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Introduction: Black and Hispanic adults are dis-
proportionately burdened by cardiometabolic dis-
orders. The aim of this systematic review was to
examine the effectiveness of mobile health tech-
nologies to promote disease prevention and self-
management among US adults in diverse
communities.

Methods: Potential studies were identified
using a comprehensive search of the PubMed
and EMBASE databases for recent studies pub-
lished from December 2018 through 2021.
Keywords and search strategies were established
to focus on health disparity populations and the
application of mobile health technology for car-
diovascular disease risk reduction. Titles and
abstracts were assessed and, if a study was eligi-
ble, 2 independent reviewers completed a full-
length review with extraction in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.

Results: A total of 13 studies met our inclusion
criteria. Study sample sizes ranged from 8 to 533
baseline participants. Studies were conducted in
diverse communities (eg, North Carolina and
California). Most studies used mobile applications
(n=11) and a majority used accelerometers or
similar technologies (eg, smartwatches) to assess
changes in dietary behavior, blood pressure con-
trol, and physical activity. Overall, studies reported
positive associations between mobile technology
use and risk factor reduction actions and behav-
iors. Long-term adherence varied across studies.
Those that prioritized culturally tailored
approaches reported more significant impacts
than those that did not.

Conclusions: Evidence suggests that mobile
technology may be useful in promoting disease
self-management and risk reduction among pop-
ulations at higher risk of cardiometabolic diseases.
The use of mobile health technologies, particularly
when tailored to target populations, may be a
practical approach to advancing population
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INTRODUCTION

As the leading cardiometabolic disor-
der, heart disease is responsible for 23%
of total deaths in the United States.! Car-
diometabolic diseases, such as heart dis-
ease, encompass various cardiovascular
(CVD) conditions, including coronary
artery disease and stroke.” Appropriate
self-management of cardiometabolic dis-
ease risk factors may help reduce its inci-
dence and prevalence.>* These include
managing blood pressure (BP), obesity,
physical activity, and dietary behavior.”
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Despite the benefits of self-management,
racially/ethnically minoritized popula-
tions may be disproportionately suscepti-
ble to heart disease due to structural and
psychosocial barriers.*” Mobile health
technology (mHealth) may help achieve
desired outcomes by improving patient
self-management, particularly in popula-
tions experiencing health disparities.
Evidence supports that mHealth
interventions have been successful at
improving chronic disease self-manage-
ment.® This technology may be particu-
larly useful for further engaging with
disproportionally affected groups. How-
ever, further evidence is needed to better
understand  feasibility and long-term
efficacy of various mHealth interven-
tional strategies. This systematic review
aims to synthesize published evidence
on the use of various mobile health
technologies (eg, smartphones, smart-
watches, pedometers, accelerometers)
used by minoritized populations to
address cardiometabolic risk factors and

decrease health disparities in the US.

METHODS

This systematic review used the Pre-
ferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines’ to report findings. The
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following subsections provide further
details.

Search Strategy

Studies were collected from the
PubMed and EMBASE databases.
Three sets of search strings were built
based on the following concepts: (1)
mobile health technology, (2) health
disparity populations, and (3) cardio-
metabolic risk reduction factors. For
instance, standardized search terms for
African American, Hispanic, and Asian
communities were constructed to define
target health disparity populations. App-
ropriate subpopulations were included
(eg, Mexican American, Filipino). These
categories were composed of key terms
and Medical Subject Headings. The
search terms were modified to fit each
database and appropriate filters were
applied. Specific search terms are avail-
able from the corresponding author as
Appendix 1: Systematic Review Search
Strategy and Terms.

Eligibility Criteria

Studies that met the following crite-
ria were included: (1) published from
December 2018 through 2021; (2) pri-
mary data collected in the US; (3)
included key health disparity popula-
tions; (4) fit our definition of mobile
technology; (5) addressed the adult
population; (6) focused on the self-
management of BP, nutritional behav-
ior, and/or physical activity; and (7)
manuscript was available in the English
language. The study team decided pre-
emptively to focus on synthesizing
published data from the last 3 years
due to rapid changes in technology and
the recent increase in mHealth inter-
ventions designing to address health
disparities. Studies based solely on
medical adherence or that relied on a
single intervention (e, texting), were
excluded. In addition, studies that
focused on a single subpopulation (eg,
postpartum mothers, HIV patients)
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were excluded to increase generalizabil-

ity of the findings.

Selection of Studies and
Extraction

Study selection consisted of the fol-
lowing stages: (1) title and abstract
screening, (2) full-length review, (3)
data extraction, and (4) analysis. Dupli-
cate studies were removed and those
that remained were uploaded and
assessed through Covidence, a reference
manager software program. Each title
and abstract were screened by a reviewer.
Two independent reviewers performed
the full-length review. If there were dis-
agreements, a third reviewer made the
determination. One reviewer performed
the extraction and another checked for
consistency. Discrepancies in extractions
were addressed using a third independent
reviewer. Reviewers utilized a standard-
ized extraction form that asked for key
outcome(s), focus population, aim, study
design, length of intervention, data col-
lection start/end dates, technology used,
inclusion criteria, sample size, mean age,
sex, breakdown of health disparity popu-
lation(s), and outcomes for each of the
domains (baseline and follow-up). Most
study outcomes were reported through
mean difference significance. Data were
reported as provided and based on the
key outcome(s) being addressed.

REsULTS

Search Results

The literature search retrieved 467
studies, 14 of which were duplicates.
During the title and abstract screening,
330 were declared irrelevant. The
remaining 123 studies proceeded to
full-text review; 110 of these were
excluded. Main reasons for exclusion
included (1) study sample did not rep-
resent the general population (n=35),
(2) study did not focus on at least 1
key outcome (n=17), and (3) partici-
pants were not adults (n=17). Only 13
studies were selected from the following
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categories for extraction: (1) BP only,10
(2) BP and nutritional behavior,'! (3)
nutritional behavior only,u*14 (4) nutri-
tional behavior and physical activity,” "
(5) BP and physical activity,"® (6) physi-
cal activity only,"” ' and (7) all 3 key
outcomes.”” Figure 1 provides the study
selection flow diagram.

Summary of Study Characteristics

Study characteristics are summarized
in Table 1. Participants were recruited
from around the US; studies included 5
in California,">'®" 2 in North Caro-
lina,"®?? 1 in Maryland,14 and 5 from
various other states."”” Most were ran-
domized controlled trials (n=8), whereas
others were cohort (n=2), single-arm
pretest-posttest (n=1), pilot (n=1), and
qualitative (n=1) study designs. Interven-
tion durations varied; 8 studies lasted
between 3 and 6 months, but others
ranged from 56 days to 2 years. The
mean age of participants in the studies
ranged from 39 to 62 years old. Study
sample sizes ranged from 8 to 533 base-
line participants. A total of 3 studies
included 100% female participants, while
6 additional studies included 70-99%
female participants in their study samples.
Most studies included 90% or more par-
ticipants who identified as a US racial/
ethnic minority (n=10), and 6 of
these 10 studies were solely focused
on these populations.

Summary of mHealth
Interventions

Eleven studies utilized mobile applica-
tions as their intervention; almost all
combined this method with another
technology (eg, accelerometer/pedometer,
social media, smartwatches) (n=10).
One study used mobile applications as
the sole mHealth intervention. Messag-
ing/femail (n=7), social media (n=3),
and phone calls (n=2) were among the
interventions that were used less often,
but they were always used in combina-
tion with another mHealth interven-
tion. Smartwatches were often used as

181

'§$920y uadQ BIA Z0-80-5SZ0Z e /wod Aiooeignd-pold-swid-yiewlsaiem-jpd-awiid//:sdiy wouy papeojumoq



mHealth for Cardiometabolic Disparities - Cora-Cruz et al

Records identified from:
PubMed (n=371)
EMBASE (n=82)

Total: 467
i

\4

Duplicates Removed:
14

Title & Abstract
Review:
453

v

Declared Irrelevant:

Full-Length Review:
3

v
Included Articles

Excluded*
Solely focuses on a specific population
(e.g., postpartum mothers, solely HIV
patients, etc.) (n=35)
Does not focus on at least 1 of the key
outcomes: [1) Dietary behavior; 2) Blood
pressure control; 3) Physical activity
including weight loss/management]
(n=17)
Participants were not adults (18+ years)
(n=17)
Study was not conducted in the U.S.
(n=10)
Participants did not self-manage any key
outcome (n=7)
Solely medical adherence (n=6)
Texting was the only intervention (n=6)
Not original data (n=6)
Does not include key health disparities
population (n=3)
Population not defined (n=3)

Total: 110

Figure 1. Summary of literature search and article review process.

*Third independent reviewer determined disagreements; only the primary reason for exclusion

is counted

that
able to sync health data with an applica-

accelerometers/pedometers were
tion for easier tracking (n=3). Four
studies had in-person elements. Eight
studies directly assessed feasibility, and 1
efficacy. Tables 2a, 2b, and 2c provide
summaries of the interventions paired
with the technologies used in the
interventions.

Smartphone Applications

Of the smartphone applications
used in the studies, 8 were commer-
cially available and 2 were developed
by the research teams. However, the
app created by the Neffa-Creech
et al'* group has been certified by
various national obesity prevention
or reduction agencies. Commercially
available applications included My-
FitnessPal,'>!” FitBit'>*? (using its
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smartwatch/accelerometer), Weight
Watchers, '© Hypertension Personal
Control Program (HPCP)'® (coaching),
OMCRON (tracking),'® VeggieBook, '
Nutritionix,'' and the Striiv Band*'
(using its pedometer). Most of the
scores obtained from the apps were self-
reported, except those that synced with
certain step-counting tools (eg, smart-
watches, accelerometers) or other similar
measures. Eight applications were easily
accessible for a range of smartphones,

but some applications were only avail-
able on Android'® or iOS'® platforms.

Key Outcome Features
BP Control. A pilot (nonrandom-

ized) study by Fukuoka et al** address-
ing BP control produced significant BP
and hip and waist circumference reduc-
tions using various technologies, includ-

ing a mobile app to track food/drink
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consumption and weigh-ins. Persell
et al'® found no significant BP reduc-
tions between participants who used
either a coaching or tracking app.
Similarly, Steinberg et al,'! whose
study consisted of an app and text
message vs app-only intervention,
found no significant between-group
differences in BP reduction. In the
study by Vu et al,'® participants
believed tracking their health scores
helped them achieve their goals, as
well as increased their comfort in

using health apps.
Physical Activity.  To track physical

activity, studies either asked participants
to self-report, synced a step-counting
mHealth intervention, or used the smart-
phone itself. Physical activity promotion
modules in the study by Joseph et al*
delivered contents on a weekly basis until
month 4, then every 2 weeks until the
culmination of the interventon. The
results yielded a significant increase in
physical activity (20-50 min/wk), self-
regulation (r=0.397; P=.01), and behav-
joral capability (r=0.440; P=.004). In
the same study,”’ multimedia modules
were accompanied by discussion boards
to help participants engage and reflect on
various topics. Participants also received
notifications when others made a post.
The discussion board included a general
and meet-up forum, which provided par-
ticipants the opportunity to engage in
topics other than the weekly module.
However, there were no significant
changes in familial (r=0.103; P=.55) or
friend (r=0.083; P=.62) support.
Collins et al*! found that there were
significant within-group differences for
quality of life and aerobic and strength
training exercises, but no between-group
differences  for whose
groups both used a pedometer and its
app to track steps (intervention group
integrated additional mHealth). Never-
theless, the pedometer was rated as
highly motivating by all participants.
The study by Bender et al'®> had 2
phases, the first providing the interven-
tion group the Fit&Trim program,

interventions
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Table 2b. Continued

Technology

First
author
(year)
Trude'*

In-person
component

Website/

Messaging/

Phone
calls

Mobile Accelerometer/ Social

Intervention Principal findings

Scale

computer

media email Smartwatch

pedometer

app

¢ No significant change in care-

Assess the impact of a childhood

giver food acquisition, home

obesity intervention on their

(2018)

food preparation, and fruit/vege-

table daily consumption.
® Association between increase in

caregivers. Adults were directly

targeted on social media

(Facebook, Instagram) and

daily food consumption by 0.24

servings for each point increase
in exposure to the childhood

received goal-setting text mes-

sages (3 times/wk).

obesity intervention (0.24+0.11;

95% Cl, 0.04-0.47).
® Social media exposure tripled

daily fruit intake (3.16+0.92;

95% Cl, 1.33-4.99) and (unex-

mHealth for Cardiometabolic Disparities - Cora-Cruz et al

tion (0.47x0.23; 95% Cl, 0.02-

pectedly) unhealthy food acquisi-
0.93).

BMI, body mass index; BP, blood pressure; CG, control group; DASH, Dietary Approaches to Stop Hypertension; |G, intervention group; IQR, interquartile range; WG, wait-list control group

Ethnicity & Disease, Volume 33, Number 4, Fall 2023

which used various mHealth and educa-
tional materials. The wait-list group
solely received an accelerometer (Fitbit).
In phase 2, the intervention group
began a maintenance period while the
wait-list group started the Fit&Trim
intervention. Even though both groups
achieved 5% weight reduction, 47% of
the wait-list group vs 36% of the inter-
vention group achieved this goal once
starting the Fit&Trim program. Partici-
pants in the study by Persell et al'® were
provided with a BP monitor and
assigned to either a coaching or tracking
mobile application. This study yielded
no significant change in weekly exercise.
In the study by Rosas et al,'” even
though they found significant between-
group 5% body weight reductions at 12
months, there was no significant differ-
ence at 24 months.

Nautritional Acquisition.  Applica-
tions helping manage nutritional
acquisition featured the following:
vegetable and fresh produce—based
recipes with pictures, culturally rele-
vant recipes, healthy food tips on var-
ious topics (eg, grocery shopping),
and the ability to view a list of vegeta-
bles to then access specific recipes.
Steinberg et al'' found that using a
tracking app and Dietary Approaches
to Stop Hypertension (DASH) diet
adherence text messages did not help
increase diet adherence compared
with the app-only group.

Patel et al'® randomized participants
into a simultaneous weight + diet
tracking or sequential weight then add-
ing diet tracking intervention. They
also provided action plans, which con-
sisted of self-evaluating current behav-
iors and beliefs, to determine how to
overcome foreseeable barriers. How-
ever, there were no significant between-
group differences in weight reduction
and tracking either diet or weight.
Neffa-Creech et al'* interviewed partic-
ipants who consistently used a cultur-
ally tailored recipe app, VeggieBook.
They found that those who frequently
utilized the software were open to
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trying new recipes and frequently had
their children get involved in food
preparation.

Application Features
Application features included log-
books for various measures, notifica-

Principal findings

tions/reminders, information on health-

ence for aerobic (P<.0001) and
strength training (P<.0001)
exercise behaviors. However,

there were no significant
ences in quality of life (physical

functioning, bodily pain, general

health, vitality, social function-
ing, emotional role, and mental

health) (P<.031) but no
between-group differences.

between-group differences.
¢ Significant within-group differ-

related topics, adequate literacy level,
language availability, tailored features,

¢ Significant within-group differ-

[ © © > = .
5,B258¢8 5 & goal setting, personal profile pages,
o 2 [©] = . .
EZE°22= % o, home page with central access, and abil-
c GC) in v % ° £ O O S % . . . .
§|8es8e é e £ $F ity to provide feedback. Applications
=5 2 c = 5
§|< 2%SEL£5T 273 tracked BP, total cholesterol, blood glu-
C n ® © L IS o . . .o . . .
glsfEoR=5ns £ 5 cose, diet, physical activity, weight, medi-
=l8s8gs o288 ¥ cation adherence, sleep, and stress
-cw;vwcuc‘g‘*—c »n O g P,
ELZERESLE 28 : .
2L83z2£82c<z:¢ management. Studies provided health-
Ol ] Q
9 O o

related information by linking to outside

S§ sources, gathering speciﬁc information,
£5 or developing multimedia modules (eg,
o2 . .
c £ pictures, video).
° Adjustable Features.  Some studies
. )
2 = tailored their applications based on the
S & e 10,18
(%] © >
= articipant’s input. For example,
5 p
= 5 1
£58 2 Vu et al'® developed an app to help
oo e o . . .
£35 < participants understand their health
ER-S P scores by using a slider with the fol-
o= “é y g
o s lowing colors: green, yellow, and red.
& o T .
Z = This sliding scale was personalized
(] . . . .
= g based on a questionnaire earlier in the
£ £ study (eg, different scale for partici-
ES o pants who did or did not have hyper-
wv o . 1
- S tension). Persell et al'® encouraged
) = L . .
al £= c participants to retake their BP if an
gl 2F| . S . .
°| @ £ |5 outlier value was recorded, and if the
4} s .
'§ s o value was persistent, then to contact
@ k= . . . .
e, 5 their medical provider. This personal-
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of the target population,'” providing
information on free local health screen-
ings,10 personalized  feedback or
reminders, ! "13:17:18:20:22 including  dis-
cussion board forums,?® multimedia
modules narrated by a community
spokesperson,”  inspirational ~ quotes,”
reviewing of and integration of literature
on target population,” and implement-
ing individual semistructured interviews
postintervention. The personal profile
pages in the study by Joseph et al,*
which produced significant increase in
physical activity (20-50 min/wk), were
inspired from various social media plat-
forms (eg, Facebook), which allowed
them to share select information (eg, age,
neighborhood, brief biography). The
same study” aimed to structure their
application to emulate the social and
behavioral elements of its target commu-
nity. For example, they tailored the appli-
cation to provide population-specific
statistics  while integrating pictures of
diverse members of the African American
community modeling the activity being
discussed.

Other mHealth

Two of the studies featured virtual
advisor (VA)" or virtual reality (VR)!®
interventions. The study by Thomas
et al'® had significant weight loss at the
midpoint and end point of the interven-
tion. However, no signiﬁcant between-
group differences existed between
utilizing an app + computer-based
VR program vs app-only. The VR expe-
rience followed Alex, a middle-aged white
woman, throughout her day. The partici-
pant would be able to see role-modeled
behavior and then be able to guide the
character through the different scenes
(home, work, gym, and gathering).

King et al'” showed an increase in
steps for a VA vs human advisor (HM)
intervention, with the VA averaging
more walking time. Contrastingly, the
HM amounted to more counseling time.
The VA was a character named Carmen
whom the participants could interact
with at their convenience by touching

mHealth for Cardiometabolic Disparities - Cora-Cruz et al

simple speech boxes. The VA (539.8/d
linterquartile range (IQR), —327 to
1600]) had a greater increase in steps
walked compared with the HA (304.2/d
[IQR, —987 to 1245]. These results may
be promising, but there was no report of
any significant between-group differences
of the means. Although the overall rating
for support was higher in the HA group,
findings suggest that the VA achieved the
same outcomes as the HA intervention,
but with less advisor time.

DiscussioN

Mobile health technologies present a
feasible approach to reduce BP, improve
nutrition, and increase physical activity
among diverse US populations. This
review found that of the 13 studies, most
had significant cardiometabolic disease
risk factor reduction or were associated
with improved chronic disease self-man-
agement. Mobile applications were the
most-used technology; features that were
common included notifications, the abil-
ity to track various health outcomes, pro-
vided health information, goal-setting
capabilities, and tailored features. Studies
that selected commercially available
applications seem to have done so pur-
posefully. Although limited funding
led a study' to produce an Android-
only application, this approach assisted
the research team in being able to
quickly refine the software and see
immediate improvements. Vu et al'”
suggested that sending reminders
through the application may be more
beneficial than utilizing another mes-
saging system (ie, email). This may be
particularly relevant for populations
that may not have or do not frequently
engage with another platform. In addi-
tion, Neffa-Creech et al'? suggested
that receiving actions plans, feed-
back, and skill training materials via
email did not produce differences
from those that received an app-only
intervention.

Ethnicity & Disease, Volume 33, Number 4, Fall 2023

Applications that were thoroughly
tailored to the target populations have
shown significant results. We speculate
that participant and community-specific
feedback may be a valuable tool to
increase retention and efficacy. How-
ever, as seen in the study by Steinberg
et al,'" any feedback is not necessarily
better than no feedback. They utilized
an automated algorithm to provide
feedback, which primarily consisted of
the participant’s name, their DASH diet
adherence score from the day before, and
its breakdown. They reported no signifi-
cant between-group differences for a diet
tracking app + DASH messages vs app-
only interventions.

This systematic review has several
strengths. First, this review offers a
robust assessment of the application,
feasibility, and efficacy of mHealth
interventions in targeting cardiometa-
bolic disparities. Ten studies had a
90% or more ethnic/racial minority
sample, with 6 of these solely targeting
one of these populations. This allowed
for the assessment of studies that reflect
the populations most affected by CVD.
Most of the studies clearly stated their
objectives, inclusion and exclusion cri-
teria, and results; highlighted their
respective  limitations; and  clarified
potential sources of bias. Included
studies were published within the last 3
years, which allows for a better under-
standing of current interventions
and market applications. Finally,
this was a carefully designed litera-
ture search that went in accordance
with the PRISMA guidelines.” We
do not comment on any of the inter-
ventions, but understanding this lit-
erature sets the ground to expand
interventions shown to produce pos-
itive health outcomes.

Our work is not without limitations.
First, meta-analysis of findings could
not be completed due to studies often
having different measures for their
findings and drastically varying sample
sizes of participants. Second, we did
not gather sufficient data to draw
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conclusions for any specific health dis-
parity population. Because 9 studies
had samples that were at least 70%
female, findings may not be generaliz-
able to the male population. Similarly,
results may not translate well across
health disparity populations, US loca-
tions (5 studies were based in Califor-
nia), or smartphone software users.
Due to small sample size and/or lack of
control group, some studies found it
difficult to interpret findings in other
measures. Feasibility was assessed, pri-
marily, through study completion,
feedback, and participation. For exam-
ple, Persell et al'® were not able to
detect systolic BP differences smaller
than 5 mm Hg. The same study, which
assessed an intervention consisting of a
coaching vs tracking app with a BP
monitor, reported that their machine
learning software performed better
with more users contributing data. In
the Joseph et al*° study, there was min-
imal usage of the discussion board fea-
ture. It is unknown whether other
studies that had similar features had
alike interactions. Ultimately, inconsis-
tencies in how studies addressed feasibil-
ity and outcomes makes it difficult to
draw specific and targeted conclusions
regarding impacts on health overall.
Another main limitation seen in the
studies stemmed from the short inter-
vention lengths. Only 1 study'” of the
13 was longer than 1 year, with most
of them lasting 3-6 months (n=8). As
evidenced in the study by Rosas et al,'”
long-term changes may not be sustain-
able after the 2-year mark. Other ele-
ments that may have influenced
findings were due to most measures
being self-reported and based on partic-
ipant recall. Finally, Fukuoka et al,** in
a study with a 100% Hispanic sample,
found significant reduction of BP, hip
and waist circumference, and body
weight. However, they were able to
identify that the sample was relatively
acculturated. Incorporating accultura-
tion scales may be a valuable instrument
to help understand which interventions
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may be most helpful for certain
populations.

CONCLUSIONS

Findings from our review show that
mHealth may help reduce BP, improve
nutritional acquisition, and increase
physical activity in health disparity pop-
ulations. The main limitations in our
analysis of studies include small sample
sizes, short intervention duration, and
difficulty standardizing results between
studies. Almost all interventions (n=11)
utilized mobile applications, most inte-
grating other mHealth and some in-per-
son components. Most of the studies
either assessed feasibility in these com-
munities from the start or had to switch
to examining feasibility from an inital
examination of efficacy. Studies that
specifically tailored their interventions
to target communities seemed to have
the most consistent and significant
results. Further research is needed to fully
understand the effects of mHealth on
reducing CVD disparities in US popula-
tions experiencing health disparities.
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