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Abstract

Background: Almost one-third of pregnant people visit the emergency room during pregnancy. Although some emergency
care is necessary, gaps in patient education and inaccessibility of preventive services have been identified as key reasons for
high-cost, low-value care in pregnancy. Digital platforms present a promising solution for providing resources to supplement
routine prenatal care, thereby reducing the use of low-value in-person services.

Objective: This study aimed to describe the relationship between the use of Maven and in-person care avoi dance (emergency
room or office visits) during pregnancy. Mavenisadigital prenatal health platform that supplements routine prenatal care. Maven
offers educational content (articles, videos, and classes), care coordination (through a care advocate), and provider services
(web-based appointments and communication with providers) designed to complement prenatal care. Specifically, the aims of
this study were to examine whether the use of Maven is associated with in-person care avoidance overall and whether improvements
in pregnancy-related knowledge facilitate in-person care avoidance. To assess aim 2, we tested if the use of Maven is associated
with improvements in self-reported understanding of warning signs and medically accurate information and if self-reported
understanding of medically accurate information and warning signs is associated with in-person care avoidance in a population
of Maven users.

Methods: In this retrospective study, we used adjusted logistic regression to examine the relationship between digital platform
use, avoidance of in-person care, and the platform’s influence on pregnancy-related knowledge (learning medically accurate
information and recognizing warning signs). Demographics, medical history, and in-person care avoidance were self-reported.

Results: Of the 5263 users, 280 (5.32%) reported that Maven helped them avoid in-person care during pregnancy. More users
who reported avoiding in-person care also reported that the digital platform helped them understand warning signs (231/280,
82.5%) and learned medically accurate information (185/280, 66.1%). In the adjusted models, all modes of digital service use
(assessed as quartiles) were associated with avoiding in-person care in a dose-response manner (eg, web-based provider
appointments: Q2 adjusted odds ratio [aOR] 1.57, 95% CI 1.00-2.41; Q3 aOR 2.53, 95% Cl 1.72-3.72; Q4 aOR 5.26, 95% ClI
3.76-7.42). Users were more likely to avoid in-person care if they reported that Maven helped them recognize warning signs
(aOR 3.55, 95% CI 2.60-4.94) or learn medically accurate information (aOR 2.05, 95% CI 1.59-2.67).

Conclusions: These results suggest that digital platforms can be effective in helping patients to avoid in-person care. The
educational pathway suggeststhat digital platforms can be particularly effective in helping patients recognize warning signs and
learn medically accurate information, which may help them avoid in-person care by recognizing when in-person careismedically
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appropriate. Future work is needed to assess other pathways through which digital resources can support pregnant people and

improve perinatal care use.

(J Med Internet Res 2023;25:e43180) doi: 10.2196/43180
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Introduction

Nonurgent emergency room (ER) use among pregnant people
is common [1], contributing to high-cost, low-value care.
Together, gaps in patient education and the inaccessibility of
preventive services have been identified as key reasons for ER
presentation during pregnancy [2]. A recent study found that
among patients who went to the ER during their pregnancy,
over one-third reported that they did so because they either
lacked access to care from nonemergency providers or lacked
the knowledge to address and evaluate their needs. Furthermore,
45% of pregnant people in the study went to the ER because
they were concerned that there was an emergency, and they
could not get the answers they needed in atimely fashion from
their physician [2]. Although leading maternity care
organizations have called for improved patient education and
counseling on warning signs[3,4], several barriers prevent their
implementation in real-world practice, including time, provider
availability, and patient-centered resources.

Digital platforms are a promising approach for providing
resources and services that may fill gaps in existing prenatal
patient education and care delivery systems. Specifically, digital
platforms could provide opportunities to reduce activities or
facilities of low-value in-person carethat could be appropriately
and safely replaced with information and coaching through
many pathways, including providing pregnant people with a
web-based option for information and support. Furthermore,
digital platforms can eliminate traditional barriers to care,
allowing health education and web-based care to be more
accessible, affordable, and comprehensive [5]. Although
telehealth presents a potential solution for filling educational
gaps in routine prenatal care [6], to date, little is known about
how prenatal digital health platforms may influence patient
education and in-person care use.

Maven is a comprehensive digital platform for women’'s and
family health that was developed to provide support services
that supplement and complement routine prenatal care. Users
receive free and unlimited access to Maven as an
employer-sponsored health benefit through their own or their
partner’'s employer. On the digital platform, Maven offers
educational content (articles, videos, and live classes), care
coordination (through a dedicated care advocate), and provider
services (web-based appointments and communication with a
diverse team of providers). Maven services do not replace
routine prenatal care.

Although there are many reasonsfor using nonroutinein-person
care during pregnancy, digital resources are particularly well
positioned to help users avoid unnecessary in-person care by
building pregnancy-related knowledge and digitally offering
access to providers. Knowledge can help patients differentiate
routine symptoms of pregnancy from more concerning warning
signs, thereby preventing unnecessary presentations for
in-person care. For example, a pregnant person may learn that
round ligament painisnormal during pregnancy, allowingthem
to avoid in-person assessment of the expected symptoms. This
retrospective study investigated how the use of Maven may help
pregnant people avoid ER or in-person appointments (heresfter,
in-person is used to refer to either ER or other in-person care)
during pregnancy and how patient education may serve as a
mechanism for this outcome. Specifically, the aims of thisstudy
were to examine (1) if the use of a digital health platform is
associated with in-person care avoidance overall and (2) how
pregnancy-related knowledge may serve as one of the
mechanisms for this association. To assessaim 2, we tested (1)
how the use of a digital health platform is associated with a
better understanding of warning signs and medically accurate
information and (2) how understanding medically accurate
information and warning signsis associated with in-person care
avoidance in a population of Maven users. These pathways are
illustrated in a conceptual model (Figure 1).

Figure 1. Conceptual model (digital platforms can help reducein-person care through several pathways. Here, we assessed how an educational pathway

may contribute to this reduction).
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Methods

Study Design and Setting

This retrospective cohort analysis assessed the association
between user engagement with a digital health platform and
user reportsthat the platform helped them avoid in-person care.
Users received access to the digital platform as an
employer-sponsored health benefit through their own or their
partner's employer, or through their health plan. We included
userswho were enrolled in the program during their pregnancy
between January 2020 and July 2022 and delivered at the time
of data analysis (July 2022). Users were included if they
completed health surveys at both onboarding to the pregnancy
program (onboarding survey) and the postpartum program
(postdelivery survey), and their zip code could be mapped to
the Social Vulnerability Index (SVI).

Ethical Consideration, I nformed Consent, and
Participation

The study protocol was designated as exempt by the WCG
Ingtitutional Review Board, anindependent ethical review board.
All users consented to the use of their deidentified data for
scientific research upon creating an account. All data used in
this analysis were deidentified.

Data Collection

All use data were tracked using the digita platform.
Demographic and health data were self-reported on the
onboarding survey, and outcome dataand additional health data
were self-reported on the postdelivery survey.

The use of thedigital platform included three types of services:
(2) educational content, (2) care coordination, and (3) provider
services. First, educational content refers to the educational
content available on the digital platform included web-based
classes, class recordings, and articles. Users have access to
various articles, classes, and videos related to pregnancy, birth,
and the postpartum period. Example articles included “First
trimester warning signs to watch for,” “Your anatomy scan,
explained,” and “4 mental exercises to combat pregnancy
anxiety.” In web-based classes, users can engage with a health
care provider in a group setting to learn and ask questions.
Example classesinclude “ Childbirth education 101" and “How
to manage stress and anxiety.” Web-based classes were also
recorded and uploaded to the digital health platform for users
to watch asynchronously as video content. Measures of
educational content included the number of articlesread, number
of class recordings watched, and number of live web-based
classes attended, dl of which were assessed in quartiles. Second,
care coordination includes interactions with a user’s dedicated
care advocate. On this platform, care advocatesare allied health
professional s (eg, nurses and social workers) who serve asusers
primary point of contact withinthedigital platform, support the
coordination of digital prenatal services, and direct users to
providers and services (both web based and in-person when
necessary). We assessed the number of messages sent by users
to their care advocates in quartiles. We also assessed whether
users had at least 1 care advocate appointment, as users were
encouraged to have 1 introductory appointment with a care
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advocate upon enrollment, and most members communicated
with their care advocate through messages thereafter. Third,
provider serviceswere assessed through interactionswith health
care providers, including obstetrician/gynecol ogists (OB/GY Ns),
doulas, midwives, mental health providers, nutritionists,
wellness coaches, and others. We assessed the number of
messages sent by users to providers and the number of
appointments with providers in quartiles. We also assessed
whether users had at least one appointment with an OB/GYN
or amental health provider, aswe hypothesized that web-based
appointments with these 2 types of care providers may be
particularly beneficial for helping users avoid in-person care.
Appointmentswith these providerswere assessed dichotomously
as 0 or one or more appointments, based on the distribution of
data. The pregnancy trimester of enrollment, assessed
categorically, was used as a proxy for an individua’s time
enrolled in the digital platform.

The primary study outcome was whether a user reported that
the digital care platform helped them avoid in-person care on
the postdelivery survey. To assess this outcome, users were
asked, “1n what way(s) did Maven influence your experience?’
and the response options included “Maven helped me avoid a
trip to the ER or an in-person office visit.” Users who selected
this option were recorded as yes, and users who did not select
this option were recorded as no.

Self-report of whether the digita platform helped users
understand warning signsduring pregnancy and learn medically
accurate information about pregnancy or its complications was
assessed in the postdelivery survey. To assess these responses,
users were asked, “Did Maven help you understand warning
signs during pregnancy?’ with response options of yes or no,
and “In what way(s) did Maven influence your experience?’
where users were offered the option to select “Maven helped
me learn medically accurate information” as one of avariety of
response options. Userswho selected this option were recorded
as yes, and users who did not select this option were recorded
as no.

User demographics and health datawere self-reported. The age
at onboarding was calculated internally from the user’s date of
birth. Race and ethnicity were asked in the same question, and
race was categorized into Hispanic or Latine and non-Hispanic
or Latine: White, Asian or Pacific Islander, Black, and Other
(which was composed of multiracial and American Indian users).
Users were asked to select from alist of medical conditions all
those that applied to them. Medical conditions were then
assessed in statistical models as a risk score for the outcome,
which was caculated by adding the number of medical
conditions reported by each user. This approach was informed
by aliterature review that found that regardless of which chronic
diseases an adult was diagnosed with, an individual was more
likely to have an ER visit as their number of chronic diseases
increased [7], and that the number of chronic conditions is
associated with health anxiety [8], which is in turn associated
with higher health care use [8,9]. Therefore, we combined
chronic conditionsinto a single summative score on an interval
scale to control for potential health conditions, with a higher
score indicating an increasing number of conditions. This
method has been used extensively in medical research [8,10].
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Medical conditions used to calculate the risk score included
chronic conditions (eg, heart disease, diabetes, high blood
pressure, blood disorder, thrombophilia, kidney disease, thyroid
disease, autoimmune disease, HIV or AIDS, and obesity) and
current pregnancy-related conditions (eg, cholestasis, fetal
growth restriction, gestational hypertension, preeclampsia, and
gestational diabetes). Mental health conditions were aggregated
into 1 dichotomous variable for any mental health condition
versus no mental health condition. Mental health conditions
included history of anxiety, depression, and perinatal mood
disorders. Pregnancy-related anxiety was assessed on a 5-item
Likert scalein responseto “On ascale of 1-5, how anxious are
you feeling about your pregnancy?’ with responsesof 4 (“very”)
or 5 (“extremely”) indicating the presence of pregnancy-related
anxiety.

We used the Centers for Disease Control and Preventions’ SVI
asaproxy for socia determinants of health. SVI isageographic
measure of a community’s vulnerability that incorporates data
from 4 domains: socioeconomic status, household composition
and disability, minority status and language, and housing type
and transportation [11]. The SVI isassigned to each user based
onthe zip code. To convert user zip codesto censustract—based
SVI, we used a 2020 weighted crosswak from the US
Department of Housing and Urban Devel opment [12,13]. Inthe
analyses, SVI was dichotomized into low (<0.80) and high
(>0.80), with high representing the highest risk quintile
nationally.

Statistical Analysis

We conducted descriptive analyses to assess the relationship
between users characteristics and the report of the digital
platform to help usersavoid in-person care. In bivariate analyses,
chi-square or Fisher exact tests were used to assess categorical
variables, and 2-tailed t tests and Mann-Whitney U tests were
used to assess continuous variables.

Adjusted logistic regression was used to assess the relationship
within each aim. Covariates were selected because they were
considered confoundersfor each model based on directed acyclic
graphs [14]. We chose to control for members health
characteristics in am 1 but not in aim 2, based on which
variables we considered true confounders in each analysis. In
aim 1, we believed that a user’s medical conditions may cause
differential use of digital resources (exposure) and differential
use of in-person care (outcome); therefore, we included it as a
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confounder. For aim 2a, although a user’s medical conditions
likely cause differential use of digital resources (exposure), we
were not confident that their medical conditions would cause
them to learn more or less from the platform (outcome);
someone’s medical conditions do not affect their capacity to
learn. Similarly, for aim 2b, we were not confident that
someone's medical condition affects their ability to learn from
Maven (exposure). Controlling for fields that are not true
confounders introduces bias within the causal inference theory
[14]; thus, we did not control for medical conditions in the
statistical modelsfor aim 2.

For aim 1, assessing the association between digital prenatal
platform use and the perceived influence of the digital platform
on in-person care avoidance, each use metric was assessed in
its own model. Adjusted logistic regression models controlled
for age, race and ethnicity, medical risk score, mental health
conditions, pregnancy-related anxiety, parity, pregnancy
trimester enrolled, and high SV1. For aim 2a, assessing how use
of thedigital platform isassociated with a better understanding
of medically accurate information and warning signs, adjusted
models controlled for parity and high SVI. For aim 2b, ng
how understanding medically accurate information and warning
signs is associated with the perceived influence of the digital
platform on in-person care avoidance, adjusted models
controlled for parity, high SVI, and pregnancy trimester enrolled.

All analyses were conducted in R (version 3.6.3; R Foundation
for Statistical Computing) [15].

Results

Descriptive Statistics

The final sample included 5263 users who used the product
during pregnancy and reported outcomes after delivery (Figure
2). The average age of the sample was 32.7 (SD 4.0) years
(Table 1). Most of the sample were White (2200/5263, 41.8%),
and 18.2% (958/5263) were Asian or Pacific Islander, 7.9%
(416/5263) were Hispanic, 4.5% (237/5263) were Black, and
2.3% (121/5263) were multiracial or American Indian (Other).
Many participants preferred not to disclosetheir racial and ethnic
identity (1332/5263, 25.31%). Additionally, 2.91% (153/5263)
of the sample had ahigh SVI. Furthermore, 11.61% (611/5263)
of the sample had pregnancy-related anxiety, 26.11%
(1374/5263) had a history of at least 1 mental health condition,
whereas most had no medical conditions (3174/5263, 60.3%).

JMed Internet Res 2023 | vol. 25 | e43180 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 2. Flow diagram for study eligibility.
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Among the included users, 5.3% (280/5263) reported that the
digital platform helped them avoid in-person care, 56.39%
(2968/5263) reported that it helped them understand warning
signs, and 47.9% (2521/5263) reported that it helped them learn
medically accurate information during pregnancy (Table 2).

Userswho reported avoiding an in-person care visit were more
likely to be younger (P<.001), be people of color or Hispanic
(P<.001), have pregnancy-related anxiety (P=.03), and have a
mental health condition (P<.001; Table 1). They were also more
likely to have enrolled in the digital platform earlier in their
pregnancy (P<.001); use moredigital servicesin each category
(P<.001); and report that the digital health platform influenced
the way they approached their maternity experience (P<.001),
helped them understand warning signs (P<.001), helped them
learn medically accurate information about pregnancy and
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complications (P<.001), and hel ped them manage their anxiety
and depression (P<.001). Of those who avoided in-person care,
82.5% (231/280) reported that the digital platform helped them
learn warning signs and 66.1% (185/280) reported that the
digita platfform helped them learn medically accurate
information (Table 2).

Articles were the most used resource on the digital platform,
with use ranging from 0 to 8, 9 to 22, 23 to 48, and 49 to 399
article reads in ascending quartiles. Approximately, 69.14%
(3639/5263) of users had at least 1 appointment with a care
advocate, 19.86% (1045/5263) of users had at least 1
appointment with an OB/GY N, and 8.89% (468/5263) of users
had at least 1 appointment with amental health provider during
preghancy (Table 2).

JMed Internet Res 2023 | vol. 25 | e43180 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. User characteristics by emergency department or in-person avoidance.

Jahnke et al

Maven helped me avoid atrip to the emergency room or anin-person  Overdl (N=5263) P value

office visit
No (n=4983) Yes (n=280)
Demographics
Age (years), mean (SD) 32.8(3.99) 31.9(3.91) 32.7 (3.99) <.001
Nulliparous, n (%) 3682 (73.89) 205 (73.21) 3887 (73.86) .80
Race and ethnicity, n (%) <.001
Asian or Pacific Islander 905 (18.16) 52 (18.57) 957 (18.18)
Black 213 (4.27) 25 (8.93) 238 (4.52)
Hispanic 387 (7.77) 31(11.07) 418 (7.94)
White 2103 (42.2) 95 (33.93) 2198 (41.76)
Other® 111 (2.23) 9(3.21) 120 (2.28)
| prefer not to say 1264 (25.37) 68 (24.29) 1332 (25.31)
High Social Vulnerability Index, n (%) 140 (2.81) 11 (3.93) 151 (2.87) 27
Medical conditions, n (%)
Chronic conditions
Heart disease 23 (0.46) 0(0) 23 (0.44) 63
Diabetes 56 (1.12) 7(2.5) 63 (1.2) .05
High blood pressure 168 (3.37) 12 (4.29) 180 (3.42) 41
Blood disorder 52 (1.04) 1(0.36) 53 (1.01) 53
Thrombophilia 29 (0.58) 0(0) 29 (0.55) 40
Kidney disease 10 (0.2) 1(0.36) 11 (0.21) 45
Thyroid disease 384 (7.71) 20 (7.14) 404 (7.68) 73
Autoimmune disease 151 (3.03) 7(2.5) 158 (3) 61
HIV or AIDS 1(0.02) 0(0) 1(0.02) .99
Obesity 793 (15.91) 48 (17.14) 841 (15.98) 59
Pregnancy-related conditions
Cholestasis 68 (1.36) 6 (2.14) 74 (1.41) 29
Fetal growth restriction 128 (2.57) 5(1.79) 133 (2.53) 42
Gestational hypertension 623 (12.5) 40 (14.29) 663 (12.6) 38
Preeclampsia 287 (5.76) 15 (5.36) 302 (5.74) 78
Gestational diabetes 517 (10.38) 32(11.43) 549 (10.43) 57
Medical risk score” 56
0 2996 (60.12) 176 (62.86) 3172 (60.27)
1 1225 (24.58) 60 (21.43) 1285 (24.42)
2 497 (9.97) 23(8.21) 520 (9.88)
3 191 (3.83) 13 (4.64) 204 (3.88)
4 57 (1.14) 6 (2.14) 63(1.2)
5 14 (0.28) 1(0.36) 15 (0.29)
6 3(0.06) 1(0.36) 4(0.08)
Mental health conditions®
Depression 620 (12.44) 41 (14.64) 661 (12.56) 28
Anxiety 1137 (22.82) 84 (30) 1221 (23.2) 01
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Maven helped me avoid atrip to the emergency room or anin-person  Overdl (N=5263) P value

office visit
No (n=4983) Yes (n=280)
Perinatal mood disorder 101 (2.03) 11 (3.93) 112 (2.13) .03
Pregnancy-related anxiety 569 (11.42) 44 (15.71) 613 (11.65) .03

80ther includes multiracial and American Indian.
bSum of chronic conditions and pregnancy-related conditions.
“Variable has missingness (<6% of sample).
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Table 2. Use and user-reported outcomes by emergency department or in-person avoidance.

Maven helped me avoid atrip to theemergency ~ Overall (N=5263), P value

room or an in-person office visit, n (%) n (%)
No (n=4983) Yes (n=280)
Use
Pregnancy trimester enrolled <.001
First trimester 1243 (24.94) 101 (36.07) 1344 (25.54)
Second trimester 2147 (43.09) 129 (46.07) 2276 (43.25)
Third trimester 1593 (31.97) 50 (17.86) 1643 (31.22)
Educational content
Articlesread® <.001
Q1:[0,8] 1342 (26.93) 35(12.5) 1377 (26.16)
Q2: (8,22] 1252 (25.12) 57 (20.36) 1309 (24.87)
Q3: (22,48] 1206 (24.2) 71 (25.436) 1277 (24.26)
Q4: (48,399 1183 (23.74) 117 (41.79) 1300 (24.7)
Class recor dings watched? <.001
0 2573 (51.64) 113 (40.36) 2686 (51.04)
03] 1408 (28.26) 78 (27.86) 1486 (28.23)
(3,103] 1002 (20.1) 89 (31.79) 1091 (20.73)
Web-based classes attended? 001
0 2722 (54.62) 124 (44.29) 2846 (54.08)
0,2] 1170 (23.48) 72 (25.71) 1242 (23.6)
(2,18] 1091 (21.89) 84 (30) 1175 (22.32)
Care coordination
M essages sent to care advocate® <.001
0 2016 (40.46) 69 (24.64) 2085 (39.6)
0,1 700 (14.05) 30(10.72) 730 (13.9)
(1,5] 1196 (24) 71 (25.36) 1267 (24.1)
(5,81] 1071 (21.49) 110 (39.29) 1181 (22.4)
At least 1 care advocate appointment 3429 (68.81) 210 (75) 3639 (69.14) .03
Provider services
M essages sent to providers? <.001
0 3184 (63.9) 99 (35.36) 3283 (62.4)
0,2] 745 (14.95) 56 (20) 801 (15.2)
(2,196] 1054 (21.15) 125 (44.64) 1179 (22.4)
Total web-based provider appointments attended® <.001
) 2397 (48.1) 63 (22.5) 2460 (46.74)
0,1] 856 (17.18) 34 (12.14) 890 (16.91)
(1,3] 872 (17.5) 57 (20.36) 929 (17.65)
(3,117] 858 (17.22) 126 (45) 984 (18.7)
At least 1 appointment with
Obstetrician/gynecologist providers 905 (18.16) 140 (50) 1045 (19.86) <.001
Mental health providers 419 (8.41) 49 (17.5) 468 (8.89) <.001
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Maven helped me avoid atrip to theemergency  Overall (N=5263), P value
room or an in-person office visit, n (%) n (%)
No (n=4983) Yes (n=280)
User-reported outcomes
Something | learned through Maven influenced theway | ap- 2938 (58.96) 251 (89.64) 3189 (60.59) <.001
proached my maternity experienceb
Maven hel ped me understand warning signsduring pregnanqlb 2737 (54.93) 231 (82.5) 2968 (56.39) <.001
Maven helped melearn medically accurateinformation about 2336 (46.88) 185 (66.07) 2521 (47.9) <.001
pregnancy and complications
Maven helped me manage anxiety and depression 554 (11.12) 85 (30.36) 639 (12.14) <.001

8shown in quartiles.
BVariable has missi ngness (<6% of sample).

Effect of Digital Platform Use on Avoidance of
In-Person Care

In adjusted models, higher use of al educational content, care
coordination, and provider serviceswere significantly associated
with higher odds of avoiding in-person carein a dose-response
manner (Table 3). First- and second-trimester enrollment were
associated with higher odds (adjusted odds ratio [aOR] 2.49,
95% Cl 1.74-361 and aOR 1.86, 95% CI 1.32-2.65,
respectively) of avoiding in-person care than third-trimester
enrollment. Among the educational content, reading more
articles had the greatest effect on avoiding in-person care (Q2:
aOR 1.73,95% Cl 1.11-2.73; Q3: aOR 2.27, 95% Cl 1.45-3.60;
and Q4: aOR 3.98, 95% Cl 2.55-6.33), followed by watching
more video recordings and attending more web-based classes.
A similar dose response was observed across all use categories.

https://www.jmir.org/2023/1/e43180

Regarding care coordination, sending more messages to care
advocates (Q3: aOR 1.69, 95% Cl 1.19-2.41; and Q4: aOR 2.73,
95% CI 1.97-3.82) and having at least 1 web-based appointment
with a care advocate (aOR 1.42, 95% CI 1.07-1.91) were
associated with avoiding an in-person visit. Regarding provider
services, attending more web-based provider appointments (Q2:
aOR 1.57,95% Cl 1.00-2.41; Q3: aOR 2.53,95% Cl 1.72-3.72;
and Q4: aOR 5.26, 95% CI 3.76-7.42) and sending more
messages to providers were both associated with avoiding an
in-person visit in a dose-response manner. When broken down
by provider type, both having at least 1 web-based appointment
with an OB/GY N (aOR 4.19, 95% CI 3.21-5.47) and having at
least 1 web-based appointment with a mental health provider
(aOR 2.07, 95% CI 1.45-2.89) were associated with avoiding
in-person care (Table 3).
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Table 3. Effect of web-based care use on avoidance in-person care (N=5263).

Jahnke et al

Unadjusted Adjusted
Odds ratio (95% Cl) P value Adjusted oddsratio (95% CI)2 P value
Pregnancy trimester enrolled
First trimester 2.59 (1.84-3.69) <.001 2.49 (1.74-3.61) <.001
Second trimester 1.91 (1.38-2.69) <.001 1.86 (1.32-2.65) <.001
Third trimester Ref® N/AC Ref N/A
Educational content
Articles read®
Q1 Ref N/A Ref N/A
Q2 1.75 (1.14-2.70) 01 1.73(1.11-2.73) 01
Q3 2.26 (1.51-3.44) <.001 2.27 (1.45-3.60) <.001
Q4 3.79 (2.61-5.65) <.001 3.98 (2.55-6.33) <.001
Class recordingswa'[chedd
Qland Q2 Ref N/A Ref N/A
Q3 1.26 (0.94-1.69) 12 1.22 (0.89-1.68) .02
Q4 2.02 (1.51-2.69) <.001 2.00 (1.44-2.77) <.001
Web-based classes attended
Qland Q2 Ref N/A Ref N/A
Q3 1.35(1.00-1.81) .05 1.31 (0.95-1.80) 1
Q4 1.69 (1.27-2.24) <.001 1.67 (1.20-2.31) .02
Care coordination
M essages sent to care advocate®
Q1 Ref N/A Ref N/A
Q2 1.25 (0.80-1.92) 3 1.25 (0.78-1.95) 3
Q3 1.73 (1.24-2.44) .001 1.69 (1.19-2.41) .004
Q4 3.00 (2.21-4.11) <.001 2.73(1.97-3.82) <.001
At least 1 care advocate appointment 1.36 (1.04-1.80) .03 1.42 (1.07-1.91) .02
Provider services
M essages sent to care providersd
Qland Q2 Ref N/A Ref N/A
Q3 2.42 (1.72-3.37) <.001 2.34(1.64-3.31) <.001
Q4 3.81(2.91-5.02) <.001 3.35 (2.50-4.50) <.001
Total web-based provider appointments attended®
Q1 Ref N/A Ref N/A
Q2 1.65 (1.10-2.44) .01 1.57 (1.00-2.41) 04
Q3 2.69 (1.89-3.81) <.001 2.53(1.72-3.72) <.001
Q4 5.70 (4.24-7.72) <.001 5.26 (3.76-7.42) <.001
At least 1 appointment with
Obstetrician/gynecologist providers 4,51 (3.53-5.76) <.001 4.19 (3.21-5.47) <.001
Mental health providers 2.31(1.65-3.17) <.001 2.07 (1.45-2.89) <.001

3\ odels were adjusted for age, race and ethnicity, medical risk score, mental health conditions, pregnancy-related anxiety, parity, pregnancy trimester
enrolled, and high Socia Vulnerability Index.
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bRef: reference group.
°N/A: not applicable.
dhown in quartiles.

Effect of Digital Platform Use on Pregnancy-Related
Knowledge

A similar dose-response effect for each type of use was observed
in adjusted models predicting the odds of helping users
understand warning signs during pregnancy and learn medically
accurate information about pregnancy and its complications
(Table 4). In every adjusted model, more use of educational
content, care coordination, and provider services was
significantly associated with higher odds of the outcome.
Overdll, first-trimester enrollers were more likely to report
understanding warning signs (aOR 3.40, 95% Cl 2.92-3.97) and
learn medically accurate information (aOR 2.47, 95% ClI

https://www.jmir.org/2023/1/e43180

Jahnke et al

2.13-2.87) when compared with third-trimester enrollers. Among
the educational content, reading more articles had the greatest
effect on understanding warning signs (Q2: aOR 2.00, 95% Cl
1.71-2.34; Q3: aOR 3.48, 95% Cl 2.96-4.09; and Q4: aOR 6.46,
95% CI 5.42-7.71) and learning medically accurate information
(Q2: aOR 2.07, 95% Cl 1.76-2.44; Q3: aOR 3.39, 95% CI
2.88-4.01; and Q4: aOR 5.61, 95% Cl 4.72-6.67). A similar
dose-response effect was observed for sending messages to a
care advocate, sending messages to providers, and attending
appointments with providers. Having at |east one appointment
with acare advocate, an OB/GY N, and amental health provider
also affected these outcomes (Table 4).
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Table 4. Effect of use on Maven helping users understand warning signs in pregnancy and learn medically accurate information about pregnancy
(N=5263).

Maven hel ped me understand warning signs during Maven helped melearn medically accurate information
pregnancy about pregnancy and complications

OR®(95%Cl) Pvaue aORP(95%CI)° Pvaue OR(95%CI) Pvaue aOR (95% CI)° Pvaue

Pregnancy trimester enrolled

First trimester 347(298-404) <001  340(292-397) <001  254(219-295 <001  247(213-2.87) <.001
Second trimester 219(1.93-250) <.001  216(1.89-246) <.001  1.85(1.62-211) <001  1.80(1.58-2.06) <.001
Third trimester Refd N/AE Ref N/A Ref N/A Ref N/A

Educational content

Articlesread'
Q1 Ref N/A Ref N/A Ref N/A Ref N/A
Q2 204(174-238) <001 200(1.71-2.34) <001 216(1.84-255) <001  207(L76-2.44) <.001
Q3 357(304-419) <001 348(296-4.09) <001 361(3.07-426) <001 3.39(2.88-4.01) <.001
Q4 6.78(5.72-806) <001  6.46(5.42-7.71) <001 6.23(527-7.37) <001  5.61(4.72-6.67) <.001

Classrecordingswa'[chedf

Qland Q2 Ref N/A Ref N/A Ref N/A Ref N/A
Q3 196(172-223) <001  186(1.64-213) <001  222(1.95-253) <001 2.08(183-237) <.001
Q4 294(253-343) <001 270(231-315) <001 366(315-425 <001 3.26(281-380) <.001

Web-based classes attended'

Qland Q2 Ref N/A Ref N/A Ref N/A Ref N/A
Q3 171(149-196) <001  161(1.40-1.84) <001  167(146-191) <001  153(134-1.76) <.001
Q4 266(230-3.08) <001  240(2.06-279) <.001  292(254-337) <001 253(218293) <.001

Carecoordination

M essages sent to care advocate'

Q1 Ref N/A Ref N/A Ref N/A Ref N/A

Q2 1.06(0.90-1.26) .50 1.06 (0.90-1.26) .50 11(0.93-1.31) .30 11(0.93-1.31) .30

Q3 149(1.29-1.71) <001  147(L27-1.69) <001  1.69(147-195) <001  1.66(144-192) <.001

Q4 245(2.11-2.86) <001  2.32(1.99-270) <001 297(256-345) <001 276(2.38-3.21) <.001
Atleast 1 care advocateap- 1.12(1.07-1.19) <001  1.30(1.16-147) <001  134(1.19-150) <001  134(1.19-151) <001
pointment

Provider services

M essages sent to care providersf

Qland Q2 Ref N/A Ref N/A Ref N/A Ref N/A
Q3 18(153-211) <001  177(150-208) <001  193(165-226) <001  1.9(1.62-222) <.001
Q4 213(185245) <001 207(1.80-2.39) <001 248(217-285 <001 2.42(211-2.78) <.001

Total web-based provider appointments attended’

Q1 Ref N/A  Ref N/A  Ref N/A  Ref N/A
Q2 1.14(0.98-1.33) .09 1.15(0.98-1.34) .08 1.37(1.17-160) <001  1.38(118-162) <.001
Q3 1.73(149-203) <001  166(143195 <001 239(205279) <001  229(196-267) <.001
Q4 253(216-296) <001  244(208287) <001 310(266-363) <001  298(255349) <.001

At least 1 appointment with

Obstetrician/gynecolo- 2.12(1.83-245) <.001  2.04(1.76-2.37) <.001  222(1.93-255) <.001 212(1.84-244) <.001
gist providers
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Maven helped me understand warning signs during

pregnancy
OR?(95% Cl)

Pvaue aORP(95%Cl)¢ P vaue

Maven helped melearn medically accurate information
about pregnancy and complications

OR(95%Cl) Pvalue aOR (95%CI)¢ P vaue

Mental hedlth providers 1.35(1.11-1.65) .002

1.42 (1.17-1.74)

<001  1.18(0.98-143) .84 1.25(1.03-152) .02

30R: odds ratio.

b20R: adjusted odds ratio.

®Models were adjusted for high Social Vulnerability Index and parity.
dRef: reference group.

EN/A: not applicable.

fshown in quartiles.

Effect of Pregnancy-Related K nowledge on Avoidance
of In-Person Care

In the adjusted models, understanding warning signs and
learning medically accurate information from the digital
platform were independently associated with in-person care
avoidance (aOR 3.55, 95% Cl 2.60-4.94 and aOR 2.05, 95%
Cl 1.59-2.67, respectively, with N=5263 and P values <.001).
Models were adjusted for high SVI, parity, and pregnancy
trimester enrolled.

Discussion

Principal Findings

The results of this retrospective study suggest that patient
education, care coordination, and provider services offered
through a comprehensive digital platform present promising
solutions for improving pregnancy-related knowledge and
reducing low-value ER use and in-person care for pregnant
patients.

These results suggest that digital platforms can provide
information and tools that patients need to recognize warning
signs, avoid medical misinformation, and decide when in-person
care is medically appropriate during pregnancy. This study
found that longer durations of digital platform use and greater
use of al digital services, including all facets of educational
content, care coordination, and provider services, were
associated with helping users avoid ER or in-person care by
understanding warning signs in their pregnancies and learning
medically accurate information. A dose-response effect was
observed for all uses assessed in quartiles. Reading articlesand
attending web-based provider appointments were the most
predictive of helping users avoid ER or in-person care.
Attending at least one appointment with an OB/GYN and
attending at | east one appointment with amental health provider
were also independently associated with helping usersto avoid
ER or in-person care. Reading articles, watching class
recordings, and attending web-based appointments were most
predictive of users’ reporting that the platform helped them
understand warning signs and learn medicaly accurate
information. Reports that the digital platform helped users
understand warning signs and learn medicaly accurate
information were associated with helping users avoid ER or
in-person care.

https://www.jmir.org/2023/1/e43180

Comparison With Prior Work

Our analysisfound that the use of resources on adigital platform
was associated with user reports of learning medically accurate
information and understanding warning signs, which in turn
were associated with helping pregnant people avoid in-person
care. Leadersin maternity care have advocated patient education
as a key way to mitigate pregnancy-related morbidity and
mortality. A recent report from maternal mortality review
committees found that over 80% of pregnancy-related deaths
were preventable[16], and other review committees found that
lack of knowledge on warning signs was among the most
common contributors to maternal mortality [4]. Furthermore,
the Centers for Disease Control and Preventions' Hear Her
campaign ams to prevent pregnancy-related deaths by
increasing awareness of pregnancy-related complications and
their warning signs [3]. Our results suggest that digital
technology can be used to hel p pregnant peoplelearn medically
accurateinformation and recognize warning signs, which could
contribute to more timely identification and management of
pregnancy complications.

In addition to helping patients recognize warning signs for
physical health conditions, education and support through digital
platforms can be useful in helping them manage their mental
health. Previous studies have found that increased knowledge
of pregnancy complications from digital health platforms is
associated with a reduction in maternal anxiety [17]. Not only
is mental health management through digital health platforms
beneficial to patients' mental health directly but also it has the
ability to improve physica heath [18] and help decrease
inappropriate in-person care use [19,20]. Studies have found
that untreated mental health conditions, including depression
and anxiety during and after pregnancy, are associated with
worse maternal and infant health, leading to higher use of
services and health care costs [21]. As such, digital platforms
have the potential tofill gapsin education, aswell as preventive
and mental health services, presenting a promising solution for
mitigating the use of low-value in-person care.

Promoting high-value care by supplementing routine care with
access to a digital platform is beneficial for patients, payers,
and health systems. For patients, the benefits of telehealth
include ease of use, improved communication with providers,
after-hours care, timely information, high patient satisfaction,
and decreased travel and wait times [22-24]. The literature on
patient satisfaction reports that digital health users generally
report high confidencein and acceptance of digital health, which

JMed Internet Res 2023 | vol. 25 | e43180 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

can result in more patient activation and education [25].
Furthermore, digital solutions can decrease the stress of
navigating in-person care, particularly during ER visits.
Telehealth can also expand the accessibility of resources by
overcoming geographic and logistical barriers[26] and can have
substantial cost savingsfor patients from avoided childcare and
transportation, promoting health equity [27].

With the rise of accountable care organizations and the use of
value-based payment [28], patients avoiding unnecessary ER
and in-person visits provide opportunities for cost savings for
health systems and payers [29]. Furthermore, avoiding
unnecessary ER and in-person care opens up capacity in
hospitals and health centers to more effectively treat patients
with urgent needs [30,31]. Potential value extends beyond care
efficiency: increased pregnancy-related knowledge gained
through digital health platforms may drive downstream
improvementsfor other health outcomes[32], including mental
health and maternal and infant outcomes[17], which could drive
cost savings for the health care system while improving
population health [19,20].

Strengths and Limitations

This study extends the available literature by assessing the
potential influence of access to comprehensive digital health
services on ER and in-person care avoi dance during pregnancy.
Our study has several strengths. We assessed a national sample
of commercially insured pregnant people who were not limited
to a single health care system. Second, we leveraged product
use data that are tracked internally, so they are not subject to
recall bias.

This study also has limitations. First, except for use data, all
datawere self-reported by users, which may cause misreporting
of medical conditions and a subjective report of whether the
digital platform wasinfluential in avoiding an ER or in-person
care. However, this method also alows for an in-depth
assessment of users experiences and perspectives, which
provides a unique, patient-centered perspective on the value of
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digital solutions. Second, this analysis did not account for the
simultaneous use of various types of web-based resources
throughout pregnancy, asthese are not necessarily confounders
(it isunclear how the use of one resource influences the use of
another); thus, their inclusion could introduce bias [33]. Future
research could consider how the total use of digital resources
across resource types as a score or latent variable is associated
with these outcomes. Third, this retrospective study used data
designed to meet multiple needs: research and outcome
evaluation, clinical care, and product improvement.
Consequently, data collection was not optimized solely for
research purposes, resulting in alack of specificity in some of
our data fields. For example, here we examined whether users
report that they were helped to avoid in-person care at al, but
it is not possible to assess which kinds of care were avoided,
and it does not disaggregate ER from other in-person care. In
addition, we cannot assess the ways in which digital health
services help patients avoid in-person care; for example, users
may have preferred digital services or found them more
accessible. Future research should investigate the specific types
of care that digital services are best suited to help users avoid.
Finally, these data were collected during the peak of the
COVID-19 pandemic, atime when people may have sought to
avoid in-person care more actively. Future research is needed
to assess whether these effects differ in more diverse
populations, including patients with public insurance, greater
socia vulnerability, and historically marginalized racia and
ethnic groups.

Conclusions

Multifaceted digital health platforms such as Maven can help
reduce the use of in-person care, including ER visits during
pregnancy. Digita platformsare well-suited for providing users
with convenient, high-quality, and patient-centered educational
materials and web-based care that can improve
pregnancy-related knowledge and reducein-person care, which
can be costly and burdensome.

All authors had access to the data sets and take responsibility for the integrity of the analyses.

The authors would like to thank Maven Clinic users for using the app and for providing the data analyzed in this research. They
are also grateful to Felipe Alamos for reviewing the analytical code.

Authors Contributions

HRJ, LR-M, and AP conceptualized and designed the study. HRJ and LR-M analyzed the data, and HRJ, LR-M, NH, CM, NS,
and AP contributed to data interpretation. HRJ and LR-M prepared the first draft of this manuscript. All authors reviewed and

edited the manuscript and approved its final version.

Conflictsof Interest

This research was funded by Maven Clinic through employment of the authors. HRJ, LR-M, NH, CM, and NS hold positions at
Maven Clinic and have equity in Maven Clinic, and AP isa paid consultant for Maven Clinic.

References

1. Cunningham SD, Magriples U, Thomas JL, Kozhimannil KB, Herrera C, Barrette E, et al. Association between maternal
comorbidities and emergency department use among a hational sample of commercially insured pregnant women. Acad
Emerg Med 2017 Aug;24(8):940-947 [FREE Full text] [doi: 10.1111/acem.13215] [Medline: 28471532]

https://www.jmir.org/2023/1/e43180

JMed Internet Res 2023 | vol. 25 | 43180 | p. 14
(page number not for citation purposes)


https://onlinelibrary.wiley.com/doi/10.1111/acem.13215
http://dx.doi.org/10.1111/acem.13215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28471532&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jahnke et &

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kilfoyle KA, Vrees R, Raker CA, Matteson KA. Nonurgent and urgent emergency department use during pregnancy: an
observationa study. Am JObstet Gynecol 2017 Feb;216(2):181.e1-181.e7 [FREE Full text] [doi: 10.1016/].8/09.2016.10.013]
[Medline: 27773714]

Hear her campaign. Centers for Disease Control and Prevention. 2022. URL : https:.//www.cdc.gov/hearher/
about-the-campaign/index.html [accessed 2022-09-12]

Report from nine maternal mortality review committees. Building U.S. Capacity to Review and Prevent Maternal Deaths.
2018. URL: https://www.cdcfoundation.org/sites/defaul t/fil es/files/ReportfromNineM M RCs.pdf [accessed 2022-09-12]
Dorsey ER, Topol EJ. State of telehealth. N Engl JMed 2016 Jul 14;375(2):154-161. [doi: 10.1056/NEJMral601705]
[Medline: 27410924]

Presidential Task Force on Telehealth. Implementing tel ehealth in practice: ACOG committee opinion summary, number
798. Obstet Gynecol 2020 Feb;135(2):493-494 [FREE Full text] [doi: 10.1097/A0G.0000000000003672] [Medline:
31977794]

Santo L, Ashman JJ, Xu J. Emergency department visits by adultswith chronic conditions associated with severe COVID-19
illness: United States, 2017-2019. Natl Health Stat Report 2022 Sep(174):1-14 [FREE Full text] [Medline: 36135964]
Norbye AD, Abelsen B, Farde OH, Ringberg U. The association between health anxiety, physical disease and cardiovascular
risk factorsin the general population - a cross-sectional analysis from the Tromsg study: Tromsg 7. BMC Prim Care 2022
Jun 02;23(1):140 [FREE Full text] [doi: 10.1186/s12875-022-01749-0] [Medline: 35655153]

Horenstein A, Rogers AH, Bakhshaie J, Zvolensky MJ, Heimberg RG. Examining the role of anxiety sensitivity and
intolerance of uncertainty in the relationship between health anxiety and likelihood of medical care utilization. Cogn Ther
Res 2018 Nov 21;43(1):55-65 [FREE Full text] [doi: 10.1007/s10608-018-9980-7]

Bangma JT, Kwiatkowski E, Psioda M, Santos J- HP, Hooper SR, DouglassL, et al. Assessing positive child health among
individuals born extremely preterm. J Pediatr 2018 Nov;202:44-9.e4 [FREE Full text] [doi: 10.1016/j.jpeds.2018.06.037]
[Medline: 30078720]

CDC/ATSDR socia vulnerahility index 2018 database US. Centers for Disease Control and Prevention/ Agency for Toxic
Substances and Disease Registry/ Geospatial Research, Analysis, and Services Program. 2022. URL: https://www.
atsdr.cdc.gov/placeandhealth/svi/data_documentation download.html [accessed 2022-02-14]

HUD USPS ZIP code crosswalk files. US Department of Housing and Urban Development. 2022. URL: https://www.
huduser.gov/portal/datasets/usps _crosswalk.html [accessed 2022-03-28]

Din A, Wilson R. Crosswalking ZIP codes to census geographies: geoprocessing the U.S. Department of Housing and
Urban Development’s ZI P code crosswalk files. Cityscape 2020;22(1):293-314 [FREE Full text]

Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology 1999 Jan;10(1):37-48.
[Medline: 9888278]

R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical
Computing; 2021. URL: https://www.r-project.org/ [accessed 2022-03-28]

Pregnancy-rel ated deaths: datafrom maternal mortality review committeesin 36 US states, 2017—-2019. Centersfor Disease
Control and Prevention. 2022. URL: https://www.cdc.gov/reproductiveheal th/maternal -mortality/erase-mm/data-mmrc.
html [accessed 2022-09-20]

Walker MG, Windrim C, Ellul KN, Kingdom JC. Web-based education for placental complications of pregnancy. J Obstet
Gynaecol Can 2013 Apr;35(4):334-339. [doi: 10.1016/S1701-2163(15)30961-0] [Medline: 23660041]

Prince M, Patel V, Saxena S, Maj M, Maselko J, Phillips MR, et a. No health without mental health. Lancet 2007 Sep
8;370(9590):859-877 [FREE Full text] [doi: 10.1016/S0140-6736(07)61238-0] [Medline: 17804063]

Chojenta C, William J, Martin MA, Byles J, Loxton D. The impact of a history of poor mental health on health care costs
inthe perinatal period. Arch Womens Ment Health 2019 Aug;22(4):467-473. [doi: 10.1007/s00737-018-0912-4] [Medline:
30251209]

Margiotta C, Gao J, VohraD, O'Neil S, Zivin K. Untreated maternal mental health conditions in Texas: costs to society
and to Medicaid. Mathematica. 2021 Mar. URL: https.//www.mathematica.org/publications/

untreated-maternal -mental -heal th-conditi ons-in-texas-costs-to-soci ety-and-to-medicaid [accessed 2022-08-26]

Margiotta C, Gao J, O'Neil S, Vohra D, Zivin K. The economic impact of untreated maternal mental health conditionsin
Texas. BMC Pregnancy Childbirth 2022 Sep 12;22(1):700 [FREE Full text] [doi: 10.1186/s12884-022-05001-6] [Medline:
36096759]

Wade VA, Karnon J, Elshaug AG, Hiller JE. A systematic review of economic analyses of telehealth services using real
time video communication. BMC Health Serv Res 2010 Aug 10;10:233 [FREE Full text] [doi: 10.1186/1472-6963-10-233]
[Medline: 20696073]

Kruse CS, Krowski N, Rodriguez B, Tran L, Vela J, Brooks M. Telehealth and patient satisfaction: a systematic review
and narrative analysis. BMJ Open 2017 Aug 03;7(8):e016242 [ FREE Full text] [doi: 10.1136/bmjopen-2017-016242]
[Medline: 28775188]

AghaZ, SchapiraRM, Laud PW, McNutt G, Roter DL . Patient satisfaction with physician-patient communication during
telemedicine. Telemed J E Health 2009 Nov;15(9):830-839. [doi: 10.1089/tm;j.2009.0030] [Medline: 19919189]

https://www.jmir.org/2023/1/e43180 JMed Internet Res 2023 | vol. 25 | e43180 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/27773714
http://dx.doi.org/10.1016/j.ajog.2016.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27773714&dopt=Abstract
https://www.cdc.gov/hearher/about-the-campaign/index.html
https://www.cdc.gov/hearher/about-the-campaign/index.html
https://www.cdcfoundation.org/sites/default/files/files/ReportfromNineMMRCs.pdf
http://dx.doi.org/10.1056/NEJMra1601705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27410924&dopt=Abstract
https://www.acog.org/-/media/project/acog/acogorg/clinical/files/committee-opinion/articles/2020/02/implementing-telehealth-in-practice.pdf
http://dx.doi.org/10.1097/AOG.0000000000003672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31977794&dopt=Abstract
http://www.cdc.gov/nchs//data/nhsr/nhsr174.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36135964&dopt=Abstract
https://europepmc.org/abstract/MED/35655153
http://dx.doi.org/10.1186/s12875-022-01749-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35655153&dopt=Abstract
https://link.springer.com/article/10.1007/s10608-018-9980-z
http://dx.doi.org/10.1007/s10608-018-9980-z
https://europepmc.org/abstract/MED/30078720
http://dx.doi.org/10.1016/j.jpeds.2018.06.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30078720&dopt=Abstract
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
https://www.huduser.gov/portal/datasets/usps_crosswalk.html
https://www.huduser.gov/portal/datasets/usps_crosswalk.html
https://www.huduser.gov/portal/periodicals/cityscpe/vol22num1/ch12.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9888278&dopt=Abstract
https://www.r-project.org/
https://www.cdc.gov/reproductivehealth/maternal-mortality/erase-mm/data-mmrc.html
https://www.cdc.gov/reproductivehealth/maternal-mortality/erase-mm/data-mmrc.html
http://dx.doi.org/10.1016/S1701-2163(15)30961-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23660041&dopt=Abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)61238-0/fulltext
http://dx.doi.org/10.1016/S0140-6736(07)61238-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17804063&dopt=Abstract
http://dx.doi.org/10.1007/s00737-018-0912-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30251209&dopt=Abstract
https://www.mathematica.org/publications/untreated-maternal-mental-health-conditions-in-texas-costs-to-society-and-to-medicaid
https://www.mathematica.org/publications/untreated-maternal-mental-health-conditions-in-texas-costs-to-society-and-to-medicaid
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-022-05001-6
http://dx.doi.org/10.1186/s12884-022-05001-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36096759&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-10-233
http://dx.doi.org/10.1186/1472-6963-10-233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20696073&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=28775188
http://dx.doi.org/10.1136/bmjopen-2017-016242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28775188&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2009.0030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19919189&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jahnke et &

25.

26.

27.

28.

29.

30.

31.

32.

33.

van den Heuvel JF, Groenhof TK, Veerbeek JH, van Solinge WW, Lely AT, Franx A, et a. eHealth as the next-generation
perinatal care: an overview of the literature. JMed Internet Res 2018 Jun 05;20(6):€202 [EREE Full text] [doi:
10.2196/jmir.9262] [Medline: 29871855]

Marcin JP, Shaikh U, Steinhorn RH. Addressing health disparitiesin rural communities using telehealth. Pediatr Res 2016
Jan; 79(1-2):169-176 [FREE Full text] [doi: 10.1038/pr.2015.192] [Medline: 26466080]

Lyles CR, Wachter RM, Sarkar U. Focusing on digital health equity. JAMA 2021 Nov 09;326(18):1795-1796. [doi:
10.100V/jama.2021.18459] [Medline: 34677577]

Duffy S, Lee TH. In-person health care as option B. N Engl JMed 2018 Jan 11;378(2):104-106. [doi:
10.1056/NEJMp1710735] [Medline: 29320653]

Sudhof L, Shah NT. In pursuit of value-based maternity care. Obstet Gynecol 2019 Mar;133(3):541-551. [doi:
10.1097/A0G.0000000000003113] [Medline: 30801455]

Kelen G, Wolfe R, D'Onofrio G, Mills A, Diercks D, Stern S, et a. Emergency department crowding: the canary in the
health care system. NEJM Catal 2021 Sep 28;2(5):1-26 [FREE Full text] [doi: 10.1056/CAT.21.0217]

Sorenson C, Japinga M, Crook H, McClellan M. Building a better health care system post-COVID-19: steps for reducing
low-value and wasteful care. NEJM Catal 2020 Aug 21:1-10 [FREE Full text] [doi: 10.1056/CAT.20.0368]

Zibellini J, Muscat DM, Kizirian N, Gordon A. Effect of health literacy interventions on pregnancy outcomes: asystematic
review. Women Birth 2021 Mar;34(2):180-186. [doi: 10.1016/j.wombi.2020.01.010] [Medline: 32094036]

Inoue K, Goto A, Sugiyama T, Ramlau-Hansen CH, Liew Z. The confounder-mediator dilemma: should we control for
obesity to estimate the effect of perfluoroalkyl substances on health outcomes? Toxics 2020 Dec 20;8(4):125 [FREE Full
text] [doi: 10.3390/toxics8040125] [Medline: 33419269]

Abbreviations

aOR: adjusted odds ratio

ER: emergency room

OB/GYN: obstetrician/gynecol ogist
SVI: Socia Vulnerahility Index

Edited by T Leung; submitted 06.10.22; peer-reviewed by R Halkes, JJ Mira; comments to author 18.01.23; revised version received
15.02.23; accepted 19.03.23; published 15.05.23

Please cite as:

Jahnke HR, Rubin-Miller L, Henrich N, Moss C, Shah N, Peahl A

Association Between the Use of a Digital Health Platform During Pregnancy and Helping Users Avoid Emergency and In-Person
Care: Retrospective Observational Study

J Med Internet Res 2023; 25:e43180

URL: https://www.jmir.org/2023/1/e43180

doi: 10.2196/43180

PMID:

©Hannah R Jahnke, Lily Rubin-Miller, Natalie Henrich, ChristaMoss, Neel Shah, Alex Peahl. Originally publishedin the Journal
of Medical Internet Research (https://www.jmir.org), 15.05.2023. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medica Internet
Research, is properly cited. The complete bibliographic information, alink to the original publication on https.//www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2023/1/e43180 JMed Internet Res 2023 | vol. 25 | e43180 | p. 16

RenderX

(page number not for citation purposes)


https://www.jmir.org/2018/6/e202/
http://dx.doi.org/10.2196/jmir.9262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29871855&dopt=Abstract
https://escholarship.org/uc/item/7rb777w2
http://dx.doi.org/10.1038/pr.2015.192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26466080&dopt=Abstract
http://dx.doi.org/10.1001/jama.2021.18459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34677577&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1710735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320653&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0000000000003113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30801455&dopt=Abstract
https://catalyst.nejm.org/doi/pdf/10.1056/CAT.21.0217
http://dx.doi.org/10.1056/CAT.21.0217
https://catalyst.nejm.org/doi/pdf/10.1056/CAT.20.0368
http://dx.doi.org/10.1056/CAT.20.0368
http://dx.doi.org/10.1016/j.wombi.2020.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32094036&dopt=Abstract
https://www.mdpi.com/resolver?pii=toxics8040125
https://www.mdpi.com/resolver?pii=toxics8040125
http://dx.doi.org/10.3390/toxics8040125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33419269&dopt=Abstract
https://www.jmir.org/2023/1/e43180
http://dx.doi.org/10.2196/43180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

