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Abstract

Objectives—We calculated the racial/ethnic-specific percentages of gestational diabetes mellitus 

(GDM) attributable to overweight and obesity.

Methods—We analyzed 1 228 265 records of women aged 20 years or older with a live, 

singleton birth in California during 2007 to 2009. Using logistic regression, we estimated the 
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magnitude of the association between prepregnancy body mass index and GDM and calculated the 

percentages of GDM attributable to overweight and obesity overall and by race/ethnicity.

Results—The overall estimated GDM prevalence ranged from 5.4% among White women to 

11.9% among Asian/Pacific Islander women. The adjusted percentages of GDM deliveries 

attributable to overweight and obesity were 17.8% among Asians/Pacific Islander, 41.2% among 

White, 44.2% among Hispanic, 51.2% among Black, and 57.8% among American Indian women. 

Select Asian subgroups, such as Vietnamese (13.0%), Asian Indian (14.0%), and Filipino (14.2%), 

had the highest GDM prevalence, but the lowest percentage attributable to obesity.

Conclusions—Elevated prepregnancy body mass index contributed to GDM in all racial/ethnic 

groups, which suggests that decreasing overweight and obesity among women of reproductive age 

could reduce GDM, associated delivery complications, and future risk of diabetes in both the 

mother and offspring.

Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance leading to 

hyperglycemia with onset or first recognition during pregnancy. GDM is associated with 

increased maternal and infant complications, including infant macrosomia, birth trauma, 

hypoglycemia, and cesarean section.1–4 Offspring of mothers with GDM are at increased 

risk for metabolic syndrome and type 2 diabetes in adulthood.5 GDM prevalence estimates 

range from 1% to 14% of all pregnancies in the United States, depending on the population 

studied and the diagnostic tests employed.6 Although some women diagnosed with GDM 

have abnormal glycemia that persists, most women will revert to normal carbohydrate 

metabolism after delivery.7 Women with a history of GDM are at increased risk of GDM in 

future pregnancies,8 and more than 50% will develop type 2 diabetes later in life.9

Previous studies have shown that GDM prevalence estimates differ vastly by race/ethnicity. 

American Indians, Hispanics, and Asians have the highest estimates of GDM,10,11 and these 

differences have not been fully explained by prepregnancy body mass index (BMI).12,13 

California is the most populous state in the United States, with an estimated 39.1 million 

residents in 2010. Its population is diverse, with an estimated 42% White, 37% Hispanic, 

12% Asian, 6% Black, 2% multiracial, 0.6% American Indian, and 0.4% Native Hawaiian/

Pacific Islander. Recent trends in the racial/ethnic composition of California's population 

predicts a continuing decline in the White population and an increase in the Hispanic 

population through 2020, when Hispanics are projected to become the largest racial/ethnic 

group in California.14 In addition, California records more than 500 000 births in a given 

year, half of which are to Hispanic women. In California, during the next 10 years, births to 

Black women will likely decrease by almost 4%, and births to Asian, American Indian, and 

Pacific Islander women will likely increase by 6%, 6%, and 16%, respectively.8 Hispanic 

women are expected to have the largest numerical increase in births during the next 10 

years.15

In a recent study of diabetes during pregnancy in California, it was reported that prevalence 

of maternal diabetes had risen from 4.6% of births in 1999 to 6.5% in 2005, with preexisting 

diabetes increasing by 28% and GDM increasing by 44%.16 The authors suggested that the 

increase in GDM might be attributable to recent increases in overweight and obesity among 

women of reproductive age. The purpose of the present study was to estimate the 
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contribution of BMI to GDM risk across different racial/ethnic groups by calculating the 

race/ethnicity-specific percentages of GDM attributable to pre-pregnancy overweight and 

obesity among women giving birth in California during 2007 to 2009.

Methods

Annually, maternal and infant inpatient hospital discharge records for deliveries are linked 

to birth certificate records using probabilistic methods representing approximately 98% of 

all California births.17–19 The present analysis includes all records for California resident 

women aged 20 years or older with a live singleton birth during 2007 to 2009 whose 

hospital delivery record was linked to the birth certificate. There were a total of 1402 186 

live singleton births to California resident adult women (which excluded 149 961 births to 

women aged < 20 years). We restricted to adults to have a more consistent definition of 

adult BMI. Institutional review board approval was obtained from the Committee for the 

Protection of Human Subjects, California Health and Human Services Agency and the 

Centers for Disease Control and Prevention (CDC). The human subjects' coordinator at the 

CDC deemed this study to be nonresearch, in accordance with the CDC's Guidelines for 

Defining Public Health Research and Public Health Non-Research,20 because the California 

Department of Public Health analyzed all data and only aggregate results were shared with 

the CDC.

Maternal Characteristics

Maternal characteristics, such as age at time of delivery, education, race/ethnicity, expected 

principle source of payment for delivery (Medi-Cal [California's Medicaid] or other), parity, 

any smoking during pregnancy, nativity (foreign-born vs US-born), height, prepregnancy 

weight, and diabetes status are recorded on the birth certificate. Maternal race/ethnicity 

categories on California's birth certificate are White, Black, American Indian or Alaska 

Native, Asian Indian, Cambodian, Chinese, Filipino, Hmong, Japanese, Korean, Laotian, 

Thai, Vietnamese, Other Asian, Native Hawaiian, Guamanian, Samoan, Other Pacific 

Islander, or other. Maternal Hispanic origin is collected separately with the following 

categories: Mexican, Central/South American, Puerto Rican, Cuban, and other. For our 

initial analysis, we combined Asian/Pacific Islander subgroups and Hispanic subgroups, and 

categorized race/ethnicity as non-Hispanic White, non-Hispanic Black, non-Hispanic Asian/

Pacific Islander, non-Hispanic American Indian, and Hispanic and referred to these groups 

as White, Black, Asian/Pacific Islander, American Indian, and Hispanic. Because of 

uncertainty regarding the make-up of the “other” racial/ethnic group, we excluded women in 

this group from all but the descriptive analyses. In addition, we conducted separate 

ethnicity-specific analyses by grouping Asian/Pacific Islander women as Chinese, Japanese, 

Korean, Vietnamese, Other Southeast Asian (Cambodian, Laotian, or Thai), Hmong, Asian 

Indian, Filipino, Pacific Islander (Guamanian, Hawaiian, Samoan, or Other Pacific Islander) 

and Hispanic women by their origin as Mexican, Central/South American, Puerto Rican, or 

Cuban.

Prepregnancy BMI, defined as maternal weight in kilograms divided by the square of height 

in meters, was calculated from height and prepregnancy weight reported on the birth 
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certificate. We excluded extreme values for height and weight: specifically, women with 

heights of less than 4 feet, 0 inches or equal to or taller than 6 feet, 11 inches and with 

prepregnancy weights of less than 75 pounds or equal to or more than 400 pounds. For our 

main analysis, we classified women as underweight (BMI < 18.5 kg/m2), normal weight 

(BMI =18.5–24.9 kg/m2), overweight (BMI = 25.0–29.9 kg/m2), class I obese (BMI = 30.0– 

34.9 kg/m2), class II obese (BMI = 35.0–39.9 kg/m2), class III obese (BMI ≥ 40.0 kg/m2), 

and total overweight/obese (BMI ≥ 25.0 kg/m2).21 Because some Asian populations have 

elevated risk of diabetes at lower BMIs, we examined additional cutoff points for BMI in a 

subanalysis of Asian/Pacific Islanders, in whom we classified women as underweight (BMI 

<18.5 kg/m2), normal weight (BMI =18.5–22.9 kg/m2), overweight I (BMI = 23.0–24.9 

kg/m2), overweight II (BMI = 25.0–29.9 kg/m2), and obese (BMI ≥ 30.0 kg/m2), as 

recommended by the World Health Organization (WHO).22

Diabetes Status

To determine diabetes status during pregnancy, we used information from both the birth 

certificate and hospital discharge data. The birth certificate includes 16 complications and 

procedures of pregnancy and concurrent illnesses, 1 of which is diabetes. Diabetes status is 

indicated on the birth certificate as prepregnancy diabetes (diagnosis before this pregnancy) 

or gestational diabetes (diagnosis in this pregnancy). For this study, a birth record that 

indicated both prepregnancy and gestational diabetes in the same pregnancy was classified 

as prepregnancy diabetes. On the hospital discharge record, a principal diagnosis and up to 

24 other diagnoses are reported; these conditions are coded according to the International 

Classification of Diseases, Ninth Revision, Clinical Modifications (ICD-9-CM).23 We 

defined preexisting diabetes as presence of ICD-9-CM codes for pregestational diabetes 

(250) or diabetes mellitus (648.0), whereas GDM was defined as glucose intolerance 

complicating pregnancy, childbirth, or postpartum (ICD-9-CM code 648.8). Hospital 

discharge records indicating both preexisting diabetes and GDM were classified as 

preexisting diabetes.

GDM status was ascertained using data from both the birth certificate and hospital discharge 

record. These sources demonstrated moderate agreement in classifying diabetes status 

during pregnancy (κ = 0.51). GDM cases were deliveries in which either the birth certificate 

or hospital discharge record indicated gestational diabetes. Pregnancies without diabetes 

were those in which both sources indicated no diabetes (neither preexisting nor gestational). 

Deliveries indicating preexisting diabetes were excluded from the analysis because the 

mothers were not at risk for GDM. After excluding 159 537 records (or 10.3%) with missing 

race/ethnicity or BMI information, and 14 384 records (or 0.9%) that indicated preexisting 

diabetes mellitus, our final data set included 1 228 265 live singleton births to California 

resident women aged 20 years or older during 2007 to 2009 (96 361 GDM cases and 1 131 

904 births with no indication of diabetes before or during pregnancy).

Statistical Analysis

We described the distribution of maternal demographic and behavioral characteristics 

overall and by race/ethnicity. Next, we estimated the prevalence of GDM and its 95% 

confidence intervals (CIs) by BMI category for each racial/ethnic group. We selected 
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potential confounders to include in the logistic models on the basis of results reported in 

published literature, and when we included the potential confounder, we changed the crude 

odds ratio (OR) by 10%. Because we saw evidence of confounding by nativity in some race 

groups, we included nativity as a covariate in the final adjusted models. Although none of 

the potential confounders changed the ORs by more than 10%, we included age and parity 

as covariates because they were found to be independently associated with both BMI and 

GDM in previous studies.24,25 To determine whether race/ethnicity modified the association 

between BMI and GDM, we assessed interaction between BMI and race/ethnicity using a 

likelihood ratio test; a P value of <.05 was considered statistically significant.

Using logistic regression for the entire population and for each racial/ethnic subgroup 

separately, we computed relative risks (RRs) and their 95% CIs according to methods 

described by Flanders and Rhodes26 with normal BMI as the referent group. In addition, we 

estimated the population attributable fraction (PAF) and the 95% CIs of GDM births 

associated with overweight and obesity overall and for overweight and obese BMI 

categories. The overall PAF is exactly equal to the sum of the categorical PAFs; these 

estimates were based on adjusted logistic regression using methods described by Graubard 

and Fears.27 The PAF incorporates both a measure of association between overweight/

obesity and GDM and the prevalence of overweight/obesity in the population as a whole. 

We interpreted each PAF estimate to be the reduction in GDM prevalence that would be 

expected to occur if all women in the overweight or obese BMI categories had a GDM risk 

equal to that of women in the normal BMI category.28 Finally, we calculated RRs and PAFs 

for specific Asian and Hispanic subgroups and used Asian-specific BMI categories for 

Asian subgroups following the WHO recommendations.15

Results

Maternal demographic characteristics overall and by race/ethnicity are described in Table 1. 

Only half (49.5%) of the women in our study population entered pregnancy at a normal 

weight; 26.1% were overweight and 20.5% were obese. Prevalence of overweight and 

obesity increased during our study period, from 45.6% in 2007 to 47.3% in 2009 (P< .001; 

data not shown). Prevalence of overweight/obesity was higher among American Indian 

(61.7%), Black (56.5%), and Hispanic (56.3%) women compared with White (38.7%) and 

Asian/Pacific Islander (22.9%) women (P< .001). GDM prevalence estimates that we used 

to calculate the RR and PAF are shown in Table A (available as a supplement to this article 

at http://www.ajph.org). The estimated prevalence of GDM using information from both the 

birth certificate and hospital discharge data was 7.8% overall, increasing from 7.6% in 2007 

to 8.3% in 2009 (P< .001; data not shown). GDM prevalence was lowest among White 

women (5.4%) and highest among Asian/Pacific Islander women (11.9%). However, when 

specific BMI categories were examined, GDM prevalence was lowest in non-Hispanic 

Black women in all categories (P< .001). Overall, GDM prevalence by BMI category was as 

follows: underweight, 4.0%; normal weight, 5.1%; overweight, 8.8%; class I obese, 12.2%; 

class II obese, 15.7%; and class III obese, 18.8% (Table A). In addition, we found that 2.0% 

of women with GDM were underweight, 32.4% were normal weight, 29.2% were 

overweight, and 36.5% were obese (19.6% class I obese, 10.0% class II obese, and 6.9% 

class III obese).
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A test for interaction between BMI and race/ethnicity was highly significant (P< .001). In 

the model that included all races combined, we found that the adjusted RRs of developing 

GDM were 0.69 (95% CI = 0.66, 0.72) among underweight women, 1.8 (95% CI = 1.8, 1.9) 

among overweight women, 2.7 (95% CI = 2.6, 2.7) among class I obese women, 3.7 (95% 

CI = 3.6, 3.7) among class II obese women, and 4.6 (95% CI = 4.5, 4.7) among class III 

obese women (Table 2). Although the estimates were different across the race/ethnicity 

subgroups, the trends across all racial/ethnic subgroups were similar when using the 

standard cut points for BMI, with the adjusted RR for class III obesity highest among White 

women (RR = 5.9; 95% CI = 5.6, 6.2) and lowest among Asian/Pacific Islander women (RR 

= 2.6; 95% CI = 2.3, 2.9). The adjusted fractions of GDM attributable to overweight and 

obesity were 38.6% overall, 17.8% among Asian/Pacific Islander, 41.2% among White, 

44.2% among Hispanic, 51.2% among Black, and 57.8% among American Indian women 

(Table 2).

Among Asian/Pacific Islander women, GDM prevalence varied by subgroup: Chinese 

(12.1%), Vietnamese (13.0%), Other Southeast Asian (9.5%), Asian Indian (14.0%), 

Filipino (14.2%), and Pacific Islander women (10.5%; P< .001; Table 3). Using the Asian 

cutoff point of BMI more than 23 for overweight, the adjusted fraction of GDM attributable 

to overweight and obesity combined in Asian/Pacific Islander women was 26.3% overall 

and ranged from 12.5% among Vietnamese women to 48.4% among Pacific Islander 

women. When we examined just overweight class I, the PAF was highest in Japanese 

women (9.7%) and lowest in Pacific Islander women (2.5%), and when we examined just 

obesity, the PAF was highest in Pacific Islander women (35.4%) and lowest in Chinese 

women (2.8%).

Among Hispanic women, GDM prevalence varied by subgroups: Mexican (8.7%), Central/

South American (7.4%), Puerto Rican (6.6%), and Cuban (5.5%) women (P< .001). The 

adjusted fraction of GDM attributable to overweight and obesity among Hispanic women 

overall was 44.2%, and ranged from 38.5% among Central/South American women to 

65.7% among Cuban women (Table 4). When we examined overweight alone, the PAF was 

highest in Cuban women (21.1%) and lowest in Mexican women (14.0%), and when we 

examined just obesity class III, the PAF was highest in Puerto Rican women (11.8%) and 

lowest in Central/South American women (4.1%).

Discussion

We estimated that more than one third of GDM cases in California could be prevented if 

expectant mothers entered pregnancy with a normal BMI. Our overall PAF estimate was 

consistent with the results of a similar analysis using data from Florida (2004–2007), which 

indicated that 41.1% of GDM cases were attributable to overweight and obesity.13 Because 

of the large number of Asian and Hispanic women in the population, we were able to 

examine a greater diversity of Asian and Hispanic subpopulations in this study than in 

previous studies. Consistent with previous studies, we found that Asian/Pacific Islanders 

overall had the highest GDM prevalence estimates; however, prepregnancy BMI did not 

contribute uniformly to GDM risks across Asian/Pacific Islander subgroups. In American 

Indian and Black women, high prepregnancy BMI contributed to the prevalence of GDM to 
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a greater extent than for other racial/ethnic groups. Obesity prevention strategies to reduce 

the risk of GDM might be most effective if targeted to appropriate subgroups of women with 

high PAF estimates, whereas different strategies might be needed for some Asian ethnic 

subgroups that have high GDM prevalence but low BMI.

Differences in GDM and obesity prevalence by race/ethnicity might reflect genetics 

differences, cultural factors (even within the same racial/ethnic group), acculturation, 

psychosocial stressors, time and duration in the United States, as well as differences in 

health care systems and reporting practices. Furthermore, patterns of body fat distribution 

differ by race and ethnicity, and BMI is not a perfect measure of body fat or central 

adiposity, which are stronger predictors of diabetes.29 For example, Asians are more prone 

to develop abdominal obesity, and differences in fat distribution are considered a major 

contributor to observed excessive prevalence of insulin resistance and diabetes.30 Cultural 

differences include diet, physical activity, and perceptions of weight. Furthermore, in our 

study, approximately half of the population was foreign-born; therefore, environmental 

changes in immigrant women, including diet and physical activity and the amount of time 

spent in the United States, might play a role in influencing diabetes status and obesity 

among this population.10,31,32

California's diverse Asian/Pacific Islander population allowed us to examine the 

contribution of BMI to GDM in more Asian ethnic subgroups than in previous studies. In 

our study, subgroups of Asian women, such as Asian Indian, Filipino, Chinese, and 

Vietnamese, had GDM prevalence estimates as high as 12% to 14%, which was consistent 

with the rise in type 2 diabetes among the general Asian population.33 However, because of 

the low prevalence of overweight and obesity among Chinese and Vietnamese women, their 

PAF estimates were much lower than for all Asians/Pacific Islanders combined, whereas 

subgroups with higher prepregnancy BMI, such as Asian Indian and Filipino women, had 

much higher PAF estimates. By contrast, Hmong and Pacific Islander women had relatively 

lower GDM prevalence but much higher prepregnancy BMI; therefore, their PAF estimates 

were high relative to other Asian subgroups. Asian women might need targeted interventions 

at lower BMI levels; however, it is not clear what interventions would be appropriate.

Hispanic women accounted for more than half of all births in California, where more than 

80% were of Mexican origin and 10% were of Central/South American origin. Hispanic 

women experienced a high prevalence of GDM, contributing to more than half of all GDM 

cases in California. Overall, our results suggested that if all Hispanic women entered 

pregnancy at a normal weight, 44.2% of GDM cases among Hispanics and nearly 1 in 4 

cases of GDM in California would be prevented.

Maternal obesity poses severe risks of adverse pregnancy outcomes, including GDM and 

maternal and infant morbidity and mortality, and has consequences for offspring that extend 

beyond the postpartum period.34,35 Although obesity is undoubtedly multifactorial in origin, 

and will therefore likely require multiple interventions at the individual, group, and 

community level, preconception health counseling is a strategy aimed at reducing obesity. 

Recent guidelines emphasize the importance of maintaining a healthy weight throughout life 

and recommend that health care providers weigh patients regularly, openly discuss BMI 
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status and its implications on reproductive and general health, and encourage women to 

think about proper nutrition and physical activity well before they get pregnant.36 During 

pregnancy, clinicians need to help women focus on appropriate gestational weight gain 

because excess weight gain can make it harder to lose weight postpartum and puts women at 

a higher BMI for a subsequent pregnancy.37 Furthermore, providers should continue to 

monitor women's health throughout the post-partum period to ensure women return to a 

healthy weight to improve overall health and outcomes of future pregnancies. In addition, 

women with a GDM-affected pregnancy need to be routinely screened for abnormal glucose 

levels to promptly diagnose chronic diabetes and provide ongoing clinical management.6 

The Affordable Care Act will soon expand access to these preventive health care services 

for all women of reproductive age.38

Limitations

Our study had a few limitations. First, height and prepregnancy weight were obtained from 

birth certificates and might be based on self-report and not on measurements obtained from 

clinical measurements. Estimates of obesity prevalence based on self-reported height and 

weight tend to be lower than those based on measured height and weight.39 Therefore, we 

might have underestimated the prevalence of prepregnancy overweight and obesity, which 

could have resulted in an underestimation of the RR and the PAF.

Second, we likely underestimated GDM prevalence because previous studies showed that 

GDM data from birth certificates and hospital discharge records had low sensitivity. There 

was likely little bias in GDM screening or diagnosis by race because the American Congress 

of Obstetricians and Gynecologists recommends universal GDM screening. Third, our data 

might not be generalizable to women in states other than California. However, California is 

the most populous US state and has a high level of racial/ethnic diversity, making it a good 

source of data for studying racial/ethnic variations in the extent to which BMI is associated 

with GDM risk.

Finally, we decided to restrict our study to adults to have a more consistent definition of 

adult BMI; therefore, our results did not apply to births to adolescents. Hence, future studies 

should consider risk stratification based on age and race/ethnicity.

Conclusions

Elevated prepregnancy BMI contributed substantially to GDM risk in most racial/ethnic 

groups, which suggested that decreasing the prevalence of overweight and obesity among 

women of reproductive age could considerably reduce the prevalence of GDM and 

associated delivery complications. However, the contribution of overweight and obesity to 

GDM risk varied by race/ethnicity and was lowest among Asian women and their subgroups 

and highest among American Indian and Black women. The risk of GDM among Black, 

American Indian, Hmong, and Pacific Islander women might have been affected the most by 

strategies to reduce obesity, whereas different interventions might be needed for other Asian 

subgroups. Preconception health strategies that promote healthy weight, diet, and exercise 

could significantly reduce the overall burden of GDM and potentially reverse the upward 

trend in GDM prevalence in California. To identify effective prevention strategies, a better 
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understanding is needed of the etiology of GDM among select Asian subgroups in which 

BMI is not a significant contributor to GDM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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