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Abstract
Introduction
The impact of the coronavirus disease (COVID-19) COVID-19 pandemic on the care of pregnant patients
with gestational diabetes (GDM) is largely unreported. The objective of this study was to compare the
completion of postpartum oral glucose tolerance testing (GTT) prior to and during the COVID-19 pandemic
among patients with GDM.

Methods
This was a retrospective review of patients diagnosed with GDM between April 2019 and March 2021.
Medical records of patients diagnosed with GDM prior to and during the pandemic were compared. The
primary outcome was the difference in the completion of postpartum GTT prior to and during the COVID-19
pandemic. Completion was defined as testing between four weeks to six months postpartum. Secondary
objectives were: 1) to compare maternal and neonatal outcomes prior to and during the pandemic among
patients with GDM, and 2) to compare pregnancy characteristics and outcomes by compliance with
postpartum GTT.

Results
There were 185 patients included in the study, of whom 83 (44.9%) delivered prior to the pandemic and 102
(55.1%) delivered during the pandemic. There was no difference in completion of postpartum diabetes
testing prior, compared to during the pandemic (27.7% vs 33.3%, p=0.47). Postpartum diagnosis of pre-
diabetes and type two diabetes mellitus (T2DM) did not differ between groups (p=0.36 and p=1.00,
respectively). Patients who completed postpartum testing were less likely to have preeclampsia with severe
features compared to patients who did not (OR 0.08, 95% CI 0.01-0.96, p=0.02).

Conclusion
Completion of postpartum testing for T2DM remained poor prior to and during the COVID-19 pandemic.
These findings underscore the need for the adoption of more accessible methods of postpartum testing for
T2DM among patients with GDM.
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Introduction
Patients with a history of gestational diabetes (GDM) carry a 10-fold increased risk of developing type two
diabetes mellitus (T2DM) in their lifetime [1]. Postpartum testing for diabetes is recommended for all
patients diagnosed with GDM by The American College of Obstetricians and Gynecologists (ACOG) [2] and
by the American Diabetes Association (ADA) [3]. However, the majority of women with gestational diabetes
do not undergo the recommended postpartum testing [4-12].

Testing for diabetes is recommended four to 12 weeks after delivery using a 75-gram two-hour glucose
tolerance test (GTT) [2,3]. However, due to poor compliance with the standard two-hour GTT, investigators
have explored more tolerable and less time-consuming alternatives such as glycosylated hemoglobin
(HbA1C) or fasting blood glucose [5,13]. More convenient timing of testing relative to delivery has also been
explored, including shifting testing to the immediate postpartum period via a 24-72 hour postpartum fasting
glucose or a postpartum day two GTT [4,13,14].
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Since the onset of the coronavirus disease 2019 (COVID-19) pandemic, patient care has rapidly evolved to
meet the needs of a burdened healthcare system while maintaining social distancing practices. Some have
advised delaying the postpartum GTT or simplifying postpartum testing with an HbA1C test among patients
with gestational diabetes during the pandemic [15]. However, overall, the emphasis in the existing literature
is on alternative strategies to the antepartum GTT with less focus on the postpartum GTT [15, 16]. Thus, the
primary objective of this study was to assess the effect of the COVID-19 pandemic on patients' completion
of the postpartum GTT. Elements of this study were previously presented during a poster presentation at
the 42nd Annual Meeting of the Society for Maternal-Fetal Medicine on February 4, 2022.

Materials And Methods
This is a retrospective observational study of postpartum testing for T2DM among patients with GDM.
Electronic medical records were reviewed for all deliveries at a single institution, Los Angeles County +
University of Southern California (LAC+USC) Medical Center in Los Angeles, between April 1st, 2019, and
March 31st, 2021. Patients with singleton pregnancies complicated by GDM were included in the study. At
our institution, GDM is diagnosed using ACOG's recommended two-step protocol [2]. Patients were excluded
if they had pre-existing type one or two diabetes, multifetal gestation, or if providers failed to order the
postpartum 75-gram two-hour GTT. The study was reviewed by the institutional review board and
considered to be exempt.

The primary objective of this study was to compare the proportion of patients who completed the
recommended postpartum GTT prior to versus during the COVID-19 pandemic. To evaluate this objective,
patients who delivered during the study interval were divided into two groups based on the date of delivery.
COVID-19 was declared a pandemic by the World Health Organization (WHO) on March 11th, 2020 [17]. So,
for the purposes of this study, patients who delivered prior to March 1st, 2020, were considered prior to
the COVID-19 pandemic. Completion of postpartum testing follow-up was defined as obtaining the 75-gram
two-hour GTT from four weeks to six months postpartum.

Secondary objectives were 1) to compare maternal and neonatal outcomes prior to and during the COVID-19
pandemic among patients with GDM, and 2) to compare patient and pregnancy characteristics between
patients who did and did not complete postpartum testing across the entire study interval. Patient
demographics, pregnancy characteristics, maternal outcomes, and neonatal outcomes were collected by
review of electronic medical records.

Diagnosis of prediabetes and T2DM were according to the American Diabetes Association (ADA) [18].
Normal glucose tolerance was defined as fasting blood glucose <100 mg/dl and <140 mg/dl two hours
following a 75-gram glucose load. Prediabetes was defined as fasting blood glucose of 100-125 mg/dl
or blood glucose of 140-199 mg/dl two hours following a 75-gram. Finally, T2DM was defined as a fasting
plasma glucose of ≥126 mg/dl or a plasma glucose of ≥200 mg/dl two hours following a 75-gram glucose load
[3]. Venous plasma glucose samples were analyzed with a hexokinase assay (Cobas Model 4000; Roche
Diagnostics, Indianapolis, Indiana).

A sample size of at least 80 per group (prior to and during the COVID-19 pandemic), of which 30% of
patients completed postpartum GTT, could detect at least a 22% difference in postpartum GTT completion
with 80% power and an alpha of 0.05. Continuous variables were reported as mean (standard deviation) or
median (interquartile range), and compared using student t-test or Wilcoxon rank sum test, respectively.
Categorical variables were reported as frequency (%) and compared with the Chi-squared test. Multivariate
logistic regression analysis controlling for age, BMI, and parity tested the association between postpartum
diabetes testing the completion prior to and during the COVID-19 pandemic. The statistical analysis was
performed with Stata software (StataCorp, College Station, Texas).

Results
During the study interval, 220 patients with GDM delivered at our institution. Among those patients, 35
patients were excluded because the postpartum GTT was not ordered (n=28, 12.7%) and/or the pregnancy
was a multifetal gestation (n=8, 3.6%). In total, 185 patients met the inclusion criteria. Among these
patients, 83 (44.9%) delivered prior to the pandemic, and 102 (55.1%) delivered during the pandemic.

Baseline characteristics did not differ during both periods (Table 1). The proportion of patients who
completed the postpartum GTT did not differ prior to and during the pandemic. This finding was unchanged
after multivariate logistic regression when controlling for age, body mass index (BMI), and parity (OR 1.11,
95% CI 0.58-2.15, p=0.75). Most maternal and neonatal outcomes did not differ between the two cohorts.
Preeclampsia without severe features occurred more frequently among women who had pregnancies
complicated by GDM before the pandemic than among those who had GDM during the pandemic (15.7%
versus 1.0%, p<0.001). This finding remained significant after multivariate logistic regression when
controlling for age, BMI, and parity (OR=0.06, 95% CI 0.01-0.46, p=0.01).

Category Prior to the pandemic (n= 83) During pandemic (n= 102) p-value
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Completion of 75-gram GTT 4 weeks - 6 months postpartum 23 (27.7%) 34 (33.3%) 0.43

Age (years) 31.8 ± 5.7 32.4 ± 6.0 0.47

*Body mass index (kg/m2) 33.5 ± 7.5 31.6 ± 7.5 0.07

Parity 2 (1-3) 2 (1-2) 0.69

Race/ethnicity   0.28

     Asian 2 (2.4%) 9 (8.8%)  

     Black 4 (4.8%) 5 (4.9%)  

     Hispanic 65 (78.3%) 78 (76.5%)  

     Non-Hispanic white 1 (1.2%) 0  

     None of the above 11 (13.3%) 10 (9.8%)  

Chronic hypertension 9 (10.8%) 9 (8.8%) 0.65

History of cesarean section 16 (19.3%) 25 (24.5%) 0.48

GDM in prior pregnancy 16 (19.3%) 15 (14.7%) 0.43

†Gestational age at GDM diagnosis (weeks) 23.8 ± 8.7 24.1 ± 8.4 0.78

Diet-controlled GDM 51 (61.5%) 73 (71.6%) 0.16

‡Maternal weight gain (kilograms) 5.2 ± 6.0 6.5 ± 6.0 0.16

Gestational age at delivery (weeks) 38.1 ± 2.2 38.2 ± 2.3 0.94

§Infant birth weight (grams) 3211 ± 682 3216 ± 666 0.96

Gestational hypertension 4 (4.8%) 4 (3.9%) 1.00

Preeclampsia without severe features 13 (15.7%) 1 (1.0%) 0.00

Preeclampsia with severe features 5 (6.0%) 13 (12.7%) 0.14

Cesarean section (total) 28 (33.7%) 46 (45.1%) 0.13

    Scheduled 14 (16.9%) 20 (19.6%) 0.26

Shoulder dystocia 2 (2.4%) 2 (2.0%) 1.00

Postpartum hemorrhage 13 (15.7%) 16 (15.7%) 1.00

Chorioamnionitis 8 (9.6%) 11 (10.8%) 1.00

Wound complication 1 (1.2%) 4 (3.9%) 0.35

Neonatal intensive care unit admission 26 (31.3%) 33 (34.4%) 1.00

TABLE 1: Baseline characteristics and pregnancy outcomes of patients with GDM who delivered
before and during the COVID-19 pandemic
Results are expressed as n (%), mean ± standard deviation, or median (25th quartile - 75th quartile)

*Body mass index at time of initial presentation during index pregnancy

†Data missing for three patients pre-pandemic and nine patients during the pandemic

‡From gestational age on presentation to delivery

§Data missing for one pre-pandemic patient and one patient during the pandemic

GDM - gestational diabetes, GTT - glucose tolerance testing
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Patients who completed postpartum testing were older and had a lower BMI at the time of presentation to
our institution compared with patients who did not complete the postpartum GTT (Table 2). Maternal and
neonatal outcomes were similar between patients who did and did not complete with testing, except that
preeclampsia with severe features was more common among patients who did not complete postpartum
testing (multivariate logistic regression analysis, OR= 0.08, 95% CI 0.01-0.96, p=0.02).
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Category Did not complete GTT (n=128) Completed GTT (n=57) p-value

Age (years) 31.5 ± 6.0 33.4 ± 5.4 0.04

*Body mass index (kg/m2) 33.5 ± 7.7 30.1 ± 6.1 <0.001

Parity 1 (1-3) 2 (1-2) 0.88

Race/ethnicity   0.15

     Asian 5 (3.9%) 6 (10.5%)  

     Black 7 (5.5%) 2 (3.5%)  

     Hispanic 97 (75.8%) 46 (80.7%)  

     Non-Hispanic White 1 (0.8%) 0  

     None of the above 18 (14.1%) 3 (5.3%)  

Chronic hypertension 12 (9.4%) 6 (10.5%) 0.81

History of cesarean section 26 (20.3%) 15 (26.3%) 0.44

History of GDM 23 (18.0%) 8 (14.0%) 0.67

†Gestational age at GDM diagnosis 24.6 ± 8.6 22.7 ± 8.2 0.18

Diet-controlled GDM 86 (67.2%) 38 (66.7%) 1.00

Gestational age at delivery (weeks) 38.2 ± 2.2 38.1 ± 2.2 0.80

‡Infant birthweight (grams) 3279 ± 683 3069 ± 624 0.05

Gestational hypertension 7 (5.5%) 1 (1.8%) 0.44

Preeclampsia without severe features 12 (9.4%) 2 (3.5%) 0.23

Preeclampsia with severe features 17 (13.3%) 1 (1.8%) 0.01

Cesarean delivery 50 (39.1%) 24 (42.1%) 0.75

    Scheduled 21 (16.4%) 13 (22.8%) 0.57

Shoulder dystocia 3 (2.3%) 1 (1.8%) 1.00

Postpartum hemorrhage 22 (17.2%) 7 (12.3%) 0.51

Chorioamnionitis 12 (9.4%) 7 (12.3%) 0.60

Wound complication 4 (3.1%) 1 (1.8%) 0.61

Neonatal intensive care unit admission 39 (30.5%) 20 (35.1%) 0.61

TABLE 2: Baseline characteristics and pregnancy outcomes of patients with GDM who did and
did not complete postpartum glucose tolerance testing (GTT)
Results are expressed as n (%), mean ± standard deviation, or median (25th quartile - 75th quartile)

*Body mass index at time of initial presentation during index pregnancy

†Data missing for 11 patients who were not compliant and one patient who was compliant with postpartum GTT

‡Data missing for one patient who did not complete postpartum GTT

GDM - gestational diabetes, GTT - glucose tolerance testing

In total, 17 (29.8%) of the 57 patients who obtained the recommended GTT had abnormal results. Of these
17 patients, 10 (58.8%) had antenatally diet-controlled GDM. One of the 57 patients did not complete
fasting glucose at the time of the two-hour GTT blood test though her two-hour value was in the pre-
diabetes range. Otherwise, this patient’s data were excluded from further analysis (Table 3). Results of the
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GTT did not differ between the two cohorts.

 Prior to the pandemic (n=22) During the pandemic (n=34)   p

Abnormal *8 (34.8%) 8 (23.5%) 0.37

Results consistent with pre-diabetes 7 (31.8%) 7 (20.6%) 0.36

Results consistent with type 2 diabetes mellitus 1 (4.5%) 1 (2.9%) 1.00

TABLE 3: Results of the postpartum glucose tolerance test
Results are expressed as n (%).

*One patient with an abnormal test result (blood glucose 148 mg/dl two hours after 75-grams glucose load) was excluded from this analysis because
fasting blood glucose was not recorded on the same day.

Discussion
There are two key findings: first, most patients with GDM did not complete recommended postpartum
testing for T2DM. Second, there was no difference in the rates of completion of the postpartum GTT before
and during the COVID-19 pandemic.

Prior to this study, little was known about the impact of COVID-19 on postpartum testing for T2DM among
GDM patients. There is a myriad of reasons one would expect compliance with postpartum diabetes testing
to be lower during the pandemic, such as fear of exposure to COVID-19 in the healthcare setting and
increased financial barriers affecting access to transportation, childcare, or the ability to miss work.
However, the dismal rates of completion were stable over the study period. Thus, although the current
clinical approach to postpartum diabetes testing did not worsen during the pandemic, change is still needed
to improve rates of postpartum testing for diabetes. For example, evidence suggests greater patient
adherence and comparable diagnostic ability of a GTT on postpartum day two compared to outpatient
testing at four to 12 weeks postpartum [4,14]. 

In our study, patient characteristics and pregnancy outcomes were overall similar between patients who were
and were not compliant with postpartum testing. Education level was not assessed here, though, in prior
studies, this was an important risk factor for non-compliance with the recommended postpartum GTT
[10,19]. Furthermore, there are other factors that may predict compliance with postpartum GTT not assessed
here, such as the number of prenatal visits attended, availability of childcare, available leave time from work
to get testing, distance from patient's home to the location of postpartum GTT site, and transportation. One
notable difference is the higher rate of preeclampsia with severe features among patients who were not
compliant with postpartum testing for T2DM. It is possible these patients were exposed to abbreviated or no
counseling about the need for postpartum testing because attention was directed toward their more acute
issue of severe hypertensive disease.

Here, most patients with abnormal postpartum GTTs had pre-diabetes rather than T2DM. This highlights the
importance of postpartum testing because pre-diabetes is a potentially clinically reversible disease when
appropriate interventions are offered [20,21]. Additionally, in this study, a large portion of patients with
abnormal two-hour GTT results had diet-controlled GDM, which underscores the need for postpartum GTT
for all patients with GDM.

Strengths of this study include a direct review of electronic medical records that ensured the accuracy of the
variables analyzed. Limitations of this study include its modest sample size from a single institution and
retrospective design, which reduced the ability to make causal inferences. In the absence of patient
interviews or surveys, it is also unknown if any patients who delivered at our institution ultimately
performed postpartum testing via an outside provider.

Conclusions
In conclusion, completion of postpartum GTT among patients with pregnancies complicated by GDM
remained equally poor both prior to and during the COVID-19 pandemic. However, given the small sample
size in the present study, larger studies are needed to clarify the impact of the COVID-19 pandemic on
postpartum GTT completion. Nonetheless, the findings here may improve patient care in that they
highlight the urgent need for more accessible postpartum testing, regardless of the status of the pandemic.
Current literature suggests inpatient postpartum day two GTT may be a viable alternative to later outpatient
testing without compromising accurate diagnosis of T2DM, though future studies are needed to clarify the
best alternative approach.
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Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Health Sciences Campus
of the University of Southern California issued approval N/A. Study was deemed exempt. Animal subjects:
All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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