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Abstract

Background: Universal hemoglobin Alc (HbAlc) screening in pregnancy leads to increased identification of impaired glucose
tolerance (IGT). If patients with IGT never develop gestational diabetes, they may not receive nutritional support, counseling
regarding long-term metabolic risks after pregnancy, or formal transition of care to primary care providers (PCPs).

Objective: This pilot study reports the design process and initial program evaluation for the Better followup of ImpaireD
Glucosk tolerance (BRIDGE) program, a 12-week text-based postpartum support program promoting lab completion and PCP
visit scheduling for patients diagnosed with IGT at the start of pregnancy. The 19-month program was divided into two arms
lasting 9.5 months each, BRIDGE- (text messaging support alone, October 2021-July 2022) and BRIDGE+ (text messaging and
wraparound postpartum visit focused on IGT, July 2022-April 2023).

Methods: Patients were eligible for BRIDGE if they received prenatal care at the pilot study site, were diagnosed with IGT in
early pregnancy and never developed GDM and could receive English text-messages. We performed a comparative anaysis
between the BRIDGE cohort and a 19-month historical cohort. Primary outcomes were (1) completion of hemoglobin A1C
(HbA1C) by 1 year postpartum and (2) PCP visit scheduling by 12 weeks postpartum. Analysis was stratified by in-network vs
out-of-network PCP. We also performed a comparative effectiveness analysis between BRIDGE- and BRIDGE+.

Results: BRIDGE participants had increased odds of HbA1C completion by 1 year postpartum (39.8% vs 12.5%, aOR 4.28,
95% CI 2.71-6.78) and PCP visit scheduling (31.0% vs 12.0%, aOR 9.58, 95% CI 4.39-20.9) compared to the historical cohort.
There were high levels of visit attendance among those who scheduled PCP visits in both the historical and BRIDGE cohorts
(92.7 vs 96% of scheduled visits). However, rates of IGT counseling at PCP visits were relatively low in both cohorts (39.5% vs
54.2% of visits). There were no differences in HbA1C completion or PCP visit scheduling between the BRIDGE and BRIDGE+
cohorts.

Conclusions: Text messaging support with educational and behavioral prompts tripled completion rates of HbA1C screening
within 1 year postpartum and doubled the scheduling rate for PCP visits by 12 weeks postpartum. While attendance at scheduled
PCP visits was very high, <60% of PCP visits included IGT-focused counseling, highlighting key areas for improvement in the
quality of postpartum transitions to primary care.
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TITLE: Assessing the impact of text messaging support on postpartum transitions of care for patients

diagnosed with impaired glucose tolerance during pregnancy: a pilot study

ABSTRACT

Background: Universal hemoglobin Alc (HbAlc) screening in pregnancy leads to increased
identification of impaired glucose tolerance (IGT). If patients with IGT never develop gestational
diabetes, they may not receive nutritional support, counseling regarding long-term metabolic risks
after pregnancy, or formal transition of care to primary care providers (PCPs).

Objective: This pilot study reports the design process and initial program evaluation for the
Better followup of ImpaireD GlucosE tolerance (BRIDGE) program, a 12-week text-based
postpartum support program promoting lab completion and PCP visit scheduling for patients
diagnosed with IGT at the start of pregnancy. The 19-month program was divided into two arms
lasting 9.5 months each, BRIDGE- (text messaging support alone, October 2021-July 2022) and
BRIDGE+ (text messaging and wraparound postpartum visit focused on IGT, July 2022-April 2023).

Methods: Patients were eligible for BRIDGE if they received prenatal care at the pilot study
site, were diagnosed with IGT in early pregnancy and never developed GDM and could receive
English text-messages. We performed a comparative analysis between the BRIDGE cohort and a 19-
month historical cohort. Primary outcomes were (1) completion of hemoglobin A1C (HbA1C) by 1
year postpartum and (2) PCP visit scheduling by 12 weeks postpartum. Analysis was stratified by in-
network vs out-of-network PCP. We also performed a comparative effectiveness analysis between
BRIDGE- and BRIDGE-+.

Results: BRIDGE participants had increased odds of HbA1C completion by 1 year
postpartum (39.8% vs 12.5%, aOR 4.28, 95% CI 2.71-6.78) and PCP visit scheduling (31.0% vs
12.0%, aOR 9.58, 95% CI 4.39-20.9) compared to the historical cohort. There were high levels of

visit attendance among those who scheduled PCP visits in both the historical and BRIDGE cohorts
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(92.7 vs 96% of scheduled visits). However, rates of IGT counseling at PCP visits were relatively
low in both cohorts (39.5% vs 54.2% of visits). There were no differences in HbA1C completion or
PCP visit scheduling between the BRIDGE and BRIDGE+ cohorts.

Conclusions: Text messaging support with educational and behavioral prompts tripled
completion rates of HbA1C screening within 1 year postpartum and doubled the scheduling rate for
PCP visits by 12 weeks postpartum. While attendance at scheduled PCP visits was very high, <60%
of PCP visits included IGT-focused counseling, highlighting key areas for improvement in the

quality of postpartum transitions to primary care.

KEYWORDS: postpartum transitions of care, impaired glucose tolerance, obstetrics, quality

improvement
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INTRODUCTION

According to the 2020 National Diabetes Statistics Report, approximately 1 in 3 American
adults have impaired glucose tolerance (IGT) or prediabetes, defined as hemoglobin A1C (HbA1C)
of 5.7-6.4 [1]. IGT is often considered an intermediate state of abnormal glucose metabolism that
exists between normal glucose homeostasis and diabetes. The natural history of IGT is variable and
may include normalization, persistence of impaired tolerance or progression to diabetes [2-4]. Up to
70% of patients with IGT may ultimately develop diabetes without intervention [5]. Given the
variable natural history and the ability to alter disease trajectory with behavioral modifications,
individuals with IGT are ideal candidates for diabetes prevention efforts [6, 7]. Pregnancy is a time
in which individuals enter the health care system and may be motivated to focus on their health. As a
result, obstetricians can play a role in promoting overall health, impacting both future pregnancy and
long-term health outcomes.

As the prevalence of pre-existing and gestational diabetes (GDM) among pregnant people
have increased in recent years [8, 9], universal HbA1C screening in early pregnancy has been
proposed to identify undiagnosed pre-existing diabetes as well as to screen for early-onset GDM
[10, 11]. In a retrospective cohort at a single institution, 12% of pregnant patients had impaired
glucose tolerance in early pregnancy but never developed GDM [12]. Patients with IGT in pregnancy
are at risk for both adverse pregnancy outcomes and long-term health outcomes, even if they never
develop GDM. Although there are relatively few studies of pregnant patients with IGT and without
GDM, several studies have demonstrated an increased risk of spontaneous preterm birth <37 weeks
[13, 14]. A singular cohort study has also shown a potentially increased risk of hypertensive
disorders of pregnancy (HDP), major congenital anomalies, shoulder dystocia, large for gestational
age births, and perinatal death in this population [14]. The American Diabetes Association
recommends patients with IGT complete HbA1C screening for development of diabetes every 1-2

years [15]. Pregnant patients diagnosed with GDM receive counseling on dietary and physical
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activity recommendations, antenatal glucose monitoring, counseling on long-term metabolic risks,
and postpartum glucose testing. In contrast, there are no established guidelines for the prenatal or
postpartum management of pregnant patients with IGT and without GDM. They may not receive
dietary and exercise counseling, counseling on long-term metabolic risks, postpartum glucose
testing, or a formal transition of care to a primary care physician or endocrinologist. This can create
gaps in care with implications for future pregnancy and future health outcomes. In previously
unpublished data from our institution, an exploratory analysis of long-term outcomes for 100 patients
with IGT in pregnancy at a single institution demonstrated that 71% of patients did not have a visit
with a primary care provider (PCP) in the 1-3 years after delivery. Of the 29 patients with PCP visits,
nearly half (48.3%) did not obtain repeat HbA1c values to determine if there was persistence of IGT.
In half of cases, this was due to lack of ordering by the PCP. Of the 15 patients who completed repeat
HbAlc testing, 93.3% remained >5.7% 1-3 years after delivery. There were also 14 repeat
pregnancies in this cohort; 78.6% of which continued to demonstrated IGT during early pregnancy
screening.

Text messaging support programs have been utilized effectively in the postpartum period to
support transitions of care. A randomized controlled trial of a text message support program
prompting primary care transitions demonstrated significant improvement in primary care visit
completion as well as fewer postpartum readmissions and increased receipt of services such as blood
pressure assessment and screening for mood symptoms [16]. Other text messaging support programs
have focused on completion of recommended clinical assessments postpartum for patients with
pregnancy complications such as hypertensive disorders of pregnancy or gestational diabetes, with
many programs reporting improved engagement with text messaging support [17-21].

Based on our institutional data demonstrating clinical need, our team developed a program
called Better Followup of Impaired Glucose Tolerance (BRIDGE) to address postpartum transitions

of care for patients diagnosed with IGT in pregnancy. Here, we present a single institution pilot
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study, including (1) the design process for BRIDGE, (2) a retrospective analysis comparing clinical
outcomes for BRIDGE patients to a historical cohort, and (3) a comparative effectiveness analysis

comparing two programmatic strategies utilized within BRIDGE.

METHODS

This is a pilot study of Better Followup of Impaired Glucose Tolerance (BRIDGE), a program
to support postpartum transitions of care for patients with impaired glucose tolerance in pregnancy.
BRIDGE was implemented at a single tertiary care institution, with approximately 4000 deliveries
per year, in the northeastern United States. The program ran for 19 months between October 2021
and April 2023.

Patients were eligible for the program if they had an HgA1C value of 5.7-6.4 prior to 20
weeks gestation, completed third trimester glucose testing and did not receive a diagnosis of GDM,
had a singleton pregnancy, delivered at our hospital, and were English-speaking. We include more
details regarding program implementation, including recruitment, data collection, and analytic plan
for our program evaluation, in subsections below.

The project was designated a quality improvement project and deemed exempt from review
by our Institutional Review Board. For this nonrandomized pilot study, we utilized a combination of
the CONSORT 2010 guidelines on pilot and feasibility trials as well as the STROBE guidelines on

observational studies to report our findings [22-24].

PROGRAM DESIGN
Overview

Our team developed a program called Better Followup of Impaired Glucose Tolerance
(BRIDGE) to address postpartum transitions of care for patients diagnosed with IGT in pregnancy.

The first half of BRIDGE (BRIDGE-) enrolled participants in biweekly text messages between 0-12
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weeks postpartum including educational content and reminders to complete desired postpartum
transition milestones, namely (1) completing HgA1C assessment and (2) scheduling a visit with a
PCP. During the last half of the program (BRIDGE+, July 2022-April 2023), participants were
offered an additional postpartum visit for standardized IGT education in addition to the text

messaging support.

Text Message Design and Content

The BRIDGE text messaging program was designed in collaboration with multiple expert
groups within our healthcare institution as well as lived-experience experts. First, we partnered with
Way2Health (W2H), a Web-based platform providing technology infrastructure for sustainable
behavior change interventions to build the text messaging support program.[25-27] W2H
infrastructure is integrated into the electronic medical record (EMR) system at our institution, which
allows providers to confirm enrollment in BRIDGE and to review text message content if desired. To
optimize the frequency and content of messaging in the program, we collaborated with the Nudge
Unit, which is a behavioral design team embedded within our institution’s healthcare system (Figure
1). Finally, we reviewed the planned messages with a lived experience expert to confirm the
language and content of the messaging was appropriate and affirming.

Opt-out enrollment of eligible patients was performed manually by the study team at time of
their delivery. Patients received a text message with a description of the program, recommended

milestones and the option to decline to participate.

Figure 1: Overview of BRIDGE text message content and timing
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Enrollment (Delivery) 2 weeks postpartum 4 weeks postpartum

Hi ! Your HbA1c level was elevated in
the beginning of pregnancy showing
impaired glucose tolerance. This
means that you may be at increased
risk for developing type 2 diabetes,

———  eveniftherest of yourblood sugar
testing in pregnancy was normal.
Doing another blood draw (HbA1¢c) will
help us figure out your current risk. We
will be in touch when it’s time to get
this lab work drawn.

]

Hi! It’s almost time for your HgBA1c
test. Itis not selfish to take time to
invest in your health. Your care team
has already ordered this blood draw
for you, so you can visit any Penn

Welcome to BRIDGE. You have been
enrolled in this program because your
HbA1c (blood sugar test) was elevated

in early pregnancy. Even though the
rest of your sugar testing was normal
during pregnancy, this means you are
at increased risk for developing
diabetes. This program is designed to
help you access the care you need
after pregnancy to prioritize your health
while you focus on your new little one!

Hi! Congratulations on the birth of your
baby! We are so excited for you and
your family! This can be a time of
happiness and joy, anxiety and fear, or
all four depending on the day. That is
normal! Be gentle on yourself and
remember you got this! Over the next 3
months, we will be in touch to help
remind you of your recommended
follow up screening plan.

Hi! You’re not alone. 1 in 3 American
adults have impaired glucose
tolerance. Lifestyle changes
including a healthy diet, weight loss
and increased physical activity can

Hi! It’s time to schedule your
primary care physician
appointment! If you need help

help decrease the risk of type 2
diabetes. It isimportant to see a
primary care physician who can
check on how your blood sugars are
doing, because you may not have
symptoms right away if you develop
diabetes.

establishing care with a primary
care physician at Penn, please call
215-789-0444 to reach the BRIDGE
program team.

Lab location sometime in the next
two weeks. You can walk-in anytime,
or go to mypennmedicine.org to
schedule an appointment if you
prefer. Call 215-789-0444 if you have
guestions or need help with
scheduling!

6 weeks postpartum 8 weeks postpartum 10 weeks postpartum

Primary Care Physician Scheduling and Follow-up

Our study team held pre-implementation planning meetings both with our prenatal care
provider teams as well as the primary care teams to optimize workflows for patient enrollment and
engagement with the program.

To facilitate participants’ success with expected milestones, we developed an expedited
pathway for PCP referral through the BRIDGE program within our healthcare system. We utilized a
referral order with a specific indication related to BRIDGE within our EMR. These BRIDGE
referrals to primary care were reviewed by the administrative team for our primary care offices on a
bimonthly or monthly basis to expedite scheduling.

Programmatic outcomes were reviewed by our study team in monthly implementation
meetings. Certain implementation strategies were added or removed to address specific barriers
communicated by our prenatal care providers or PCPs as well as patients. For example, we integrated
referrals to a virtual social work support program offered by our institution to address patients’
reports regarding social drivers of health limiting their engagement with care.

Importantly, our ongoing implementation meetings led to a significant strategic shift at the
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midway point of our program where we added a specific postpartum visit where prenatal care
providers offered IGT counseling (IGT-focused postpartum visit, iPPV), reiterating the importance of
HgbA1C completion and PCP visit scheduling. The addition of iPPV was based on feedback from
both patients, who desired to continue care in settings where they had established trust during
pregnancy, as well as our primary care team, who reported workforce capacity and insurance

challenges. This marked the transition from BRIDGE- to BRIDGE+.

PROGRAM EVALUATION WITH HISTORICAL COHORT AND COMPARATIVE
EFFECTIVENESS ANALYSIS

Initially, our program evaluation aimed to compare outcomes among BRIDGE participants to
a historical cohort of similar duration at our institution. For our historical cohort, we selected all
patients who met identical eligibility criteria to BRIDGE participants and delivered between June
2018 and December 2019. We picked a continuous 19-month time period (identical to BRIDGE
program duration) that preceded the COVID pandemic in March 2020 (given disruptions of typical
care during that time).

Following the strategic transition to include an iPPV as part of BRIDGE, we also planned to
perform an additional comparative effectiveness analysis assessing outcomes among participants in
the first half of the program (BRIDGE-), which did not include an additional IGT-focused
postpartum visit, to participants in the second half of the program (BRIDGE+), which included iPPV.

The two primary outcomes for the BRIDGE program were (1) completion of a hemoglobin
Alc and (2) scheduling of a visit with PCP by 12 weeks postpartum. Given the paucity of national
recommendations regarding follow-up for IGT identified in early pregnancy, these postpartum
transition milestones were determined based on expert opinion from our maternal fetal medicine,
primary care, and endocrinology teams. When completing our comparative analysis with the

historical cohort, we assessed hemoglobin Alc completion by 1 year postpartum rather than by 12
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weeks postpartum, to provide an appropriate comparison with the standard of care during the
historical period. For our comparative effectiveness analysis, we assessed hemoglobin A1C
completion by 12 weeks postpartum, which is the programmatic goal, as well as by 1 year
postpartum, which is aligned with national recommendations by some organizations such as the ADA
[28].

Secondary outcomes included other process outcomes such as PCP visit attendance and the
inclusion of IGT counseling during PCP visit (for in-network patients where this data was available
in our EMR). We also reported descriptive data regarding iPPV scheduling and attendance for
BRIDGE+ participants only. We stratified all outcomes related to PCP visit scheduling and
attendance by patients who had in-network PCPs vs all patients due to the insurance and workforce
capacity challenges faced by patients who did not have established PCPs within our healthcare
system.

Data was collected by study team on participant demographics and clinical characteristics as
well as primary and secondary outcomes through EMR review. Race and ethnicity were self-
reported. For our primary analysis comparing the BRIDGE population to a historical cohort, we
performed bivariate analyses comparing clinical and demographic characteristics between our
BRIDGE-/BRIDGE+ and historical cohorts using t-tests for continuous variables and chi-squared
tests for categorical variables. Multivariable logistic regressions comparing the odds of all assessed
outcomes in the BRIDGE vs historical cohort included all variables with p<0.20 in the bivariate
analyses. Backwards stepwise regression was used to create parsimonious models using p>0.20 for
elimination. Covariates initially evaluated in the multivariable models included age (continuous
variable), insurance status, Black race, family history of diabetes, history of IGT prior to current
pregnancy, history of metformin use, history of PCOS, history of macrosomia in prior pregnancy,
and late initiation of prenatal care (>16 weeks gestation). After stepwise backwards regression, only

history of IGT prior to current pregnancy remained in the models.
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For our comparative effectiveness analysis, we similarly performed bivariate analysis
comparing demographic and clinical characteristics between our BRIDGE- and BRIDGE+ cohorts,
including all variables with p<0.20 in our multivariable logistic regressions comparing the odds of all
assessed outcomes and utilizing backwards stepwise regression (with p>0.20 for elimination) to
create parsimonious models. Covariates initially evaluated in the multivariable models included
Black race, scant prenatal care (defined as <5 prenatal visits in pregnancy), history of IGT prior to
pregnancy, and history of GDM in prior pregnancy. Following stepwise regression, only history of
IGT prior to pregnancy remained significant.
With a sample size of 150 patients, we would be powered to detect an improvement in PCP
visit scheduling from an assumed baseline of 15% based on existing literature [29] to 35% with 80%
power and alpha of 0.05.

All analysis was performed using Stata v 17.0 (StataCorp LLC, College Station, TX)

RESULTS
Demographic and clinical characteristics of the cohorts

In total, 161 participants were enrolled in BRIDGE program and compared to 342
participants in the historical cohort (Table 1). A higher proportion of participants in the BRIDGE
cohort self-identified as Black or initiated prenatal care after 16 weeks. A higher proportion of the
BRIDGE cohort had a family history of diabetes, personal history of IGT, PCOS, or metformin use
prior to their current pregnancy, or history of macrosomia in a prior pregnancy.

There were 82 participants in the BRIDGE- arm and 79 participants in the BRIDGE+ arm
(Table 2). A higher proportion of the BRIDGE- cohort self-identified as Black. A higher proportion
of the BRIDGE+ cohort had scant prenatal care, a history of IGT prior to pregnancy and history of

GDM in prior pregnancy.

Table 1: Demographic and clinical characteristics of patients with IGT in a historical cohort (June
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2018-December 2019) vs enrolled in text messaging support program (BRIDGE, October 2021-April

2023)
Demographics® Historical cohort | BRIDGE"
(n=342) (n=161)
Age (median, IQR") 31 (27, 35) 32 (28, 36)
Insurance
Private 159 (46.5%) 65 (40.4%)
Public 179 (52.3%) 96 (59.6%)
None 4 (1.2%)
Race
White 36 (10.5%) 11 (6.8%)
Black 256 (74.9%) 131 (81.4%)
Asian 20 (5.8%) 10 (6.2%)
Other / Unknown 30 (8.8%) 9 (5.6%)
Hispanic ethnicity 16 (4.7%) 7 (4.3%)
Scant prenatal care (<5 visits) 6 (1.8%) 2 (1.3%)
Late prenatal care initiation (>16 weeks) | 9 (2.6%) 8 (5.0%)
Nulliparous 107 (31.3%) 44 (27.3%)
Primary care (PCP)
In network 118 (34.5%) 54 (33.5%)
Out of network 118 (34.5%) 46 (28.6%)
None 106 (31.0%) 61 (37.9%)
Clinical Characteristics Historical cohort
History of prior IGT 35 (10.2%) 40 (24.8%)
History of GDM in prior pregnancy 5 (1.5%) 2 (1.3%)
History of macrosomia in prior pregnancy | 3 (0.8%) 4 (2.5%)
History of IUFD >20 weeks gestation 1 (0.3%) 0 (0%)
Family history of diabetes 83 (24.3%) 49 (30.4%)
History of PCOS 4 (1.2%) 11 (6.8%)
History of metformin use 7 (2.0%) 7 (4.3%)

‘Data is listed as n(%) unless otherwise specified.
"Missing values: scant prenatal care (n=1 in BRIDGE cohort); late prenatal care (n=1 in BRIDGE
cohort); GDM in prior pregnancy (n=1 in BRIDGE cohort)
‘Abbreviations: IQR, interquartile range; PCP, primary care physician; IGT, impaired glucose
tolerance; GDM, gestational diabetes; IUFD, intrauterine fetal death; PCOS, polycystic ovarian

syndrome

Table 2: Demographic and clinical characteristics of patients with IGT enrolled in text messaging
support (BRIDGE-, October 2021-July 2022) vs text messaging support + wraparound postpartum

visit (BRIDGE+, July 2022-April 2023)

Demographics BRIDGE-" (n=82) BRIDGE+ (n=79)
Age (median, IQR") 32 (28, 36) 33 (29, 36)
Insurance

Private 32 (39.0%) 33 (41.8%)

Public 50 (61.0%) 46 (58.2%)

None
Race

White 3 (3.7%) 8 (10.1%)

Black 72 (87.8%) 59 (74.7%)

https://preprints.jmir.org/preprint/ 76493
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Asian 4 (4.9%) 6 (7.6%)
Other / Unknown 3 (3.7%) 6 (7.6%)
Hispanic ethnicity 2 (2.4%) 5 (6.3%)
Scant prenatal care (<5 visits) 0 (0%) 2 (2.5%)
Late prenatal care initiation (>16 weeks) | 4 (4.9%) 4 (5.1%)

Nulliparous

21 (25.6%)

23 (29.1%)

Primary care (PCP)

In network 24 (29.3%) 30 (38.0%)

Out of network 22 (26.8%) 24 (30.4%)

None 36 (43.9%) 25 (31.6%)
Clinical Characteristics BRIDGE BRIDGE+
History of prior IGT 16 (19.5%) 24 (30.3%)
History of GDM in prior pregnancy 0 (0%) 2 (2.5%)
History of macrosomia in prior pregnancy | 3 (3.7%) 1 (1.3%)
History of IUFD >20 weeks gestation 0 (0%) 0 (0%)
Family history of diabetes 23 (28.0%) 26 (32.9%)
History of PCOS 5(6.1%) 6 (7.6%)
History of metformin use 5 (6.1%) 2 (2.5%)

“Data is listed as n(%) unless otherwise specified.

https://preprints.jmir.org/preprint/ 76493

"Missing values: scant prenatal care (n=1 in BRIDGE- cohort); late prenatal care (n=1 in BRIDGE-
cohort); GDM in prior pregnancy (n=1 in BRIDGE- cohort)
‘Abbreviations: IQR, interquartile range; PCP, primary care physician; IGT, impaired glucose
tolerance; GDM, gestational diabetes; IUFD, intrauterine fetal death; PCOS, polycystic ovarian
syndrome
Program evaluation of BRIDGE utilizing historical cohort

BRIDGE participants had increased odds of A1C completion by 1 year postpartum (39.8% vs
12.5%, aOR 4.28, 95% CI 2.71-6.78) and PCP visit scheduling (31.0% vs 12.0%, aOR 9.58, 95% CI
4.39-20.9) compared to the historical cohort (Table 3). This was true among the subgroup of patients
with in-network PCPs as well (27.3% vs 12.0%, aOR 8.30, 95% CI 3.77-18.2). Importantly, in the
historical cohort, every patient who scheduled a PCP visit had an established in-network PCP in
pregnancy; in contrast, in the BRIDGE cohort, 6 out of the 50 patients who scheduled a PCP visit
(12%) did not already have an established in-network PCP.

There were remarkably high levels of attendance of PCP visits among those who scheduled
PCP visits, across both the historical and BRIDGE cohorts (92.7-96% of scheduled visits). However,

rates of IGT counseling at PCP visits were relatively low in both the historical and BRIDGE cohorts

(39.5%-54.2% of visits). With both outcomes, there were no significant differences between the
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Table 3: Comparing postpartum transitions of care for patients with IGT in a historical cohort (June
support (BRIDGE) cohort (October 2021-April 2023)

2018-December 2019) vs text messagin

All patients®

41 (12.0%)

Postpartum Transitions Historical cohort | BRIDGE aOR (95% CI)¢
(n=342) cohort
(n=161)
A1C completion (1 year postpartum)® | 43 (12.5%) 64 (39.8%) 4.28 (2.71-6.78)
PCP visit scheduling (n,%)
In network PCPs" 41 (12.0%) 44 (27.3%) 8.30 (3.77-18.2)

50 (31.0%) 9.58 (4.39-20.9)

PCP visit attendance
In network PCPs
All patients

38 (92.7%)
38 (92.7%)

42 (95.4%)
48 (96%)

1.81(0.28-11.7)
2.11 (0.33-13.6)

PCP visits with IGT counseling
In network PCPs
All PCPs

15 (39.5%)
15 (39.5%)

21 (50.0%)
26 (54.2%)

1.45 (0.59-3.56)
1.65 (0.68-3.98)

*Abbreviations: A1C, hemoglobin A1C; PCP, primary care physician
°A limited number of patients had in-network PCPs (n=119 for patients in historical cohort, n=24 for

patients in BRIDGE, n=30 for patients in BRIDGE+).

‘The data on PCP visit scheduling and attendance for patients with out-of-network PCPs was
obtained via EMR review (of postpartum notes) for both historical and BRIDGE cohort patients.
Phone interviews were also attempted for BRIDGE cohort patients to obtain self-reported data,
which was limited by low response rate (n=10 interviews total).

%0dds ratios adjusted for history of prior IGT.
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Comparative effectiveness analysis between BRIDGE and BRIDGE+ arms

In comparing the BRIDGE- to BRIDGE+ arms of the program, the BRIDGE+ cohort had
slightly improved odds of hemoglobin A1C completion by 12 weeks postpartum (36.7% vs 19.5%,
aOR 2.31, 95% CI 1.12-4.74), though this positive effect utilizing the BRIDGE+ strategy did not
persist by 1 year postpartum (48.1% vs 31.7%, aOR 1.88, 95% CI 0.98-3.61, Table 4). There was no
difference in PCP visit scheduling between the BRIDGE- and BRIDGE+ program strategies (32.9%
vs 29.3%, aOR 0.46, 95% CI 0.11-2.00). This was similar when looking at PCP scheduling among
patients with established in-network PCPs (29.1% vs 25.6%, aOR 0.47, 95% CI 0.11-2.09). A
similar proportion of patients who did not have established in-network PCPs were able to schedule a
PCP visit in both the BRIDGE- and BRIDGE+ cohorts.

Once again, there were remarkably high attendance rates for scheduled PCP visits (91.6%-
100%). There were relatively low levels of IGT counseling during PCP visits (53.8%-54.5%). In the
BRIDGE+ cohort, a larger proportion of patients scheduled a postpartum visit exclusively focused on
IGT counseling (iPPV) than a PCP visit (59.5% vs 29.1%), but attendance rates at scheduled iPPV

visits were much lower than PCP visits (48.9% vs 100%).

Table 4: Comparing the effectiveness of text messaging support (BRIDGE-) vs text messaging
support + wraparound postpartum visit (BRIDGE+) in completing postpartum transitions of care for
patients with IGT
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*Abbreviations: A1C, hemoglobin A1C; PCP, primary care physician
°A limited number of patients had in-network PCPs (n=119 for patients in historical cohort, n=24 for
patients in BRIDGE, n=30 for patients in BRIDGE+).
“The data on PCP visit scheduling and attendance for patients with out-of-network PCPs was
obtained via EMR review (of postpartum notes) for both historical and BRIDGE cohort patients.
Phone interviews were also attempted for BRIDGE cohort patients to obtain self-reported data,
which was limited by low response rate (n=10 interviews total).
‘Only BRIDGE+ participants were eligible for this visit (n=79).
*Odds ratios adjusted for history of prior IGT.

Kumear et al

Postpartum Transitions BRIDGE- BRIDGE+ | aOR (95% CI)*
(n=82) (n=79)

Al1C completion (12 weeks | 16 (19.5%) 29 (36.7%) | 2.31 (1.12-4.74)

postpartum)?

AIC completion (1 year postpartum)

26 (31.7%)

38 (48.1%)

1.88 (0.98-3.61)

PCP visit scheduling (n,%)
In network PCPs”
All patients®

21 (25.6%)
24 (29.3%)

23 (29.1%)
26 (32.9%)

0.47 (0.11-2.09)
0.46 (0.11-2.00)

PCP visit attendance

In network PCPs 19 (90.4%) 23 (100%) | ---
All patients 22 (91.6%) 26 (100%) | ---
PCP visits with IGT counseling
In network PCPs 10 (52.6%) 11 (47.8%) | 0.70 (0.23-2.73)
All PCPs 12 (54.5%) 14 (53.8%) | 0.98 (0.30-3.20)
IGT-focused postpartum visit*
Appt scheduled 47 (59.5%)
Appt attended 23 (48.9%)
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DISCUSSION
Principal results
Implementing BRIDGE, a text message support program with educational and behavioral
prompts focusing on postpartum transitions for patients with impaired glucose tolerance in
pregnancy, resulted in increased completion of a hemoglobin A1C within 1 year postpartum and
increased scheduling of a PCP visit by 12 weeks postpartum. Adding a wraparound IGT-focused
postpartum visit (iPPV) to the text messaging support improved completion of hemoglobin A1C by 6
weeks postpartum but this effect did not persist at 1 year postpartum. Addition of a wraparound IGT-
focused postpartum visit also did not impact PCP visit scheduling. Across both the historical and
BRIDGE cohorts, attendance at scheduled PCP visits was very high, but fewer than 60% of PCP

visits included IGT-focused counseling.

Limitations and Strengths

Our study had several key limitations. As a retrospective observational study, our analysis cannot
account for unmeasured confounders. The historical cohort in this study was not subject to the
systemic changes in healthcare post-COVID, such as the rising utilization of telemedicine, which
may have improved access to care. There are also some scalability concerns with the BRIDGE
program. Specifically, the iteration of the BRIDGE program utilized in this pilot study was resource
intensive, involving manual enrollment of participants by study staff using EMR review; however, if
proven effective, these resource intensive steps could be automated. In addition, other institutions
may not have access to the staffing capacity required to support other aspects of the program, such as
social work support or wraparound IGT-focused postpartum visits. Finally, our study enrolled only
English-speaking patients at a single tertiary care institution in the northeastern United States. Due to
limitations with our IRB exemption, we were unable to collect demographic or clinical data on

participants who opted out of program enrollment. For patients with out of network PCPs, we had
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extremely limited data on PCP visit scheduling and attendance for patients with out-of-network PCPs
via EMR abstraction. We attempted phone interviews for BRIDGE cohort patients to obtain self-
reported data but had a low response rate (n=10). We deferred phone interviews for the historical
cohort because of concern for recall bias.

Our study also had many strengths. First, the development of the BRIDGE program utilized
robust input from interdisciplinary teams spanning behavioral health, digital health and
communications expertise. In addition, the pre-implementation and ongoing implementation work
with prenatal care sites during the pilot allowed us to optimize the effectiveness of the program using
flexible and varied implementation strategies, based in an expansive understanding of the barriers
faced by patients and providers attempting to achieve a successful postpartum transition. Finally, our
population was racially and socioeconomically diverse with varied experiences with PCP care

entering pregnancy, which may make their experiences more generalizable to other populations.

Comparison with Prior Work

To our knowledge, this is the first study examining the impact of an intervention on
postpartum transition milestones for patients diagnosed with impaired glucose tolerance in
pregnancy, who often do not receive tailored support during pregnancy and the immediate
postpartum period through specialized programming given to patients with HDP or GDM (e.g.
transition clinics, remote BP monitoring programs, Diabetes in Pregnancy programs). This is an
important population to target as these patients experience higher rates of negative interpregnancy
and long-term health outcomes [30-32].

While there is a paucity of literature focusing on patients with IGT, postpartum transitions for
patients with GDM have been well studied. Postpartum glucose screening rates within 12 weeks
postpartum for patients with GDM (primarily assessed via completion of a 2 hour glucose tolerance

test rather than hemoglobin A1C completion by 6 weeks postpartum, based on guidelines) range
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from 7% to 59% in the literature, which are similar to our 6-week hemoglobin A1C completion rate
in historical and BRIDGE cohorts (12.5% and 39.8%, respectively) [33-36]. Our PCP visit
attendance rates for both the historical cohort (11.1%) and BRIDGE cohort (29.8%) were similar to
published rates, which range from 22% to 60% [16, 37]. Multiple systematic reviews assessing the
impact of reminder interventions (e.g. emails, phone calls, mail) on postpartum glucose screening
rates for patients with GDM have shown potential benefit [38-40]. A randomized controlled trial of a
text message intervention targeting primary care transitions for patients with GDM and HDP
improved PCP visit completion by 18.7%, which is similar to the difference in PCP visit attendance
between the historical and BRIDGE cohorts (11.1% vs 29.8%) [16]. Overall, this consistency with
existing literature provides reassurance that BRIDGE intervention may be generalizable to other
settings.

This program evaluation highlights areas for improvement in the quality of the postpartum
transition for patients with complications of pregnancy, as a large proportion of PCP visits in both the
historical and BRIDGE cohorts did not include counseling regarding IGT. Per existing literature,
potential contributing factors to this gap in primary care transitions may be related to
communication breakdown between the OB and primary care teams regarding pregnancy
complications that may influence long-term counseling or management, awareness and knowledge of
GDM guidelines among PCPs, and patients’ recall of providers’ counseling regarding long-term
risks, among other factors [41, 42].

Our efforts to effectively implement BRIDGE highlighted many deep-rooted challenges with
primary care transition for pregnant patients. From a healthcare system standpoint, PCP access was
limited by both health insurance specifications and reduced capacity in the primary care workforce.
This limited the ability to successfully schedule PCP visits for postpartum patients without targeted
efforts in this area. In addition, patients reported negative social drivers of health (e.g. lack of

childcare support, transportation support, or challenges with newborn care such as a city-wide
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formula shortage) as well as physical or mental health challenges which served as barriers or
competing priorities for patients attempting to complete postpartum transition milestones. These
challenges have been well characterized in both quantitative and qualitative analyses within the
literature and highlight the need for a multi-level approach to optimizing postpartum transitions of

care, addressing individual, healthcare system, and societal barriers [43-47].

Conclusions

For patients with IGT in pregnancy, text messaging support with educational and behavioral
prompts tripled completion rates of hemoglobin A1C screening within 1 year postpartum and
doubled the scheduling rate for PCP visits by 12 weeks postpartum. While attendance at scheduled
PCP visits was very high, <60% of PCP visits included IGT-focused counseling, highlighting key
areas for improvement in the quality of postpartum transitions to primary care for this population.
The implementation of BRIDGE also highlighted a complex array of individual, systemic, and
societal barriers to achieving desired postpartum milestones. Text messaging support may be an

effective tool to incorporate into multi-level approaches to optimizing postpartum transitions of care.

ACKNOWLEDGEMENTS
The authors would like to acknowledge the collaboration of our excellent prenatal care providers and
primary care providers to facilitate the successful implementation of BRIDGE as well as the funding

support of the Sloan Family Fund Innovation in Women’s Health grant.

CONFLICTS OF INTEREST

The authors have no conflict of interest to declare.

ABBREVIATIONS

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kumar et a
IGT; impaired glucose tolerance
PCP; primary care provider
BRIDGE; Better Followup of Impaired Glucose Tolerance
HbA1C; hemoglobin A1C
HDP; hypertensive disorders of pregnancy

GDM,; gestational diabetes

DATA AVAILABILITY

Data is available upon request from authors.

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kumar et a
REFERENCES

1. Li Y, Geiss LS, Burrows NR, Rolka DB, Albright A. Awareness of prediabetes
—United States, 2005-2010. Morbidity and Mortality Weekly Report.
2013;62(11):2009.

2. Warram J, Sigal R, Martin B, Krolewski A, Soeldner J. Natural history of
impaired glucose tolerance: follow-up at Joslin Clinic. Diabetic medicine.
1996;13:40-5.

3. Yudkin JS, Alberti K, McLarty DG, Swai A. Impaired glucose tolerance. BMJ:
British Medical Journal. 1990;301(6749):397.

4. King H, Zimmet P, Raper L, Balkau B. The natural history of impaired
glucose tolerance in the Micronesian population of Nauru: a six-year follow-up
study. Diabetologia. 1984;26(1):39-43.

5. Nathan DM, Davidson MB, DeFronzo RA, Heine R}, Henry RR, Pratley R, et
al. Impaired Fasting Glucose and Impaired Glucose Tolerance: Implications for
care. Diabetes Care. 2007;30(3):753-9.

0. Schafer S, Kantartzis K, Machann J, Venter C, Niess A, Schick F, et al.
Lifestyle intervention in individuals with normal versus impaired glucose
tolerance. European journal of clinical investigation. 2007;37(7):535-43.

7. den Boer AT, Herraets I, Stegen J, Roumen C, Corpeleijn E, Schaper N, et
al. Prevention of the metabolic syndrome in IGT subjects in a lifestyle
intervention: results from the SLIM study. Nutrition, Metabolism and
Cardiovascular Diseases. 2013;23(11):1147-53.

8. Hunt K], Schuller KL. The increasing prevalence of diabetes in pregnancy.
Obstet Gynecol Clin North Am. 2007;34(2):173-99, vii.
9. Control CfD, Prevention. QuickStats: Percentage of mothers with

gestational diabetes, by maternal age—National vital statistics system, United
States, 2016 and 2021. MMWR Morb Mortal Wkly Rep. 2023;72.

10. Boe B, Barbour LA, Allshouse AA, Heyborne KD. Universal early pregnancy
glycosylated hemoglobin Alc as an adjunct to Carpenter-Coustan screening:
an observational cohort study. Am ] Obstet Gynecol MFM. 2019;1(1):24-32.

11. Bender W, McCarthy C, Elovitz M, Parry S, Durnwald C. Universal HbAlc
screening and gestational diabetes: a comparison with clinical risk factors. The
Journal of Maternal-Fetal & Neonatal Medicine. 2022;35(25):6430-6.

12. Bender WR, McCarthy C, Elovitz M, Parry S, Durnwald C. Adverse
Pregnancy Outcomes in Nondiabetic Patients with an Elevated Early Pregnancy
HbAlc. Am ] Perinatol. 2022;29(14):1496-502.

13. Bender WR, McCarthy C, Elovitz M, Parry S, Durnwald C. Adverse
pregnancy outcomes in nondiabetic patients with an elevated early pregnancy
HbAlc. American Journal of Perinatology. 2022;29(14):1496-502.

14. Hughes RC, Moore MP, Gullam JE, Mohamed K, Rowan J. An early
pregnancy HbAlc =5.9% (41 mmol/mol) is optimal for detecting diabetes and
identifies women at increased risk of adverse pregnancy outcomes. Diabetes
Care. 2014;37(11):2953-9.

15. Baron AD. Impaired glucose tolerance as a disease. The American journal
of cardiology. 2001;88(6):16-9.

16. Clapp MA, Ray A, Liang P, James KE, Ganguli I, Cohen JL. Postpartum
primary care engagement using default scheduling and tailored messaging: a
randomized clinical trial. JAMA Network Open. 2024;7(7):e2422500-e.

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kumar et a

17. Gomez HB, Hoffman MK. Text messaging as a means to engage patients in
the postpartum period. Clinical obstetrics and gynecology. 2021;64(2):366-74.
18. Melis M, Mastinu M, Sollai G. Effect of the rs2821557 Polymorphism of the
Human Kv1.3 Gene on Olfactory Function and BMI in Different Age Groups.
Nutrients. 2024;16(6):821.

19. Heatley E, Middleton P, Hague W, Crowther C. The DIAMIND study:
postpartum SMS reminders to women who have had gestational diabetes
mellitus to test for type 2 diabetes: a randomised controlled trial-study protocol.
BMC Pregnancy and Childbirth. 2013;13:1-6.

20. Strohbach A, Hu F, Martinez NG, Yee LM. Evaluating the use of text
message communication in a postpartum patient navigation program for
publicly insured women. Patient education and counseling. 2019;102(4):753-9.
21. Hirshberg A, Downes K, Srinivas S. Comparing standard office-based
follow-up with text-based remote monitoring in the management of postpartum
hypertension: a randomised clinical trial. BMJ quality & safety. 2018;27(11):871-
7.

22. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke
JP. Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Bm,.
2007;335(7624):806-8.

23. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et
al. CONSORT 2010 statement: extension to randomised pilot and feasibility
trials. Bmj. 2016;355:i5239.

24. Lancaster GA, Thabane L. Guidelines for reporting non-randomised pilot
and feasibility studies. Pilot and Feasibility Studies. 2019;5(1):114.

25. Mehta SJ, Troxel AB, Marcus N, Jameson C, Taylor D, Asch DA, et al.
Participation rates with opt-out enrolilment in a remote monitoring intervention
for patients with myocardial infarction. JAMA cardiology. 2016;1(7):847-8.

26. Halpern SD, French B, Small DS, Saulsgiver K, Harhay MO, Audrain-
McGovern J, et al. Randomized trial of four financial-incentive programs for
smoking cessation. New England Journal of Medicine. 2015;372(22):2108-17.

27. Asch DA, Troxel AB, Stewart WF, Sequist TD, Jones ]JB, Hirsch AG, et al.
Effect of financial incentives to physicians, patients, or both on lipid levels: a
randomized clinical trial. Jama. 2015;314(18):1926-35.

28. Association AD. Standards of Care in Diabetes—2023 Abridged for Primary
Care Providers. Clinical Diabetes. 2022;41(1):4-31.

29. Judith Apt B, Emily Q, Omid A, Myrita C, Timothy H, Aviva L-P, et al. Follow-
up after gestational diabetes: a fixable gap in womena[]s preventive
healthcare. BMJ) Open Diabetes Research & Care. 2017;5(1):e000445.

30. Flatt SB, Pudwell J, Smith GN. Evaluation of a postpartum cardiovascular
risk screening clinic: an analysis of interpregnancy and subsequent pregnancy
outcomes. Journal of Obstetrics and Gynaecology Canada. 2022;44(2):157-66.
31. Kumar NR, Hirshberg A, Srinivas SK. Best practices for managing
postpartum hypertension. Current Obstetrics and Gynecology Reports.
2022;11(3):159-68.

32. Carolan-Olah MC. Educational and intervention programmes for
gestational diabetes mellitus (GDM) management: An integrative review.
Collegian. 2016;23(1):103-14.

33. Farid H, Blake R, Hacker MR, Erlinger AL, Modest AM. Strategies to improve

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kumar et a

postpartum glucose screening rates are needed. Journal of Obstetrics and
Gynaecology Research. 2021;47(8):2641-5.

34. Linnenkamp U, Greiner GG, Haastert B, Adamczewski H, Kaltheuner M,
Weber D, et al. Postpartum screening of women with GDM in specialised
practices: Data from 12,991 women in the GestDiab register. Diabetic Medicine.
2022;39(7):e14861.

35. Eggleston EM, LeCates RF, Zhang F, Wharam JF, Ross-Degnan D, Oken E.
Variation in Postpartum Glycemic Screening in Women With a History of
Gestational Diabetes Mellitus. Obstetrics & Gynecology. 2016;128(1):159-67.

36. Battarbee AN, Yee LM. Barriers to Postpartum Follow-Up and Glucose
Tolerance Testing in Women with Gestational Diabetes Mellitus. Am ] Perinatol.
2018;35(4):354-60.

37. Bennett WL, Chang HY, Levine DM, Wang L, Neale D, Werner EF, et al.
Utilization of primary and obstetric care after medically complicated
pregnancies: an analysis of medical claims data. | Gen Intern Med.
2014;29(4):636-45.

38. Jeppesen C, Kristensen JK, Ovesen P, Maindal HT. The forgotten risk? A
systematic review of the effect of reminder systems for postpartum screening
for type 2 diabetes in women with previous gestational diabetes. BMC Research
Notes. 2015;8:1-11.

39. Middleton P, Crowther CA. Reminder systems for women with previous
gestational diabetes mellitus to increase uptake of testing for type 2 diabetes or
impaired glucose tolerance. Cochrane Database of Systematic Reviews. 2014(3).
40. Nielsen JH, Melendez-Torres G, Rotevatn TA, Peven K, Fonager K,
Overgaard C. How do reminder systems in follow-up screening for women with
previous gestational diabetes work?-a realist review. BMC health services
research. 2021;21(1):535.

41. Wilkinson SA, Brodribb WE, Upham S, Janamian T, Nicholson C, Jackson CL.
Primary care of women after gestational diabetes mellitus: mapping the
evidence-practice gap. Medical Journal of Australia. 2014;201(53):574-S7.

42. Kim C, McEwen LN, Kerr EA, Piette JD, Chames MC, Ferrara A, et al.
Preventive Counseling Among Women With Histories of Gestational Diabetes
Mellitus. Diabetes Care. 2007;30(10):2489-95.

43. Lithgow GE, Rossi J, Griffin SJ, Usher-Smith JA, Dennison RA. Barriers to
postpartum diabetes screening: a qualitative synthesis of clinicians’ views.
British Journal of General Practice. 2021;71(707):e473-e82.

44. Martinez NG, Niznik CM, Yee LM. Optimizing postpartum care for the
patient with gestational diabetes mellitus. American journal of obstetrics and
gynecology. 2017;217(3):314-21.

45. Nielsen KK, Kapur A, Damm P, De Courten M, Bygbjerg IC. From screening
to postpartum follow-up-the determinants and barriers for gestational diabetes
mellitus (GDM) services, a systematic review. BMC pregnancy and childbirth.
2014;14:1-18.

46. Wilkinson SA, Brodribb WE, Upham S, Janamian T, Nicholson C, Jackson CL.
Primary care of women after gestational diabetes mellitus: mapping the
evidence-practice gap. Medical Journal of Australia. 2014;201:574-S7.

47. McCloskey L, Quinn E, Ameli O, Heeren T, Craig M, Lee-Parritz A, et al.
Interrupting the pathway from gestational diabetes mellitus to type 2 diabetes:
The role of primary care. Women's Health Issues. 2019;29(6):480-8.

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kumar et a

https://preprints.jmir.org/preprint/ 76493 [unpublished, non-peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript

