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Commentary

Introduction

Gestational diabetes mellitus (GDM) is a common metabolic 
disease of pregnancy that threatens the health of several mil-
lion women and their offspring worldwide.1-10 In 2020, the 
proportion of women with GDM in the United States was 
estimated at 7.8%,11 a 13% increase from 6.9% in 2019. With 
the growing incidence of obesity in the United States, the 
number of women who develop GDM will continue to 
increase.12

Gestational diabetes mellitus is defined as glucose intol-
erance diagnosed through formal testing during pregnancy of 
variable degree and is generally diagnosed between the 24th 
and 28th week of gestation. However, it can present earlier in 
pregnancy.13 Upon receiving a diagnosis of GDM, women 
must immediately receive nutritional counseling, be warned 
about the risks of higher blood glucose levels, and informed 
that they will need to sustain even tighter glycemic targets 
than outside of pregnancy. This will require more frequent 
obstetrical visits and more stringent fetal monitoring. 

Although women with GDM are at increased risk of adverse 
maternal outcomes, of even greater concern is the increased 
risk to the immediate and long-term health of the child due to 
elevated glycemia during pregnancy.7,14,15
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Importantly, the incidence and complications of GDM are 
disproportionally represented across racial/ethnic popula-
tions within the Medicaid population. The proportion of 
women with GDM who require Cesarean section (C-section) 
delivery is notably higher among black women (45.5%) than 
among white (41.3%) and Hispanic (40.6%) women.16 
Similar disparities exist in the proportion of black women 
(17.5%) whose newborns require neonatal intensive care unit 
(NICU) care compared with white (13.1%) and Hispanic 
(12.8%) women. Many of the women with GDM are covered 
by Medicaid, the public health insurance program for people 
with low income in the United States. As reported by the 
Kaiser Family Foundation, approximately one in five 
Americans are covered by Medicaid.17,18 Black (32.0%) and 
Hispanic (30.0%) beneficiaries comprise the largest percent-
age of the Medicaid population.18

Frequent glucose monitoring of both fasting and post-
prandial glucose is essential for GDM management and 
avoiding these complications.19-21 However, the reliability of 
and adherence to traditional blood glucose monitoring 
(BGM) are often challenging. As demonstrated in a study of 
women with GDM, 23.1% of participants had <90% 
matched values in their diary and meter memory, and 38.5% 
were considered nonadherent to their prescribed testing regi-
men.22 Investigators found that poor adherence compared 
with good adherence (≥80% of required postprandial test-
ing) was associated with a higher incidence of preeclampsia 
(12.2 vs 1.9%, respectively, P = .049), and inadequate post-
prandial test timing with a greater maternal hyperglycemia 
level as demonstrated by a higher glycated hemoglobin 
(HbA1c) level at delivery (5.4 ± 0.4% vs 5.0 ± 0.3%, P < 
.01) despite more frequent insulin treatment. This supports 
the importance of the need for complete maternal glucose 
information to help both clinicians and patients to achieve 
the most optimal pregnancy outcomes.

Over the past five years, a growing number of individuals 
with type 1 diabetes (T1D) and type 2 diabetes (T2D) have 
transitioned from BGM to continuous glucose monitoring 
(CGM) as their preferred method for daily glucose monitor-
ing and management. As demonstrated in recent studies, the 
use of CGM has been shown to lower HbA1c,23-34 reduce 
severe hypoglycemia events,29,30,35 increase time within the 
target glucose range,25-27,33,36,37 and reduce time below range 
(hypoglycemia).26,27,38,39

Unlike BGM, the use of CGM presents a continuous 
stream of glucose data in real time and graphical formats, 
providing a more comprehensive overview of glucose excur-
sions that enable users to make more informed therapy deci-
sions. Importantly, current CGM systems display arrows 
indicating the rate of change, direction, and velocity of glu-
cose excursions. This feature enables users to mitigate or 
prevent acute hypoglycemia and alter lifestyle and medica-
tions to reduce acute and chronic hyperglycemia.

Emerging evidence supports the efficacy and safety of 
CGM in improving GDM outcomes.40-44 However, most 

state Medicaid programs do not provide CGM coverage for 
women with GDM. In this article, we review some of the 
literature supporting the use of CGM in pregnancy compli-
cated by T1D, T2D, and GDM and discuss the complications 
and cost outcomes associated with GDM among Medicaid 
beneficiaries and explore how CGM coverage can result in 
improvements in clinical outcomes and cost reductions 
within this population.

CGM Use in T1D and Insulin-Treated T2D

A recent systematic review and meta-analysis by Chang 
et al45 assessed the effects of CGM on maternal and neonatal 
outcomes in women with diabetes. A total of 10 randomized 
controlled trials, involving 1358 perinatal participants, were 
included in the analysis. Results showed that that CGM sig-
nificantly improved HbA1c levels, lowered C-section rates, 
and reduced neonatal birth weight when compared to the 
BGM.

The CONCEPTT study was a multicenter, open-label, 
randomized, controlled trial that randomly assigned 325 
women (pregnant n = 215; planning pregnancy, n = 110) 
to CGM or BGM and followed up the participants through-
out their pregnancy.46 A small but statistically significant 
between-group difference in HbA1c was observed (−0.19%, 
P = .0207), and CGM versus BGM users spent more time 
in the target range (68% vs 61%, P = .034) and less time 
above (27% vs 32%, P = .0279) and below the range  
(3% vs 4%, P = .10). Among pregnant patients (CGM,  
n = 100; BGM, n = 102), investigators observed signifi-
cant improvements. Despite what might be considered a 
modest glycemic benefit in the mother, neonatal outcomes 
were substantially improved. The use of CGM versus BGM 
resulted in a lower incidence of large for gestational age 
(LGA) (53 vs 69, odds ratio [OR] 0.51, P = .0210), fewer 
incidences of neonatal hypoglycemia (15 vs 28, OR 0.45,  
P = .0250), fewer neonatal intensive care admissions last-
ing more than 24 hours (27 vs 43, OR 0.45, P = .0157), and 
1-day shorter length of hospital stay (P = .0091). The num-
ber of C-section deliveries within the CGM was less than 
that observed in the BGM group but was not statistically 
significant (63 vs 74, P = .18).

Using maternal CGM results and neonatal outcome data 
combined for singleton pregnancies from both CONCEPTT46 
and the Swedish T1D Observational Trial,47 benchmarks 
were established for CGM mean blood glucose level and 
time above the pregnancy range that prevented LGA births.48 
An earlier randomized trial by Murphy et al49 assessed the 
use of CGM versus BGM during pregnancy in 71 women 
with T1D (n = 46) or T2D (n = 25). The intervention group 
used CGM intermittently for up to seven days at intervals of 
four to six weeks between 8 and 32 weeks of gestation. The 
use of CGM versus BGM was associated with significantly 
lower HbA1c levels (5.8% vs 6.4%, P = .007), notably lower 
birth weight (3340 g vs 3630 g, P = .07), and incidence of 
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macrosomia (35 vs 60, P = .05). In a more recent random-
ized controlled trial involving pregnant women with T1D, 
Murphy et al50 showed a reduction in NICU admission (27% 
vs 43%, P = .016) and the mean length of NICU stay (6.6 vs 
9 days) in women using CGM compared with BGM. Analysis 
of the cost of CGM during pregnancy in women with T1D 
has shown a reduction in pregnancy-related costs based on 
the cost savings from improved fetal outcomes.50,51

CGM Use in GDM

Although the use of CGM in women with GDM has not been 
well studied, emerging evidence supports the efficacy and 
safety of CGM in improving glycemic control,40 controlling 
maternal weight gain,41 reducing the maternal and fetal com-
plications of GDM,40 and identifying patients who would 
benefit from closer glucose monitoring42,43 and provides 
insights regarding glycemic variability and nocturnal 
hyperglycemia.44

In a randomized controlled trial, Wei et al41 investigated 
the effects of CGM versus BGM in 106 women with GDM 
on maternal and neonatal outcomes. Following initial ran-
domization to BGM or CGM, patients in the CGM group 
were then allocated to early and late subgroups in which 
patients in the early subgroup wore their CGM devices dur-
ing gestational weeks 24 to 28, and patients in the late sub-
group wore their devices during gestational weeks 28 to 36. 
Table 1 presents key findings from the study.

Although notable clinical improvements in neonatal out-
comes were observed, particularly in fewer C-section deliv-
eries, fewer LGA births, and less gestational weight gain, the 
between-group differences did not reach statistical signifi-
cance. This may be due to the relatively short duration of 
CGM use (four weeks in each CGM subgroup), which could 
be considered a limitation of the study. Given that glycemic 
variability was significantly higher in the late CGM group 
compared with that in the early CGM group (P = .046), it is 
reasonable to suggest that if CGM had been initiated when 
GDM was first diagnosed and used throughout the remaining 
gestational period without interruption, both clinically and 
statistically significant differences in neonatal outcomes 
would have been observed.

In a prospective cohort study of 340 women with GDM, 
Chinese pregnant women were allocated to either routine 
care with BGM (n = 190) or the CGM (n = 150).40 
Continuous glucose monitoring was performed during the 
first and fifth week of the study. Investigators reported sig-
nificantly better glycemic control in CGM versus BGM users 
during week five, with lower glycemic variability as assessed 
by the mean amplitude of glycemic excursions (MAGE: 1.8 
± 0.6 mmol/L vs 2.4 ± 0.9, P < .001). Importantly, glucose 
monitoring with CGM resulted in a reduction in primary 
cesarean delivery compared to BGM (34.7% vs 46.6%, P = 
.028), with reduced risk of preeclampsia, LGA, and macro-
somia (all P < .05). The MAGE score was found to be an 
independent factor for preeclampsia and composite neonatal 
outcomes.

In a recent randomized trial by Zhang et al,52 investigators 
assessed the impact of CGM versus BGM in a cohort of 110 
GDM patients. Patients were randomized to CGM in combi-
nation with BGM (CGM + BGM) or BGM alone.52 The 
incidence of hypoglycemia, the qualified rate of weight gain 
at the end of pregnancy, compliance with BGM, and health 
behavior patterns were compared between the two groups. A 
total of three cases (5.45%) of hypoglycemia were detected 
with CGM + BGM, while there were 12 cases (21.82%) 
with BGM alone, P = .012. Significantly more CGM + 
BGM users achieved the qualified weight gain than BGM-
alone users (90.91% vs 70.91%, P = .008), and compliance 
with glucose monitoring was significantly higher with CGM 
+ BGM than with BGM alone (94.55% vs 74.55%, P = 
.004). Importantly, CGM + BGM users demonstrated sig-
nificantly better overall improvements in health behaviors 
(eg, glucose monitoring, diet control, weight, exercise, 
obstetric checkups) than BGM-alone users: P = .000, P = 
.008, P = .002, P = .006, and P = .019, respectively.

A possible explanation for the less robust benefit of CGM 
in GDM than in other types of diabetes is that the pregnant 
women enrolled in the studies were overall well controlled 
and adherent to fingerstick testing, and adverse events were 
low. Additionally, because of the short duration of CGM use 
during pregnancy (four-eight weeks), it is likely that the 
women included in the studies lacked prior experience using 
CGM; achieving optimal outcomes requires patients to 

Table 1. Major Outcomes Reported: CGM Versus BGM.41

Outcome BGM CGM P value

C-section delivery, n (%) 38 (69) 31 (60) .370
Birth weight (g) 3451.09 ± 514.05 3275.88 ± 519.72 .084
Apgar 5 minutes 9.49 ± 0.50 9.40 ± 0.56 .39
Macrosomia, n (%) 7 (12.7) 4 (7.8) .410
LGA, n (%) 29 (52.7) 18 (35.3) .071
Neonatal hypoglycemia, n (%) 7 (12.7) 4 (7.8) .410
Gestational weight gain, kg (SD) 13.56 ± 2.81 14.75 ± 2.91 .004

Abbreviations: CGM, continuous glucose monitoring; BGM, blood glucose monitoring; LGA, large for gestational age (≥90th percentile).
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correctly interpret and act upon sensor values. Nevertheless, 
results from the studies strongly suggest significant benefits 
of CGM use in reducing both maternal and neonatal adverse 
events, consistent with demonstrated benefits in other forms 
of diabetes during pregnancy.

Neonatal Risks With GDM Do Not 
Differ From Other Types of Diabetes
Although differences in etiologies and treatment of T1D, 
T2D, and GDM impact the challenges associated with 
achieving and maintaining optimal glycemic control within 
these populations, many of the maternal outcomes associated 
with hyperglycemia are relatively similar. For example, 
although similar rates of C-section delivery and NICU 
admissions have been reported in T1D and GDM women 
(31.7%53 vs 35.3%54 and 8.7%55 vs 9.1%,56 respectively), 
severe hypoglycemia in T1D women has been reported as 
high as 45%57 but rarely in women with GDM.

However, the neonatal complications resulting from ele-
vated glycemia during pregnancy are universal.58 Although 
women with GDM have an increased risk of numerous com-
plications of pregnancy, including an immediate increased 

risk of C-section delivery, preeclampsia, instrumental deliv-
ery, perineal tears, shoulder dystocia, and postpartum hemor-
rhage,3-10,14,15,59-61 the neonatal outcomes attributed to 
maternal hyperglycemia can be even more severe and life-
threatening.59-61 These include but not limited to macroso-
mia, increased NICU stays, polyhydramnios, delayed fetal 
lung maturity, hyperbilirubinemia, and most tragically, an 
increased risk of neonatal demise. As reported in a recent 
systematic review and meta-analysis of 156 studies, numer-
ous adverse outcomes were identified (Table 2).

Clinical Impact and Cost of GDM 
Within the Medicaid Population

In 2020, 42% of all births in the United States were covered 
by Medicaid.62 Although there are fewer women in the 
Medicaid population with GDM (n = 122 463) than without 
GDM (n = 1 365 281), the incidence of C-section deliveries 
is 35.7% greater among those with GDM (42.0% vs 30.9%, 
respectively), with the greatest increase among Pacific 
Islanders/Native Hawaiians.16 A breakout of the incidence 
rates by race/ethnicity is presented in Figure 1.

Table 2. Neonatal Complications Associated With Hyperglycemia During Pregnancy.15,59-61

Short-term risks Marker of enhanced long-term risk

Neonatal Stillbirth/neonatal death Metabolic syndrome
Congenital malformations if hyperglycemia present in first trimester Hyperinsulinemia
Macrosomia Childhood obesity
Cardiomyopathy Possible earlier-onset cardiovascular disease
Birth trauma Autism spectrum disorder
Neonatal hypoglycemia  
Respiratory distress syndrome  
Hyperbilirubinemia  

Figure 1. Rates of C-section deliveries by race/ethnicity.16 Abbreviation: GDM, gestational diabetes mellitus.
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The overall incidence of NICU admissions among GDM 
beneficiaries is 38.8% higher than that among non-GDM 
beneficiaries (14.0% vs 10.1%, respectively), with the great-
est relative increase among Pacific Islanders/Native 
Hawaiians16 (Figure 2).

The percentage of neonates requiring assisted ventila-
tion is notably higher among women with GDM than that 
among non-GDM women (7.34% vs 5.14, respectively). 
The difference is even more significant comparing GDM 
neonates requiring >6 hours of assisted ventilation with 
those with no GDM (2.69% vs 1.86%, respectively). The 
percentage of intensive care unit admissions among GDM 
women is also notably higher than that among non-GDM 
women (27% vs 19%).

The Cost of GDM Complications
Medicaid payments were approximately 50% higher for 
C-section deliveries than for vaginal births63 (Table 3). 
Payments for NICU admissions were notably higher for 
infants delivered by C-section than by vaginal delivery.

Rationale for CGM Use in All 
Pregnancies Complicated by Diabetes

In order to reduce the excess costs of pregnancies in GDM, it 
is critical to focus on improving gestational glycemia to 
improve neonatal outcomes, including LGA, which are asso-
ciated with increased C-section delivery rates and birth 
trauma risk. Recent meta-analyses and systematic reviews 
have found associations between elevated glycemia and neo-
natal outcomes in all pregnancies complicated by diabetes, 
regardless of diabetes type.15,64,65 The only difference 
observed in maternal outcomes was worsening of diabetes-
related microvascular complications in women with T1D 
and T2D.64 Therefore, given that the use of CGM has been 
shown to improve glycemic outcomes in women with 
GDM,40 it is reasonable to assume that appropriate use of 
CGM can be beneficial within the larger overall GDM popu-
lation in addition to reducing self-care burden.

Recognition of CGM Benefits and Utility in 
Diabetes-Complication Pregnancy

Current recommendations. Because the use of CGM during 
pregnancy in T1D pregestational diabetes improves maternal 
and fetal outcomes,43,46,48 the use of CGM during pregnancy 
in women with T1D is now advised by the American Diabe-
tes Association.66 The American Association of Clinical 
Endocrinologists recommends CGM for pregnant individu-
als with T1D and T2D treated with intensive insulin therapy 
and for women with GDM on insulin therapy and states 
CGM may be recommended for women with GDM who are 
not on insulin therapy.67

Based on a technology appraisal from the UK National 
Health Service Wales, which showed that CGM use improves 
glycemic control, reduces the incidence of preeclampsia, 

Figure 2. Rates of NICU admissions by race/ethnicity.14 Abbreviations: NICU, neonatal intensive care unit; GDM, gestational diabetes 
mellitus.

Table 3. Medicaid Payments for GDM C-Section Deliveries and 
NICU Admissions.63

Delivery method
Vaginal 
delivery

C-section 
delivery Difference

Medicaid, $ $10 493.13 $15 617.31 $5124.18

Neonatal care No NICU NICU Difference

Medicaid, $ $5451.69 $7361.80 $1910.11

All payments are based on 2010 dollars adjusted for inflation measured via 
the Medicare Economic Index (MEI).
Abbreviations: NICU, neonatal intensive care unit; GDM, gestational 
diabetes mellitus.
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reduces neonatal hypoglycemia, and reduces admission to 
and duration of stay in neonatal intensive care,68 the National 
Institute for Health and Clinical Excellence recommends that 
CGM be offered to all pregnant women with T1D and that 
clinicians should consider CGM use in women with prob-
lematic hypoglycemia and/or unstable glycemia who are 
treated with insulin but do not have T1D.69

Estimated cost savings associated with CGM. An increasing 
number of private insurers now provide CGM coverage for 
all pregnancies complicated by diabetes, including GDM 
(eg, United Health).47,48 However, most state Medicaid pro-
grams do not provide coverage for women with GDM despite 
the maternal and neonatal benefits demonstrated in this pop-
ulation.18 Unfortunately, these states do not consider the 
potential cost savings associated with CGM use. The calcu-
lations presented in Table 4 are based on the following 
inputs: 3 605 201 total births in the United States, 2020;70 
7.8% GDM pregnancies;11 35% C-section rate in GDM;54 
9.0% NICU admission rate;56 and costs per service (C-sec-
tion, $15 617.31; NICU admission, $7361.80).63

As shown here, a 5% reduction in C-section delivery and 
NICU admissions could result in a total cost savings of 
$86 165 459.51 based on Medicaid payments. However, 
there are several limitations that must be noted. Our analysis 
does not factor in the incremental costs associated with CGM 
versus BGM, which our investigations found to be as high as 
$635.00 per GDM patient over an average of 10 weeks of 
sensor wear.71,72 This would result in a net cost increase of 
$92 400 350 with CGM use. While this appears to negate any 
cost advantage over BGM, it does not take into account other 
factors that would impact cost. For example, we know that 
adherence to BGM among many GDM patients is subopti-
mal,22 which is a key driver of poor maternal and neonatal 
outcomes because neither patients nor clinicians have ade-
quate glucose data to effectively manage glycemia. Although 
additional studies are needed to determine the efficacy of 
CGM use in GDM, we do know that the use of this technol-
ogy does provide the necessary data for patients and their 
clinicians to make informed therapy decisions. As such, we 

can infer that outcomes would improve without quantifying 
these improvements.

Additionally, our analysis does not take into consider-
ation the potential savings that would be realized by reduc-
ing other acute complications of poor glycemic control. 
Nor can we determine the degree to which CGM would 
reduce the risk of long-term complications, which include 
recurrence of GDM, increased risk of T2D in the mother 
and child, cardiovascular disease, chronic kidney disease, 
and nonalcoholic fatty liver disease.59-61 Despite these limi-
tations, our analysis demonstrates that an investment in 
CGM as a standard-of-care option for managing GDM is 
expected to result in major incremental clinical and quality-
of-life benefits and a reduction in the costs of disease 
complications.

Discussion

Numerous studies have shown strong associations between 
suboptimal glycemic control and adverse maternal and neo-
natal outcomes in all pregnancies complicated by diabe-
tes.3-10,14,15,59-61,64,65 Although the neonatal outcomes of 
suboptimal glycemic control are universal,15,59-61 the mater-
nal outcomes can vary due to differences in etiologies of the 
various types of diabetes. However, the increased frequency 
of C-section delivery, often due to macrosomia, is common 
to all types.73

Frequent glucose monitoring is essential to avoid these 
complications.19-21 However, adherence to prescribed glu-
cose monitoring with traditional fingerstick testing is often 
suboptimal.22 During the past five years, increasing num-
bers of individuals with T1D and T2D have adopted the use 
of CGM for their daily self-management. Findings from 
early and recent studies support the use of CGM in preg-
nancy-complicated diabetes cases within these popula-
tions,45,46,49 and a growing body of evidence is demonstrating 
the efficacy and safety of CGM use in women with 
GDM.40,41,52

Although the use of CGM is now recommended in preg-
nant women with T1D,66,68,69 most state Medicaid programs 

Table 4. Potential Cost Savings Associated With Reduction in C-Section Deliveries and NICU Admissions.

Total GDM births in the United States, n = 281 206 C-section NICU

Rate (%) in GDM 35% of the GDM population 6.7%-11.7%, an average 9.2% in the GDM 
population

Estimated number of cases in GDM, n 281 206 × 0.35 = 98 422 281 206 × 0.09 = 25 309
Expected number of cases with monitoring (considering 

5% reduction), n
93 501 24 044

Cost per service** $15 617.31 $7361.80
Cost of the estimated number of cases $1 537 086 884.82 $186 319 796.20
Cost of the expected number of cases (5% reduction) $1 460 234 102.31 $177 007 119.20
Estimated cost savings $76 852 782.51 $9 312 677.00

Abbreviations: NICU, neonatal intensive care unit; GDM, gestational diabetes mellitus. ** Costs derived from Medicaid data.
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do not provide CGM coverage for women with GDM.18 This 
lack of coverage imposes not only significant health risks on 
affected beneficiaries and their offspring but places addi-
tional economic burden on public insurers.

As reported here, the incidence of C-section deliveries 
and rates of NICU admissions are significantly higher among 
Medicaid beneficiaries with GDM, especially among black 
women,16 with a significant increase (~50%) in associated 
costs63 compared with beneficiaries with no GDM. Given the 
notable reductions in C-section deliveries observed in both 
the CONCEPTT trial46 and the study by Wei et al41 (14% and 
13%, respectively), the potential cost savings of providing 
CGM coverage for GDM within the Medicaid population 
should not be discounted.

In 2020, the overall rate of GDM in the United States was 
7.8 per 100 births, an increase of 30% from 2016.11 The prev-
alence of GDM is highest among women with low socioeco-
nomic status regardless of race/ethnicity.74 According to 
birth certificate data from the Centers for Disease Control 
and Prevention, Medicaid covered approximately 50% of 
births nationwide in 2020, with significant variability among 
states.16

Given the costs associated with poorly controlled GDM 
and the demonstrated efficacy of CGM in improving glyce-
mic control,40 reducing the risk of preeclampsia and C-section 
delivery,40 and lowering the incidence of macrosomia,43 with 
less maternal weight gain,41 it is both ethical and fiscally 
responsible that state Medicaid programs provide and 
standardize CGM coverage for all women with diabetes 
who are at risk of poor clinical outcomes. From a policy 
perspective, state Medicaid programs should pay particular 
attention to the racial disparities in maternal and neonatal 
complications and costs. Large randomized controlled trials 
that include a cost-benefit analysis are needed to more fully 
elucidate the clinical and economic impacts of CGM use in 
GDM patients.

Abbreviations

BGM, blood glucose monitoring; CGM, continuous glucose moni-
toring; GDM, gestational diabetes mellitus; HbA1c, glycated 
hemoglobin; LGA, large for gestational age; MAGE, mean ampli-
tude of glucose excursion; NICU, neonatal intensive care unit; OR, 
odds ratio; T1D; type 1 diabetes; T2D, type 2 diabetes.
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