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OBJECTIVEdTo examine whether the association between gestational diabetes mellitus
(GDM) and BMI category varies by racial/ethnic group.
RESEARCH DESIGN AND METHODSdIn a cohort of 123,040 women without recognized pregravid diabetes who delivered babies between 1995 and 2006 at Kaiser Permanente
of Northern California, we examined racial/ethnic disparities in the prevalence of GDM by BMI
category and the population-attributable risk (PAR) associated with overweight/obesity.
RESULTSdAmong all racial/ethnic groups, the age-adjusted prevalence of GDM increased
with increasing BMI (kg/m2) category. However, Asian and Filipina women had a prevalence of
GDM of 9.9 and 8.5%, respectively, at a BMI of 22.0–24.9 kg/m2, whereas in Hispanic, nonHispanic white, and African American women, the prevalence of GDM was .8.0% at a higher
BMI, such as 28–30, 34–36, and $37 kg/m2, respectively. The estimated PARs suggest that the
percentage of GDM that could be prevented if all pregnant women were of normal weight (BMI
,25.0 kg/m2) ranging from 65% for African American women to only 23% among Asian women.
CONCLUSIONSdClinicians should be aware that the BMI thresholds for increased risk of
GDM varies by racial/ethnic group and that the risk is high even at relatively low BMI cutoffs in
Asian and Filipina women. Asian women may beneﬁt from different prevention strategies in
addition to weight management.

G

estational diabetes mellitus (GDM)
is carbohydrate intolerance with
onset of or ﬁrst recognition during
pregnancy and is one of the most common pregnancy complications in the U.S.
GDM is associated with increased risk for
perinatal morbidity (1,2), and, in the
long-term, women with GDM have an almost sevenfold increased risk of developing type 2 diabetes after pregnancy (3).
The prevalence of GDM has increased in
all racial/ethnic groups, and this has been
observed in several populations in recent
decades (4,5). Recent data suggest that
the association between glucose and risk
of adverse outcomes is continuous; gestational impaired glucose tolerance (IGT) is
also associated with both pregnancy complications (6) and subsequent diabetes
and cardiometabolic risk (7).

Race/ethnicity and obesity are the two
strongest independent risk factors for
GDM (8–11). However, the demographic
distribution of obesity (highest among
African Americans and lowest among
Asians) does not mirror the demographic
distribution of GDM (lowest among
African Americans and highest among
Asians) (12). Yet there is ongoing debate
surrounding the deﬁnition of overweight
and obesity in Asian populations: the
World Health Organization proposed a
BMI cutoff of 23.0 kg/m2 for overweight
among Asians in 2000 (13), compared
with a cutoff of 25.0 kg/m2 for non-Asian
populations. More recently, the World
Health Organization stated that the deﬁnition of overweight in Asians likely varies
depending on the outcome of interest
(14). Currently, little is known about
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racial disparities in the risk of GDM by
BMI categories.
In a cohort of 123,040 women without recognized pregravid diabetes who
delivered babies between 1995 and 2006
at Kaiser Permanente of Northern California (KPNC), we examined racial/ethnic
disparities in the prevalence of GDM and
IGT in pregnancy by BMI category and
the estimated proportion of cases that
could be prevented if overweight/obesity
in pregnant women were eliminated (the
population-attributable risk [PAR]).
RESEARCH DESIGN AND
METHODSdThe study setting was
KPNC, which provides comprehensive
medical services through 14 delivery hospitals and 23 outpatient clinics to .3 million members located in a 14-county
region of Northern California. The demographic make-up of the KPNC membership
is well representative of the population living in the geographical area served by this
large, integrated health care delivery system, except that the KPNC population
has slightly lower representation at the
extremes of income and age (15,16).
Cohort identiﬁcation
The study cohort was identiﬁed through
the KPNC Gestational Diabetes Registry,
which has been described in detail elsewhere (17). In brief, this registry identiﬁes
all pregnant women without recognized
pregravid diabetes and classiﬁes them according to glucose values obtained from a
50-g glucose challenge test (hereafter referred to as the screening test); those with
an abnormal screening-test result ($140
mg/dL) were given the follow-up 100-g,
3-h oral glucose tolerance test (OGTT;
hereafter referred to as the diagnostic
test). At KPNC, 94% of women delivering
live-born singletons underwent the recommended screening test for GDM (18).
Maternal age at delivery, height, pregnancy body weight (assessed on average
at 17 weeks’ gestation [range 6–26]; 98.6%
had maternal weight measured between 15
and 20 weeks’ gestation), and gestational
age at the weight measurement were obtained from the KPNC electronic medical
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records. A previous study in this setting
during the same period (19) reported
98.5% agreement between gestational age
in the electronic medical records and estimates from ultrasonographic data collected
prior to 24 weeks. Pregnancy BMI was calculated as the maternal weight (in kilograms) divided by the square of height (in
meters).
Maternal glucose values from the
screening and diagnostic tests were obtained from the KPNC regional laboratory
database, which captures all laboratory
tests and results performed at the KPNC
regional laboratory. Women were classiﬁed as having GDM if two or more of the
four plasma glucose values obtained during the diagnostic test were abnormal
according to the American Diabetes Association criteria (20) used during the study
period (plasma glucose thresholds: fasting
5.3 mmol/L [95 mg/dL], 1-h glucose 10.0
mmol/L [180 mg/dL], 2-h glucose 8.6
mmol/L [155 mg/dL], and 3-h glucose
7.8 mmol/L [140 mg/dL]; gestational IGT
glucose challenge test $140 mg/dL; and
OGTT with only one abnormal result) (7).
Among women without recognized
diabetes prior to pregnancy, we identiﬁed
371,557 live-birth deliveries to women
aged 15–45 years at delivery that matched
a California birth certiﬁcate record between 1995 and 2006 (99% successful
linkage) (21). Women missing plasma
glucose values for the screening test or
who failed to have a diagnostic test after
an abnormal screening test were excluded
(n = 25,640 [6.9%]), as were those missing data on height or pregnancy weight
(n = 183,346 [53%]) and with an unknown racial/ethnic group (n = 1,050
[0.3%]). Among the 161,521 deliveries
with complete data, we selected the ﬁrst
pregnancy during the study period, leaving
125,682 women. We then further excluded
425 women with other race/ethnicity,
2,101 women who were missing one or
more values from the 100-g, 3-h oral glucose tolerance test, and 116 women with
missing parity and/or gestation at pregnancy weight ascertainment data. Thus,
the ﬁnal analytic cohort consisted of
123,040 women.
The subset of women who were excluded as a result of missing BMIs were
statistically signiﬁcantly older (mean age
29.2 vs. 28.5 years) and were slightly more
likely to have had two or more prior live
births (21.3 vs. 17.1%), to have a high
school degree or less education (42.0 vs.
37.5%), and to be white (44.2 vs. 39.3%),
and they were slightly less likely to be
2
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Filipina (5.9 vs. 7.8%). However, there
were no differences between the excluded
subset and our analytic cohort in the
prevalence of GDM overall (6.4 and 6.5%,
respectively) or the prevalence of GDM by
race/ethnicity.
The state of California electronic birth
certiﬁcate records were used to obtain information on self-reported maternal education, parity, and race/ethnicity. We
included the following racial/ethnic groups:
non-Hispanic white, African American,
Hispanic, Asian, and Filipina.
Statistical analysis
The age-adjusted prevalence of GDM and
95% CIs were calculated within each BMI
category (,19.0, 19.0–21.9, 22.0–24.9,
25–27.9, 28.0–30.9, 31.0–33.9, 34.0–
36.9, and $37.0 kg/m2) and further stratiﬁed by racial/ethnic group; estimates
were standardized using the direct
method, with the age distribution of the
entire study cohort used as the reference.
Unconditional logistic regression analyses
were used to obtain odds ratios (ORs) estimating the relative risk of GDM associated
with each category of BMI, separately for
the ﬁve racial/ethnic groups. Multiple logistic regression was used to adjust for age at
delivery (aged 18–24 [reference group],
25–29, 30–34, and 35–45 years), education (high school graduate or less [reference
group], partial college, college graduate or
higher, and unknown), parity (0 [reference
group], 1, and $2), and gestational age
(,15 [reference group], 15–17, 18–20,
and $21 weeks’ gestational age) at the
pregnancy weight measurement. Heterogeneity in associations by race/ethnicity was
assessed by inclusion of appropriate crossproduct (interaction) terms in regression
models. We calculated partial PARs for being overweight or obese in pregnancy by
the method described by Spiegelman
et al. (22), using a publicly available SAS
Macro (http://www.hsph.harvard.edu/
faculty/donna-spiegelman/software/par/
index.html). We used the KPNC population data to estimate the prevalence of
GDM for the PAR calculations. SAS version
9.1 (SAS Institute, Cary, NC) was used for
all analyses. This study was approved by
the institutional review boards of the
Kaiser Foundation Research Institute and
the state of California.
RESULTSdTable 1 displays the characteristics of the analytic cohort by maternal race/ethnicity. Asian women were
more educated and less likely to be overweight (BMI .25.0 kg/m2) or obese (BMI

.30.0 kg/m 2) compared with women
from other racial/ethnic groups. African
American and Hispanic women were
more likely to have only a high school
education and two or more prior live
births. Overall, the prevalence of GDM
varied by racial/ethnic group; it was lowest among non-Hispanic white women
(4.5%) and African Americans (4.4%), intermediate among Hispanics (6.8%), and
highest among Asians (10.2%) and Filipinas
(10.9%) (Table 1).
Among all racial/ethnic groups, the
age-adjusted prevalence of GDM increased with increasing category of BMI
(kg/m2) (Table 2). However, there were
signiﬁcant variations in the association
between BMI and GDM by racial/ethnic
group: Asian and Filipina women had a
prevalence of 9.9 and 8.5%, respectively,
at a BMI of 22.0–24.9 kg/m2. In Hispanic,
non-Hispanic white, and African American
women, the prevalence was .8.0% at BMI
28.0–30.9, 34.0–36.9, and $37.0 kg/m2,
respectively. Even at a BMI of 19.0–21.9
kg/m2, the prevalence of GDM was more
than three times higher among Asian and
Filipina women (6.3 and 6.4%, respectively) compared with non-Hispanic white
and African American women (1.8 and
1.3%, respectively) (Table 2). We observed similar variations in the associations between IGT and BMI category by
race/ethnicity (Table 2).
There was evidence that the association between BMI and GDM risk varied by
race/ethnicity (P value interaction term
,0.001). Table 3 shows the results of
racial/ethnic group–speciﬁc, multipleadjusted regression models assessing
the association between the BMI categories and GDM risk. In the fully adjusted
models, there was an increased risk of
GDM associated with increasing BMI category for all racial/ethnic groups. However,
the magnitude of the ORs for higher BMI
categories (.30.9 kg/m2 ) was lower
among Asian and Filipina women compared with non-Hispanic white, Hispanic,
and African American women (Table 3).
Among non-Hispanic white, Hispanic,
and African American women, the relative
risk of GDM increased with each BMI
category up to a BMI of 37.0 kg/m2 or higher
compared with women with a BMI of
19.0–21.9 kg/m2, whereas among Asians
and Filipinas the increased risk of GDM
seemed to plateau at a BMI of 28.0 kg/
m2. Among non-Hispanic white women,
there also seemed to be an increased risk of
GDM associated with a BMI ,19.0 kg/m2
when 19.0–21.9 kg/m2 served as the
care.diabetesjournals.org
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Table 1dCharacteristics of the study cohort by race/ethnicity; KPNC 1996–2006

n
Age at delivery (years)
Gestational age at measured weight (weeks)
Parity
0
1
$2
Educational attainment
High school graduate or lower
Partial college
College graduate or higher
Unknown
Born outside of the U.S.
No
Yes
BMI (kg/m2)
#18.9
19.0–21.9
22.0–24.9
25.0–27.9
28.0–30.9
31.0–33.9
34.0–36.9
$37.0
GDM
No
Yes
Gestational IGT*
No
Yes

Non-Hispanic white

African American

Hispanic

Asian

Filipina

48,459
28.9 6 5.1
16.7 6 1.3

11,325
27.2 6 5.7
17.0 6 1.4

35,123
27.6 6 5.3
16.9 6 1.4

18,497
29.5 6 4.4
16.9 6 1.3

9,636
29.4 6 5.2
17.0 6 1.3

29,380 (60.6)
12,563 (25.9)
6,516 (13.5)

5,571 (49.2)
3,369 (29.8)
2,385 (21.1)

15,716 (44.8)
10,613 (30.2)
8,794 (25.0)

11,962 (64.7)
4,635 (25.1)
1,900 (10.3)

5,334 (55.4)
2,849 (29.6)
1,453 (15.1)

14,312 (29.5)
14,960 (30.9)
18,721 (38.6)
466 (1.0)

4,309 (38.0)
4,559 (40.3)
2,247 (19.8)
210 (1.9)

21,140 (60.2)
8,859 (25.2)
4,675 (13.3)
449 (1.3)

4,425 (23.9)
4,316 (23.3)
9,547 (51.6)
209 (1.1)

1,953 (20.3)
3,589 (37.2)
4,021 (41.7)
73 (0.8)

43,379 (89.5)
5,046 (10.4)
26.4 6 5.6
1,087 (2.2)
8,798 (18.2)
14,132 (29.2)
9,998 (20.6)
4,312 (8.9)
4,118 (8.5)
3,293 (6.8)
2,721 (5.6)

10,239 (90.4)
1,062 (9.4)
28.8 6 6.9
255 (2.2)
1,297 (11.4)
2,313 (20.4)
2,238 (19.8)
1,252 (11.1)
1,379 (12.2)
1,189 (10.5)
1,402 (12.4)

17,164 (48.8)
17,950 (51.1)
27.4 6 5.6
624 (1.8)
4,246 (12.1)
8,767 (25.0)
8,247 (23.5)
4,145 (11.8)
4,013 (11.4)
2,875 (8.2)
2,206 (6.3)

2,762 (14.9)
15,678 (84.8)
23.5 6 4.1
1,518 (8.2)
6,117 (33.1)
5,724 (30.9)
2,880 (15.6)
936 (5.1)
728 (3.9)
386 (2.1)
208 (1.1)

1,971 (20.5)
7,662 (79.5)
24.5 6 4.3
511 (5.3)
2,396 (24.9)
3,110 (32.3)
1,953 (20.3)
723 (7.5)
514 (5.3)
292 (3.0)
137 (1.4)

46,257 (95.5)
2,202 (4.5)

10,830 (95.6)
495 (4.4)

32,744 (93.2)
2,379 (6.8)

16,611 (89.8)
1,886 (10.2)

8,590 (89.1)
1,046 (10.9)

44,830 (96.9)
1,427 (3.1)

10,618 (98.0)
212 (2.0)

31,386 (95.8)
1,358 (4.2)

15,616 (94.0)
995 (6.0)

8,105 (94.4)
485 (5.6)

Data are means (6SD) for continuous data and n (%) for categorical data. *Deﬁned as a glucose challenge test $140 mg/dL and a 3-h OGTT with only one abnormal
result.

reference group, whereas Asian and Filipina women with a BMI ,19.0 kg/m2
had a decreased risk of GDM compared
with the referent (Table 3). Similar trends
were observed between increasing BMI
categories and increasing risk of gestational
IGT across racial/ethnic groups; however,
the magnitude of the odds ratios for IGT
were smaller among all racial/ethnic groups
compared with GDM.
The ORs associated with pregnancy
overweight or obesity (BMI $25.0 kg/m2)
ranged from 3.56 (95% CI 2.68–4.73)
for African Americans to 2.11 (1.91–
2.33) for Asians. The prevalence of pregnancy overweight or obesity ranged
from 23% among Asian women to 65%
among African American women (Table 4).
When we used the cutoff for pregnancy
overweight suggested for Asian populations ($23.0 kg/m2), all PARs increased
but remained lower among Asian and
Filipina women (35 and 43%, respectively)
(data not shown).
care.diabetesjournals.org

CONCLUSIONSdIn this multiethnic
cohort of women undergoing universal
screening for GDM, there was signiﬁcant
variation in the association between GDM
and BMI by racial/ethnic group. Asian and
Filipina women had an increased risk of
GDM at a lower BMI cut point, particularly
as compared with non-Hispanic white and
African American women. The estimated
PAR percentage for being overweight or
obese during pregnancy ranged from 23%
for Asians to 65% for African Americans,
suggesting that the proportion of GDM that
could theoretically have been prevented if
all women had been normal weight (deﬁned as a BMI ,25.0 kg/m2) is much lower
among Asian women. Even when a BMI
cutoff of 23.0 kg/m2 is used, the PAR
among Asian women is only 35%, signiﬁcantly lower than that of other racial/ethnic
groups.
There are notable differences in the
epidemiology of type 2 diabetes and GDM,
especially in terms of race/ethnicity, where

African Americans consistently have a
higher prevalence of type 2 diabetes (23)
but not of GDM (17) when compared with
non-Hispanic white women. We did not
ﬁnd that the lower prevalence of GDM was
explained by the fact that more African
American women were excluded as a result of pre-existing diabetes; in fact, a similar number of African American and
Filipina women were excluded as a result
of pre-existing diabetes (prevalence of recognized pregravid diabetes by racial/ethnic
group: non-Hispanic white 1.4%, African
American 2.2%, Hispanic 2.0%, Asian
1.3%, and Filipina 2.2%).
The association between GDM and
BMI by racial/ethnic group has not been
previously studied. More is known about
the relationship between BMI and the risk
of type 2 diabetes by racial/ethnic group.
The Nurses’ Health Study examined ethnicity, obesity, and type 2 diabetes among
women and found that the risk of diabetes
was higher among all nonwhite racial
DIABETES CARE
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Table 2dAge-adjusted prevalence of GDM and gestational IGT by BMI category and race/ethnicity; KPNC 1996–2006

GDM
BMI category (kg/m2)
,19
19–21
22–24
25–27
28–30
31–33
34–36
$37
Gestational IGT
BMI category (kg/m2)
,19
19–21
22–24
25–27
28–30
31–33
34–36
$37

Non-Hispanic white

African American

Hispanic

Asian

Filipina

3.3 (2.2–4.5)
1.8 (1.6–2.1)
2.3 (2.1–2.6)
3.9 (3.5–4.3)
5.8 (5.2–6.4)
8.1 (7.2–8.9)
9.5 (8.3–10.7)
13.4 (12.1–14.6)

4.3 (0.2–8.9)
1.3 (0.5–2.1)
1.8 (1.2–2.4)
3.9 (3.0–4.7)
5.8 (4.6–6.9)
6.6 (5.2–8.0)
5.8 (4.2–7.4)
9.8 (8.2–11.4)

3.5 (1.2–5.8)
3.2 (2.6–3.9)
3.9 (3.4–4.3)
6.0 (5.5–6.5)
9.1 (8.3–9.8)
11.3 (10.2–12.4)
13.9 (12.3–15.4)
15.4 (13.9–16.9)

4.8 (3.6–5.9)
6.3 (5.6–6.9)
10.1 (9.3–10.9)
12.7 (11.5–13.9)
16.4 (14.4–18.4)
15.5 (12.5–18.5)
17.0 (12.4–21.6)
17.8 (12.5–23.1)

1.9 (0.7–3.2)
6.4 (5.4–7.4)
8.7 (7.7–9.7)
12.2 (10.8–13.7)
15.8 (13.5–18.1)
18.9 (15.3–22.5)
15.8 (10.7–21.0)
18.9 (12.6–25.1)

2.1 (1.1–3.1)
1.6 (1.3–1.9)
2.1 (1.8–2.3)
2.7 (2.4–3.1)
3.8 (3.3–4.3)
5.1 (4.3–5.8)
6.4 (5.4–7.5)
7.8 (6.8–8.9)

1.1 (21.1–3.3)
1.5 (0.6–2.5)
1.1 (0.6–1.6)
1.8 (1.2–2.4)
2.0 (1.3–2.7)
3.1 (2.1–4.1)
3.6 (2.3–4.9)
3.8 (2.7–4.9)

1.6 (0.3–2.9)
2.4 (1.8–3.0)
2.9 (2.5–3.2)
4.5 (4.1–5.0)
5.6 (5.0–6.3)
6.3 (5.4–7.2)
7.2 (6.0–8.5)
7.5 (6.3–8.7)

2.7 (1.8–3.7)
4.5 (3.9–5.0)
5.9 (5.2–6.5)
7.3 (6.3–8.4)
8.8 (7.1–10.5)
10.2 (7.4–13.0)
10.3 (6.2–14.5)
12.3 (7.5–17.1)

2.9 (1.1–4.6)
3.6 (2.8–4.4)
4.6 (3.8–5.3)
6.5 (5.4–7.7)
8.3 (6.4–10.3)
10.1 (6.9–13.3)
11.8 (6.8–16.9)
10.6 (5.1–16.0)

Data are prevalence (95% CI).

ethnic groups compared with whites;
each ﬁve-unit increment in BMI was associated with an increased risk of diabetes
that was strongest for Asians and Hispanics
and lowest for blacks (24). This is in contrast to our ﬁndings in GDM risk, where
the ORs for higher BMIs were higher
among African Americans and lowest
among Asians because of the fact that Asian
women were at much higher risk even at a
very low BMI. A recent study in New York
City found that foreign-born south Asians
had a higher reported prevalence of diabetes at lower BMI levels than all other racial/
ethnic groups (23). In our study, the risk of
GDM increased with BMI among all racial/
ethnic groups, but the risk of GDM associated with increasing BMI was lower among
Asian women, who had a high risk of GDM
at low BMIs. In contrast, African Americans had a relatively low prevalence of
GDM even at high BMIs.
The reasons why Asians have a higher
risk of GDM at a lower BMI are unclear. It
has been suggested that for a given BMI,
Asians have a higher percentage of body
fat and more visceral adipose tissue compared with other racial/ethnic groups
(21). In a study of older Filipino, African
American, and white women (aged 55–80
years), visceral adipose tissue among
normal-weight Filipinas was signiﬁcantly higher at every level of waist girth
compared with normal-weight white and
African American women (25). Some of the
4
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racial/ethnic differences in GDM risk by
BMI category may be attributed to racial/
ethnic differences in body fat distribution or abdominal visceral fat at a given
BMI. The observed racial/ethnic differences in the association between BMI and
GDM risk also may be attributed to differences in genetic predisposition (26). A
large study using the National Health and
Nutrition Examination Survey 1999–2004
found that among blacks and Hispanics,
but not white subgroups, family history
was a strong risk factor for diabetes, but
this was less so among overweight or obese
subjects (27). Unfortunately, the National
Health and Nutrition Examination Survey
did not examine the association between
family history and diabetes separately
among Asians due to the small numbers
of Asians in their study, and we were unable to examine the role of family history in
the current study.
One study of 233 women with GDM
found that Asian women had higher postchallenge glucose levels than white women
but had comparable levels of fasting glucose and insulin and no differences in
insulin resistance or b-cell function (28).
They concluded that although Asian
women had GDM at a lower BMI, the etiology seemed similar. Studies of patients
with type 2 diabetes also have found that
Asians were more likely to have abnormal
postchallenge glucose values (29,30). One
study found that two-thirds of Filipino

and Japanese subjects with diabetes had
isolated postchallenge hyperglycemia
and only one-third of Filipino and Japanese
subjects would have been diagnosed with
diabetes if testing criteria was limited to
fasting glucose (30). In another study of
lean, healthy subjects matched for age,
BMI, waist circumference, birth weight,
and current diet, Asians had signiﬁcantly
higher postprandial glycemia and lower
insulin sensitivity than whites in response
to a 75-g carbohydrate load (31). A previous study found that in pregnant women,
racial/ethnic differences in glucose concentration were observed only in postchallenge
values and not in the fasting state (32). If
Asians have higher postchallenge glucose
levels than other race/ethnic groups, it is
possible that the current screening method
for diagnosing GDM, a 50-g post challenge
test, may favor diagnosis among Asians
across BMI categories.
However, it also is possible that there
are underlying etiologic differences between Asians and other ethnic groups that
account for these differences. A study
examining the pathophysiology of impaired fasting glucose versus IGT (2 h
after a 75-g glucose load) found that patients with IGT but normal fasting had
reduced second-phase insulin release and
peripheral insulin resistance, suggesting
that there may be preferential insulin
resistance in the muscle in IGT (33).
Therefore, it is possible that the increased
care.diabetesjournals.org
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Table 3dAdjusted* ORs associated with overweight/obesity categories and risk of GDM or gestational IGT by racial/ethnic group

For risk of GDM
BMI category (kg/m2)
,19
19.0–21.9
22.0–24.9
25.0–27.9
28.0–30.9
31.0–33.9
34.0–36.9
$37
WHO cutoff points for BMI category
,18.5
18.5–24.9
25.0–29.9
30.0–34.9
$35.0
For risk of IGT
BMI category (kg/m2)
,19
19.0–21.9
22.0–24.9
25.0–27.9
28.0–30.9
31.0–33.9
34.0–36.9
$37
WHO cutoff points for BMI category
,18.5
18.5–24.9
25.0–29.9
30.0–34.9
$35.0

Non-Hispanic white

African American

Hispanic

Asian

Filipina

1.74 (1.18–2.58)
1.00
1.25 (1.03–1.51)
2.12 (1.76–2.55)
3.17 (2.62– 3.83)
4.43 (3.64–5.40)
5.28 (4.28–6.52)
7.79 (6.44–9.44)

2.38 (0.90–6.28)
1.00
1.29 (0.69–2.41)
2.73 (1.53–4.84)
4.30 (2.44–7.60)
4.91 (2.75–8.74)
4.34 (2.37–7.96)
7.51 (4.29–13.15)

1.05 (0.60–1.85)
1.00
1.21 (0.96–1.51)
1.95 (1.57–2.42)
3.07 (2.47–3.80)
3.95 (3.16–4.94)
5.03 (3.98–6.36)
5.70 (4.53–7.16)

0.73 (0.56–0.95)
1.00
1.73 (1.52–1.97)
2.35 (2.03 - 2.72)
3.18 (2.66–3.81)
3.02 (2.34–3.89)
3.53 (2.48–5.01)
3.64 (2.50–5.30)

0.35 (0.18–0.68)
1.00
1.40 (1.14–1.72)
2.09 (1.70–2.58)
2.84 (2.24–3.61)
3.61 (2.69–4.85)
2.86 (1.86–4.39)
3.58 (2.27–5.64)

1.75 (1.11–2.77)
1.00
2.06 (1.83–2.32)
3.71 (3.26–4.22)
6.00 (5.27–6.82)

1.39 (0.43–4.51)
1.00
2.47 (1.79–3.41)
4.08 (2.94–5.66)
5.34 (3.88–7.35)

1.16 (0.61–2.20)
1.00
1.99 (1.76–2.25)
3.48 (3.05–3.96)
4.81 (4.18–5.53)

0.56 (0.40–0.77)
1.00
1.91 (1.71–2.14)
2.45 (2.05–2.94)
2.60 (1.93–3.50)

0.19 (0.07–0.50)
1.00
1.83 (1.58–2.12)
2.87 (2.32–3.55)
2.85 (2.03–3.99)

1.22 (0.75–1.99)
1.00
1.29 (1.05–1.58)
1.68 (1.37–2.07)
2.33 (1.88–2.90)
3.14 (2.50–3.95)
4.01 (3.14–5.13)
5.01 (3.99–6.28)

0.47 (0.06–3.64)
1.00
0.87 (0.42–1.77)
1.38 (0.71–2.69)
1.54 (0.78–3.02)
2.46 (1.27–4.80)
2.87 (1.44–5.71)
2.91 (1.52–5.57)

0.88 (0.44–1.76)
1.00
1.19 (0.92–1.55)
1.93 (1.51–2.48)
2.38 (1.84–3.07)
2.73 (2.08–3.59)
3.17 (2.36–4.25)
3.36 (2.52–4.47)

0.57 (0.40–0.80)
1.00
1.32 (1.11–1.56)
1.71 (1.41–2.08)
2.12 (1.66–2.71)
2.34 (1.68–3.26)
2.54 (1.58–4.08)
2.95 (1.83–4.77)

0.78 (0.42–1.45)
1.00
1.30 (0.98–1.72)
1.95 (1.46–2.61)
2.46 (1.76–3.45)
3.07 (2.01–4.68)
3.73 (2.15–6.45)
3.64 (1.95–6.82)

0.87 (0.45–1.70)
1.00
1.54 (1.34–1.76)
2.67 (2.29–3.11)
3.99 (3.41–4.67)

d*
1.00
1.51 (0.98–2.33)
2.70 (1.75–4.15)
3.03 (1.97–4.65)

0.76 (0.31–1.85)
1.00
1.82 (1.57–2.10)
2.40 (2.03–2.83)
2.95 (2.46–3.54)

0.55 (0.36–0.83)
1.00
1.64 (1.41–1.91)
1.92 (1.49–2.48)
2.43 (1.66–3.57)

0.63 (0.29–1.35)
1.00
1.83 (1.49–2.25)
2.36 (1.72–3.24)
3.15 (1.99–5.00)

Data are OR (95% CI), adjusted for age at delivery, parity, gestational age at weight measurement, and educational attainment. WHO, World Health Organization.
*OR (95% CI): ,0.001 (,0.001 to .999.999).

risk of GDM in Asian women may be attributed to Asians having more insulin resistance in the muscle compared with other
racial ethnic groups; however, this needs to
be conﬁrmed by additional studies.
A major strength of this study is the
universal screening and diagnosis of
GDM by standardized criteria. We also
were able to exclude women with recognized pre-existing diabetes. Finally, a
self-reported racial/ethnic group on the

California birth certiﬁcate seems to be
very accurate (34). This study also had
some limitations. First, body weight measured during pregnancy was used to calculate BMI (measured on average at 17
weeks’ gestation). This combines prepregnancy BMI with early pregnancy weight
gain, and if this varied by race/ethnicity
we may have slightly over- or underestimated the effect of prepregnancy BMI.
Height and weight data were missing

on a fairly large percentage of our cohort.
We did not have direct measures of adiposity or visceral fat, which may be more associated with insulin resistance than BMI. We
lacked data on several potential confounding factors, including family history, physical activity, and diet. Finally, because of
limited numbers, we were unable to examine these associations separately among
Asian subgroups, among whom the risk
of GDM has been shown to vary (12).

Table 4dPAR associated with overweight/obesity, by racial/ethnic group
ORs for overweight/obesity
BMI $25 kg/m2*
Prevalence of BMI $25.0 kg/m2 (%)†
Partial PAR (95% CI) for BMI $25.0 kg/m2‡

Non-Hispanic white African American
3.02 (2.73–3.34)
50.4
0.52 (0.48–0.56)

Hispanic

Asian

Filipina

3.56 (2.68–4.73) 2.77 (2.48–3.09) 2.11 (1.91–2.33) 2.16 (1.89–2.47)
65.9
61.1
27.8
37.6
0.65 (0.55–0.73) 0.54 (0.49–0.58) 0.23 (0.20–0.26) 0.31 (0.26–0.37)

Data are OR (95% CI) from models adjusted for maternal age at delivery, parity, gestation at maternal weight screening, and maternal educational attainment.
*Referent group is ,25 kg/m2. †Prevalence of overweight/obesity (BMI $25 kg/m2). ‡Proportion of preventable GDM cases if all women in the cohort were in the
referent category for BMI, while all other covariables remained unchanged as risk factors.
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Race/ethnicity, BMI, and risk of GDM
The prevalence of GDM has increased in several populations and in all
racial/ethnic groups (4). Obesity is a
strong risk factor for GDM in all racial/
ethnic groups, but especially among
non-Asian racial/ethnic groups. Strategies to increase the proportion of women
entering pregnancy at an optimal weight
could potentially eliminate 23–65% of
GDM, depending on the racial/ethnic
group. Development of effective approaches for weight management designed
speciﬁcally for reproductive-aged women
are urgently needed to help women achieve a healthy weight before and during
pregnancy. More research is needed to determine why Asian women have a higher
risk of GDM, even at a low BMIs; it may be
attributed to a genetic predisposition toward increased insulin resistance in the
muscle or increased levels of visceral fat.
Additional research will better inform
whether Asian women may beneﬁt from
different prevention strategies in addition
to weight management.
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