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Abstract

Introduction: Rates of gestational diabetes mellitus (GDM) are increasing in parallel with rates
of overweight and obesity. This analysis examines nationwide trends in the population-attributable
fraction for GDM associated with prepregnancy overweight and obesity.

Methods: A serial, cross-sectional study was performed using U.S. population-based Birth Data
Files maintained by the National Center for Health Statistics between 2011 and 2019. Live
singleton births to nulliparous women aged 15-44 years were included, and all analyses were
stratified by race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, non-Hispanic
Asian). Prevalences of prepregnancy overweight (25.0-29.9 kg/m?2, 23.0-27.4 kg/m?) and obesity
(=30.0 kg/m?, =27.5 kg/m?) based on standard and Asian-specific BMI categories, respectively,
were quantified. Logistic regression estimated adjusted associations between prepregnancy
overweight and obesity and GDM with normal weight (18.0-24.9 kg/m?, 18.0-22.9 kg/m?) as the
ref. Annual population-attributable fractions for GDM associated with prepregnancy overweight

"Corresponding author: Sadiya S. Khan, MD, MSc, Division of Cardiology, Department of Medicine and Preventive

Medicine, Northwestern University Feinberg School of Medicine, 680 N. Lake Shore Drive, Ste. 1400, Chicago IL 60611.
s-khan-1@northwestern.edu.

MCW and SSK conceived and designed the research. MCW performed statistical analysis and drafted the manuscript. All authors
contributed to interpretation of data and critically revised the manuscript for important intellectual content. SSK provided supervision
of the research.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

The authors have no relevant conflicts of interest to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 2

and obesity were calculated, which account for both prevalence of the risk factor and the
associated risk of GDM.

Results: Among 11,950,881 included women, mean maternal age was 26.3 years. Population-
attributable fractions for GDM associated with overweight were stable (Hispanic: 12.0% to 11.3%,
non-Hispanic Asian: 12.1% to 11.6%, £=0.20) or decreased (non-Hispanic White: 10.8% to

9.4%, non-Hispanic Black: 12.3% to 9.2%, p<0.002); population-attributable fractions for GDM
associated with obesity were stable (non-Hispanic Black: 36.3% to 37.9%, £=0.11) or increased
(non-Hispanic White: 30.9% to 33.3%, Hispanic: 27.2% to 33.3%, non-Hispanic Asian 12.2% to
15.4%, p<0.001).

Conclusions: Population-attributable fractions for GDM associated with obesity largely
increased in the past decade, underscoring the importance of optimizing weight before pregnancy.

Keywords

gestational diabetes mellitus; Overweight; Obesity; population attributable fraction

INTRODUCTION

Gestational diabetes mellitus (GDM), defined as glucose intolerance that develops in
pregnancy and most commonly diagnosed with the oral glucose tolerance test, complicates
approximately 6%-8% of all pregnancies in the U.S.1 The American College of Obstetrics
and Gynecology recommends universal screening for GDM in pregnant women, usually
between 24 and 28 weeks gestation.2 Prevalence of GDM has increased in recent years
and is associated with an annual economic burden of nearly $1.6 billion.3* Moreover,
GDM is a strong risk factor not only for incident type 2 diabetes mellitus (T2DM)

after pregnancy but also future subclinical atherosclerosis and symptomatic cardiovascular
disease independent of subsequent diabetes status, even among those who maintain
normoglycemia.>~’ Additionally, children of mothers with GDM are at higher risk of obesity
and impaired glucose tolerance.8 Significant and persistent racial/ethnic disparities in
GDM exist, and the observed intergenerational transmission of cardiometabolic risk may
exacerbate prevalent racial/ethnic disparities in cardiometabolic disease.3 Taken together,
these data support the importance of identifying strategies for GDM prevention.

Overweight and obesity prior to pregnancy are important risk factors for GDM.
Observational data suggest that prepregnancy weight loss in women with obesity may
decrease risk of GDM,10:11 and interventional studies, outside of pregnancy, have
demonstrated the benefit of weight loss on related metabolic outcomes such as T2DM .12
By contrast, interventions during pregnancy have been unable to consistently demonstrate
a benefit to reduce risk of GDM,13:14 underscoring the importance of prepregnancy
intervention, which may have greater benefit. Prevalence of overweight and obesity have
also been increasing in recent years, reaching 31.1% and 42.5%, respectively, among adults
aged =20 years in 2017-2018 in the U.S.; these increases have occurred in parallel with
increasing rates of GDM over this same timeframe.31% Quantifying the proportion of GDM
that could potentially be reduced with optimization of maternal BMI prior to pregnancy
may help elucidate the population impact of strategies targeting weight loss in women
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of reproductive age with overweight or obesity. Population-attributable fractions (PAFs)
account for both the prevalence of the risk factor and the excess risk of a disease associated
with that risk factor, and are an important metric to inform public health policies. Therefore,
this analysis calculates annual estimates of PAFs for GDM associated with prepregnancy
overweight and obesity by race and ethnicity between 2011 and 2019, and identifies trends
in PAF over time. The objective is to describe the contribution of increasing prevalence of
overweight and obesity to rising occurrence of GDM.

METHODS

This study used maternal data from the National Center for Health Statistics Birth Data
Files, which captures all live births in the U.S., from 2011 to 2019. Birth records are
completed by the medical professional who attended the delivery, using maternal self-
report and medical record abstraction when appropriate.16 Pre-gestational DM, GDM, and
prepregnancy BMI were included on birth records starting with the 2003 revision of the
U.S. Standard Certificate of Live Birth. Individual states variably adopted this revised
certificatel® with adoption in a majority of states by 2011 and in all states by 2016.

Study Population

Measures

Maternal data were included from all live, singleton births to nulliparous women aged

15-44 years, without pre-gestational DM, who self-identified as non-Hispanic White, non-
Hispanic Black, Hispanic, or non-Hispanic Asian (Appendix Figure 1). The analysis was
restricted to nulliparous women in order to eliminate differential risk of GDM based on prior
pregnancy history of GDM. Women with pre-gestational DM were excluded, as GDM and
pre-gestational DM are mutually exclusive on birth certificates. Records that did not use the
2003 revised birth certificate (4.6%) and those missing data on prepregnancy BMI or GDM
status (3.1%) were also excluded. This study was exempt from review by the Northwestern
University IRB given the de-identified, publicly available nature of the data. This manuscript
adheres to the STROBE statement.1’

The exposure was prepregnancy overweight or obesity defined by BMI, which is determined
by maternal self-report of prepregnancy height and weight.18 For non-Hispanic White, non-
Hispanic Black, and Hispanic women, WHO standard BMI categories (underweight [<18.5
kg/m?], normal weight [18.5-24.9 kg/m?], overweight [25.0-29.9 kg/m?], and obese [>30.0
kg/m?2]) were used. For non-Hispanic Asian women, modified BMI categories according to
American Diabetes Association and WHO recommendations (underweight [<18.5 kg/m?],
normal weight [18.5-22.9 kg/m?], overweight [23.0-27.4 kg/m?], and obese [>27.5 kg/m?])
were used.19:20

The outcome was GDM, which was a yes/no binary variable defined as a diagnosis of
glucose intolerance during the pregnancy.18 GDM status was determined by the delivery
attendant guided by medical record review. Covariates included maternal age, education
level, private insurance, receipt of prenatal care, and smoking during pregnancy. Education
level was divided into 3 categories based on the highest level of education completed:
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less than high school, high school graduate, or greater than high school. The remaining
variables were coded as yes/no binary variables indicating whether the mother used private
insurance, received any prenatal care, or smoked during the pregnancy. All covariate data
were based on maternal self-report. As each covariate was missing <3% of data, a complete
case analysis was performed.

Statistical Analysis

RESULTS

Owing to known racial/ethnic disparities in GDM,?3 all analyses were stratified by race/
ethnicity. Descriptive statistics of maternal characteristics were calculated. Age-standardized
rates of GDM were then computed using the age distribution of women with live births

in 2011 as the reference population. Next, the annual prevalences of overweight and

obesity were calculated. Associations between BMI category and GDM were calculated
using multivariable logistic regression (normal weight as the ref) adjusted for maternal

age at delivery, education, private insurance, receipt of prenatal care, and smoking during
pregnancy. Confounding variables were chosen based on known associations with GDM and
availability in the data set.

The logistic regression models were then used to determine annual PAFs for GDM
associated with overweight and obesity. The statistical module punafin Stata?! uses the
formula described by Rockhill et al.22 to compute PAFs. Specifically, this formula is:

P(D) - ¥c P(DIC, E)P(C)
P(D)

where AD) is the probability of disease in the population and Y P(DIC, E)P(C) is the
marginal conditional probability of disease averaged over a set of confounders (C) and
counterfactual exposures (£). The module punafuses logistic regression models to compute
marginal prevalences of GDM under 2 scenarios: the observed data (representing A(D))

and a counterfactual scenario in which a risk factor, such as obesity, is removed from

the population (representing Y P(DIC, E)P(C)). The PAF is the difference between the 2

marginal prevalences divided by the marginal prevalence in the observed data and thus
varies from 0 to 1, which the authors transformed to percentages (0%—-100%). The PAF is
interpreted as the percentage of GDM cases that would potentially not occur if the risk factor
(overweight or obesity) was eliminated from the population. Differences in PAF between

the first and last years of the study period (2011 and 2019) were tested using a method for
log-transformed statistics.23 In a secondary analysis, PAFs were calculated within the top 3
Hispanic (Mexican, Puerto Rican, and Central or South American) and non-Hispanic Asian
(Asian Indian, Chinese, and Filipina) subgroups by population. All analyses were conducted
using Stata, version 15.1. A p-value <0.05 was considered statistically significant.

From 2011 to 2019, of 11,950,881 live births to nulliparous women aged 15-44 years,
57.0% were in non-Hispanic White, 14.1% in non-Hispanic Black, 21.1% in Hispanic
(11.9% Mexican, 1.7% Puerto Rican, 3.1% Central or South American), and 7.8% in
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non-Hispanic Asian (3.1% Asian Indian, 2.2% Chinese, 1.8% Filipina) women. Mean age
was 26.3 (SD=5.8) years. Non-Hispanic Black and Hispanic women were, on average,
younger than non-Hispanic White and non-Hispanic Asian women, with lower educational
attainment and greater use of Medicaid (Table 1). Women who were underweight prior

to pregnancy were younger on average than those in other BMI categories, and a greater
proportion smoked during pregnancy (Appendix Table 1). For all race/ethnicity groups,

the prepregnancy prevalence of both overweight and obesity increased from 2011 to 2019,
whereas the prevalence of normal weight decreased (Table 2). In 2019, approximately half
of women had prepregnancy overweight or obesity, with prevalence ranging from 48.0% in
non-Hispanic Asian women to 58.7% in non-Hispanic Black women.

Across all race/ethnicity groups, age-standardized rates of GDM were successively higher in
each higher BMI category and increased from 2011 to 2019 for all BMI categories (Figure

1 and Appendix Table 2). Among women with obesity prior to pregnancy, age-standardized

rates of GDM in 2019 ranged from 88.4 per 1,000 live births in non-Hispanic Black women
to 169.7 per 1,000 live births in non-Hispanic Asian women.

Prepregnancy overweight and obesity were each associated with GDM from 2011 to 2019
for all race/ethnicity groups (Table 2). Adjusted odds of GDM were higher for prepregnancy
overweight and highest for prepregnancy obesity relative to normal weight. For example,

in 2019, AORs for Hispanic women with overweight BMI and obesity, respectively, were
1.75 (95% Cl=1.67, 1.83) and 3.51 (95% CI1=3.37, 3.66). Across race/ethnicity groups in
2019, stratified ORs for prepregnancy overweight ranged from 1.59 (95% CI=1.52, 1.66)

in non-Hispanic Asian women to 1.75 (95% Cl=1.67, 1.83) in Hispanic women, and for
prepregnancy obesity ranged from 2.57 (95% Cl1=2.45, 2.70) in non-Hispanic Asian women
to 3.73 (95% CI=3.64, 3.82) in non-Hispanic White women.

The PAFs for GDM associated with prepregnancy overweight (compared with normal
weight) decreased from 2011 to 2019 in non-Hispanic White women from 10.8% (95%
ClI=10.2, 11.4) t0 9.4% (95% CI=8.9, 9.9, p<0.001), and in non-Hispanic Black women
from 12.3% (95% C1=10.7, 13.8) to 9.2 (95% CI=8.0, 10.4, p=0.001). Differences in PAFs
from 2011 to 2019 were not statistically significant in Hispanic women, changing from
12.0% (95% CI=10.8, 13.2) to 11.3% (95% CI=10.4, 12.3, p=0.20), or in non-Hispanic
Asian women, changing from 12.1% (95% CI1=10.5, 13.6) to 11.6% (95% C1=10.4, 12.7,
p=0.30) (Table 3 and Appendix Table 3).

By contrast, PAFs for GDM associated with prepregnancy obesity (compared with normal
weight) prior to pregnhancy were heterogeneous across race/ethnicity groups and increased
from 2011 to 2019, with the exception of non-Hispanic Black women. PAFs were highest

in non-Hispanic Black women and increased from 36.3% (95% CI=34.4, 38.2) in 2011 to
37.9% (95% Cl=36.2, 39.5) in 2019, although this difference was not statistically significant
(0=0.11). PAFs were lowest in non-Hispanic Asian women and increased from 12.2% (95%
Cl=11.2, 13.3) in 2011 to 15.4% (95% Cl=14.5, 16.3) in 2019 (p<0.001) (Table 3 and
Appendix Table 3).
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The PAFs for the top 3 Hispanic and non-Hispanic Asian subgroups by population largely
increased between 2011 and 2019, but were heterogeneous across subgroups (Appendix
Table 4).

DISCUSSION

This analysis found that maternal prevalence of prepregnancy overweight and obesity
increased from 2011 to 2019, and overweight or obesity was associated with 1.5- to 4-times
higher odds of GDM compared with normal weight in all race/ethnicity groups. PAFs

for GDM associated with prepregnancy overweight were stable (i.e., did not significantly
change) or decreased, and those associated with obesity increased across all race/ethnicity
groups except non-Hispanic Black women, in which they were stable, from 2011 to 2019.
Overweight and obesity together accounted for up to one half of the population burden of
GDM in 2019, with substantial differences by race/ethnicity. Despite the highest rates of
GDM in non-Hispanic Asian women, PAFs associated with overweight or obesity were the
lowest, even after accounting for Asian-specific BMI definitions.

These results confirm and extend prior findings that the association of maternal excess body
weight with GDM was not limited to obesity status, but was also present in overweight in
all race/ethnic groups. One prior study, a meta-analysis of cohort data from 3 continents,
reported a PAF for GDM associated with prepregnancy overweight of 19.4%,24 which was
higher than the estimates in this study (9.2%-11.6% in 2019) and reinforces the important
contribution of overweight status to GDM. The PAF estimates for GDM associated with
prepregnancy obesity in this study are within the range of those previously reported (8%-—
42%) in studies of other populations.24-27 These results extend those of prior studies by
reporting trends over time and differences between key racial/ethnic subgroups leveraging
the National Center for Health Statistics Birth Data Files, which represent the most
comprehensive and contemporary source of U.S. population data that include prepregnancy
BMI and GDM. These data highlight that a large public health impact of overweight

and obesity is being seen in women of reproductive age. This is especially important

given long-term adverse cardiometabolic outcomes of GDM in both mothers and their
children. Women with a history of GDM have a high lifetime risk of conversion to T2DM®
and a 2-fold higher relative risk of subclinical atherosclerosis and cardiovascular disease
independent of diabetes (yes/no) status, even if they attain normoglycemia.8.” Offspring of
women whose pregnancies were complicated by GDM have an elevated risk of impaired
glucose tolerance,® overweight and obesity,® and early cardiovascular disease,?8 suggestive
of intergenerational transmission of cardiometabolic risk.

There were substantial racial/ethnic differences in PAFs for GDM associated with
prepregnancy body weight. Non-Hispanic Black women had the largest PAF for GDM
associated with prepregnancy overweight or obesity (47.0% in 2019). This was due to the
greatest prevalence of obesity in this group (32.8% in 2019). By contrast, non-Hispanic
Asian women had the smallest PAF for GDM associated with prepregnancy overweight

or obesity (26.9% in 2019), although there was heterogeneity between subgroups. This
finding was driven by both lower prevalence of overweight and obesity and smaller ORs in
non-Hispanic Asian women. However, non-Hispanic Asian women also had the highest age-
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standardized rates of GDM across the study period in every BMI category, which indicates
substantial risk for GDM unrelated to prepregnancy BMI in this subgroup and is similar to
patterns previously observed for T2DM risk in Asian Americans at lower BMI categories
in the Patient Outcomes Research To Advance Learning (PORTAL) cohort network and in
a nationally representative sample.2930 This is further suggested by higher age-standardized
GDM rates in non-Hispanic Asian women with normal prepregnancy BMI compared with
those among non-Hispanic White, non-Hispanic Black, and Hispanic women even with
overweight BMI category. Interestingly, these findings were based on using the American
Diabetes Association cut off for overweight or obesity in Asian Americans (BMI >23.0
kg/m?), which is lower than that for other racial/ethnic subgroups (BMI >25.0kg/m?2).19
Although differences in body fat composition3! and phenotypic heterogeneity of GDM32:33
in Asian women have been observed, the reasons for these differences, which may include
variability in dietary patterns34 and other social determinants of health, are unclear.

Increasing obesity prevalence in parallel with increasing PAFs for GDM associated with
obesity suggests that unfavorable contemporary trends in GDM may be related to increasing
rates of obesity in early adulthood present prior to pregnancy. Obesity affected 40% of
young adults in 2017-2018,% related in part to the high prevalence of suboptimal physical
activity levels and poor diet quality among young adults,36 with approximately one half
consuming =1 sugar-sweetened beverage daily.3” Although calorie reduction and increased
physical activity are important components of the prevention and treatment of obesity,38
successful strategies continue to be a challenge for this complex, multifactorial disease.
Adjunctive pharmacotherapy or surgical intervention may be appropriate for some patients
with obesity to achieve weight loss before conception.3? A loss of 10% of body weight may
be an achievable goal that is sufficient to reduce the risk of GDM.1! Potential population-
level strategies to promote healthy BMI may include implementation of sugar-sweetened
beverage reduction programs,*? including taxation and consumer awareness campaigns, as
well as addressing community-level barriers to physical activity, such as availability of
public activity spaces*! and neighborhood safety.42

This study has several limitations. PAFs are measures of association and should not

be interpreted as causal beyond the underlying adjusted logistic regression models.
Ascertainment of GDM in birth certificates may be incomplete, and the diagnostic criteria
used to code GDM are not available; however, contemporaneous clinical guidelines
recommend universal GDM screening between 24 and 28 weeks gestation in the U.S., and
GDM status in this data set is identified by the clinician rather than by administrative code.
The exclusion of multiparous women may underestimate GDM rates in the total population,
as prior pregnancy is associated with increased risk for GDM in subsequent pregnancies.

In addition, women who had fetal deaths were not included in the analysis owing to
inconsistent reporting across states; however, these account for <0.7% of pregnancies and
consequently this exclusion should not alter results materially. BMI is an imperfect indicator
of diabetes risk, and the optimal cut points in Asian Americans are debated; however, the
definition used for overweight or obesity (BMI =23.0 in Asian Americans) is recommended
by the American Diabetes Association as a clinical action point. Self-reported weight and
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height, asked around the time of delivery, may be subject to recall bias and misclassification
of prepregnancy BMI category. Gestational weight gain may be an additional important
factor related to development of GDM“3; however, data on gestational weight gain prior to
the diagnosis of GDM are not available in the National Center for Health Statistics Birth

Data files. Finally, lifestyle factors such as diet and physical activity, which may partially
mediate associations between prepregnancy overweight and obesity and GDM, were not

able to be assessed.

CONCLUSIONS

Up to one half of pregnancies complicated by GDM among nulliparous women in the U.S.

are associated with overweight or obesity prior to pregnancy. PAFs for GDM associated
with obesity increased in all racial/ethnic subgroups except non-Hispanic Black women

between 2011 and 2019. Prevalence of overweight and obesity increased throughout the
study period with <50% of women entering pregnancy with normal weight by 2019. These
data emphasize the importance of promoting healthy weight prior to conception, which
may help reverse recent unfavorable trends in GDM and mitigate the subsequent morbidity
and mortality related to cardiometabolic disease in young women and their offspring. As
population-level efforts to date have been largely unsuccessful, innovative efforts to disrupt
the large and increasing burden of overweight- and obesity-related GDM are needed.

Supplementary Material
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Trends in age-standardized rates of gestational diabetes mellitus stratified by maternal race/
ethnicity and BMI category in nulliparous women in the U.S. (2011—2019). NVote: The figure
shows annual trends in age-standardized gestational diabetes mellitus rates between 2011
and 2019 stratified by race/ethnicity and BMI category prior to pregnancy. Age-standardized
rates of GDM were generally greater with higher prepregnancy BMI category and increased

between 2011 and 2019.
GDM, gestational diabetes mellitus.
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Table 1.

Maternal Characteristics by Race/Ethnicity in Nulliparous Women in the U.S. (2011-2019)

Characteristic Non-Hispanic White  Non-Hispanic black Hispanic Non-Hispanic Asian
N 6,809,923 1,683,189 2,520,227 937,542
Maternal age, mean (SD) 27.0 (5.6) 24.3(5.7) 24.4 (5.7) 29.8 (5.0)
BMI category, 77 (%)
Underweight? 274,069 (4.0) 74,139 (4.4) 103,128 (4.1) 88,298 (9.4)
Normal weight? 3,475,075 (51.0) 680,766 (40.4) 1,183,361 (47.0) 450,115 (48.0)
Overweighta 1,620,041 (23.8) 430,961 (25.6) 674,395 (26.8) 267,892 (28.6)
Obese? 1,440,738 (21.2) 497,323 (29.5) 559,343 (22.2) 131,237 (14.0)
Education, 77 (%)
Less than high school 483,548 (7.1) 254,566 (15.2) 574,702 (23.0) 49,838 (5.4)
High school graduate 1,394,432 (20.6) 547,441 (32.7) 807,271 (32.3) 104,792 (11.3)
Greater than high school 4,901,517 (72.3) 870,609 (52.1) 1,113,755 (44.6) 771,467 (83.3)
Payment method, 77 (%)
Private insurance 4470104 (66.2) 519028 (31.1) 808620 (32.4) 637580 (68.4)
Medicaid 1875746 (27.8) 1034791 (62.0) 1417045 (56.7) 209221 (22.5)
Other/Self pay 409,449 (6.0) 116,438 (6.9) 273,105 (10.8) 85,003 (9.1)
Received prenatal care, /7 (%) 6,627,605 (99.2) 1,588,633 (97.9) 2,416,122 (98.1) 911,669 (99.2)
Smoked during pregnancy, 7 (%) 611,119 (9.2) 62,434 (3.8) 38,696 (1.6) 6,673 (0.7)

Page 13

Underweight (<18.5 kg/m2); Normal weight (18.5-24.9 kg/m? [18.5-22.9 kg/m? for Asian women]); Overweight (25.0-29.9 kg/m2 [23.0-27.4

kg/m2 for Asian women]); Obese (=30.0 kg/m2 [227.5 kg/m2 for Asian women]).
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Table 2.
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Prevalence of Prepregnancy Overweight and Obesity and Associations With Gestational Diabetes in
Nulliparous Women

2011 2015 2019

Race/ethnicity Prevalence (%) A?QRS&]: gBM Prevalence (%) A(?9R5[% SP)M Prevalence (%) AC()gRs&f) SIID)M
Non-Hispanic White

Normal weight 53.6 ref 51.5 ref 47.2 ref

Overweight 22.9 1.85 (1.79, 1.91) 23.7 1.78 (1.73,1.83) 25.2 1.69 (1.64, 1.73)

Obese 19.0 4.06 (3.94, 4.18) 20.8 3.83(3.74, 3.93) 24.3 3.73(3.64, 3.82)
Non-Hispanic Black

Normal weight 43.8 ref 40.7 ref 37.3 ref

Overweight 25.1 1.94 (1.79, 2.11) 25.4 1.70 (1.59, 1.83) 25.9 1.68 (1.57, 1.80)

Obese 26.3 3.64 (3.39, 3.92) 295 3.12 (2.94, 3.32) 32.8 3.22 (3.04, 3.42)
Hispanic

Normal weight 51.0 ref 479 ref 41.7 ref

Overweight 25.4 1.79 (1.69, 1.89) 265 1.89 (1.80, 1.99) 28.6 1.75 (1.67, 1.83)

Obese 19.0 3.39(3.22,3.57) 21.4 3.79 (3.62, 3.96) 26.2 3.51(3.37, 3.66)
Non-Hispanic Asian

Normal weight 51.1 ref 48.3 ref 44.5 ref

Overweight 26.7 1.65 (1.55, 1.76) 28.3 1.71 (1.63, 1.80) 30.9 1.59 (1.52, 1.66)

Obese 11.6 2.67 (2.49, 2.88) 13.8 2.70 (2.55, 2.85) 17.1 2.57 (2.45, 2.70)

GDM, gestational diabetes mellitus.
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Population Attributable Fractions for Gestational Diabetes Associated With Prepregnancy Overweight and
Obesity in Nulliparous Women

Race/ethnicity

2011

2015

2019

Population attributable fraction,a % (95% ClI)

p-value for differenceb

2011 vs 2019

Non-Hispanic White
Normal weight
Overweight
Obese
Overweight or obese

Non-Hispanic Black
Normal weight
Overweight
Obese
Overweight or obese

Hispanic
Normal weight
Overweight
Obese
Overweight or obese

Non-Hispanic Asian
Normal weight
Overweight
Obese

Overweight or obese

ref
10.8 (10.2, 11.4)
30.9 (30.2, 31.6)
41.6 (40.6, 42.6)

ref
12.3 (107, 13.8)
36.3(34.4, 38.2)
48.5 (45.8, 51.1)

ref
12.0 (10.8, 13.2)
27.2 (26.0, 28.5)
39.2 (37.4, 41.0)

ref
12.1 (10.5, 13.6)
12.2 (11.2, 13.3)
24.3(22.3,26.2)

ref
10.4 (9.8, 10.9)
31.2 (30.6, 31.8)
41.5 (40.6, 42.3)

ref
9.9 (8.6,11.2)
34.9 (33.2, 36.6)
44.7 (42.3, 47.1)

ref
12.8 (11.7, 13.8)
31.4(30.3,32.4)
44.1 (42,5, 45.6)

ref
13.0 (11.8, 14.3)
14.0 (13.1, 14.9)
27.0 (25.4, 28.6)

ref
9.4 (8.9,9.9)
33.3(32.7, 33.9)
42,6 (41.7, 43.4)

ref
9.2 (8.0, 10.4)
37.9(36.2, 39.5)
47.0 (4.7, 49.2)

ref
11.3 (10.4, 12.3)
33.3(32.3,34.3)
44.6 (43.1, 46.1)

ref
11.6 (10.4, 12.7)
15.4 (14.5, 16.3)
26.9 (25.3, 28.5)

<0.001
<0.001
0.07

0.001
0.11
0.20

0.20
<0.001
<0.001

0.30
<0.001
0.02

aSeIected years shown for simplicity; full results shown in Appendix Table 3.

bBoIdface indicates statistical significance (p<0.05).
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