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Key Messages

� Standard birthweight curves underestimate the risk of large-for-gestational-age offspring for Asianwomenwith gestational diabetes
mellitus.

� Using ethnicity-specific birthweight curves, large-for-gestational-age offspring risk remains lower only for South Asian women
compared with Caucasian women with gestational diabetes mellitus.
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Objective: The aim of this study was to determine whether perinatal outcomes differ between Caucasian
and Asian subgroups of women with gestational diabetes mellitus (GDM) through use of standard vs
ethnicity-specific birthweight curves.
Methods: This retrospective cohort study included 537 women with GDM, within the ethnically
diverse province of Ontario, Canada. Study outcomes included large-for-gestational-age (LGA)
and small-for-gestational-age (SGA) birthweights in newborns of women from prevalent Asian
ethnic groups compared with newborns of Caucasian women. Odds ratios were adjusted for
maternal age, parity, prepregnancy body mass index, gestational weight gain and insulin use in
pregnancy.
Results: Of the 537 women participing in the study, 228 (35.8%) were Caucasian, 109 (17.1%) South
Asian, 141 (22.1%) East Asian and 59 (9.3%) Filipino. Using standard birthweight curves, compared
with Caucasian women, the risk of LGA was lower among South Asian (adjusted odds ratio [aOR],
0.065; 95% confidence interval [CI], 0.01 to 0.49) and East Asian (aOR, 0.36; 95% CI, 0.14 to 0.95)
women. The aOR for SGA was notably higher among South Asian women (aOR, 2.96; 95% CI, 1.24 to
7.09). Significant effects were not seen among Filipino women. Use of ethnicity-specific birth-
weight curves largely attenuated these associations, except for LGA in South Asian mothers (aOR,
0.27; 95% CI, 0.09 to 0.81).
Conclusion: South Asian women with GDM are at lower risk of having an LGA newborn, even
after accounting for maternal risk factors or the use of an ethnicity-specific birthweight
curve.
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Mots clés:
appartenance à un groupe d’origine
ethnique asiatique
poids à la naissance

r é s u m é

Objectif : Le but de la présente étude était de déterminer si les issues périnatales sont différentes entre les

diabète gestationnel
issues périnatales
sous-groupes de femmes blanches et de femmes asiatiques ayant un diabète sucré gestationnel (DSG) à
l’aide des courbes de poids à la naissance normaux ou spécifiques à l’origine ethnique.
Méthodes : La présente étude de cohorte rétrospective regroupait 537 femmes ayant le DSG, de la
province multiethnique de l’Ontario, au Canada. Les résultats de l’étude portaient notamment sur le
poids élevé pour l’âge gestationnel (PÉAG) et le faible poids pour l’âge gestationnel (FPAG) à la naissance
entre les nouveau-nés des femmes des groupes prévalents d’origine ethnique asiatique et les nouveau-
nés des femmes blanches. Les rapports de cotes étaient ajustés à l’âge de la mère, à la parité, à l’indice de
masse corporelle avant la grossesse, au gain de poids durant la grossesse et à l’utilisation de l’insuline
durant la grossesse.
Résultats : Parmi les 537 femmes qui participaient à l’étude, 228 (35,8 %) étaient des femmes blanches,
109 (17,1 %), des femmes sud-asiatiques, 141 (22,1 %), des femmes est-asiatiques et 59 (9,3 %), des femmes
philippines. Selon les courbes de poids normaux à la naissance, le risque de PÉAG était plus faible chez les
femmes sud-asiatiques (rapport de cotes ajusté [RCa], 0,065; intervalle de confiance [IC] à 95 %, de 0,01 à
0,49) et les femmes est-asiatiques (RCa, 0,36; IC à 95 %, de 0,14 à 0,95) que chez les femmes blanches. Le
RCa des FPAG était notablement plus élevé chez les femmes sud-asiatiques (RCa, 2,96; IC à 95 %, de 1,24 à
7,09). Aucun effet significatif n’a été observé chez les femmes philippines. L’utilisation de courbes de
poids à la naissance spécifiques à l’origine ethnique atténuait en grande partie ces associations, excepté
le FPAG chez les mères sud-asiatiques (RCa, 0,27; IC à 95 %, de 0,09 à 0,81).
Conclusion : Les femmes sud-asiatiques ayant un DSG sont exposées à un risque plus faible d’avoir des
nouveau-nés de FPAG, même si l’on tient compte des facteurs de risque maternels ou de l’utilisation
d’une courbe de poids à la naissance spécifique à l’origine ethnique.

� 2019 Canadian Diabetes Association.
Introduction

Gestational diabetes mellitus (GDM) is a condition of temporary
glucose intolerance during pregnancy, and a risk factor for subse-
quent type 2 diabetes (1,2). GDM is identified and treated in
pregnancy to reduce the risk of excess fetal growth (macrosomia or
large for gestational age), which serves as a driver for many of the
other associated adverse outcomes (3). Fetal overgrowth occurs
with increased fetal insulin secretion in the presence of elevated
maternal glucose, which can be prevented with tight glycemic
control (4).

Although GDM typically only affects around 6% of pregnant
women (5), its prevalence is higher in specific non-Caucasian
ethnic groups (6e9). In Canada, Asian populations are the
most common non-Caucasian ethnic group, and women from
Asian countries have much higher rates of GDM compared with
the general population (8e11). Data from Ontario indicate that
South Asian and Chinese women are at a 7.1% and 6.1% risk of
GDM, respectively, compared with 3.3% for the general popula-
tion (11).

Previous studies have shown that the impact of increased
body mass index (BMI) on insulin sensitivity and glycemia is
more pronounced in Asian groups (7), which may increase their
propensity to develop GDM at a younger age and lower BMI
(12,13). Evidence suggests that epigenetic adaptations of fetal
pancreatic beta cells in nutrition-poor settings may increase
vulnerability to metabolic impairment in adults who are exposed
to more nutrient-rich environments (i.e. the “thrifty phenotype”
hypothesis) (14). Sociocultural factors may also contribute to
these differences. For instance, GDM patients from high-risk
ethnic groups underestimated their personal risk of diabetes
compared with Caucasian women (15), which may decrease
motivation for risk-reducing behaviours. A study of South Asian
women with GDM showed that their attitudes toward diabetes
and its management were informed by cultural beliefs, which
often conflicted with health-care advice (16).
The influence of GDM on outcomes may also differ between
Asian and Caucasian women, and across Asian subpopulations. A
Canadian study showed that South Asian women with GDM are at
higher risk of future type 2 diabetes compared with both Chinese
women and the general population (10). In contrast, GDM patients
of Chinese and South Asian descent had lower rates of large-for-
gestational-age (LGA) offspring (11), and of South Asian women
had higher rates of small-for-gestational-age (SGA) offspring,
admissions to the neonatal intensive care unit (NICU) and neonatal
hypoglycemia. There is also evidence that offspring of Filipino
women in general have a higher risk of SGA, prematurity and
stillbirth than other East Asian groups (17e20). These findings
highlight the importance of studying effects of GDM across specific
Asian subpopulations.

Previous studies of birth outcomes in Asian women with GDM
used birthweight distribution curves meant for the general Cana-
dian population to estimate LGA and SGA rates, and thusmay not be
true reflections of LGA and SGA rates for Asian patients. The use of
ethnicity-specific birthweight distribution curves has been shown
to more accurately estimate LGA and SGA rates for minority pop-
ulations in Ontario (21e23). Furthermore, it is also known that
babies of specific minority ethnicities have lower birthweights
compared with the general population (24); thus, standard curves
will underestimate LGA rates while overestimating SGA rates.
Given that one of the primary goals of treatment in GDM is to
prevent macrosomia and LGA, attaining proper data on these out-
comes in minority populations with GDM is important to guide
more personalized treatment in multiethnic settings.

No study to date has used customized ethnicity-specific birth-
weight curves to compare the risk of LGA and SGA between
offspring of women with GDM from different ethnic backgrounds.
The objective of this cohort study was to evaluate differences in
birthweight and other perinatal outcomes among different Asian
subgroups and Caucasian women with GDM, and to compare risks
of LGA and SGA using both standard and customized birthweight
distribution curves.
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Methods

Study design and data sources

In this retrospective cohort study, we used data from a previ-
ously conducted prospective cohort study of 1,347 women with
GDM from 2009 to 2013 (25). The original cohort included women
diagnosed with GDM after 24 weeks’ gestation at 1 of 7 prenatal
diabetes clinics across Ontario, Canada. Women were excluded if
they did not speak English or had documented prepregnancy dia-
betes or any major medical or fetal complications that may impact
their ability to participate in research. Patients were asked to
complete self-administered questionnaires pertaining to their
lifestyle and social history during pregnancy and postpartum, and
to consent for a medical chart review. The questionnaires were
completed either on paper, online or over the telephone. All women
attended at least 1 group education class for GDM prior to
completing the first survey. Themedical chart review collected data
from the prenatal diabetes chart and obstetrical delivery records on
medical comorbidities, use of medications, parity, gestational
weight gain, gestational age at delivery, birthweight, obstetrical
and fetal complications and smoking before and during pregnancy.
The prenatal questionnaire was completed between 24 and
40 weeks of gestation and included data on age, ethnicity, house-
hold income, highest education level and prepregnancy weight and
height (25).
Study population

For this study, we included women from the base cohort who
completed both the self-administered questionnaire and consented
to a medical chart review. As ethnicity and birthweight were both
primary variables of interest, patients with these variables missing
were excluded. We only included women who reported Caucasian
or Asian ethnicity, which was categorized as South Asian (East
Indian, Sri Lankan, Bangladeshi, Pakistani), East Asian (Chinese,
Korean Japanese, Vietnamese, Thai, Cambodian) or Filipina.
537 women with GDM

Caucasian
228

South Asian
109

East As
141

,

Figure 1. Flowchart of cohort.
Outcomes

Birthweight data for most subjects were collected directly from
delivery records. When birthweight data were not recorded, we
used self-reported data from postpartum questionnaires, if avail-
able. Our primary outcome was LGA offspring, defined as any
birthweight >90th percentile for the corresponding gestational
age. To calculate gestational age at delivery, we used the gestational
age recorded in the chart at the date of delivery when available, or
the gestational age at the date of GDM presentation was added to
the time between presentation and delivery.

We also evaluated the odds of SGA birthweight, which was
defined as a birthweight <10th percentile for gestational age. For
additional comparisons, the 95th and 3rd percentiles were also
used to evaluate more severe LGA and SGA, respectively. We esti-
mated rates of LGA and SGA within ethnicity groups, first using the
standard World Health Organization Growth Chart for Canada
birthweight curves (26), and second using customized ethnicity-
based birthweight percentile curves created from Canadian data
(27). In a previous study, smoothed birthweight percentile curves
were generated for males and females, categorized by maternal
world region of birth, from population-based Ontario data of
766,688 singleton live births from 2002 to 2007 (23). We also
examined the following secondary perinatal outcomes: preterm
birth, unplanned caesarean births, combined neonatal outcome of
NICU admissions, hyperbilirubinemia and hypoglycemia.
Statistical analysis

Baseline characteristics were analyzed descriptively using pro-
portions for dichotomous variables and means � standard devia-
tions for continuous variables. Linear regression was used to
estimate the associations between each Asian ethnicity and fetal
birthweight, using Caucasian ethnicity as the referent category.
Logistic regression was used to calculate the odds ratios (ORs) and
95% confidence intervals (CIs) for the association between ethnic
groups and likelihood of LGA and SGA offspring. Similar analyses
810 women excluded:

ian Filipino
59

GDM, gestational diabetes.
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were conducted for the secondary outcomes just described. Models
were created adjusting for prepregnancy BMI, age, parity, gesta-
tional weight gain and insulin use during pregnancy, using Firth’s
penalized likelihood method to account for small numbers of
outcomes. As many women had missing prepregnancy BMI data,
we conducted a sensitivity analysis excluding BMI from themodels.
Analyses were performed using SAS statistical software version 9.4
(SAS Institute, Cary, North Carolina, United States).

Ethics approval

This study received approval from the research ethics board of
Women’s College Hospital and all participating hospital sites.

Results

Baseline characteristics

After excluding participants with insufficient survey data and
those who could not be categorized into the 4 subgroups described
earlier, 537 patients (39.9% of base cohort) were included in the
study (Figure 1). Baseline clinical and demographics characteristics
between the included cohort and the original cohort were similar
(data not shown). The majority of the women (96.3%) were diag-
nosed with GDM based on the 2008 Canadian Diabetes Association
guidelines (�2 values exceeding thresholds on 2-h 75-g oral
glucose tolerance test; fasting blood glucose, 5.3 mmol/L; 1 h,
10.6 mmol/L; 2 h, 8.9 mmol/L); 30 cohort members were recruited
from a centre that used the guidelines of the Society for Obstetri-
cians and Gynaecologists of Canada for GDM diagnosis (�2 values
exceeding thresholds on 3-h 100-g oral glucose tolerance test;
fasting blood glucose, 5.8mmol/L; 1 h,10.6mmol/L, 2 h, 9.2 mmol/L;
3 h, 8.1 mmol/L). Participants overall had a mean age of
34.1�4.78 years, and over two-thirds were multiparous. Of these
women, 228 (42.5%) were Caucasian, 109 (20.3%) South Asian, 141
(26.3%) East Asian and 59 (11.0%) Filipina. Baseline characteristics
by ethnicity groups are shown in Table 1. South Asian womenwere
younger and more likely to require insulin during pregnancy when
compared with the other groups, and East Asian and Filipina
women had lower prepregnancy BMIs than other groups. Other
baseline variables were largely similar between ethnic groups.

Outcomes

Birthweight: Birthweight outcomes are presented in Table 2. The
majority of birthweight outcomes were recorded from medical
chart data (92.2%); the remainder were based on self-report from
a postpartum survey. The average birthweight for Caucasian
offspring was 3.3�0.6 kg, which was significantly higher than for
South Asian offspring (3.1�0.5 kg, p¼0.001) but did not differ
significantly from East Asian (3.2�0.6 kg) or Filipino (3.2�0.7 kg)
offspring. Using standard birthweight curves, rates of LGA and SGA
offspring were 18.9% and 11.4%, respectively, for Caucasian women.
As shown in Table 2, using standard curves, LGA rates were lower
and SGA rates were similar or higher in offspring of Asian
compared with Caucasian women. However, the rates of LGA
increased and SGA rates decreased in Asian groups when
customized curves were used. For instance, the rate of LGA rose
from 4.6% to 10.1% in offspring of South Asian women, whereas
SGA rate decreased from 18.3% to 9.2%. Customized curves showed
increased LGA rates for East Asian and Filipina women, with SGA
rates decreased in Filipino women (Table 2). Overall trends were
similar when the 95th percentile cutoff was used to define LGA
and when the 3rd percentile was used to define SGA (data not
shown).

On unadjusted analysis, risk of LGA in the Asian subgroups was
significantly lower for South Asian and East Asian women
compared with Caucasian women (Table 2). After adjustment for
maternal BMI, age, parity, gestational weight gain and insulin use in
pregnancy, this difference remained significant only for South
Asianwomen (aOR, 0.065; 95% CI, 0.01 to 0.49). This difference was
further attenuated when customized curves were used, but risk of
LGA remained significantly lower for South Asian offspring (aOR,
0.27; 95% CI, 0.09 to 0.81). For SGA offspring, the risk was signifi-
cantly higher for South Asian than for Caucasian women when
standard (aOR, 2.96; 95% CI, 1.24 to 7.09; p¼0.015) but not
customized (aOR, 0.93; 95% CI, 0.33 to 2.58) curves were used
(Table 2). Findings were similar for all analyses when BMI was
removed (data not shown).

Secondary perinatal outcomes: The rate of preterm birth
(<37 weeks) was 13.2% for Caucasian women, which was similar in
South Asian (13.8%) and Filipina women (13.6%) but lower in East
Asian women (8.5%). When we considered the combined perinatal
outcome of an NICU admission, hyperbilirubinema or hypoglyce-
mia, only women of Filipino ethnicity were at a significantly higher
risk than Caucasian women (aOR, 2.94; 95% CI, 1.18 to 7.31;
p¼0.026; Table 3).

Discussion

Although excess fetal growth is the main adverse fetal outcome
of GDM, this cohort study of GDM patients has demonstrated
considerable differences in the risk of LGA and SGA offspring across
ethnic groups.We also showed that the use of standard birthweight
distribution curves leads to substantial misclassification of LGA and
SGA outcomes. With the use of ethnicity-specific birthweight
curves and adjustment for other risk factors, risk of LGA remained
significantly lower only for South Asian women when compared
with Caucasian women. Our findings suggest that the implications
of a GDM pregnancy may differ across Asian subgroups, and
highlight the importance of using distribution curves customized
for ethnicity when evaluating birthweight outcomes.

Previous studies have established a relationship between Asian
ethnicity and both incidence (8e11) and fetal outcomes of GDM
(11). A population-based Ontario study demonstrated a signifi-
cantly lower risk of LGA offspring for South Asian and Chinese
women with GDM (11). Although that study incorporated a large
sample size, birthweight outcomes were based on standard Cana-
dian curves (28), whichmay have underestimated the risk of LGA in
those groups (23). Moreover, they were unable to account for other
risk factors, such as maternal BMI and insulin use in pregnancy,
which may differ across ethnic groups. Our study also showed
significantly lower risks of LGA offspring for both South Asian and
East Asian women using standard birthweight curves. However,
with the use of customized curves and adjustment for key risk
factors, the risk of LGA associated with GDM was comparable
between East Asian and Caucasian women but remained signifi-
cantly reduced only for South Asian women.

The reasons for lower risk of LGA offspring in South Asian
women remain unclear. In contrast, GDM has been associated with
a higher incidence of maternal type 2 diabetes in South Asian
women compared with both the general population and Chinese
women (10,29). This may indicate that GDM has a stronger long-
term metabolic effect on South Asian women compared with
other ethnicities, despite lower rates of offspring LGA. It is also
possible that birthweightmay not be the best marker of fetal effects
of maternal glucose intolerance in South Asian populations, due to
differences in fetal adiposity. There is evidence that South Asian
neonates have a higher body fat for a given body weight compared
with other populations, which has led to the term “thin-fat” babies
(30). This differential growth process may be further aggravated by
GDM. For instance, Venkataraman et al showed that offspring of



Table 1
Baseline characteristics of the cohort of women with gestational diabetes, by maternal ethnicity

Baseline characteristics Caucasian (referent), n¼228 (35.8%) South Asian, n¼109 (17.1%) East Asian, n¼141 (22.1%) Filipino, n¼59 (9.3%)

Prepregnancy variables
Age (years), mean � SD 34.5�4.7 32.7�5.1 34.3�4.5 34.5�4.7
Age >35 years, n (%) 121 (53.1) 40 (36.7) 59 (41.8) 32 (54.2)
Prepregnancy weight (kg), mean � SD 75.2�22.0 66.5�14.1 60.9�13.1 60.2�13.4
Prepregnancy BMI (kg/m2), mean � SD 27.8�7.8 26.6�5.5 23.7�4.6 24.7�5.2
Prepregnancy BMI >25 kg/m2 105 (56.8)* 37 (46.3)* 31 (27.7)* 15 (35.7)*

Hypertension, n (%) 25 (11.0) 7 (6.4) 6 (4.3) 8 (13.6)
History of prior offspring macrosomia, n (%) 20 (8.8) 4 (3.7)* 10 (7.1) 4 (6.8)
Smoker (prepregnancy), n (%) 31 (15.7)* 6 (7.0)* 6 (5.0)* 6 (12.0)
Born outside of Canada, n (%) 71 (31.3)* 93 (86.9)* 108 (78.3)* 54 (93.1%)*

Postsecondary education, n (%) 208 (91.2) 89 (81.7) 128 (90.8) 56 (94.9)
Income >$60,000, n (%) 173 (77.2)* 49 (45.4)* 86 (62.8)* 25 (51.0)

Pregnancy variables
Parity >1, n (%) 151 (67.1)* 65 (60.2)* 94 (66.7) 41 (70.7)*

Gestational weight gain, mean � SD 12.4�10.9 11.4�9.5 12.5�4.1 10.4�9.6
Insulin use in pregnancy, n (%) 100 (46.5)* 64 (60.4)* 52 (38.8)* 15 (26.8)*

BMI, body mass index; SD, standard deviation.
All data are shown as a number (%) unless otherwise indicated.

* Missing data, overall (Caucasian/South Asian/East Asian/Filipino): prepregnancy BMI, n¼118 (43/29/29/17, respectively); history of prior offspring macrosomia, n¼1;
smoker (prepregnancy), n¼85 (31/23/22/9, respectively); born outside of Canada, n¼7 (1/2/3/1, respectively); income, n¼9 (4/1/4/0, respectively); parity, n¼5 (3/1/1,
respectively); insulin use in pregnancy, n¼26 (13/3/7/3, respectively).
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South Asian women with GDM had higher measures of fetal
adiposity despite lower lean fetal mass and similar birthweights as
women without GDM (31). The metabolic disturbances of GDM
may promote epigenetic changes in utero, as described in Hales and
Barker’s “thrifty phenotype” hypothesis (32). They hypothesized
that certain metabolic conditions lead to suboptimal fetal envi-
ronments, which trigger an adaptive response by the fetus that
redirects nutrient delivery primarily toward vital organs. This
comes at the expense of other organs (pancreas, kidneys), leading
to insulin resistance, and thus predisposing individuals to increased
visceral adiposity and the metabolic syndrome (14). Further
research is needed to determine the impact of GDM on other fetal
outcomes in South Asian women, especially as LGA and macro-
somia are the primary adverse outcomes targeted in GDM treat-
ment guidelines (3).
Table 2
Logistic regression results for birthweight outcomes of offspring of women with gestatio

Birthweight-related outcomes Caucasian (referent), n¼228 (35.8%) South

Birthweight (kg), mean � SD 3.3�0.6 3.1�0
Large for gestational age (90th percentile, standard curve)
n (%) 43 (18.9) 5 (
OR, unadjusted (95% CI) 1.00 0.22 (
OR, fully adjustedy (95% CI) 1.00 0.10 (
OR, sensitivity analysisz (95% CI) 1.00 0.13 (

Large for gestational age (90th percentile, ethnicity-specific curve)
n (%) 43 (18.9) 11 (
OR, unadjusted (95% CI) 1.00 0.50 (
OR, fully adjustedy (95% CI) 1.00 0.30 (
OR, sensitivity analysisz (95% CI) 1.00 0.34 (

Small for gestational age (10th percentile, standard curve)
n (%) 26 (11.4) 20 (
OR, unadjusted (95% CI) 1.00 1.75 (
OR, fully adjustedy (95% CI) 1.00 2.87 (
OR, sensitivity analysisz (95% CI) 1.00 2.65 (

Small for gestational age (10th percentile, ethnicity-specific curve)
n (%) 32 (14.0) 10 (
OR, unadjusted (95% CI) 1.00 0.64 (
OR, fully adjustedy (95% CI) 1.00 0.96 (
OR, sensitivity analysisz (95% CI) 1.00 0.86 (

BMI, body mass index; OR, odds ratio; SD, standard deviation.
* Compared with offspring of Caucasian women.
y Adjusted for prepregnancy BMI, age, parity, gestational weight gain, insulin use in p
z Adjusted for age, parity, gestational weight gain, insulin use in pregnancy.
x p<0.005 compared with Caucasian group.
{ p<0.05 compared with Caucasian group.
Similar to previous findings (11), we found a higher rate of SGA
in offspring of Asian women using standard birthweight curves.
These differences were attenuated with customized birthweight
curves, which have been favoured as a better way to estimate
growth defects for newborns (33). These results are consistent with
those of others showing a significant risk of misclassification of LGA
and SGA among Asian populations using standard birthweight
curves (23,34), underscoring the importance of using ethnicity-
specific data to classify birthweight outcomes in non-Caucasian
populations.

Interestingly, Filipina women with GDM had an almost 3-fold
higher risk of adverse perinatal outcomes, based on the compos-
ite of offspring NICU admission, hyperbilirubinemia or hypoglyce-
mia. These findings are consistent with those of others from the
United States and Canada, indicating that pregnant women from
nal diabetes, by ethnicity (standard and ethnicity-specific birthweight curves)

Asian*, n¼109 (17.1%)] East Asian*, n¼141 (22.1%) Filipino*, n¼59 (9.3%)

.5 3.2�0.6 3.2�0.7

4.6) 9 (6.4) 6 (10.2)
0.08e0.52)x 0.31 (0.14e0.61)x 0.52 (0.20e1.17)
0.01e0.39){ 0.39 (0.14e0.93){ 0.54 (0.14e1.64)
0.03e0.42)x 0.30 (0.11e0.69){ 0.43 (0.11e1.26)

10.1) 19 (13.5) 8 (13.6)
0.24e0.97){ 0.68 (0.37e1.20) 0.70 (0.30e1.50)
0.09e0.79){ 1.04 (0.50e2.13) 0.74 (0.22e2.06)
0.13e0.79){ 0.78 (0.39e1.51) 0.55 (0.17e1.46)

18.3) 14 (9.9) 8 (13.6)
0.93e3.27) 0.87 (0.43e1.69) 1.26 (0.52e2.80)
1.22e6.78){ 0.58 (0.20e1.47) 0.97 (0.31e2.70)
1.19e5.90){ 0.61 (0.22e1.51) 1.25 (0.43e3.24)

9.2) 14 (9.9) 7 (11.9)
0.29e1.29) 0.69 (0.35e1.31) 0.86 (0.35e1.93)
0.34e2.50) 0.47 (0.17e1.16) 0.63 (0.18e1.79)
0.31e2.13) 0.50 (0.18e1.21) 0.82 (0.27e2.18)

regnancy.



Table 3
Other perinatal outcomes of offspring of women with gestational diabetes, by ethnicity

Caucasian (referent), n¼228 (35.8%) South Asian*, n¼109 (17.1%) East Asian*, n¼141 (22.1%) Filipino*, n¼59 (9.3%)

Preterm birth (<37 weeks’ gestation)
n (%) 30 (13.2) 15 (13.8) 12 (8.5) 8 (13.6)
OR, unadjusted (95% CI) 1.0 1.05 (0.54e2.05) 0.61 (0.30e1.24) 1.04 (0.45e2.39)
OR, fully adjustedy (95% CI) 1.0 2.02 (0.83e4.92) 1.70 (0.68e4.23) 1.68 (0.49e5.78)

Caesarean birth
Any, n (%) 108 (47.4) 49 (45.0) 55 (39.0) 28 (47.5)
Unplanned, n (%) 45 (41.7) 18 (36.7) 21 (38.2) 14 (23.7)
OR, unadjusted (95% CI) 1.0 0.81 (0.41e1.63) 0.87 (0.45e1.68) 1.40 (0.61e3.22)
OR, fully adjustedy (95% CI) 1.0 0.37 (0.13e1.04) 0.72 (0.29e1.77) 1.31 (0.42e4.04)

Other perinatal outcomes
NICU, hyperbilirubinemia

or hypoglycemia, n (%)
43 (18.9) 21 (19.3) 19 (13.5) 11 (18.6)

OR, unadjusted (95% CI) 1.0 1.21 (0.58e1.83) 0.67 (0.37e1.20) 0.99 (0.47e2.06)
OR, fully adjustedy (95% CI) 1.0 0.94 (0.41e2.16) 1.15 (0.53e2.51) 2.94 (1.18e7.31)

BMI, body mass index; CI, confidence interval; NICU, neonatal intensive care unit; OR, odds ratio; SD, standard deviation.
* Compared to offspring of Caucasian women.
y Adjusted for prepregnancy BMI, age, parity, gestational weight gain, insulin use in pregnancy.
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the Republic of the Philippines are more vulnerable to adverse
perinatal outcomes than other Asian women (17e20). A higher
burden of cardiovascular risk factors among Filipina women may
partly explain these findings. A Canadian study showed that preg-
nant Filipinawomenweremore likely to have chronic hypertension
and obesity compared with East Asian and Caucasian women (35).
Hypertension was also more common among Filipina women with
GDM in our study, whereas their prepregnancy BMI based on self-
report was substantially lower than other populations. Further
research is needed to better understand the unique pregnancy-
associated risks and needs for the rapidly growing population of
Filipina immigrants.

Strengths of this study include our use of diverse ethnic groups
in our assessment of pregnancy-related outcomes as well as the
prospective study design. We also grouped patients into ethnic
groups based on detailed self-reported categories, and evaluated
outcomes across different Asian ethnicities. This is also the first
study to utilize ethnicity-specific birthweight distribution curves in
women with GDM, providing more robust evidence regarding the
impact of GDM on birthweight-related outcomes across Asian
subpopulations (21,23). Limitations of this study include exclusion
of cohort participants who provided incomplete survey data, which
could have introduced a selection bias. We also lacked maternal
weight data on a number of participants, a proportion of birth-
weights were based on self-report, and we did not have measures
of glycemic control beyond need for insulin treatment. Power was
also limited for less common outcomes and for risk estimates of
Filipina women due to the small number of patients within that
group. As we did not have data on prenatal glycemic control, we
cannot exclude the possibility that our findings were due to dif-
ferences in treatment and glycemic control between groups. As this
was an observational study, we were only able to hypothesize on
theoretical causations between ethnicity and birthweight
outcomes.
Conclusions

This study has demonstrated that, although birthweight-related
outcomes are important in GDM, the impact of GDM on these
outcomes may differ for Asianwomen. As South Asianwomenwith
GDM have a lower risk of LGA offspring, birthweight thresholds and
treatment targets may need to be modified in South Asian women
due to differences in fetal adiposity. For the Filipina populationwith
GDM, other perinatal outcomes may be more important than the
traditional measures of fetal overgrowth. Our findings highlight the
need for further research to guide the management of GDM in
Asian minority populations.
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