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Abstract

Objective: Given the complex nature of preterm birth, interventions to reduce rates of preterm birth should be multifaceted.
This analysis aimed to explore the association between the duration of using Maven, a digital health platform for women’s
and family health, and the odds of preterm birth.

Methods: Data came from 3326 pregnant, nulliparous Maven users who enrolled in Maven during their pregnancy between
January 2020 and September 2022. Chi-square and Fisher’s exact tests compared characteristics between users who devel-
oped gestational conditions and users who did not. This retrospective cohort study used logistic regression models to esti-
mate the association between the duration of Maven use and odds of preterm birth, stratified by the presence of gestational
conditions.

Results: Compared to those without gestational conditions, individuals who developed gestational conditions were more
likely to have a preterm birth (8.7% vs. 3.4%; p<0.001). For every 1 h of Maven use, users experienced a 2% reduction
in their odds of experiencing a preterm birth [adjusted odds ratio (AOR) (95% confidence interval (Cl))=0.98 (0.95,
0.998), p=0.04]. Among individuals who developed gestational conditions, every 1 h increase in Maven use was associated
with a 5% reduction in the odds of experiencing a preterm birth [AOR (95% Cl) =0.95 (0.91, 0.99), p=0.037]. There was no
statistically significant association between Maven use and preterm birth in individuals without gestational conditions.

Conclusion: Among those who developed gestational conditions, use of a digital health platform was associated with a
decreased likelihood of preterm birth.
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should be multifaceted.>® For individuals with uncompli-
cated pregnancies, beneficial interventions may include
educational tools to prevent disease. In contrast, for those

Introduction

Preterm birth occurs when an infant is born before 37 weeks ges-
tational age. In 2022, 10.4% of all births in the United States
were considered preterm.' Preterm birth is associated with long-

term health issues and high emotional and financial costs to fam-
ilies.? There are several maternal risk factors that increase one’s
risk of preterm birth, including older age, gestational conditions
(e.g. preeclampsia or gestational diabetes), alcohol or drug use
during pregnancy, and maternal stress or depression. At the soci-
etal level, low socioeconomic status and lack of appropriate pre-
natal care can also increase risk.>*

Given the complex nature of preterm birth, research sug-
gests that interventions to reduce rates of preterm birth
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who develop gestational conditions or complications that
increase their risk of preterm birth, interventions may
need to include education alongside access to healthcare
providers to promote disease management.” Digital health
platforms can aid in both disease prevention and manage-
ment by offering care coordination and expanding access
to healthcare and educational resources throughout preg-
nancy.® Use of digital health has been associated with
positive pregnancy and birth outcomes including mental
health management during pregnancy,”'® and a decreased
likelihood of cesarean birth.!""!? Further, integration of
telehealth visits into routine antenatal care has been asso-
ciated with a decreased likelihood of preterm birth.'?

As the use of digital health care during pregnancy
increases, it is important to explore how it can be leveraged
to help complement in-person care and reduce preterm birth
rates. Maven, a comprehensive digital platform for
women’s and family health, offers continuous access to
virtual healthcare providers, allied health professionals,
and care coordinators via messaging and telehealth appoint-
ments, as well as educational materials (e.g. articles and
virtual classes).'* This analysis explored the association
between the duration of digital health care use through
Maven and the odds of preterm birth among a sample of
nulliparous individuals. Given the clinical associations
between gestational conditions during pregnancy and the
likelihood of preterm birth, our results were stratified by
the presence/absence of gestational conditions.

Methods

Study setting and design

This retrospective cohort study examined the associations
between digital health use and preterm birth among indivi-
duals enrolled in Maven. Maven offers a comprehensive
digital platform designed to support women’s and family
health and complements routine prenatal care. Users
receive free and unlimited access to Maven as an employer
or health plan-sponsored benefit through their own or their
partner’s employer. Within the digital platform, Maven
offers a variety of digital education and support services,
including access to a care advocate who serves as users’
primary point of contact within the virtual platform, sup-
ports the coordination of digital prenatal services, and
directs users to providers and services; access to articles,
videos, and live classes; and access to virtual appointments
with providers across a variety of specialties including
obstetrics, mental health, nutrition, physical therapy, and
others. Users are able to enroll in Maven at any point
during their pregnancy. Data for this analysis included
platform use data as well as user-reported data from the
enrollment questionnaire (completed during pregnancy
immediately upon enrollment in Maven) and the post-birth
questionnaire (Supplemental Table 1). The post-birth

questionnaire was administered in the platform after the
user-reported due date (85% of users completed this ques-
tionnaire within their first month postpartum).

Data were extracted from employer or health plan-
sponsored Maven users residing in the US who enrolled
in the pregnancy program and provided complete data for
all health assessments between January 2020 and
September 2022. We excluded users who: had previously
given birth (n=1549), had a multiple pregnancy (n=
689), conceived with fertility treatment (n=0), and
reported any cigarette, drug, or alcohol use during preg-
nancy (n=29; Supplemental Figure 1). These exclusion
decisions were made due to the strong associations
between experiences in a previous pregnancy/birth,'> mul-
tiple gestation,'® and drug/alcohol use with preterm birth,'”
independent of other factors. A final analytic sample of
3326 participants was included in this analysis. All users
consented to the use of their de-identified data for scientific
research upon creating a Maven account. This study used
de-identified data only, and the protocol was designated
as exempt by the WCG Institutional Review Board ((45
CFR §46.104(d)(4)), an independent ethical review board.
An abstract of this manuscript is available at https:/www.
ajog.org/article/S0002-9378(23)01025-6/fulltext.

Outcome: Preterm birth

Preterm birth was determined if users gave birth before 37
weeks, 0 days gestation. Gestational age at birth was calcu-
lated from the estimated due date (reported by users in the
enrollment questionnaire) and infant date of birth (reported
by users in the post-birth questionnaire).

Exposure: Digital health use

The primary exposure in this analysis was the duration of
use of Maven services. To calculate the total number of
active hours a person spent on Maven, we used member
use data (automatically tracked within the platform) to
sum the time spent with a care advocate, with a provider,
messaging a provider, reading articles, attending virtual
classes, or watching class recordings.

Gestational conditions

Given the strong associations between gestational condi-
tions and subsequent infant health outcomes,'® all analyses
were stratified by the presence of gestational conditions.
The following conditions were assessed on both the
enrollment questionnaire and the post-birth questionnaire:
cholestasis, gestational diabetes, intrauterine growth restric-
tion, hypertension, preeclampsia, eclampsia, vaginal blood
loss (non-labor related), problems with the placenta, issues
with the cervix, excess or diminished amniotic fluid, infant
large for gestational age, perinatal mood disorder, and
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hemolysis, elevated liver enzymes, low platelet count (HELLP)
syndrome. Users were stratified by having at least one gesta-
tional condition versus having no gestational conditions.

Covariates

Directed acyclic graphs were used to identify confounders and
determine the relevant covariates to include in each model."”
The enrollment questionnaire collected data on user-reported
demographics (e.g. self-reported age, race, and ethnicity), pre-
pregnancy body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared), and medical
history (e.g. history of chronic and mental health conditions,
gestational conditions in most recent pregnancy, and mode
of delivery in most recent pregnancy). Ethnicity and race
were categorized into “Hispanic/Latinx’’ and non-Hispanic/
Latinx: “White,” “Asian or Pacific Islander,” ‘“Black,” and
“Multiracial or American Indian.” The latter category was
created due to a small sample size of users who identified as
multiracial or American Indian. History of chronic conditions
was included in the models by summing the total number of
medical conditions reported by each user and categorizing
them into 3 groups: “O conditions,” “1-2 conditions,” and “3
or more conditions.”” Trimester of enrollment into the
digital health platform, as well as the total number of days
on the platform prior to birth, was automatically tracked
within the platform based on the user’s self-reported due date.

Statistical analysis

Chi-square and Fisher’s exact tests were used to compare
characteristics between users who developed gestational
conditions during pregnancy and users who did not.
Adjusted multivariable logistic regression models estimated
the association between the number of hours of digital
health use and the odds of preterm birth, stratified by the
presence of gestational conditions. All models estimated
the odds ratio (OR) with 95% confidence intervals (CIs),
and significance was determined when p <0.05. All statis-
tical analyses were performed in RStudio version 4.2.0.

Results

Sample characteristics

Our analytic sample consisted of 3326 pregnant individuals
enrolled in Maven. The mean age of our sample was 32.3
years (SD=4.0). Forty-seven percent of users identified
as non-Hispanic White, 23% as non-Hispanic Asian or
Pacific Islander, and 14% preferred not to disclose their
race and ethnicity (Table 1). Few users reported the pres-
ence of any chronic medical conditions, with thyroid
disease being the most prevalent (8%). During pregnancy,
hypertension (15%) and gestational diabetes (11%) were
the most commonly reported gestational conditions. Six

percent of users reported their infant was born preterm
(<37 weeks gestation).

Compared to those without gestational conditions, indi-
viduals who developed gestational conditions during preg-
nancy were more likely to have a preterm birth (8.7% vs.
3.4%; p <0.001; Table 1). The presence of gestational con-
ditions varied significantly by race and ethnicity, as well as
pre-pregnancy BMI. Further, users who developed gesta-
tional conditions were more likely to be older (32.8 years
vs. 32.0 years), with a history of type 1 or type 2 diabetes
(2.2% vs. 0.2%), hypertension (5.5% vs. 0.2%), thyroid
disease (8.9% vs. 6.4%), anxiety (27.3% vs. 18.5%), and
depression (15.5% vs. 9.1%).

The majority of members enrolled in the digital health
platform during the second (50.4%) or third trimester
(34.2%) of their pregnancy. The mean number of days on
the digital health platform prior to birth was 125 days
(SD=69.6). The average amount of digital health use
during pregnancy was 8.1 h (SD=7.9). Trimester of
digital health enrollment, number of days enrolled during
pregnancy, and duration of digital health use did not vary
by the presence of gestational conditions.

Associations between digital health use and the
likelihood of preterm birth

Overall, for every hour increase in Maven use, users experi-
enced a 2% reduction in their odds of experiencing a
preterm birth [adjusted odds ratio (AOR) (95% CI)=0.98
(0.95, 0.998), p=0.04] (Table 2). When stratified by the
presence of gestational conditions, adjusted models revealed
that among individuals who developed gestational conditions
during pregnancy, every hour increase in Maven use was asso-
ciated with a 5% reduction in the odds of experiencing a
preterm birth [AOR (95% CI)=0.95 (0.91, 0.99), p=0.037]
(Table 2). Among individuals who did not develop gestational
conditions during pregnancy, there was no statistically signifi-
cant association between Maven use and preterm birth.

Discussion

Among those who developed gestational conditions during
pregnancy, increased use of a digital health platform was
associated with a decreased likelihood of preterm birth.
While evidence is limited, previous research has also
indicated timely access to antenatal care via telehealth is
associated with a decreased likelihood of preterm birth
among individuals with gestational conditions.*'**
Digital health has the ability to complement in person
care by offering immediate access to critical healthcare ser-
vices.?>** Through increased access to care, digital health
may help address patient questions and potentially reduce
preterm births by offering timely guidance at critical
points between in-person prenatal visits.>*> While the
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Table 1. Characteristics of Maven users®®, stratified by the presence of gestational conditions (N=3326).

Member characteristics
Age, mean (SD) 32.3 (3.89) 32.0 (3.63) 32.8 (4.18) <0.001

Race and ethnicity

Non-Hispanic White 1547 (46.5) 934 (48.2) 613 (44.1) 0.03
Non-Hispanic Asian or Pacific Islander 747 (22.5) 419 (21.6) 328 (23.6)

Hispanic 325 (9.8) 179 (9.2) 146 (10.5)

Non-Hispanic Black 147 (L.4) 71 (3.7) 76 (5.5)

Non-Hispanic Multiracial or American Indian 85 (2.6) 49 (2.5) 36 (2.6)

Prefer not to say 475 (14.3) 284 (14.7) 191 (13.7)

Pre-pregnancy body mass index (kg/m?)

Underweight (<18.5) 139 (&.2) 92 (4.8) 47 (3.4) <0.001
Normal weight (18.5-24.9) 1906 (57.3) 1229 (63.5) 677 (48.7)
Overweight (25.0-29.9) 803 (24.1) 433 (22.4) 370 (26.6)
Obese (>30) 478 (14.4) 182 (9.4) 296 (21.3)

History of chronic conditions

Thyroid disease 248 (7.5) 124 (6.4) 124 (8.9) 0.01
Autoimmune disease 99 (3.0) 49 (2.5) 50 (3.6) 0.07
Hypertension 80 (2.4) 3 (0.2) 77 (5.5) <0.001
Diabetes (type 1 or type 2) 33 (1.0) 3 (0.2) 30 (2.2) <0.001
Blood disorder 24 (0.7) 10 (0.5) 14 (1.0) 0.1
Heart disease 19 (0.6) 8 (0.4) 11 (0.8) 0.15
Thrombophilia 16 (0.5) 6 (0.3) 10 (0.7) 0.09
Kidney disease 11 (0.3) 7 (0.4) 4 (0.3) 0.77
HIV/AIDS 1 (0.0) 0 (0) 1(0.1) 0.42

History of mental health conditions

Anxiety 738 (22.2) 359 (18.5) 379 (27.3) <0.001

(continued)
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Table 1. Continued.

Depression

Digital health characteristics

Trimester of enrollment in the digital health platform activation

First

Second

Third

Number of days on the digital health platform, mean (SD)

Digital health use during pregnancy (hours), mean (SD)

Pregnancy outcomes

Preterm birth (<37 weeks)

Mode of birth, vaginal

Gestational conditions®
Hypertension

Gestational diabetes

Problems with the placenta
Preeclampsia, eclampsia, or HELLP
Vaginal blood loss (excluding labor)
Infant large for gestational age
Excess or diminished amniotic fluid
Issues with the cervix

Intrauterine growth restriction
Perinatal mood disorder

Cholestasis

393 (11.8)

514 (15.5)
1676 (50.4)
1136 (34.2)
125 (69.6)

8.10 (7.88)

186 (5.6)

2354 (70.8)

482 (14.5)
357 (10.7)
217 (6.5)
212 (6.4)
198 (6.0)
145 (4.4)
134 (4.0)
100 (3.0)
90 (2.7)
70 (2.1)

56 (1.7)

SD: standard deviation; HELLP: hemolysis, elevated liver enzymes, low platelet count.

?Data are presented as n (%) unless otherwise specified.

177 (9.1)

288 (14.9)
993 (51.3)
655 (33.8)
126 (68.3)

8.02 (7.64)

65 (3.4)

1482 (76.5)

216 (15.5)

226 (16.3)
683 (49.1)
481 (34.6)

125 (71.3)

8.21 (8.21)

121 (8.7)

872 (62.7)

482 (34.7)
357 (25.7)
217 (15.6)
212 (15.3)
198 (14.2)
145 (10.4)
134 (9.6)

100 (7.2)
90 (6.5)

70 (5.0)

56 (4.0)

PData are displayed for users who enrolled in Maven Clinic and gave birth between 1 January 2020 and 19 September 2022.
“Users were asked to self-report their gestational conditions within the digital health platform upon enrollment and at birth.

<0.001

0.39

0.60

0.70

<0.001

<0.001

effect is modest, this finding holds clinical significance and  birth. Further work is needed to determine how to leverage

underscores the opportunity for digital health to be a com-

ponent within a multi-faceted approach to reducing preterm  birth.

digital health to amplify its impact on reducing preterm
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Several limitations should be considered. The enroll-
ment and post-birth questionnaires have not been validated,
potentially impacting the precision of user responses.
Additionally, the generalizability and scalability of our
findings may be limited as our study population consisted
primarily of commercially insured, non-Hispanic White
individuals with internet access on a smartphone device
or computer.

Conclusion

In this study, a digital health platform that provides continu-
ous care coordination and access to providers and educa-
tional information demonstrated the potential to support
disease management and reduce the likelihood of preterm
birth. As the use of digital health during pregnancy
increases, this model of care and education may serve as
a blueprint for how digital health services may contribute
to improving birth outcomes.
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