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Abstract

Background: Gestational diabetes mellitus (GDM) is a common pregnancy complication, and its risk increases in females 
exposed to stressful events. The COVID-19 pandemic has affected the healthcare system and individuals’ behaviors, but its 
impact on GDM risk remains unclear. We aimed to investigate the influence of the pandemic on GDM risk in the United States 
(US), overall and by race/ethnicity.
Methods: This retrospective cohort study included pregnancies in an academic medical system in Los Angeles, California. We 
divided 8,518 pregnancies into the pre-COVID cohort (4,507 delivered between 9/1/2018 and 2/29/2020; 18 months) and 
the intra-COVID cohort (4,011 delivered between 3/1/2020 and 8/31/2021; 18 months). We ascertained GDM cases using 
the ICD-10 codes, calculated the age-standardized GDM incidences, and estimated the risk ratios (RR) of GDM (intra-COVID vs. 
pre-COVID) using Poisson regressions.
Results: The age-standardized GDM incidence was 8.49% in the pre-COVID and 10.02% in the intra-COVID cohorts. The GDM 
risk was 17% higher in the intra-COVID cohort than in the pre-COVID cohort (RR=1.17; 95% CI: 1.02, 1.35) after adjusting 
for race/ethnicity, maternal age, nulliparity, marital status, pre-pregnancy body mass index, gestational weight gain, and 
utilization days of prenatal care. When stratified by race/ethnicity, the GDM risk was higher in non-Hispanic Whites (RR=1.34; 
95% CI: 1.03, 1.74), Hispanics (RR=1.26; 95% CI: 1.00, 1.59), and potentially in non-Hispanic Blacks (RR=1.32; 95% CI: 0.63, 
2.76), but not in Asians (RR=0.99; 95% CI: 0.75, 1.30).
Conclusion: GDM incidences increased during the COVID-19 pandemic in a large US city, especially among non-Hispanic 
Whites, Hispanics, and non-Hispanic Blacks.

Keywords: Gestational Diabetes Mellitus; COVID-19; Pregnancy; Racial/Ethnic Disparities

Abbreviations: GDM: Gestational Diabetes Mellitus; 
EHR: Electronic Medical Records; GW: Gestational Weeks; 
RR: Risk Ratios; CI: Confidence Intervals.

Introduction

Gestational diabetes mellitus (GDM), hyperglycemia 
first detected during pregnancy, is one of the most common 
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pregnancy complications [1,2]. It affects 4-9% of pregnancies 
in the United States (US), and its incidence has continued to 
rise over the past 40 years [3-7]. GDM has well-documented 
racial and ethnic disparities, with Asian and Hispanic females 
having 2-3 times higher risk than non-Hispanic White females 
[2,3,8]. Moreover, GDM has been associated with a variety of 
short-term and long-term adverse health outcomes in both 
mothers (e.g., pre-eclampsia, type 2 diabetes mellitus, and 
cardiovascular diseases) and their offspring (e.g., large for 
gestational age at birth, metabolic syndrome, and autism 
spectrum disorder [9-14]).

Multiple lifestyle and psychological factors are risk 
factors for GDM, including pre-pregnancy obesity, poor 
diet, lack of physical activity, depression, stress, and anxiety 
[2]. The COVID-19 pandemic had a significant impact 
on healthcare access and quality as well as lifestyle [15-
17] and psychological factors related to GDM risk [18]. A 
few studies have reported a rise in GDM rates during the 
COVID-19 pandemic compared to the pre-pandemic period 
[19-23]. However, most of these studies did not adjust for 
potential confounders, focused only on the initial pandemic 
period (i.e., the lockdown window or during 2020), and 
did not explore the underlying reasons (e.g., SARS-CoV-2 
infections) for the observed increase in GDM rate during the 
COVID-19 pandemic. Blacks and Hispanics have experienced 
disproportionally higher rates of SARS-CoV-2 infection [24] 
and have had more undesired changes regarding health 
behaviors during the COVID-19 pandemic [16] in the US; 
however, no previous studies have examined the COVID-19 
pandemic impact on GDM rates by race and ethnicity. 
Therefore, this study aimed to examine the COVID-19 
pandemic’s impact on the risk of GDM and whether racial 
and ethnic groups were affected differently by the COVID-19 
pandemic in the US.

Materials and Methods

This retrospective cohort study leveraged electronic 
medical records (EHR) from a large academic medical system 
with multiple hospitals and clinics in Los Angeles, California. 
It has over 2.5 million annual visits and 100,000 annual 
hospital admissions for patients from socioeconomically 
diverse backgrounds. We identified pregnancies (N = 8,691) 
between 24-44 gestational weeks (GW) from 9/1/2018 
to 8/31/2021 (36 months). We excluded 173 pregnancies 
with pre-pregnancy diabetes (International Classification 
of Diseases, 10th edition [ICD-10] codes: E10.x, E11.x, 
E13.x). The final analytical sample included a total of 8,518 
pregnancies from individuals aged 15-49 years. The study 
was approved for exemption by the University of California, 
Los Angeles Institutional Review Board (IRB #20-001806).

We divided the overall sample into the pre-COVID 
cohort (4,507 pregnancies delivered between 9/1/2018 and 
2/29/2020 [18 months]) and the intra-COVID cohort (4,011 
pregnancies delivered between 3/1/2020 and 8/31/2021 
[18 months]) according to delivery dates (Figure 1). In our 
healthcare system, all pregnant individuals were screened for 
GDM during 24-28 GW. We ascertained GDM cases using the 
ICD-10 codes (O24.4x). We validated the GDM diagnosis by 
the ICD-10 codes using the plasma glucose values obtained 
during the GDM screening using the Carpenter & Coustan 
criteria among those with laboratory data (~60%). We also 
extracted the sociodemographic (e.g., maternal age, race and 
ethnicity, and marital status), anthropometric measures (e.g., 
pre-pregnancy body mass index [BMI]), pregnancy outcomes 
(e.g., gestational weight gain and gestational weeks at 
delivery), and utilization of prenatal care from the EHR.

Abbreviations: CI, confidence interval; GDM, gestational diabetes mellitus; ICD-10, International Classification of Diseases, 
Tenth Revision.
Figure 1: Sample Selection Flow Chart.
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We compared maternal characteristics and clinical 
outcomes between the pre-COVID and intra-COVID cohorts 
using the chi-squared test or t-test. We calculated age-
standardized incidences using the age distribution of 
US females aged 15-49 years in 2018 [25]. We applied 
multivariable Poisson regressions (log link) with robust 
standard errors to estimate the risk ratios (RR) and 95% 
confidence intervals (CI) of GDM for the overall sample and 
by racial and ethnic groups. A random effect was specified 
to control the correlation due to multiple pregnancies per 
individual. Models were adjusted for pre-selected potential 
confounders: race and ethnicity (the overall sample only), 
maternal age, nulliparity, marital status, pre-pregnancy BMI, 
gestational weight gain, and utilization days of prenatal care. 
We further examined the association of SARS-CoV-2 infection 
with the risk of GDM. We identified SARS-CoV-2 infections 
among pregnant individuals using the ICD-code (U07.1).

We performed several sensitivity analyses to examine 
the robustness of the results. First, we excluded pregnancies 
with SARS-CoV-2 infections in order to test whether the 
changes in GDM rates were directly caused by SARS-CoV-2 
infection. Second, we excluded pregnancies that were 
screened for GDM before 3/1/2020 in the intra-COVID 
cohort, as those pregnancies were not affected by the 
COVID-19 pandemic before the GDM diagnosis. Lastly, we 

applied a more restrictive approach to classifying the pre-
COVID (pregnancies conceived between 3/1/2018 and 
2/28/2019 [12 months]) and intra-COVID (pregnancies 
conceived between 3/1/2020 and 2/28/2021 [12 months]) 
cohorts using conception dates, in which all pregnancies 
in the intra-COVID cohort were affected by the pandemic 
from the beginning. The conception dates were determined 
by subtracting the estimated gestational weeks from the 
delivery dates. We conducted all analyses in R Version 4.0.5. 
A two-sided p-value < 0.05 was considered statistically 
significant.

Results 

The pre-COVID and intra-COVID cohorts generally had 
similar maternal characteristics and outcomes, except for 
marital status, nulliparity, utilization duration of prenatal 
care, number of prenatal care visits, and gestational weight 
gain at delivery. There was no difference in the pre-pregnancy 
BMI, either mean or distribution of pre-pregnancy BMI 
categories, between the two cohorts. The racial and ethnic 
compositions of the overall sample (pre-COVID vs. intra-
COVID) were: Asian (17.1% vs. 17.1%), non-Hispanic Black 
(4.7% vs. 4.8%), Hispanic (21.9% vs. 21.9%), non-Hispanic 
White (42.2% vs. 38.3%), and other or unknown race and 
ethnicity (14.0% vs. 17.9%) (Table 1).

Pre-COVID N = 4,507 Intra-COVID N = 4,011 P-value
Maternal age at delivery, years, mean (SD) 33.8 (5.0) 34.0 (4.8) 0.11

Race and ethnicity, N (%) <0.001*
Asian 769 (17.1%) 687 (17.1%)

Hispanic 989 (21.9%) 880 (21.9%)
Non-Hispanic Black 214 (4.7%) 191 (4.8%)
Non-Hispanic White 1904 (42.2%) 1537 (38.3%)
Other or unknown 631 (14.0%) 716 (17.9%)

Married, N (%) 3568 (79.2%) 3093 (77.1%) 0.004*
The first pregnancy in the EHR (nulliparity), N (%) 3132 (69.5%) 2924 (72.9%) <0.001*

Singleton pregnancy, N (%) 4316 (95.8%) 3864 (96.3%) 0.20
Pre-pregnancy BMI, kg/m2, mean (SD) 25.4 (5.4) 25.3 (5.4) 0.58

Pre-pregnancy BMI category, N (%) 0.97
Underweight (<18.5 kg/m2) 102 (2.3%) 93 (2.3%)

Normal weight (18.5-24.9 kg/m2) 2448 (54.3%) 2195 (54.7%)
Overweight (25-29.9 kg/m2) 1166 (25.9%) 1034 (25.8%)

Obese (≥30 kg/m2) 760 (16.9%) 658 (16.4%)
Unknown 31 (0.7%) 31 (0.8%)

National area deprivation index, mean (SD) 16.6 (22.9) 16.9 (22.9) 0.57
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Smoking during pregnancy, N (%) 65 (1.4%) 62 (1.5%) 0.84
Utilization days of prenatal care, mean (SD) 176  (79.6) 186 (73.9) <0.001*

Number of prenatal care visits, N (%) 12.9 (6.9) 13.8 (6.4) <0.001*
Gestational weight gain at delivery (pound), mean (SD) 23.0 (14.4) 24.1 (14.0) 0.002*

Gestational weeks at delivery, N (%) 39.0 (2.0) 39.0 (1.8) 0.24

Abbreviations: BMI, body mass index; COVID, coronavirus disease; EHR, electronic health record; GW, gestational week; ICD-10, 
International Classification of Diseases; SD, standard deviation.
Notes:
•	 Other races and ethnicity included individuals self-reported as other races, multiple races, American Indian, Alaska Native, or 

Pacific Islander. 2.3% and 3.3% of pregnancies had unknown race/ethnicity in the pre-and intra-COVID periods, respectively.
•	 0.7% and 0.8% of pregnancies had missing pre-pregnancy BMI in the pre-and intra-COVID periods, respectively.
•	 12.9% and 16.4% of pregnancies had missing national area deprivation index in the pre-and intra-COVID periods, respectively.
•	 22.4% and 22.0% of pregnancies had missing gestational weight gain in the pre-and intra-COVID periods, respectively.
*P<0.05. Chi-squared and T-tests were applied.
Table 1: Maternal characteristics and outcomes in the pre-and intra-COVID cohorts.

In the validation study, the GDM cases identified using 
the ICD-10 codes were highly accurate (accuracy, 98.3%), 
with a sensitivity of 97.6%, specificity of 98.3%, positive 
predictive value of 81.2%, and negative predictive value 

of 99.8%, when using the plasma glucose values from the 
GDM screen tests as the “gold standard” among those with 
laboratory data (N=4,841) (Supplementary Figure 1).

Pre-COVID (reference) N = 4,507 Intra-COVID N = 4,011
Multivariable-

adjusted

 Crude 95% CI Age-std 95% CI Crude 95% CI Age-std 95% CI RR 95% CI

Overall 9.03% (8.19%, 9.87%) 8.49% (7.52%, 9.45%) 10.57% (9.62%, 11.52%) 10.02% (8.88%, 11.16%) 1.17* (1.02, 1.35)

By race and ethnicity

Asian 14.56% (12.07%, 17.06%) 12.68% (9.61%, 15.76%) 14.41% (11.78%, 17.04%) 13.66% (9.98%, 17.33%) 0.99 (0.75, 1.30)

Hispanic 11.63% (9.63%, 13.63%) 11.53% (9.28%, 13.78%) 15% (12.64%, 17.36%) 14.68% (12.01%, 17.36%) 1.26* (1.00, 1.59)

Non-Hispanic 
Black

6.07% (2.87%, 9.28%) 5.37% (2.18%, 8.57%) 8.38% (4.45%, 12.31%) 8.68% (4.17%, 13.19%) 1.32 (0.63, 2.76)

Non-Hispanic 
White

5.78% (4.73%, 6.83%) 4.78%  (3.65%, 5.91%) 7.48% (6.17%, 8.80%) 6.76% (5.05%, 8.48%) 1.34* (1.03, 1.74)

Other/
unknown

9.03% (6.80%, 11.27%) 9.44% (6.55%, 12.33%) 8.66% (6.60%, 10.72%) 8.31%  (5.87%, 10.76%) 0.99 (0.69, 1.42)

Abbreviations: age-std, age-standardized; BMI, body mass index; EHR, electronic medical record; CI, confidence interval; COVID, 
coronavirus disease; GDM, gestational diabetes mellitus; RR, risk ratio.
Notes:
•	 Age-standardized incidences were standardized to the age distribution of females 15-49 years in 2018 (US Census Bureau, 

Current Population Survey, Annual Social and Economic Supplement, 2018).
•	 Multivariable models adjusted for maternal age, nulliparity, marital status, pre-pregnancy BMI, gestational weight gain, and 

utilization days of prenatal care. In the overall sample, race and ethnicity was also adjusted.
•	 Poisson regressions (log link) with robust standard errors and a random effect for each pregnant individual were applied to 

calculate RR and 95% CI. 
*P<0.05.
Table 2: Crude and age-standardized GDM incidences in the pre-and intra-COVID cohorts.

The age-standardized GDM incidence was 8.49% (95% 
CI: 7.52%, 9.45%) in the pre-COVID cohort and 10.02% 
(95% CI: 8.88%, 11.16%) in the intra-COVID cohort. In both 

cohorts, the age-standardized GDM incidences were highest 
among Asians (12.68% and 13.66%) and Hispanics (11.53% 
and 14.68%), followed by non-Hispanic Blacks (5.37% and 
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8.68%) and non-Hispanic Whites (4.78% and 6.76%). The 
risk of GDM was 17% higher (RR=1.17; 95% CI: 1.02, 1.35) in 
the intra-COVID cohort than in the pre-COVID cohort among 
the overall sample after adjusting for race and ethnicity, 
maternal age, nulliparity, marital status, pre-pregnancy BMI, 
gestational weight gain, and utilization of prenatal care. When 
stratified by racial and ethnic groups, significant increases 
in GDM incidences were observed in non-Hispanic Whites 
(RR=1.34; 95% CI: 1.03, 1.74), Hispanics (RR=1.26; 95% CI: 
1.00, 1.59), and non-Hispanic Blacks (RR=1.32; 95% CI: 0.63, 
2.76; although not significant due to the small sample size), 
but not in Asians (RR=0.99; 95% CI: 0.75, 1.30) and the other/
unknown group (RR=0.99; 95% CI: 0.69, 1.42) (Table 2).

We further examined the association between SARS-
CoV-2 infection and GDM risk. The RR of GDM was 1.18 (95% 
CI: 0.75, 1.87) when comparing pregnancies infected by SARS-
CoV-2 to those not infected by SARS-CoV-2 with a p-value 
of 0.47. In addition, when comparing the GDM incidence 
between the pre-COVID and intra-COVID cohorts by excluding 
pregnancies with SARS-CoV-2 infections (N=153), the results 
were almost unchanged (RR=1.18; 95% CI: 1.02, 1.35), 
suggesting that the observed changes in GDM rates between 
the intra-COVID and pre-COVID cohorts were unlikely due to 
SARS-CoV-2 infections. (Supplementary Table 1).

In additional sensitivity analyses to examine the 
influence of possible bias due to the misclassification of 
exposure, the results remained similar. (Supplementary 
Table 1). We first excluded a small number of pregnancies 
(N=560) with GDM screened before 3/1/2020 in the intra-
COVID cohort (i.e., these pregnancies might not have been 
exposed to the pandemic by the time of GDM diagnosis), 
and the RR was unchanged (RR=1.19; 95% CI: 1.03, 1.37). In 
addition, when using the more restrictive conception dates to 
define the pre-COVID (N=2,186) and intra-COVID (N=2,041) 
cohorts, the RR was even slightly elevated (RR=1.24; 95% 
CI: 1.01, 1.52). The statistically insignificant results from the 
race and ethnicity stratified analyses were likely due to the 
considerable reduction in sample size.

Discussion

We found a 17% increase in GDM incidence during the 
COVID-19 pandemic in a US cohort, independent of race 
and ethnicity, maternal age, nulliparity, marital status, pre-
pregnancy BMI, gestational weight gain, and utilization of 
prenatal care. GDM incidence increased among non-Hispanic 
Whites (34%), Hispanics (26%), and non-Hispanic Blacks 
(32%), but not among Asians (-1%) and the other/unknown 
group (-1%). The statistically insignificant result among non-
Hispanic Blacks (p-value=0.46) is likely due to their small 
sample size in our study (i.e., 4.7% in the pre-COVID cohort 
and 4.8% in the intra-COVID cohort).

The observed increase in GDM incidence in our study is 
consistent with the findings from a few previous studies that 
focused on the impact of the lockdown period in China and 
Italy [19-21]. Our results also align with a large study using 
insurance claims in the US, in which the unadjusted GDM risk 
increased by 12% during the pandemic period (3/1/2020 to 
12/31/2020) as compared to the reference period (3/1/2019 
to 12/31/2019) [22]. Notably, these studies did not adjust 
for any confounders. A more recent study in Canada reported 
that the GDM rate increased by 5% in the early pandemic 
period (3/1/2020 to 8/22/2020) and 14% in the late 
pandemic period (8/23/2020 to 3/31/2021) as compared 
to the pre-pandemic period (8/23/2019-2/29/2020) [23]. 
Although the Canadian study controlled for maternal age, 
parity, comorbidity, socioeconomic disadvantage, and place 
of residence in their analyses, the more critical GDM risk 
factors, such as pre-pregnancy BMI and gestational weight 
gain, were not controlled. Nonetheless, the finding in our 
study with a more extended period during the pandemic 
is in accordance with findings from different populations 
and counties, indicating a higher rate of GDM during the 
COVID-19 pandemic.

To our knowledge, this is the first study to examine the 
impact of COVID-19 on GDM incidence by race and ethnicity. 
Our results of increased GDM incidences among certain racial 
and ethnic groups (i.e., non-Hispanic Whites, Hispanics, and 
non-Hispanic Blacks) but not others (i.e., Asians), even after 
adjusting for potential confounders, are novel and intriguing. 
Asian females had the highest GDM incidence both before 
and during the pandemic, but their risk seems unaffected by 
the pandemic.

Another significant finding of our study is that the 
increased GDM incidence during the COVID-19 pandemic 
may not be directly caused by SARS-CoV-2 infections, as 
evidenced by the non-significant association between 
SARS-CoV-2 infection and GDM incidence in our study and 
a population-based cohort study in the US [26]. In addition, 
after excluding the 153 pregnancies infected with SARS-
CoV-2, the GDM incidence remained significantly higher in 
the intra-COVID cohort than in the pre-COVID cohort.

The elevated GDM incidence during the COVID-19 
pandemic may be explained by changes in GDM risk factors 
related to behavioral and psychological factors, including an 
unhealthy diet, decreased physical activity, reduced sleep 
duration, and increased depression and anxiety [17,18]. The 
pandemic may also disproportionally affect these risk factors 
in certain racial and ethnic groups. For example, Asians tend 
to have fewer undesired lifestyle changes, including less 
increase in smoking or alcohol consumption, than other racial 
and ethnic groups in the US during the COVID-19 pandemic 
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[16,27], which may explain why the GDM incidence in Asians 
did not increase during the pandemic. Unfortunately, we do 
not have data on lifestyle and psychological factors in our 
cohort; thus, we cannot explore the above explanations. 
Future studies are needed to investigate the underlying 
reasons for the changes in GDM rates, overall and by racial 
and ethnic groups.

It is worth mentioning that the GDM incidence in our 
study was higher than the national rates (5-6%), which were 
based on data obtained from birth certificates [3]. However, 
birth certificates are known for their underestimation of the 
GDM rates [28]. Another possible reason is that our cohort 
included higher proportions of Asians and Hispanics than 
the national averages. It is well-documented [2], and also 
shown in our study, that Asians and Hispanics had higher 
GDM incidence than other racial and ethnic groups.

This study has several unique strengths. First, this study 
included a large number of racially and ethnically diverse 
pregnant individuals, which not only provides an adequate 
sample size for the stratified analyses by race and ethnicity, 
but also enhances the generalizability of the study findings. 
Second, the study cohorts underwent the same universal 
GDM screening test before and during the pandemic, 
which enabled a valid comparison of GDM incidences pre- 
vs. intra-COVID pandemic. Third, we extracted rich data 
regarding sociodemographic and clinical characteristics and 
carefully controlled for potential confounders, including 
pre-pregnancy BMI and gestational weight gain. Third, we 
conducted a validation analysis and found that there is very 
little possibility of misclassification of outcomes. GDM was 
accurately identified using ICD-10 codes with an accuracy 
of 98.3%. Lastly, we conducted sensitivity analyses using 
different methods to define the pre- and intra-pandemic 
cohorts in order to assess the potential influence of 
misclassification of exposure. The robustness results from 
these sensitivity analyses indicated that the possibility of 
exposure misclassification was unlikely to occur.

A few potential limitations need to be considered. First, 
our study is observational by design, so residual confounding 
cannot be ruled out. In addition, as our cohort was from a 
large city in the US, the findings from our study may not 
be generalized to rural populations. Nevertheless, the 
increase in GDM rate estimated from our study is of a similar 
magnitude to that found in several other studies conducted 
in different populations and countries.

Conclusion

Compared to the pre-pandemic period, we found an 
increase in GDM incidence during the COVID-19 pandemic, 
especially among non-Hispanic Whites, Hispanics, and 

likely non-Hispanic Blacks in a racially and ethnically 
diverse cohort from a US metropolitan city. Future studies 
in other populations are warranted to confirm our 
findings, particularly by racial and ethnic groups. Further 
investigations are needed to explore specific reasons for the 
pandemic-related GDM risk increases in particular racial and 
ethnic groups and to develop possible mitigation strategies.
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