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ABSTRACT
Gestational diabetes mellitus (GDM) is associated with
significant maternal and neonatal morbidity. Timely di-
agnosis and appropriate management of GDM decreas-
es adverse maternal and neonatal outcomes. This study
sought to assess prevalence and management of GDM in
an underserved federally qualified health center (FQHC)
setting in Rhode Island using a care cascade framework.
A three-year retrospective chart review of patients who
initiated obstetrical care between 2019 and 2021 was
conducted. Of this sample, 16.81% patients met criteria
for a GDM diagnosis, two-thirds of whom ultimately re-
quired pharmacotherapy. In the analysis of care cascade
outcomes, 96.8% of patient underwent the recommended
screening for GDM and 79.5% were linked to care. This
FQHC cares for high-risk obstetrical patients through a
specialist supported primary care model and this study
demonstrates that this model can facilitate appropriate
GDM care in high-risk populations.
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INTRODUCTION

Gestational diabetes mellitus (GDM), the onset of diabe-
tes in pregnancy, is associated with increased morbidity
during pregnancy, post-partum and over a lifetime.> GDM
is associated with a higher risk of hypertensive disorders of
pregnancy and delivery via cesarean section; approximately
70% of patients diagnosed with GDM in pregnancy will go
on to develop type 2 diabetes later in life.'? In 2020, GDM
impacted approximately 7.8% of pregnancies in the United
States, a 30% increase from 2016.3

Significant disparities exist for patients who develop GDM
and experience adverse outcomes related to it.*” Racial and
ethnic minority populations diagnosed with GDM tend to
have worse perinatal outcomes and patients of lower socio-
economic status are more likely to develop GDM.’® These
disparities may be exacerbated by limited access to care,
structural barriers such as cost and transportation difficul-
ties, limited English proficiency, and cultural barriers.®'©

Timely diagnosis and appropriate treatment of GDM
can decrease adverse maternal and neonatal outcomes.!
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Management of GDM is challenging for many patients
especially if financial constraints or social barriers exist.!>!3
Prior successful interventions for GDM care have there-
fore focused on patient engagement in care, reducing
loss to follow-up and increasing adherence to treatment
recommendations.”+1?

The care cascade provides a framework to visually under-
stand the points of loss to follow-up for patients from screen-
ing to diagnosis and treatment, thereby identifying gaps in
management and informing targeted interventions.” The
care cascade model has not been widely applied to obstet-
rical care, but may have value in analyzing management,
especially for high-risk populations. The following study
applies the care cascade framework to the management
of GDM in a community health center in Rhode Island,
quantifying losses throughout the care cascade from initial
screening to one-year post-partum.

METHODS

Blackstone Valley Community Health Care (BVCHC) serves
approximately 21,800 patients in Central Falls and Paw-
tucket. About 2,500 prenatal visits are conducted annually.?!
Prenatal care is provided by family physicians with obstetri-
cal training, certified nurse midwives and obstetric-trained
advance practice providers through a formal collaboration
with maternal fetal medicine (MFM) specialists. This model
allows for care delivery to high-risk prenatal patients who
may face social barriers in accessing specialist care.

A retrospective chart review was conducted of patients
who initiated prenatal care between January 1, 2019 and
December 31, 2021. Sociodemographic variables, pre-con-
ception risk factors, pregnancy outcomes, and variables
related to GDM management were collected systematically
from the electronic medical record. Ethical approval for this
study was obtained from the Brown University Institutional
Review Board and from BVCHC leadership.

Approximately 1,077 distinct patients who received pre-
natal care at BVCHC between January 1, 2019 and Decem-
ber 31, 2021 were identified through query of the NextGen?”
electronic medical record. A random sample of 402 patients
from the initial query was selected for this study. This ran-
dom sample was then further narrowed to include only
patients who initiated prenatal care in the same time frame
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—a total of 298 patients. Data were systematically extracted
from the electronic medical record according to a database
care map constructed prior to the start of data collection. A
deidentified database was created using Microsoft Excel. All
data files were password protected and housed on BVCHC
servers to protect patient information. Deidentified data
were exported to STATA 16 for analysis.

Sociodemographic variables, pre-conception risk factors,
pregnancy outcomes and delivery complications were col-
lected systematically from the electronic medical record.
Sociodemographic variables collected included age, marital
status, race, ethnicity, and preferred language. Risk factors
included a history of GDM in a prior pregnancy, hemoglo-
bin Alclevel immediately pre-conception or at presentation
to care, body mass index (BMI) at presentation to care, gra-
vidity, and parity. Pregnancy outcomes included comorbid
hypertensive disorders in pregnancy, fetal growth abnor-
malities, mode of delivery, and gestational age at delivery.
Delivery complications included perineal lacerations and
shoulder dystocia. All variables were selected based on liter-
ature review of GDM outcomes.!#132324

The care cascade for GDM at BVCHC is based on recom-
mendations from the American College of Obstetrics and
Gynecology! and a collaborative care agreement as a spe-
cialist supported primary care model. Though complex,
GDM management can be categorized into screening and
diagnosis, linkage to care, retention in care, delivery and
post-partum screening. The complete care cascade is shown
in Figure 1.

To capture screening and diagnosis, values of a one-hour
oral glucose tolerance test and gestational age at completion
of this test were collected as a continuous variable. Where
applicable, confirmatory three-hour oral glucose tolerance
testing data were collected as a categorical variable based
on the number of elevated thresholds in the test. GDM diag-
nosis was subsequently recorded as a categorical variable:

Figure 1. The Care Cascade for Gestational Diabetes Mellitus (GDM) at Blackstone Valley

Community Health Care (BVCHCQ).
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GDMAL1 (did not require pharmacotherapy for blood sugar
control) or GDMA2 (required pharmacotherapy for blood
sugar control). Glucometer teaching and lifestyle modifica-
tion counseling were recorded as binary variables in order
to capture linkage to care. Completion of recommended
fetal surveillance, including serial growth ultrasound and
antenatal testing was collected as a binary variable based on
completion in order to capture retention in care. Timing of
delivery was collected as a continuous variable. Information
about induction and mode of delivery were also collected
as categorical variables. Completion of post-partum diabe-
tes screening, either early or at six weeks postpartum,® was
collected as a categorical variable for those with a diagnosis
of GDM. Hemoglobin Alc drawn one-year post-partum for
patients with GDM was collected as a continuous variable.

Descriptive statistical analysis was performed for sociode-
mographic variables. Prevalence for GDM in this time frame
was then calculated and further stratified by need for phar-
macotherapy. A chi squared test of independence on cate-
gorical sociodemographic and pregnancy outcome variables
and GDM diagnosis was performed. Given the exploratory
nature of these analyses, a p-value of less than 0.1 was con-
sidered significant. A one-way ANOVA was performed to
compare the effect of continuous variables on development
of GDM. Continuous variables included initial hemoglobin
Alc level, initial body mass index (BMI), gravidity, parity
and gestational age at delivery. Losses along the care cas-
cade were then quantified broadly based on the categories of
screening and diagnosis, linkage to care, retention in care,
delivery, and post-partum surveillance.

RESULTS

A sample of 402 pregnant patients who initiated care
between January 1, 2019 and December 31, 2021 were ran-
domly selected. Of those, 298 met inclusion criteria and
were included in the sample; diabetes screen-
ing data were available for 232 patients. Of
these, 39 (16.81%) had GDM. Of those with
GDM, two thirds required pharmacotherapy
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Table 1. Description of a sample of pregnant patients who initiated prenatal care at Blackstone Valley
Community Health Care (BVCHC) between January 1, 2019 and December 31, 2021 (n=298)

* Other race includes American Indian/ Alaska Native (Al/AN), Asian, and Other Pacific Islander
Missing data >5% | p<0.7 indicates statistical significance

Figure 2. Losses Along the Gestational Diabetes Mellitus (GDM) Care Cascade in a

Sample of Pregnant Patients With and Without Gestational Diabetes Mellitus Who Initiated
Prenatal Care at Blackstone Valley Community Health Care (BVCHC) Between January 1,

2019 and December 31, 2021 (n=298).
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also existed between marital sta-
tus and GDM status. A higher
proportion of patients with GDM

Total Sample GDMA1 GDMA2 No GDM ANOVA ]
(n =298) (n=13) (n=26) (n=185) |Chi- Squared|  were divorced or separated (y” (6,
p-value N=164) = 13.86, p=0.031). No
Mean age at 28.36 (6.27) | 33.08 (1.36) | 31.27 (0.91) | 27.04 (0.44) F=11.82 significant association between
presentation (years) P<0.001 GDM category and race, ethnicity,
Marital Status x?=13.86 or preferred language was found.
Single 5134% (153) | 46.15% (6) | 4231% (1) | 5027% 9%) | 0.0 Risk factor and outcomes data
Married 20.81% (62) | 15.38% (2) | 30.77% (8) | 19.46% (36) ' are summarized in Table 2. A
: higher proportion of patients with
Divorced/Separated 1.68% (5) 15.38% (2) | 3.85% (1) 1.08% (2) . . .
a history of GDM in a prior preg-
Other 2.01% (6) 0% (0 | 3.85% (1) | 1.08% () nancy were diagnosed with GDM
Missing Data 24.16% (72) 23.08% (3) 19.23% (5) 28.11% (52) in the pregnancy evaluated (X2 (6,
Race %2=9.3160 N=164) = 13.86, p=0.031). In addi-
White 35.23% (105) | 3077% (4) | 46.15% (12) | 3351% 6D | . tion, patients with a higher initial
Black/African American | 23.49% (70) | 15.38% (2) | 7.69% (2) | 24.32% (45) ' body mass index (BMI) were diag-
nosed with GDM and required
Other Race* 2.01% (6) 0% (0) 0% (0) 2.16% (4) .. .
- - - - pharmacotherapy. Statistically sig-
More than one race 6.71% (20) 23.08% (3) 7.69% (2) 5.41% (10) nificant differences in average
Missing Data 32.55% (9) 30.77% (4) | 38.46% (10) | 34.59% (64) gravidity and parity for at least
Ethnicity x?=0.2703 two of the GDM groups existed
Hispanic or Latino 65.77% (196) | 7692% (10) | 6923% (18) | 68.11% (126) | . - those in the GDM group had
Not Hispanic or Latino | 28.19% (84) | 23.08% (3) | 23.08% (6) | 27.03% (50) ' higher gravidity and parity. There
— was no statistically significant
Missing Data 6.04% (18) 0% (0) 7.69% (2) 4.86% (9) . . ...
difference in average initial hemo-
Preferred Language x’=8.40 globin Alcand GDM diagnosis. A
English 49.66% (148) | 15.38% (2) | 42.31% (11) | 47.03% (87) p=0.40 higher proportion of patients with
Spanish 43.75% (42) | 69.23% (9) | 50% (13) | 45.41% (84) GDM had comorbid hypertensive
Portuguese 1.04% (1) | 7.69% (1) | 3.85% (1) | 1.08% (2) disorders in pregnancy (23.08% in
o
Cape Verde Creole 7.29% (7) | 7.69% (1) | 3.85% (1) | 5.95% (11) GDM;M vs 28% in GDMA2 vs
; o . . 5 14.04% without GDM, p=0.16).
rench 0.34% (1) 0% (0) 0% (0) 0.54% (1) . . .
A higher proportion of patients

with GDM had large for gesta-
tional age fetuses (16.67% for

GDMAI1 vs 13.04% for GDMA2 vs 7.47%
without GDM, p=0.274). Neither of these
relationships were statistically significant.
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n=215 (3he GTT) e cn’ ;gmnom
2 v n=69
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=12 1 3n>140
" " * 0 #vesholds clevated
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GOM Diagnoss — | Nurse Glucometer Teaching (n=31) | Home Bloca | Phamacotherspy [ GDMA2 —
=39 = Tswar |02 e
—= | Lifestyle ion Counseling i
! (n=31) GDMA1 n=22
Linkage to Care No Pharmacotherapy | (n=13)
GOMAZ | | Monthly Growth Uirasound at | . ["Xignatal Testing at 32 weeks or at Diagnosis |[—— | ,, Deivery,
I_](n-zs) Diagnosis 32'=1033'= 12| 34'= 10| 35'= 10 Woeks =
Growth at ~32' (n= 15) 36'= 10]37'=10]38'=9 36 weeks n =1
Growth at ~ 36' (n= 15) 37 weeksn=5
38weeksn=3
39 weeksn =14
Delivery 40 weeks n=0
Growth Ultrasound third trimester and as 37 weeksn =2
clini indicated ——e | 38weeksn=4
Retention in Care . m:Lg) 39 weeks n =6 Delivery
40 weeks n=1

GDM Diagnosis
n=39

Post-Partum Screening

Post Partum Diabetes Screen

.

(2hr PP GTT)
n=10

Annual Diabetes Screen (A1c)
n=25

RIMJ ARCHIVES | NOVEMBER ISSUE WEBPAGE | RIMS

7977 20850

While the proportion of patients who had
spontaneous vaginal deliveries were similar
across all GDM categories, proportionately
more patients with GDM had cesarean deliv-
eries, both planned and unplanned, though
this relationship was not statistically signif-
icant. The proportion of perineal laceration
associated with vaginal delivery was sim-
ilar across GDM categories and a statisti-
cally significant relationship did not exist.

Care cascade outcomes are illustrated in
Figure 2. Of the 298 pregnant patients included
in the sample, 222 patients were included in
the care cascade evaluation as some patients
in the sample had an early pregnancy loss or
transferred out of the practice prior to GDM
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Table 2. Description of risk factors and outcomes of a sample of pregnant patients with and without Gestational Diabetes Mellitus (GDM) who initiat-
ed prenatal care at Blackstone Valley Community Health Care (BVCHC) between January 1, 2019 and December 31, 2021 (n=298)

Total Sample GDMA1 GDMA2 No GDM ANOVA
(n = 298) (n=13) (n =26) (n = 185) Chi- Squared
p-value
Risk Factors & Pregnancy Outcomes
GDM in prior pregnancy 11.34% (22) 33.33% (4) 33.33% (6) 3.39% (4) x?=32.18
p<0.001
Initial Hemoglobin A1c** 5.48 (0.72) 5.44 (0.124) 5.49 (0.08) 5.31 (0.035) F=259
p=0.08
Initial Body Mass Index* 29.49 (6.93) 28.85 (1.50) 34.21 (1.53) 28.76 (0.53) F=6.81
p=0.001
Gravidity* 2.90 (1.63) 4.15 (0.41) 3.58 (0.37) 2.71(0.11) F=8.37
p < 0.001
Parity** 1.35(1.34) 2.46 (0.60) 1.92 (0.34) 1.18 (0.08) F=9.30
p =0.001
Comorbidities in Pregnancy
Hypertensive Disorders of Pregnancy* 16.44% (37) 23.08% (3) 28% (7) 14.04% (25) x?=3.63
p=0.16
Large for Gestational Age Fetus** 6.71% (20) 16.67% (2) 13.04% (3) 7.47% (13) x?=5.13
Small for Gestational Age Fetus™ 6.38% (19) 16.67% (2) 0% (0) 8.62% (15) Lz
Risk Factors & Pregnancy Outcomes
Spontaneous Vaginal Delivery 72% (162) 61.54% (8) 66.67% (16) 75.28% (134) x’=2.84
Operative Vaginal Delivery** 0.89% (2) 0% (0) 0% (0) 1.12% (2) e
C-Section (planned) 12.44% (28) 23.08% (3) 16.67% (4) 11.80% (21)
C-Section (unplanned) 14.67% (33) 15.38% (2) 16.67% (4) 11.8% (21)
Mean Gestational Age at Delivery (weeks) 38.68 (1.97) 38.46 (0.24) 38.04 (0.33) 38.94 (0.11) F=4.43
p=0.013
Delivery Complications
First or Second Degree Laceration 41.94% (91) 30.77% (4) 36.36% (8) 44.77% (77) x’=2.24
Third or Fourth Degree Laceration 1.38% (3) 0% (0) 0% (0) 1.74% (3) p=OEE

Missing data >5% | p<0.7 indicates statistical significance

**Hemoglobin A1c is a mode of screening for diabetes mellitus. This value was obtained immediately pre-conception or at presentation to care. A value of <5.7 indicates
no diagnosis of diabetes, a value ranging from 5.7 -6.5 indicates a diagnosis of pre-diabetes. A value greater than 6.5 is diagnostic for diabetes mellitus?. Those with a pre-
pregnancy or initial A1c in the pre-diabetes range are considered at high risk for developing GDM'

# Body mass index is a proportional measurement of weight to height and is used as a measurement of body fat*2. Those with a BMI over 25 are considered at high risk of

developing GDM'.

* Gravidity is the number of times a person has been pregnant including the current pregnancy

**Parity is the number of deliveries of a fetus greater than 24 weeks gestation

*Hypertensive disorders of pregnancy represent a spectrum of disorders associated with high blood pressure in pregnancy. This includes gestational hypertension, pre-ec-

lampsia with or without severe features and eclampsia®.

“+Large for gestational age fetuses are those in greater than the 90th percentile for estimated fetal weight for gestational age. Small for gestational age fetuses are those in

less than the 10th percentile for estimated fetal weight for gestational age*.

“+QOperative vaginal delivery includes vaginal delivery with vacuum or forceps assistance.

screening. Of the 222 patients included in care cascade eval-
uation, 215 (96.8%) underwent gestational diabetes mellitus
screening. Seventy-seven people (35.8 %) required additional
three-hour glucose tolerance testing for screening, of which
69 people (89.6%) completed. A total of 39 people (17.57 %)
were diagnosed with gestational diabetes. Of those who
underwent screening, 166 (77.2%) completed screening by
28 weeks gestation.

Of the 39 patients in this sample diagnosed with GDM,
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31 (79.5%) underwent glucometer and lifestyle modification
education. Ultimately, 26 (66.67%) required pharmacother-
apy (GDMA2). For those managed with diet and lifestyle
alone (GDMAL1), 9 (80%) had documented completion of a
growth ultrasounds by 36 weeks gestation. Approximately
half of the patients diagnosed with GDMA2 had docu-
mented growth ultrasounds and antenatal testing according
to guidelines. A total of 24 (92.3%) patients with GDMA2
had consultation with MFM and 3 (11.5%) patients required
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transfer of care. All but one patient with GDM delivered
by 39 weeks gestation; one patient delivered at 40 weeks
gestation had declined induction of labor at 39 weeks.

Approximately a quarter (25.6%) of patients had docu-
mented post-partum diabetes screening with a two-hour glu-
cose tolerance test. Twenty-five (64.1%) of the 39 patients
with GDM had a hemoglobin Alclevel drawn one-year post-
partum. The average Alc one-year post-partum of patients
with GDM was 5.6 (range 4.9-6.3; standard deviation of
0.41).

DISCUSSION

This three-year retrospective chart review sought to apply
the care cascade framework to GDM management in a spe-
cialist supported primary care model at a community-based
health center. The sample analyzed in this study represents
a large underserved population in Rhode Island: 23% of
patients identified as Black or African American, 65.8% of
patients identified as Hispanic or Latinx and more than half
had limited English proficiency. This represents a popula-
tion with significant barriers to care and thus are at higher
risk for not only developing GDM but also suffering adverse
obstetrical outcomes related to this diagnosis.” #1026

GDM complicated about 17% of pregnancies in this sam-
ple, more than twice that of 2020 national and state level
estimates.>?” Prior studies that suggest patients who are
non-US born or identify as racial and or ethnic minorities
are more likely to develop GDM,** but there were no sta-
tistically significant relationships for race, ethnicity and
preferred language and GDM in this study. This study did
find that patients with GDM had proportionately more con-
current hypertensive disorders in pregnancy, fetal growth
abnormalities, and delivery via cesarean delivery, consistent
with known adverse effects of GDM in pregnancy.! These
findings may be mediated by significant barriers to accessing
culturally sensitive and linguistically competent care, how-
ever, this could not be tested within this study; Addition-
ally, these findings might also point to the degree to which
GDM management is a significant burden for the patient
and the healthcare organization.”

This specialist-supported primary care model achieved
timely screening and diagnosis of GDM, linkage to care, and
retention in care during pregnancy. This study also showed
this model achieved appropriate linkage to care. With respect
to retention in care, 92.3% of patients with GDMAI1 and
100% of patients with GDMA2 delivered by 39 weeks ges-
tation in this care model, demonstrating high retention in
care. In addition, more than 90% of patients with GDMA2
had documented consultations with MFM, also supporting
high retention in care.

The greatest documented losses in the care cascade
occurred post-partum. Of the 39 patients with GDM, only
25.6% had documentation of post-partum screening. Prior
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literature has also shown that barriers exist for patients in
completing two-hour glucose tolerance testing postpartum,
consistent with the findings in this study.”® Given long term
health risks associated with GDM,?*3 post-partum screen-
ing and subsequent linkage to primary care represents a
critical area of further inquiry.

Limitations

Two major limitations exist in this study. First, data was col-
lected only from the health center electronic health record.
For this reason, imaging and laboratory testing performed
outside of the facility may not have been captured in this
review. Similarly, labor and delivery records were incon-
sistently available in the health center electronic health
records so limited maternal and neonatal outcomes could
be studied. Electronic health center records also do not cap-
ture other potentially mediating factors, such as household
income. Secondly, retrospective chart review is limited in
that only losses in the care cascade can be identified, rea-
sons for those losses cannot be systematically evaluated.
Qualitative methods may be used in future research to more
comprehensively explore the reasons for care cascade losses.
One final limitation is that this study took place during the
COVID-19 pandemic when hybrid services (e.g., telehealth
and in person) were offered. Pregnant patients were priori-
tized for laboratory and diagnostic services, but it is possible
that screening and imaging completion rates were impacted
during this period. Further studies within other health cen-
ters are warranted to compare our cascade outcomes to other
settings after the pandemic.

CONCLUSION

This study sought to assess GDM care cascade outcomes in
a large underserved patient population in a specialist sup-
ported primary care model. Many of the patients included
identify as racial and ethnic minorities, are non-US born,
and many prefer a language other than English, all known
risk factors for the development of GDM and for adverse
outcomes related to GDM. This study specifically focuses
on timely diagnosis and screening, appropriate linkage into
care including referral to MFM, and retention through the
care cascade. Literature clearly shows that timely diagnosis
and adequate treatment of GDM can reduce adverse mater-
nal and neonatal outcomes, and thus this is an important
study to add to the growing literature about GDM outcomes
among high-risk populations.

Moreover, the Association of American Medical Colleges
estimates that 50% of counties in the United States lack
an obstetrician.’® Community health centers exist as part of
the United States healthcare safety net and serve patients in
rural regions and those who face other structural barriers to
care. Specialist-supported primary care models like the one
studied here may provide a key to managing the growing
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population of patients with GDM in light of specialist short-
ages. Future research must account for long-term health
risks associated with GDM and therefore must also assess
linkage to primary care in order to improve outcomes not
just in pregnancy but over a lifetime.
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