

HR (95% CI)

diabetes diagnosis after

pregnancy

Group 1 Group 2 Unadjusted Adjusted”
Chinese with GDM White with GDM 0.7 (0.6, 0.7) 0.6 (0.6, 0.7)
South Asian with GDM White with GDM 1.4 (1.3, 1.5) 1.4 (1.3, 1.5)
Chinese with GDM Chinese without GDM 9.8 (8.7, 11.1) 9.2 (8.1, 10.3)
South Asian with GDM South Asian without GDM 10.8 (9.9, 11.8) 9.6 (8.8, 10.5)

*Adjusted for age, socioeco-
nomic status and comorbidity

White with GDM

White without GDM

15.3 (14.9, 15.7)

13.6 (13.2, 14.0)
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ascertainment of clinical details that may be associated with
diabetes risk (such as pre-pregnancy obesity, weight gain
during pregnancy or glycaemic control). However, ethnic
differences in many of these risk factors may form part of
the causal pathway for differences in diabetes risk, so adjust-
ing for them would be inappropriate. Although adjusting for
pre-pregnancy obesity would have been optimal had these
data existed, a previous study examining diabetes risk after
GDM found that such adjustment did not materially influ-
ence differences between ethnicities [18]. Second, we did
not have access to patients' actual glucose levels, and we
were not able to verify that postpartum diabetes testing was
complete, so differences in screening rates could affect the
observed results. Instead, the study relied on a population-
level health services approach using claims data to identify
diagnosed diabetes only. However, undiagnosed diabetes is
no more common in high-risk ethnic groups than in other
populations in Canada [26], and minority populations actu-
ally receive more diabetes screening tests [33], so it is
unlikely that ethnic differences in diabetes screening rates
influence the observed results. Third, we could not distin-
guish types of incident diabetes with the available data, and
inclusion of type 1 diabetes might elevate the apparent
incident diabetes rate for white women compared with
Asian women. However, 88% of the diabetes diagnoses
during follow-up occurred when women were aged 30 or
older, and studies using claims data commonly use 30 as a
threshold to separate type 1 from type 2 diabetes [34, 35].
We re-analysed the data without counting as incident cases
the 3,761 women who were diagnosed with diabetes when
younger than 30, and found the adjusted HRs were virtually
unchanged. Fourth, the limitations of using surname lists to
assign ethnicity include misclassification of people whose
surnames do not reflect their ethnicity (e.g. adopting a new
surname after marriage). However, these misclassifications
would tend to bias the study results towards an absence of
differences between ethnic groups. Finally, this study exam-
ined only women with Chinese and South Asian ancestries.
Women from other ethnic groups who may be at increased risk
for GDM and subsequent incident diabetes, including Afro-
Caribbean and Aboriginal women, share many of their sur-
names with the white population in Canada, making surnames
unsuitable for identification of these ethnic groups. These
populations were instead included in the white population in
this study, which may have led to an overestimation of diabe-
tes incidence among white women. However, given that these
other minority populations made up only 12.9% of this group,
the magnitude of this overestimation is minimal.

In summary, our study showed that both Chinese and
South Asian women have a higher prevalence of GDM than
white women, which would therefore increase their risk of
adverse maternal and neonatal outcomes. Clinicians must
ensure that women from these and other high-risk ethnic
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groups are targeted for GDM screening in pregnancy and
that they maintain adequate antenatal blood glucose control.
Ethnic-specific healthcare services, such as dietary recom-
mendations using culturally relevant foods, may be required
to optimise outcomes. Moreover, there is some evidence that
minority women underuse antenatal care despite the public-
ly funded healthcare system in Canada [36], so policies and
interventions to improve access to and use of healthcare
services by minority women may be needed to reduce the
risk of complications. The study also demonstrated that
South Asian women with GDM are at a very high risk of
developing diabetes postpartum. However, because South
Asian women even without GDM have a higher risk of
diabetes than women from other ethnicities, the presence
of GDM does not portend as much of a relative increase in
the risk of diabetes for South Asian women (and for Chinese
women) as it does for white women. The underlying phys-
iological explanation for this observation is uncertain, so a
greater understanding of ethnic variations in glucose metab-
olism during and after pregnancy is needed. Ethnic-specific
cut-offs for body mass index and waist circumference have
already been proposed to predict long-term metabolic ab-
normalities [37-39]. This study suggests that ethnic-specific
thresholds for the diagnosis of GDM may be needed to more
accurately reflect differences in the risk of diabetes and to
help identify those patients requiring more intensive follow-
up and intervention postpartum.
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