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Abstract: Cardiovascular disease is the leading cause of maternal death among Black women in the
United States. A large, urban hospital adopted remote patient blood pressure monitoring (RBPM)
to increase blood pressure monitoring and improve the management of hypertensive disorders of
pregnancy (HDP) by reducing the time to diagnosis of HDP. The digital platform integrates with
the electronic health record (EHR), automatically inputting RBPM readings to the patients’ chart;
communicating elevated blood pressure values to the healthcare team; and offers a partial offset of
the cost through insurance plans. It also allows for customization of the blood pressure values that
prompt follow-up to the patient’s risk category. This paper describes a protocol for evaluating its
impact. Objective 1 is to measure the effect of the digitally supported RBPM on the time to diagnosis
of HDP. Objective 2 is to test the effect of cultural tailoring to Black participants. The ability to tailor
digital content provides the opportunity to test the added value of promoting social identification
with the intervention, which may help achieve equity in severe maternal morbidity events related
to HDP. Evaluation of this intervention will contribute to the growing literature on digital health
interventions to improve maternity care in the United States.

Keywords: pregnancy; United States; hypertension; pregnancy-induced; maternal death;
cardiovascular diseases; digital health; social identification; maternal health services; hospitals; urban

1. Introduction

Maternal mortality and severe morbidity events are life-altering tragedies that con-
tinue to increase in the United States (US). Maternal mortality rates were 32.9 deaths per
100,000 live births in 2021, compared with a rate of 23.8 in 2020 and 20.1 in 2019 [1]. Preg-
nancy complications remain the leading cause of death for women aged 20–44, yet another
indicator of the sweeping impact of maternal mortality in the US [2,3]. These trends are
especially concerning given the United States’ standing as a high-income country. Similar-
income countries, such as Canada and the United Kingdom, not only have significantly
lower maternal mortality rates but have also seen pronounced decreases within the same
time frame [4,5].

A critical element in discussions on maternal mortality trends is the prevalent inter-
twining of social injustice. Consistently, Black and African American (AA) women have
been disproportionately impacted by maternal mortality. In 2021, the maternal mortality
rate for AA women was 69.9 per 100,000 births, three times the rate when compared to
white women [1,6]. Black women frequently report feeling disempowered and discrimi-
nated against by their providers during their pregnancies and are more likely to lack access
to quality, culturally competent obstetrical and gynecological care than their other-race
counterparts [7–10]. With even Black celebrities and elite athletes unable to escape this
profound health crisis [11,12], the burden of maternal mortality among Black birthing

Int. J. Environ. Res. Public Health 2024, 21, 603. https://doi.org/10.3390/ijerph21050603 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph21050603
https://doi.org/10.3390/ijerph21050603
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8152-5658
https://orcid.org/0000-0001-6621-3947
https://orcid.org/0000-0002-7559-1592
https://doi.org/10.3390/ijerph21050603
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph21050603?type=check_update&version=2


Int. J. Environ. Res. Public Health 2024, 21, 603 2 of 12

persons is immense. Co-existing with maternal mortality trends is the devastating preva-
lence of cardiovascular disease in the AA community, with nearly 60% of Black women
aged 20 and over having a cardiovascular diagnosis [13]. Black women have significantly
higher odds of entering pregnancy with chronic hypertension when compared to their
white counterparts, and a considerable volume of Black maternal deaths are attributable to
hypertension [14,15]. In synergy, maternal mortality and cardiovascular disease disparities
speak to the overarching issue of structural racism’s embedment in the US healthcare
system, which holds a long, dark history of harming racially marginalized persons [16,17].

Innovative interventions are needed to address maternal mortality health inequities,
with a specific focus on the impact of comorbid cardiovascular conditions. A growing body
of evidence has shown that digital interventions are an evolving strategy capable of promot-
ing optimal maternal mortality. Presently, those of reproductive age (15–49) [18] are partic-
ularly likely to have familiarity with digital tools such as smartphones, computers, tablets,
and other devices, which may help facilitate strong patient engagement, autonomy, and
improved monitoring of health parameters [18,19]. Previous studies have demonstrated
the efficacy of digital interventions such as smartphone applications, online platforms,
and chatbots in targeting the perinatal diet, physical activity, and weight gain, as well as
overall management of wellbeing during pregnancy [20–22]. However, while research
supports the use of digital interventions to manage cardiovascular disease [23–26], the
evidence to guide its adoption to address hypertensive disorders of pregnancy (HDP) and
cardiovascular disease among pregnant and postpartum women remains insufficient. Even
less is understood about how inequity in the digital space impacts marginalized birthing
persons. Another “digital divide” has begun to emerge, with both racially marginalized
and low-socioeconomic-status individuals being significantly less likely to have access
to the resources necessary to fully engage with the contemporary explosion of digital
health innovation [27]. The opportunity is twofold: promoting the adoption of digital
tools to improve the clinical management of hypertension and HDP overall; and tailoring
interventions to promote a greater improvement among racially marginalized persons, to
address inequity.

Our large, integrated health network partnered with a philanthropic organization to
sponsor an initiative to improve maternal outcomes, with a focus on addressing racial
inequities [28]. Grounded in the life course framework [29], this initiative highlights indi-
vidual, family, social, and environmental drivers of health to reduce maternal mortality,
severe maternal morbidity, and the equity gap between Black and white birthing indi-
viduals. To achieve this goal, our team will target improvements in the management of
HDP by investing in digital technology with remote patient blood pressure monitoring
(RBPM). RBPM refers to patients taking their own blood pressure in the home environment
to monitor for elevation.

We predict that the adoption of an integrated digital technology platform utilizing
RBPM will reduce the time to diagnosis of HDP for all users. A positive association
between RBPM and personal agency with respect to care during pregnancy has already
been established, which suggests RBPM to be a powerful tool in addressing adverse
outcomes for diverse patients [30–32]. While users of all backgrounds may potentially
benefit from this intervention, the large disparity gaps that disproportionately impact Black
birthing individuals necessitate a further step to meaningfully promote health equity. This
intervention will be culturally tailored, including imagery, language, and customizations
designed to foster social identification with the experience. Introducing this form of
tailoring is expected to increase the engagement of Black birthing persons, and thus increase
the overall engagement with and effectiveness of the intervention, to promote equity.

These hypotheses are supported by the theory of planned behavior and social identity
theory. Widely adopted in public health as a framework for understanding intentions, the
theory of planned behavior is a successful framework for predicting engagement, execution,
and adherence with the constellation of behaviors needed to manage blood pressure [33].
Haslam and colleagues [34] describe the impact of identity formation on health across
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the five domains of “(a) symptom appraisal and response, (b) health-related norms and
behavior, (c) social support, (d) coping, and (e) clinical outcomes”.

Social identification is a process by which interventions are designed to promote
benefits, increase engagement, and to create a sense of personal connection and meaning
for participants. This approach has also been linked to the social marketing and branding
of interventions, the benefits of the behavior change, and the cultural relevance of the
interventions [35,36]. This approach has been successfully applied to increase the adoption
of specific behaviors and to act as a mediator of behavior change in many different subject
areas, including maternal health [37]. We hypothesize that cultural tailoring for the RBPM
intervention through social identification will help to reduce the time to diagnosis of Black
HDP users and reduce the disparity gap.

The objectives of this article are twofold. One, to describe the RBPM intervention and
its initial integration as part of an organizational initiative to improve maternity outcomes
and narrow the equity gap between Black and white birthing individuals within a large,
urban hospital-based obstetrical service. Two, to describe the planned evaluation protocol.
To that end, we describe the technology, care integration, and planned methodology to
assess its impact. All planned study activities will be conducted with approval from and
under the oversight of the health system’s scientific institutional review board.

2. Proposed Methods
2.1. Conceptual Model and Approach

The selected digital technology with RBPM improves the availability of key biometric
values for expectant and birthing individuals who face barriers to care and have trouble
navigating healthcare systems. Patients using the app send blood pressure readings to a
digital platform integrated with their electronic health record (EHR), which increases the
cadence of blood pressure reading and monitoring, and offers the potential to identify HDP
earlier. The digital platform also provides a library of educational resources and media
to the user. The app is designed to increase patient engagement with care, reduce access
barriers, and facilitate patient–physician/patient–midwife connectivity between prenatal
office visits.

Figure 1 presents our conceptual framework and study objectives. We hypothesize
that providing patients with RBPM through the selected technology will moderate prenatal
care effects on the time to diagnosis of HDP, reducing maternal morbidity and mortality
associated with the condition. Social and environmental variables, including stress, will
moderate the effects. We further hypothesize that introducing cultural tailoring will mediate
the desirability of engagement with RBPM, and that adherence to care plans will promote
greater equity among users.

2.2. Intervention Selection and Features

Multiple options for RBPM and pregnancy applications exist. Our team selected this
platform because it aligned with several project goals. For instance, it offers integration with
the EHR and the use of an internet-enabled, electronic blood pressure cuff that automatically
populates values, reducing the patient burden, and expediting access to blood pressure
values. Integration of the digital platform with our EHR also facilitates seamless enrollment
without an additional strain on staff resources. Enrollment occurs by placing a single order
from the EHR, making it as easy to connect the patient to the platform as any other clinical
order related to patient care. The selected platform also offers continuous monitoring of
RBPM values (twenty-four hours a day, 365 days a year) and allows providers to select
blood pressure targets aligned with the individual patient risk status. Figure 2 defines
blood pressure targets by risk status.
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 Figure 2. Frequency of blood pressure monitoring is specific to the diagnosis of each patient and
reminders are sent to aid adherence to clinical management guidance.

Abnormal lab values are relayed to the physician or midwife for immediate triage.
This feature delivers blood pressure readings outside identified ranges for the patient’s
risk profile to the healthcare team, allowing for real-time intervention. Figure 3 illus-
trates the communication sent to users with abnormal blood pressure readings, which are
automatically sent to the healthcare team for follow-up.



Int. J. Environ. Res. Public Health 2024, 21, 603 5 of 12

Int. J. Environ. Res. Public Health 2024, 21, 603 5 of 12 
 

 

Figure 2. Frequency of blood pressure monitoring is specific to the diagnosis of each patient and 
reminders are sent to aid adherence to clinical management guidance. 

Abnormal lab values are relayed to the physician or midwife for immediate triage. 
This feature delivers blood pressure readings outside identified ranges for the patient’s 
risk profile to the healthcare team, allowing for real-time intervention. Figure 3 illustrates 
the communication sent to users with abnormal blood pressure readings, which are auto-
matically sent to the healthcare team for follow-up.  

 
Figure 3. Users receive instructions as follow-ups to blood pressure readings and the clinical team 
is notified of abnormal readings in real-time. 

The educational content is inclusive of a range of colors and textures for skin and 
hair, and includes social identities that are underrepresented in electronic applications 
and avatars. Furthermore, the written content offers the ability to adjust for different read-
ing levels and avoid confusing idioms. This feature was essential to our selection as we 
serve many patients with low reading levels and use of English as a non-dominant lan-
guage. Additionally, the media offers closed-caption capabilities, and an option to access 
the content in Spanish is available. Importantly, these flexibilities are extended to in-app 
text messaging sent directly to patients. were important, the ability to further customize 
content facilitates cultural tailoring and supports objective two. 

2.3. Planned Analysis: Time to Diagnosis of Hypertensive Disorders of Pregnancy 
A planned analysis will be conducted, with the aim of completing the research objec-

tives, sequentially in two phases. The first research objective will be completed as phase 1 
using a time-to-event strategy and intent to treat. In this phase, we will evaluate the days 
to diagnosis of HDP when using the digital platform, with an active comparison group. 
The comparison group will receive a digital platform that offers educational content but 
not RBPM. Patients will be assigned 1:1 using a random number generator to either the 
intervention (digital platform plus RBPM) or active comparison (digital platform). The 
hypotheses are the following: 
1. Diagnosis of previously unrecognized chronic hypertension will increase with use of 

RBPM.  
2. RPBM and use of the digital platform will decrease the days to diagnosis of HDP. 
3. RBPM will decrease the time to diagnosis for all users regardless of demographic 

characteristics. 
When phase 1 is completed, our team will incorporate culturally responsive social 

identification strategies to increase the engagement among Black patients. The content for 

Figure 3. Users receive instructions as follow-ups to blood pressure readings and the clinical team is
notified of abnormal readings in real-time.

The educational content is inclusive of a range of colors and textures for skin and
hair, and includes social identities that are underrepresented in electronic applications
and avatars. Furthermore, the written content offers the ability to adjust for different
reading levels and avoid confusing idioms. This feature was essential to our selection as
we serve many patients with low reading levels and use of English as a non-dominant
language. Additionally, the media offers closed-caption capabilities, and an option to access
the content in Spanish is available. Importantly, these flexibilities are extended to in-app
text messaging sent directly to patients. were important, the ability to further customize
content facilitates cultural tailoring and supports objective two.

2.3. Planned Analysis: Time to Diagnosis of Hypertensive Disorders of Pregnancy

A planned analysis will be conducted, with the aim of completing the research objec-
tives, sequentially in two phases. The first research objective will be completed as phase
1 using a time-to-event strategy and intent to treat. In this phase, we will evaluate the days
to diagnosis of HDP when using the digital platform, with an active comparison group.
The comparison group will receive a digital platform that offers educational content but
not RBPM. Patients will be assigned 1:1 using a random number generator to either the
intervention (digital platform plus RBPM) or active comparison (digital platform). The
hypotheses are the following:

1. Diagnosis of previously unrecognized chronic hypertension will increase with use
of RBPM.

2. RPBM and use of the digital platform will decrease the days to diagnosis of HDP.
3. RBPM will decrease the time to diagnosis for all users regardless of

demographic characteristics.

When phase 1 is completed, our team will incorporate culturally responsive social
identification strategies to increase the engagement among Black patients. The content for
cultural tailoring will be developed during phase 1 under a separate protocol not described
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here. The second research objective will be achieved by evaluating this tailoring in a
randomized controlled trial as a second phase. The hypotheses are the following:

1. Cultural tailoring will promote social identification and mediate treatment effects on the
time to diagnosis of HDP among Black users, narrowing the equity gap in outcomes.

2. Cultural tailoring will improve the perceived quality of care, reduce stress, and
improve social support. These benefits will result in additional improvements in
perinatal outcomes, such as fewer preterm birth and depression symptoms.

We further anticipate that social identification will create a consistent “brand” for the
program (common desirable features, consistent imagery, look and feel) and will affect the
time to diagnosis of HDP outcomes [38]. Recognition of the intervention and its tailored
features will promote engagement and participation.

2.4. Outcome Measures

The planned primary outcome is the time to diagnosis of HDP. Planned secondary
outcomes include an improvement in the perceived quality of care and reduced maternal
stress. Additionally, we will measure the effect of cultural tailoring and its associated
impact on health equity. While this study is not powered to detect differences in the rates of
severe maternal morbidity, we will evaluate this outcome as an investigational hypothesis.

We have selected biometric, behavioral, and social identification measures that are
linked to our conceptual framework and hypotheses. EHR review will provide informa-
tion on the diagnosis and timing, gestational age at delivery, mode of delivery, maternal
comorbidities, and participation in postpartum care. The study instruments will be ap-
plied after consent and before enrollment, during pregnancy as specified, and at six to
eight postpartum.

Blood pressure. Blood pressure will be taken using the internet-enabled blood pressure
equipment provided, which will be linked to the digital platform and integrated with the
EHR. These devices are calibrated and tested for consistency with hospital-based medical
equipment. All recorded values will be included from the first prenatal visit to 8 weeks
postpartum for research objectives 1 and 2.

Laboratory values. The results of laboratory testing used to diagnose preeclampsia
will be extracted from the EHR, including the complete metabolic panel, urine protein–
creatinine ratio, and other data for research objectives 1 and 2.

Quality of Prenatal Care Questionnaire [39]. The QPCQ is a reliable and validated
instrument developed to assess the perceived quality of prenatal care. Reported Cronbach’s
alpha = 0.96 and inter-item correlation coefficient = 0.88. This will be completed once each
trimester for research objectives 1 and 2.

Perceived Prenatal Maternal Stress Scale (PPNMSS). This validated instrument consists
of 28 items organized as four sub-scales of perceived social support, pregnancy-specific
concerns, intimate partner interaction, and economic matters [40]. Cronbach’s alpha = 0.83,
with an inter-item correlation coefficient of <0.9. For research objectives 1 and 2, the
PPNMSS will be completed once each trimester.

Social identification. Brand equity is a term used to broadly define attitudes, per-
ceptions, and connection that users attribute to a particular item or product. It has been
successfully validated using a 16-item Likert scale reflecting four core constructs (loyalty,
popularity, awareness, personality) as part of anti-smoking social marketing campaigns [41].
This scale will be adapted to measure social identification as part of research objective 2
and completed in the third trimester.

Edinburgh Postnatal Depression Scale (EPDS). The EPDS is a validated 10-item screen-
ing assessment for depression symptoms during the perinatal period [42]. It also contains
a sub-scale for anxiety. This scale has been proven to be highly sensitive and specific to
both depression and change in depression over time (83.8% and 74.7%, respectively). For
research objectives 1 and 2, all EPDS scores will be sourced from the medical record. The
health system protocol is to complete the EPDS at each prenatal and postpartum visit.
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Uptake and Exposure. The digital platform will capture data on all aspects of user
engagement, including content accessed by gestational age and postpartum stage, fre-
quency of use, and duration (time) of each user session. These detailed usage data measure
exposure and uptake for both research objectives.

Process measures. The time from enrollment, first user activity, and number of RBPM
entries will be included as measures for research objectives 1 and 2.

2.5. Sample Size and Recruitment

The sample size was calculated using PROC POWER in SAS for a two-sided Score test
in the Cox proportional hazard regression of the time to diagnosis of an HDP in the study
group, with a binary variable taking on the values of intervention (digital platform plus
RBPM) or active comparison (digital platform). The proportion of total participants in the
intervention group was set at 50%. A hazard ratio of 1.4 for the study group was used as
the effect size. The overall probability that a participant would be diagnosed with an HPD
was set at 15.9% [43]. The total number of subjects needed to achieve a power of 80% with
a significance level of 0.05 was determined to be 1745.

Overall, HDP affects 15.9% of delivery hospitalizations in the US [43], and the preva-
lence is higher among patients served by the study site. In 24 months, our system provides
prenatal care to over 3000 patients. Given this patient volume and prevalence, we consid-
ered the estimated sample size feasible with a 60% enrollment rate, which is consistent
with the engagement with prior research studies in our setting of similar durations. We
anticipate that the required cohort for each research objective will be enrolled within the
desired timeline. The total active participant enrollment time for the planned protocol will
be a total of 48 months: 24 months for phase 1, and 24 months for phase 2.

All people presenting at the study site for prenatal care will be invited to participate
at their initial prenatal visit by a study research coordinator. Individuals younger than
18 years will be excluded. Over 35% of patients receiving prenatal care at our facility
identify as Black, which will allow us to test for the desired sub-group effects related to
social identification. Randomization will occur at the time of enrollment, and baseline
measures will be completed. Participants will receive USD 25 at the time of enrollment
and each time they complete study data collection (enrollment, and then each subsequent
trimester and postpartum) in recognition of the additional time required to complete these
study materials. Survey data will be compiled using REDcap 14.2.1, a software distributed
by Vanderbilt University in Nashville, Tennessee, United States, for non-commercial secure
survey data collection, at enrollment and the subsequent timepoints.

2.6. Analysis

The primary goal of the analysis will be to evaluate research objectives 1 and 2.
For research objective 1, demographic data will be compared for the intervention and
active comparison group. Time-to-event analysis will be used to compare the outcomes
between these groups. We also will compare the total number and timing of blood pressure
readings. For research objective 2, the analysis will focus on the mediation effects of
social identification on health equity. Figure 4 illustrates the planned analyses for the
primary outcome.
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2.6.1. Research Objective 1
Independent Variables and Covariates

The independent variable of interest will be a group variable. Participants will be
randomized to one of two groups: the intervention group (digital platform with RBPM)
or active comparison (digital platform, no RBPM). The covariates will be the age at enroll-
ment in years, race, ethnicity, health insurance type (e.g., Medicaid, commercial, HMO),
gestational age at first visit, and total number of prenatal visits.

Demographic data will be summarized using means and standard deviations for
continuous variables and frequencies and percentages for categorical variables.

Objective 1.A and Analysis Plan

The primary outcome will be the days to diagnosis of an HDP, where an HDP is
defined as gestational hypertension, preeclampsia, or preeclampsia with severe features.
The days to diagnosis of an HDP will be calculated from the date of the first prenatal visit
to the date of diagnosis (ICD-10-CM), clinical problem list (SNOMED-CT), and Intelligent
Medical Objects (diagnosis and problems). A patient will be considered censored if they
are never diagnosed with an HDP. A Cox proportional hazards regression will be used to
model the effect of using the digital platform plus RBPM (intervention) compared to the
digital platform alone (active comparison) on the days to HDP diagnosis. The regression
coefficients and respective p-values, and the hazard ratios with confidence intervals will
be reported. The predicted survival curves for each group will be plotted, along with the
median days to diagnosis for each group.

Objective 1.B and Analysis Plan

The second analyses will be a binary variable for having, or not having, a new diagno-
sis of chronic hypertension during the prenatal period prior to 20 weeks of gestation. A
logistic regression will be used to model the probability of being diagnosed with a new case
of chronic hypertension during the prenatal period by study group. Regression coefficients
with their respective p-values, and odds ratios with confidence intervals will be reported.
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2.6.2. Research Objective 2
Independent Variables and Covariates

The independent variable of interest for research objective 2 will be a group variable.
Participants will be randomized to one of two groups: the intervention group (digital
platform with RBPM and cultural tailoring) or comparison (digital platform with RBPM but
no cultural tailoring). The covariates will be the age at enrollment in years, race, ethnicity,
health insurance type (e.g., Medicaid, commercial, HMO), gestational age at first visit, and
total number of prenatal visits.

Objective 2 and Analysis Plan

The outcome, a count variable, will be defined as the total number of recorded blood
pressure readings during the prenatal period. A Poisson or Negative Binomial regression
will be used to model the number of recorded blood pressure readings during the prenatal
period. Interactions between the study group and race will be tested. Significant inter-
actions between a group and race would indicate that the effect of race differed between
the study groups. If an interaction is statistically significant, predicted effects with 95%
confidence intervals for race by study group will be provided. Regression coefficients with
p-values from the model will be reported.

2.7. Data Approach

This study will use data both from the digital platform and the health system’s
enterprise EHR. To support the cohort definitions for the randomized trial, digital platform
users will be identified by a combination of referrals ordered through the Computerized
Physician Order Entry (CPOE) system, matching of contributor systems (i.e., patients with
RBPM integration), and industry-standard deterministic matching algorithms. Additionally,
the team will use the ICD-10-CM (diagnoses), SNOMED-CT (problems), and Intelligent
Medical Objects (diagnosis and problems) coding standards to identify the conditions of
interest to support both the time to diagnosis outcome measurements.

Digital platform data will consist of both manual and automatic data feeds, which will
be matched using the approach outlined above. These RBPM readings will be aggregated,
and user activity analysis will be aggregated and analyzed with temporal analysis using
a multi-paradigm programming language. The number of blood pressure readings and
user activity will be correlated with the information in the medical record to establish the
relationship between engagement and outcomes.

Many variables will be defined using EHR data recorded during perinatal care, in-
cluding demographics, EPDS scores, utilization/engagement, and documentation from
the delivery event. These heterogenous data elements are stored in the EHR as structured
data to facilitate clean data extraction. They include diagnostics (e.g., lab orders), obser-
vations (e.g., vital signs), assessments (EPDS), and medical history (prior diagnoses and
chronic conditions).

3. Discussion and Conclusions

This planned protocol seeks to reduce maternal health inequities that cause dispropor-
tionate harm to Black women, birthing persons, and infants. In this work, we acknowledge
the distinguishing qualities of “equity” efforts in comparison to “equality” efforts. While
maternal morbidity and mortality impact women and birthing persons of all backgrounds,
advancements in this field that center on those that have faced the greatest historical harm
offer the greatest opportunity for a public health impact.

Innovative features of the proposed digital platform expected to decrease the time to
diagnosis of HDP include the integration with health system technology and patient records,
blood pressure targets aligned with the individual patient risk status, and immediate triage
of elevated blood pressure values to the clinical team for real-time intervention. Benefits for
all patients are anticipated with the adoption of this intervention. The selected technology
also allows for customization of the user-facing content. Leveraging this feature to offer
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cultural tailoring is expected to facilitate social identification and result in equity gains.
Additional benefits are anticipated in the adjacent areas of quality and stress reduction,
which may drive improvements in other clinical outcomes beyond the management of
HDP. Further strengths of the analysis include its measures of patient exposure.

The use of cultural tailoring to create social identification with the intervention and
its contents and benefits is an important component of the planned protocol. This builds
on prior work on healthy weight among the investigative team on promoting a healthy
weight, which has shown promising early results in promoting participation and the use of
digital intervention content [37].

Our evaluation of this intervention will contribute to the growing literature on digital
health interventions to improve maternity care in the US. Furthermore, we propose a spe-
cific enhancement expected to promote equity and narrow the gap in outcomes experienced
by historically marginalized populations. The proposed approach may be applicable to
other efforts to test the specific benefits of cultural tailoring and social identification for
public health interventions.

Author Contributions: Conceptualization, L.P. and W.D.E.; methodology, L.P., S.G.B., H.J.B. and
W.D.E.; writing—original draft preparation, L.P., A.M., S.G.B., H.J.B. and W.D.E.; writing—review
and editing, L.P., A.M., S.G.B., H.J.B. and W.D.E.; visualization, L.P., S.G.B. and W.D.E. All authors
have read and agreed to the published version of the manuscript.

Funding: Adoption of the digital platform is funded through the generous support of the A. James
and Alice B. Clark Foundation.

Institutional Review Board Statement: This is a planned protocol. Prior to study implementation, a
modification to MedStar Health Institutional Review Board Protocol 6487 (initial approval 7 June 2023)
will be submitted for review of the proposed activities. Study enrollment will begin after appropriate
approvals are obtained. If a new submission is recommended by the IRB, the team will complete
this step.

Informed Consent Statement: This is a planned protocol. No subjects have been enrolled.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We would like to acknowledge Heather Rodgers for her design support in
creating the presented figures.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Hoyert, D. Maternal Mortality Rates in the United States, 2021. Centers for Disease Control and Prevention. Available online: https:

//www.cdc.gov/nchs/data/hestat/maternal-mortality/2021/maternal-mortality-rates-2021.htm (accessed on 16 March 2023).
2. Centers for Disease Control and Prevention. Leading Causes of Death-Females-All Races/Origins. Centers for Disease Control and

Prevention. Available online: https://www.cdc.gov/women/lcod/2017/all-races-origins/index.htm (accessed on 28 April 2024).
3. Heron, M. Deaths: Leading Causes for 2014. In National Vital Statistics Reports; Centers for Disease Control and Prevention:

Atlanta, GA, USA, 2016; Volume 65. Available online: https://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_05.pdf (accessed
on 28 April 2024).

4. Tikkanen, R.; Gunja, M.; Fitzgerald, M.; Zephyrin, L. Maternal Mortality and Maternity Care in the United States Compared to 10
Other Developed Countries. The Commonwealth Fund. Available online: https://www.commonwealthfund.org/publications/
issue-briefs/2020/nov/maternal-mortality-maternity-care-us-compared-10-countries (accessed on 28 April 2024).

5. Collier, A.Y.; Molina, R.L. Maternal Mortality in the United States: Updates on Trends, Causes, and Solutions. NeoReviews 2019,
20, 561–574. [CrossRef]

6. Centers for Disease Control and Prevention. Working Together to Reduce Black Maternal Mortality. Available online: https:
//www.cdc.gov/healthequity/features/maternal-mortality/index.html (accessed on 28 April 2024).

7. Wren Serbin, J.; Donnelly, E. The Impact of Racism and Midwifery’s Lack of Racial Diversity: A Literature Review. J. Midwifery
Women’s Health 2016, 61, 694–706. [CrossRef]

8. Berk, A.L.; Pickett, A.; Kusters, I.S.; Gregory, M.E. Healthcare Experiences of Black Patients during and after Pregnancy: A Needs
Assessment for Provider Training to Improve Quality of Care. J. Racial Ethn. Health Disparities 2023, 11, 992–1004. [CrossRef]

https://www.cdc.gov/nchs/data/hestat/maternal-mortality/2021/maternal-mortality-rates-2021.htm
https://www.cdc.gov/nchs/data/hestat/maternal-mortality/2021/maternal-mortality-rates-2021.htm
https://www.cdc.gov/women/lcod/2017/all-races-origins/index.htm
https://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_05.pdf
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-care-us-compared-10-countries
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-care-us-compared-10-countries
https://doi.org/10.1542/neo.20-10-e561
https://www.cdc.gov/healthequity/features/maternal-mortality/index.html
https://www.cdc.gov/healthequity/features/maternal-mortality/index.html
https://doi.org/10.1111/jmwh.12572
https://doi.org/10.1007/s40615-023-01579-5


Int. J. Environ. Res. Public Health 2024, 21, 603 11 of 12

9. Green, T.L. Unpacking Racial/Ethnic Disparities in Prenatal Care Use: The Role of Individual-, Household-, and Area-Level
Characteristics. J. Women’s Health 2018, 27, 1124–1134. [CrossRef]

10. Gadson, A.; Akpovi, E.; Mehta, P.K. Exploring the Social Determinants of Racial/Ethnic Disparities in Prenatal Care Utilization
and Maternal Outcome. Semin. Perinatol. 2017, 41, 308–317. [CrossRef]

11. Salam, M. For Serena Williams, Childbirth Was a Harrowing Ordeal. She’s Not Alone. The New York Times. 11 January
2018. Available online: https://www.nytimes.com/2018/01/11/sports/tennis/serena-williams-baby-vogue.html (accessed on
28 April 2024).

12. Chappell, B. Tori Bowie, an Elite Olympic Athlete, Died of Complications from Childbirth; NPR: Washington, DC, USA, 2023. Avail-
able online: https://www.npr.org/2023/06/13/1181971448/tori-bowie-an-elite-olympic-athlete-died-of-complications-from-
childbirth (accessed on 28 April 2024).

13. Heart Disease and Stroke in Black Women. Available online: https://www.goredforwomen.org/en/about-heart-disease-
in-women/facts/heart-disease-in-african-american-women#:~:text=Among%20Black%20women%20ages%2020 (accessed on
28 April 2024).

14. Ghosh, G. Racial/Ethnic Differences in Pregnancy-Related Hypertensive Disease in Nulliparous Women. Ethn. Dis. 2014,
24, 283–289.

15. Ananth, C.V.; Brandt, J.S.; Hill, J.; Graham, H.L.; Grover, S.; Schuster, M.; Patrick, H.S.; Joseph, K.S. Historical and Recent
Changes in Maternal Mortality due to Hypertensive Disorders in the United States, 1979 to 2018. Hypertension 2021, 78, 1414–1422.
[CrossRef]

16. Nuriddin, A.; Mooney, G.; White, A.I.R. Reckoning with Histories of Medical Racism and Violence in the USA. Lancet 2020,
396, 949–951. [CrossRef]

17. Swanson, M.L.; Whetstone, S.; Illangasekare, T.; Autry, A. Obstetrics and Gynecology and Reparations: The Debt We Owe (and
Continue to Accumulate). Health Equity 2021, 5, 353–355. [CrossRef]

18. Johnson, J.U.S. Internet Reach by Age Group 2019|Statista. Statista. Available online: https://www.statista.com/statistics/2665
87/percentage-of-internet-users-by-age-groups-in-the-us/ (accessed on 28 April 2024).

19. Laricchia, F. Smartphone Ownership in the US by Age 2021. Statista. Available online: https://www.statista.com/statistics/4892
55/percentage-of-us-smartphone-owners-by-age-group/#:~:text=Smartphone%20ownership%20in%20the%20United (accessed
on 28 April 2024).

20. Rhodes, A.; Smith, A.; Chadwick, P.; Croker, H.; Llewellyn, C. Exclusively Digital Health Interventions Targeting Diet, Physical
Activity and Weight Gain in Pregnant Women: Systematic Review and Meta-Analysis. JMIR mHealth uHealth 2020, 8, e18255.
[CrossRef]

21. Willcox, J.C.; Chai, D.; Beilin, L.J.; Prescott, S.L.; Silva, D.; Neppe, C.; Huang, R.-C. Evaluating Engagement in a Digital and
Dietetic Intervention Promoting Healthy Weight Gain in Pregnancy: Mixed Methods Study. J. Med. Internet Res. 2020, 22, e17845.
[CrossRef]

22. Sandborg, J.; Söderström, E.; Henriksson, P.; Bendtsen, M.; Henström, M.; Leppänen, M.H.; Maddison, R.; Migueles, J.H.;
Blomberg, M.; Löf, M. Effectiveness of a Smartphone App to Promote Healthy Weight Gain, Diet, and Physical Activity during
Pregnancy (HealthyMoms): Randomized Controlled Trial. JMIR mHealth uHealth 2021, 9, e26091. [CrossRef]

23. Santo, K.; Redfern, J. Digital Health Innovations to Improve Cardiovascular Disease Care. Curr. Atheroscler. Rep. 2020, 22, 71.
[CrossRef]

24. Kario, K.; Harada, N.; Okura, A. Digital Therapeutics in Hypertension: Evidence and Perspectives. Hypertension 2022, 79, 2148–2158.
[CrossRef]

25. Adedinsewo, D.A.; Pollak, A.W.; Phillips, S.D.; Smith, T.L.; Svatikova, A.; Hayes, S.N.; Mulvagh, S.L.; Norris, C.; Roger, V.L.;
Noseworthy, P.A.; et al. Cardiovascular Disease Screening in Women: Leveraging Artificial Intelligence and Digital Tools. Circ.
Res. 2022, 130, 673–690. [CrossRef]

26. Chow, C.K.; Ariyarathna, N.; Islam, S.M.S.; Thiagalingam, A.; Redfern, J. MHealth in Cardiovascular Health Care. Heart Lung
Circ. 2016, 25, 802–807. [CrossRef]

27. Ahmed, N.; Brown, J.; Parau, C.A.; McCullers, A.; Sanghavi, K.K.; Littlejohn, R.; Wesley, D.B. Bridging the Digital Health Divide.
Med. Care 2023, 61, 448–455. [CrossRef]

28. Safe Babies Mom’s Program|Washington, DC|MedStar Health. Available online: https://www.medstarhealth.org/services/dc-
safe-babies-safe-moms (accessed on 24 March 2024).

29. Halfon, N.; Larson, K.; Lu, M.; Tullis, E.; Russ, S. Lifecourse Health Development: Past, Present and Future. Matern. Child Health J.
2013, 18, 344–365. [CrossRef]

30. Hirshberg, A.; Sammel, M.D.; Srinivas, S.K. Text Message Remote Monitoring Reduced Racial Disparities in Postpartum Blood
Pressure Ascertainment. Am. J. Obstet. Gynecol. 2019, 221, 283–285. [CrossRef]

31. 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 Qual. Saf. 2018, 27, 871–877. [CrossRef]

32. Cairns, A.E.; Tucker, K.L.; Crawford, C.; McManus, R.J.; Powell, J. Implementing Self-Management: A Mixed Methods Study of
Women’s Experiences of a Postpartum Hypertension Intervention (SNAP-HT). Trials 2020, 21, 508. [CrossRef]

33. Peters, R.M.; Templin, T.N. Theory of Planned Behavior, Self-Care Motivation, and Blood Pressure Self-Care. Res. Theory Nurs.
Pract. 2010, 24, 172–186. [CrossRef]

https://doi.org/10.1089/jwh.2017.6807
https://doi.org/10.1053/j.semperi.2017.04.008
https://www.nytimes.com/2018/01/11/sports/tennis/serena-williams-baby-vogue.html
https://www.npr.org/2023/06/13/1181971448/tori-bowie-an-elite-olympic-athlete-died-of-complications-from-childbirth
https://www.npr.org/2023/06/13/1181971448/tori-bowie-an-elite-olympic-athlete-died-of-complications-from-childbirth
https://www.goredforwomen.org/en/about-heart-disease-in-women/facts/heart-disease-in-african-american-women#:~:text=Among%20Black%20women%20ages%2020
https://www.goredforwomen.org/en/about-heart-disease-in-women/facts/heart-disease-in-african-american-women#:~:text=Among%20Black%20women%20ages%2020
https://doi.org/10.1161/hypertensionaha.121.17661
https://doi.org/10.1016/s0140-6736(20)32032-8
https://doi.org/10.1089/heq.2021.0015
https://www.statista.com/statistics/266587/percentage-of-internet-users-by-age-groups-in-the-us/
https://www.statista.com/statistics/266587/percentage-of-internet-users-by-age-groups-in-the-us/
https://www.statista.com/statistics/489255/percentage-of-us-smartphone-owners-by-age-group/#:~:text=Smartphone%20ownership%20in%20the%20United
https://www.statista.com/statistics/489255/percentage-of-us-smartphone-owners-by-age-group/#:~:text=Smartphone%20ownership%20in%20the%20United
https://doi.org/10.2196/18255
https://doi.org/10.2196/17845
https://doi.org/10.2196/26091
https://doi.org/10.1007/s11883-020-00889-x
https://doi.org/10.1161/hypertensionaha.122.19414
https://doi.org/10.1161/circresaha.121.319876
https://doi.org/10.1016/j.hlc.2016.04.009
https://doi.org/10.1097/mlr.0000000000001869
https://www.medstarhealth.org/services/dc-safe-babies-safe-moms
https://www.medstarhealth.org/services/dc-safe-babies-safe-moms
https://doi.org/10.1007/s10995-013-1346-2
https://doi.org/10.1016/j.ajog.2019.05.011
https://doi.org/10.1136/bmjqs-2018-007837
https://doi.org/10.1186/s13063-020-04394-z
https://doi.org/10.1891/1541-6577.24.3.172


Int. J. Environ. Res. Public Health 2024, 21, 603 12 of 12

34. Haslam, S.A.; Jetten, J.; Postmes, T.; Haslam, C. Social Identity, Health and Well-Being: An Emerging Agenda for Applied
Psychology. Appl. Psychol. 2009, 58, 1–23. [CrossRef]

35. Evans, W.D.; Blitstein, J.; Vallone, D.; Post, S.; Nielsen, W. Systematic Review of Health Branding: Growth of a Promising Practice.
Transl. Behav. Med. 2014, 5, 24–36. [CrossRef]

36. Evans, W.D.; Harrington, C.; Patchen, L.; Andrews, V.; Gaminian, A.; Ellis, L.P.; Napolitano, M.A. Design of a Novel Digital
Intervention to Promote Healthy Weight Management among Postpartum African American Women. Contemp. Clin. Trials
Commun. 2019, 16, 100460. [CrossRef]

37. Napolitano, M.A.; Harrington, C.B.; Patchen, L.; Ellis, L.P.; Ma, T.; Chang, K.; Gaminian, A.; Bailey, C.P.; Evans, W.D. Feasibility
of a Digital Intervention to Promote Healthy Weight Management among Postpartum African American/Black Women. Int. J.
Environ. Res. Public Health 2021, 18, 2178. [CrossRef]

38. Elrod, J.K.; Fortenberry, J.L. Driving Brand Equity in Health Services Organizations: The Need for an Expanded View of Branding.
BMC Health Serv. Res. 2018, 18, 924. [CrossRef]

39. Heaman, M.I.; Sword, W.A.; Akhtar-Danesh, N.; Bradford, A.; Tough, S.; Janssen, P.A.; Young, D.C.; Kingston, D.A.; Hutton, E.K.;
Helewa, M.E. Quality of Prenatal Care Questionnaire: Instrument Development and Testing. BMC Pregnancy Childbirth 2014,
14, 188. [CrossRef]

40. Jena, S.K.; Gangadharan, P. Development of Perceived Prenatal Maternal Stress Scale. Indian J. Public Health 2019, 63, 209.
[CrossRef] [PubMed]

41. Rath, J.; Tulsiani, S.; Evans, W.D.; Liu, S.; Vallone, D.; Hair, E.C. Effects of Branded Health Messages on E-Cigarette Attitudes,
Intentions, and Behaviors: A Longitudinal Study among Youth and Young Adults. BMC Public Health 2021, 21, 1144. [CrossRef]
[PubMed]

42. Cox, J.L.; Holden, J.M.; Sagovsky, R. Detection of Postnatal Depression: Development of the 10-Item Edinburgh Postnatal
Depression Scale. Br. J. Psychiatry 1987, 150, 782–786. [CrossRef]

43. Ford, N.D. Hypertensive Disorders in Pregnancy and Mortality at Delivery Hospitalization—United States, 2017–2019. MMWR.
Morb. Mortal. Wkly. Rep. 2022, 71, 585–591. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1464-0597.2008.00379.x
https://doi.org/10.1007/s13142-014-0272-1
https://doi.org/10.1016/j.conctc.2019.100460
https://doi.org/10.3390/ijerph18042178
https://doi.org/10.1186/s12913-018-3679-4
https://doi.org/10.1186/1471-2393-14-188
https://doi.org/10.4103/ijph.ijph_29_18
https://www.ncbi.nlm.nih.gov/pubmed/31552850
https://doi.org/10.1186/s12889-021-11092-1
https://www.ncbi.nlm.nih.gov/pubmed/34130636
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.15585/mmwr.mm7117a1

	Introduction 
	Proposed Methods 
	Conceptual Model and Approach 
	Intervention Selection and Features 
	Planned Analysis: Time to Diagnosis of Hypertensive Disorders of Pregnancy 
	Outcome Measures 
	Sample Size and Recruitment 
	Analysis 
	Research Objective 1 
	Research Objective 2 

	Data Approach 

	Discussion and Conclusions 
	References

