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Digital Health Interventions for Heart Failure 
Management in Underserved Rural Areas of 
the United States: A Systematic Review of 
Randomized Trials
Zahra Azizi , MD, MSc*; Cassandra Broadwin , MPH*; Sumaiya Islam , MPH (c); Jamie Schenk , MPH; 
Natasha Din , MD, MAS; Mario Funes Hernandez , MD, MAS; Paul Wang , MD; Chris T. Longenecker , MD; 
Fatima Rodriguez , MD, MPH; Alex T. Sandhu , MD, MS

BACKGROUND: Heart failure disproportionately affects individuals residing in rural areas, leading to worse health outcomes. 
Digital health interventions have been proposed as a promising approach for improving heart failure management. This sys-
tematic review aims to identify randomized trials of digital health interventions for individuals living in underserved rural areas 
with heart failure.

METHODS AND RESULTS: We conducted a systematic review by searching 6 databases (CINAHL, EMBASE, MEDLINE, Web 
of Science, Scopus, and PubMed; 2000–2023). A total of 30 426 articles were identified and screened. Inclusion criteria 
consisted of digital health randomized trials that were conducted in underserved rural areas of the United States based on 
the US Census Bureau’s classification. Two independent reviewers screened the studies using the National Heart, Lung, and 
Blood Institute tool to evaluate the risk of bias. The review included 5 trials from 6 US states, involving 870 participants (42.9% 
female). Each of the 5 studies employed telemedicine, 2 studies used remote monitoring, and 1 study used mobile health 
technology. The studies reported improvement in self-care behaviors in 4 trials, increased knowledge in 2, and decreased 
cardiovascular mortality in 1 study. However, 3 trials revealed no change or an increase in health care resource use, 2 showed 
no change in cardiac biomarkers, and 2 demonstrated an increase in anxiety.

CONCLUSIONS: The results suggest that digital health interventions have the potential to enhance self-care and knowledge of 
patients with heart failure living in underserved rural areas. However, further research is necessary to evaluate their impact on 
clinical outcomes, biomarkers, and health care resource use.

REGISTRATION: URL: https://​www.​crd.​york.​ac.​uk/​prosp​ero/​; Unique identifier: CRD42022366923.
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Heart failure (HF) is a highly prevalent condition 
characterized by considerable morbidity and mor-
tality, impairment of quality of life, and substantial 

economic burden. Given that over 64 million individu-
als worldwide, including 6.5 million adults in the United 

States, are affected by HF, addressing the social and 
economic impact of this condition is a crucial public 
health concern.1,2 HF management is longitudinal and 
requires a multidisciplinary approach, requiring regular 
visits. Traditional care provisions may not be enough to 
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meet the needs of patients with HF, particularly those 
residing in underserved rural areas who face additional 
barriers to accessing cardiovascular care. Commonly 
cited barriers include distance to health care facilities, 
limited transportation, parking costs, and infrastructure 
(eg, quality of roads). These barriers result in under-
served rural populations having fewer visits with car-
diology, fewer follow-up visits after HF hospitalization, 
and less likely to be enrolled in cardiac rehabilitation.3 
Underserved rural populations are at a disproportion-
ate risk for developing HF compared with their urban 
counterparts, with a 19% higher risk overall and a 34% 
higher risk for Black men living in rural areas.4 Digital 
health interventions including remote cardiovascular 
monitoring are a promising solution to address the 
burden of cardiovascular diseases in underserved rural 

populations, including patients with HF. Multiple ran-
domized clinical trials have demonstrated that various 
digital health interventions and technologies, including 
teleconsultations, smartphone applications, wear-
ables, remote monitoring, and predictive analytics, can 
influence patient behaviors in both the prevention and 
management of HF.5,6 These tools have the potential 
to connect underserved rural populations to their care 
team, regardless of their physical location, allowing for 
regular monitoring and timely intervention. Although 
digital health interventions have shown potential ben-
efits for patients with HF in underrepresented groups 
such as women,7 older age,8 and racial and ethnic 
minority groups,9 there is insufficient evidence to sup-
port their effectiveness for underserved rural areas. 
Compared with their urban counterparts, patients re-
siding in underserved rural areas of the United States 
experience a range of socioeconomic challenges 
such as lower income, lower educational attainment, 
reduced health literacy, varying health insurance cov-
erage, and limited availability of broadband Internet ac-
cess.10 Given the distinct challenges associated with 
digital health accessibility that underserved rural resi-
dents with HF encounter, it is critical to understand the 
effectiveness of these interventions in this population 
to identify culturally and linguistically appropriate digital 
health tools for HF management and improving health 
care services.

This systematic review aims to identify randomized 
trials of digital health interventions in underserved rural 
residents with HF in the United States. We describe 
the types of interventions and their impact on health-
related outcomes.

METHODS
Transparency and Openness Promotion 
Statement
The authors declare that all supporting data are avail-
able within the article (and its supplemental material).

Registration
The systematic review was registered with the 
International Prospective Register of Systematic 
Reviews (registration number: CRD42022366923). The 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines were followed to ensure the 
review was conducted systematically and transpar-
ently (see Supplemental Material).

Search Strategy
A systematic review of relevant studies on digital health 
interventions for HF management in underserved 
rural areas of the United States was conducted using 

CLINICAL PERSPECTIVE

What Is New?
•	 This is the first systematic review assessing 

digital health interventions in underserved rural 
residents with heart failure in the United States 
and their impact on health-related outcomes.

•	 The findings of this study demonstrated that 
digital health interventions could enhance self-
care abilities and knowledge of heart failure pa-
tients living in underserved rural regions.

•	 Nonetheless, despite the promising potential, 
current research has yet to show a favorable 
impact on clinical outcomes or the use of health 
care resources.

What Are the Clinical Implications?
•	 By synthesizing the available evidence, this re-

view will provide valuable insights into the po-
tential of digital health interventions to improve 
outcomes for rural populations living with heart 
failure.

•	 Furthermore, the findings of this review may in-
form the development of tailored digital health 
interventions that are specifically designed to 
address the unique challenges faced by rural 
populations with heart failure.

•	 Ultimately, this research has the potential to 
inform policy and practice, with the aim of re-
ducing the burden of heart failure on rural popu-
lations and improving health outcomes for these 
underserved communities.

Nonstandard Abbreviations and Acronyms

GDMT	 guideline-directed medical therapy
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the CINAHL, EMBASE, MEDLINE, Web of Science, 
Scopus, and PubMed databases. The research ques-
tion was formulated using the population, interven-
tion, control, and outcomes framework: “In patients 
with heart failure living in underserved rural areas of 
the United States, does the use of digital health inter-
ventions compared with usual care reduce health care 
resource use, improve clinical outcomes, and promote 
self-care behaviors?” The search terms included key-
words such as heart failure, cardiomyopathy, ventricular 
dysfunction, telemedicine, wearable electronic, mobile 
applications, mHealth, and digital health, either alone or 
in combination using Boolean operators in each of the 
databases searched. The complete electronic search 
strategy is included in Table S1. The search strategy 
was developed through an iterative process, with the 
research team reviewing the results of each search 
term until a final search strategy was determined. To 
identify additional relevant articles, the reference lists 
of relevant articles and systematic reviews were exam-
ined, and manual searches were conducted. Duplicate 
articles were removed, and only studies published in 
peer-reviewed journals between January 2000 and 
April 2023 were considered for inclusion.

Inclusion and Exclusion Criteria
The study aimed to identify randomized controlled trials 
that evaluated digital health interventions for manag-
ing HF in underserved rural areas of the United States. 
Inclusion criteria were limited to studies that used mo-
bile health, wearables, text messaging, telehealth, or 
web-based platforms for remote monitoring of patients 
and studies that were primarily conducted in under-
served rural areas of the United States, or those that 
reported intervention outcomes through subgroup 
analysis including underserved rural areas based on 
the US Census Bureau’s classification.

The exclusion criteria comprised studies that as-
sessed internal biosensors (pacemakers, defibrillators, 
pulmonary artery pressure sensors, and implanted 
cardiac device diagnostics), artificial intelligence al-
gorithms, retrospective studies, prospective studies 
without intervention, reviews, case reports, case se-
ries, books, risk prediction models, and studies that 
included all cardiovascular diseases, including those 
other than HF. Studies that lacked primary data, such 
as protocols or reviews, as well as studies that lacked 
full-text access (eg, conference abstracts only) and 
nonrandomized trials were also excluded. Two review-
ers independently screened eligible studies by title 
and abstract, and in cases of disagreement, a third re-
viewer was consulted until a consensus was reached. 
The study selection process is presented in a Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram (Figure 1).

Data Extraction and Assessment of Risk 
Bias
The relevant data extracted from individual trials in-
cluded the study design, sample characteristics such 
as sample size, mean age, percentage of women, and 
percentage of participants who completed the study. 
Characteristics of the intervention and control groups, 
including the intervention modality, duration, and fre-
quency of interaction, were also extracted. We identi-
fied the primary outcome and secondary outcomes and 
extracted the mean differences with the corresponding 
95% CIs between the intervention and control groups. 
We divided outcomes into 4 groups: clinical outcomes 
(cardiac or HF-related mortality) and biomarkers, health 
care resource use (HF readmission, hospitalization, 
emergency department visits, and clinic visits), self-care 
behaviors (such as measuring symptoms and vitals, ad-
hering to a low-sodium diet, taking prescribed medica-
tion, and daily exercise) and others. Data extraction was 
completed by 2 reviewers using a prespecified format. 
Any discrepancies were resolved through consensus or 
consultation with a third reviewer.

We used the National Heart, Lung and Blood 
Institute study quality assessment tool11 to evaluate the 
risk of bias of each study. This tool is widely used to as-
sess the methodological rigor of studies and to identify 
potential biases that may have affected the cumulative 
evidence.12 The tool consists of 14 questions that as-
sess the internal validity of studies. The quality of the 
studies was then classified as good, fair, or poor based 
on these assessments.

This study is based on data from published studies 
and does not require approval from an ethical stan-
dards committee.

RESULTS
Search Result
We searched 6 electronic databases for articles pub-
lished between January 2000 and April 2023 and 
identified a total of 30 426 articles. After removing du-
plicates, we screened 20 487 article titles and further 
narrowed down our selection by reviewing 2776 ab-
stracts. Finally, we screened 90 full-text publications 
based on inclusion and exclusion criteria, excluding 
nonrandomized studies and those conducted in non-
rural or socially advantaged settings. We ultimately in-
cluded 5 studies conducted in underserved rural areas 
that met our criteria. (Figure 1).

Characteristics and Participants Traits in 
Studies
Table 1 presents an overview of the key features of the 
5 studies included in this analysis, which included a 
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total of 870 participants (42.9% female). These stud-
ies were conducted in underserved rural regions of 
6 US states: New York,13 Nebraska,14 California,15,16 
Kentucky,15 Nevada,15 and Arizona17 between 2005 
and 2019 (Figure 218). All studies included in this analy-
sis were randomized clinical trials, 2 of which were pilot 
studies.16,17 In the study by Pekmezaris et al,13 the par-
ticipants were limited to Black and Hispanic individuals 
residing in underserved rural areas, and study by Lefler 
et al17 exclusively included patients aged 55 years and 
above.

Quality of Studies
Table 2 displays the findings of the quality assessment 
conducted by the National Heart, Lung, and Blood 
Institute on the 5 studies. Of these, 1 study was classi-
fied as having good quality,15 2 studies as fair,13,14 and 

2 as poor.16,17 The studies that received a poor-quality 
rating were evaluated as such due to various biases 
including selection, randomization, reporting, attrition, 
multiple testing, imprecision, and lack of generalizabil-
ity, possibly attributable to small sample sizes.

Intervention Features
The details of interventions are summarized in Table 1. 
Each of the 5 studies employed telemedicine interven-
tions such as scheduled phone or video visits,13–17 and 
4 studies provided home equipment including weight 
scales and blood pressure cuffs.13–15,17 Two studies used 
remote monitoring13,17 and 1 study used mobile health 
technology.17 Additionally, 3 studies provided educa-
tion and counseling sessions and used telemedicine 
to reinforce the content presented to participants.14,15,17 
In the study by Lefler et al,17 participants in the home 

Figure 1.  Study flow chart.



J Am Heart Assoc. 2024;13:e030956. DOI: 10.1161/JAHA.123.030956� 5

Azizi et al� Digital Management of HF in Rural USA

Ta
b

le
 1

. 
P

a
rt

ic
ip

a
n

t 
C

h
a

ra
c

te
ri

st
ic

s,
 S

tu
d

y 
D

es
ig

n
, Q

u
a

lit
y,

 a
n

d
 R

es
u

lt
s 

o
f 

In
c

lu
d

e
d

 S
tu

d
ie

s

S
tu

d
y

C
o

u
n

tr
y

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

In
te

rv
en

ti
o

n
C

o
n

tr
o

l
In

te
rv

en
ti

o
n

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, %
 

fe
m

al
e,

 %
 

co
m

p
le

te
d

)
P

ro
g

ra
m

 
d

u
ra

ti
o

n
Ty

p
e 

o
f 

in
te

rv
en

ti
o

n
D

ev
ic

e

F
o

llo
w

 
u

p
 

d
u

ra
ti

o
n 

(p
o

st
)

F
o

llo
w

 u
p

 
p

er
io

d
s 

(m
id

, 
p

o
st

)

A
n

al
ys

is
 

(P
P,

 IT
T,

 
o

r 
b

o
th

)
C

o
m

p
ar

is
o

n 
co

n
d

it
io

n
R

es
u

lt

P
ek

m
ez

ar
is

 
et

 a
l, 

20
19

13
U

ni
te

d 
S

ta
te

s:
 

N
ew

 Y
or

k

10
4 

B
la

ck
 

an
d 

H
is

p
an

ic
 

p
ar

tic
ip

an
ts

(5
9.

9±
15

.1
 y

, 4
1%

 
fe

m
al

e,
 8

1.
7%

 
co

m
p

le
te

d
)

46 (5
8.

4±
15

.2
 

y,
 4

3%
 

fe
m

al
e,

 7
6.

1%
 

co
m

p
le

te
d

)

58 (6
1.

1±
15

.0
 y

, 
40

%
 fe

m
al

e,
 

86
.2

%
 

co
m

p
le

te
d

)

90
 d

TS
M

: (
1)

 D
ai

ly
 v

ita
l 

se
lf-

m
on

ito
rin

g 
us

in
g 

(A
m

er
ic

an
 T

el
eC

ar
e 

Li
fe

V
ie

w
 d

ev
ic

e)
(2

) W
ee

kl
y 

te
le

he
al

th
 

vi
si

ts

A
m

er
ic

an
 

Te
le

C
ar

e 
Li

fe
V

ie
w

, 
Te

le
p

ho
ne

0
0,

 9
0 

d
IT

T
O

ut
p

at
ie

nt
 

se
tt

in
g,

 
b

as
ed

 u
p

on
 

20
13

 H
ea

rt
 

Fa
ilu

re
 C

lin
ic

al
 

P
ra

ct
ic

e 
G

ui
d

el
in

es

(1
) E

m
er

ge
nc

y 
d

ep
ar

tm
en

t v
is

its
 

(R
R

, 1
.3

7 
[9

5%
 C

I, 
0.

83
–2

.2
7]

)
(2

) H
os

p
ita

liz
at

io
n:

 (R
R

, 0
.9

2 
[9

5%
 C

I, 
0.

57
–1

.4
8]

)
Le

ng
th

 o
f s

ta
y:

 (T
S

M
=

0.
54

 d
 v

s 
C

O
M

=
0.

91
d

)
(3

) N
um

b
er

 o
f a

ll-
ca

us
e 

ho
sp

ita
liz

at
io

ns
: (

TS
M

=
0.

78
 v

s 
C

O
M

=
0.

55
; P

=
0.

03
)

(4
) D

ep
re

ss
io

n 
(P

at
ie

nt
 H

ea
lth

 
Q

ue
st

io
nn

ai
re

-4
): 

no
 s

ig
ni

fic
an

t 
ch

an
ge

(5
) A

nx
ie

ty
 (P

at
ie

nt
 H

ea
lth

 
Q

ue
st

io
nn

ai
re

-4
): 

(T
S

M
=

50
–2

8%
; 

C
O

M
=

57
–1

3%
; P

=
0.

05
)

(6
) M

in
ne

so
ta

 L
iv

in
g 

w
ith

 H
ea

rt
 

Fa
ilu

re
 Q

ue
st

io
nn

ai
re

: n
o 

si
gn

ifi
ca

nt
 c

ha
ng

e

Yo
un

g 
et

 a
l, 

20
16

14
U

ni
te

d 
S

ta
te

s:
 

N
eb

ra
sk

a

10
0 

(7
0.

2±
12

.2
 

y,
 6

4%
 

fe
m

al
e,

 9
5.

2%
 

co
m

p
le

te
d

)

51 (6
8.

7±
11

.8
 

y,
 5

2.
9%

 
fe

m
al

e,
 9

4.
4%

 
co

m
p

le
te

d
)

49
 (7

1.
8±

12
.6

 y,
  

75
.5

%
 

fe
m

al
e,

 9
6.

1%
 

co
m

pl
et

ed
)

12
 w

k
P

AT
C

H
 in

te
rv

en
tio

n.
Tw

o 
p

ha
se

s:
 (1

) O
ne

-
on

-o
ne

 in
-h

os
p

ita
l 

se
lf-

m
an

ag
em

en
t t

ra
in

in
g 

se
ss

io
n 

d
el

iv
er

ed
 b

y 
te

le
p

ho
ne

(2
) P

os
t-

d
is

ch
ar

ge
 

re
in

fo
rc

em
en

t s
es

si
on

s
(a

) T
w

ic
e 

a 
w

k 
fo

r 
th

e 
fir

st
 2

 w
k

(b
) O

nc
e 

a 
w

k 
fo

r 
w

k 
3

–6
(c

) E
ve

ry
 o

th
er

 w
k 

fo
r 

w
k 

7–
12

Te
le

p
ho

ne
3 

m
o

0,
 3

, 6
 m

o
P

P
U

su
al

 c
ar

e:
 

st
an

d
ar

d 
d

is
ch

ar
ge

 
te

ac
hi

ng
 fo

r 
H

F 
(w

rit
te

n 
an

d 
ve

rb
al

 
in

fo
rm

at
io

n 
ab

ou
t H

F 
se

lf-
ca

re
 a

nd
 

sc
he

d
ul

ed
 

fo
llo

w
-u

p 
d

oc
to

r 
ap

p
oi

nt
m

en
ts

)

(1
) S

ig
ni

fic
an

t i
m

p
ro

ve
m

en
t 

in
 p

at
ie

nt
 r

ep
or

te
d 

se
lf-


m

an
ag

em
en

t a
d

he
re

nc
e 

at
 3

 
an

d 
6 

m
o 

af
te

r 
d

is
ch

ar
ge

 in
 

in
te

rv
en

tio
n 

vs
 c

on
tr

ol
:

-W
ei

gh
in

g 
(m

ea
n 

d
iff

er
en

ce
: 1

.1
, 

P
<

0.
0

05
)

-F
ol

lo
w

in
g 

a 
lo

w
-s

od
iu

m
 d

ie
t 

(m
ea

n 
d

iff
er

en
ce

: 0
.9

, P
<

0.
0

05
)

-T
ak

in
g 

p
re

sc
rib

ed
 m

ed
ic

at
io

n 
(m

ea
n 

d
iff

er
en

ce
: 0

.6
, P

<
0.

0
05

)
-E

xe
rc

is
in

g 
d

ai
ly

 (m
ea

n 
d

iff
er

en
ce

: 0
.6

, P
<

0.
0

05
)

(2
) N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 
p

hy
si

ca
l a

ct
iv

ity
 (m

ea
n 

d
iff

er
en

ce
: 

0.
03

 to
 0

.0
5,

 P
>

0.
05

),
or

 c
lin

ic
al

 b
io

m
ar

ke
rs

(3
) S

ig
ni

fic
an

tly
 g

re
at

er
 3

0
-d

 
re

ad
m

is
si

on
 r

at
es

 in
 in

te
rv

en
tio

n 
vs

 c
on

tr
ol

 (1
9.

6%
 v

s 
6.

1%
)

(4
) S

ig
ni

fic
an

t i
m

p
ro

ve
m

en
t i

n 
se

lf-
ef

fic
ac

y 
fo

r 
he

ar
t f

ai
lu

re
 s

el
f-


m

an
ag

em
en

t (
m

ea
n 

d
iff

er
en

ce
: 

0.
4,

 P
=

0.
03

), 
se

lf-
m

an
ag

em
en

t 
st

ra
te

gi
es

 (m
ea

n 
d

iff
er

en
ce

: 1
.0

, 
P

<
0.

0
05

) a
nd

 p
at

ie
nt

 a
ct

iv
at

io
n 

sc
or

e 
(m

ea
n 

d
iff

er
en

ce
: 0

.3
, 

P
=

0.
06

)

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2024;13:e030956. DOI: 10.1161/JAHA.123.030956� 6

Azizi et al� Digital Management of HF in Rural USA

S
tu

d
y

C
o

u
n

tr
y

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

In
te

rv
en

ti
o

n
C

o
n

tr
o

l
In

te
rv

en
ti

o
n

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, %
 

fe
m

al
e,

 %
 

co
m

p
le

te
d

)
P

ro
g

ra
m

 
d

u
ra

ti
o

n
Ty

p
e 

o
f 

in
te

rv
en

ti
o

n
D

ev
ic

e

F
o

llo
w

 
u

p
 

d
u

ra
ti

o
n 

(p
o

st
)

F
o

llo
w

 u
p

 
p

er
io

d
s 

(m
id

, 
p

o
st

)

A
n

al
ys

is
 

(P
P,

 IT
T,

 
o

r 
b

o
th

)
C

o
m

p
ar

is
o

n 
co

n
d

it
io

n
R

es
u

lt

C
al

d
w

el
l 

et
 a

l, 
20

05
16

U
ni

te
d 

S
ta

te
s:

 
N

or
th

er
n 

C
al

ifo
rn

ia

36
 (7

1±
14

.7
 y

, 
31

%
 fe

m
al

e)
20

 (6
9±

15
.9

 y
, 

25
%

 fe
m

al
e)

16
 (7

3±
13

 y
, 

37
%

 fe
m

al
e)

1 
m

o
U

su
al

 c
ar

e+
 a

 s
im

p
le

 
in

d
iv

id
ua

liz
ed

 e
d

uc
at

io
n 

an
d 

co
un

se
lin

g 
se

ss
io

n 
fo

cu
se

d 
on

 s
ym

pt
om

 
re

co
gn

iti
on

 a
nd

 fl
ui

d 
w

ei
gh

t m
an

ag
em

en
t, 

w
ith

 a
 p

ho
ne

 c
al

l a
t 1

 m
o 

fo
r 

re
in

fo
rc

em
en

t

Te
le

p
ho

ne
2 

m
o

0,
 3

 m
o

P
P

U
su

al
 c

ar
e 

an
d 

w
rit

te
n 

m
at

er
ia

l
(1

) S
ig

ni
fic

an
t i

m
p

ro
ve

m
en

t i
n 

kn
ow

le
d

ge
 a

ft
er

 3
 m

o 
(1

8.
1 

vs
 

14
.9

, P
=

0.
01

)
(2

) S
ig

ni
fic

an
t i

m
p

ro
ve

m
en

t i
n 

se
lf-

ca
re

 b
eh

av
io

r 
re

la
te

d 
to

 
d

ai
ly

 w
ei

gh
ts

 a
t 3

 m
o 

(2
.9

±1
.0

 v
s 

1.
9±

1.
3,

 P
=

0.
03

)
(3

) N
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 
B

-t
yp

e 
na

tr
iu

re
tic

 p
ep

tid
e 

le
ve

ls
 

(1
95

±1
70

 v
s 

30
2±

31
1 

p
g/

m
L,

 
P

=
0.

21
)

D
ra

cu
p 

et
 a

l, 
20

14
15

, 
R

E
M

O
TE

 H
F

U
ni

te
d 

S
ta

te
s:

 
C

al
ifo

rn
ia

, 
K

en
tu

ck
y,

 
N

ev
ad

a

60
2 

(6
6.

1±
12

.9
 

y,
 4

0.
5%

 
fe

m
al

e,
 8

2.
24

%
 

co
m

p
le

te
d

)

Fl
ui

d 
W

at
ch

er
s 

LI
TE

: 2
0

0 
(6

5.
9±

12
.8

 y
, 

42
%

 fe
m

al
e,

 
78

.8
%

 
co

m
p

le
te

d
)

Fl
ui

d 
W

at
ch

er
s 

LI
TE

-P
LU

S
:

19
3 

(6
6.

1±
12

.9
, 

y,
 4

2.
5%

 
fe

m
al

e,
 8

2.
8%

 
co

m
p

le
te

d
)

20
9 

(6
6.

4±
12

.9
 

y,
 3

7.
3%

 
fe

m
al

e,
 

84
.5

%
 

co
m

p
le

te
d

)

Fl
ui

d 
W

at
ch

er
s 

LI
TE

: 4
 w

k
Fl

ui
d 

W
at

ch
er

s 
LI

TE
-P

LU
S

:
U

nt
il 

co
nt

en
t 

co
m

p
et

en
cy

 
w

as
 

d
em

on
st

ra
te

d:
 

5.
3±

3.
6 

w
k 

(1
–1

9)
 p

ho
ne

 
ca

lls

Fl
ui

d 
W

at
ch

er
s 

LI
TE

: 
2 

p
ho

ne
 c

al
ls

 a
t 2

-w
k 

in
te

rv
al

s 
to

 r
ei

nf
or

ce
 

th
e 

in
fo

rm
at

io
n 

in
 th

e 
ed

uc
at

io
na

l s
es

si
on

Fl
ui

d 
W

at
ch

er
s 

LI
TE

-P
LU

S
:

(1
) A

n 
au

d
io

ta
p

e 
of

 
th

e 
ed

uc
at

io
n 

se
ss

io
n 

fo
r 

fu
tu

re
 r

ev
ie

w
. (

2)
 

B
iw

ee
kl

y 
fo

llo
w

-u
p 

p
ho

ne
 c

al
ls

 b
y 

th
e 

re
se

ar
ch

 n
ur

se
 u

nt
il 

co
nt

en
t c

om
p

et
en

cy
 w

as
 

d
em

on
st

ra
te

d

Te
le

p
ho

ne
24

 m
o

0,
 3

, 1
2,

 
24

 m
o

IT
T

U
su

al
 c

ar
e

(1
) S

ig
ni

fic
an

t i
m

p
ro

ve
m

en
t i

n 
se

lf-
ca

re
 s

co
re

s 
in

 b
ot

h 
LI

TE
 a

nd
 

P
LU

S
 g

ro
up

s 
vs

 c
on

tr
ol

 a
t 3

 a
nd

 
12

 m
o

(2
) N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 th
e 

p
re

va
le

nc
e 

of
 c

om
b

in
ed

 c
lin

ic
al

 
ou

tc
om

es
 (c

ar
d

ia
c 

d
ea

th
 a

nd
 H

F 
ho

sp
ita

liz
at

io
n)

 (c
on

tr
ol

: 3
7.

8%
 

vs
 L

IT
E

: 2
8.

5%
 v

s 
P

LU
S

: 3
8.

9%
, 

P
=

0.
05

8)
 o

ve
r 

2 
y

(3
) N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 
tim

e 
to

 H
F 

ho
sp

ita
liz

at
io

n 
or

 
ca

rd
ia

c 
d

ea
th

 P
=

0.
1

(4
) L

ow
er

 p
ro

p
or

tio
n 

of
 c

ar
d

ia
c 

d
ea

th
 in

 L
IT

E
 g

ro
up

 c
om

p
ar

ed
 

w
ith

 c
on

tr
ol

 (c
on

tr
ol

: 1
7.

7%
 v

s 
LI

TE
: 7

.5
%

 v
s 

P
LU

S
: 1

1.
9%

, 
P

=
0.

0
03

)
(5

) F
ew

er
 s

ch
ed

ul
ed

 o
r 

no
ns

ch
ed

ul
ed

 o
ff

ic
e 

vi
si

ts
 fo

r 
H

F 
in

 L
IT

E
 g

ro
up

 c
om

p
ar

ed
 w

ith
 

P
LU

S
 a

nd
 c

on
tr

ol
(c

on
tr

ol
: 1

2.
9%

 v
s 

LI
TE

: 1
1.

5%
 v

s 
P

LU
S

: 2
3.

8%
, P

=
0.

0
01

)
(6

) N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 

fa
m

ily
 p

re
se

nc
e 

d
ur

in
g 

th
e 

vi
si

ts
 

b
et

w
ee

n 
in

te
rv

en
tio

ns
 (L

IT
E

: 3
5%

 
vs

 P
LU

S
: 3

7%
, P

=
0.

6)
.

Ta
b

le
 1

 
C

o
n

ti
n

u
e

d



J Am Heart Assoc. 2024;13:e030956. DOI: 10.1161/JAHA.123.030956� 7

Azizi et al� Digital Management of HF in Rural USA

S
tu

d
y

C
o

u
n

tr
y

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

In
te

rv
en

ti
o

n
C

o
n

tr
o

l
In

te
rv

en
ti

o
n

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, 
%

 f
em

al
e,

 %
 

co
m

p
le

te
d

)

P
ar

ti
ci

p
an

ts
 

(m
ea

n 
ag

e,
 y

, %
 

fe
m

al
e,

 %
 

co
m

p
le

te
d

)
P

ro
g

ra
m

 
d

u
ra

ti
o

n
Ty

p
e 

o
f 

in
te

rv
en

ti
o

n
D

ev
ic

e

F
o

llo
w

 
u

p
 

d
u

ra
ti

o
n 

(p
o

st
)

F
o

llo
w

 u
p

 
p

er
io

d
s 

(m
id

, 
p

o
st

)

A
n

al
ys

is
 

(P
P,

 IT
T,

 
o

r 
b

o
th

)
C

o
m

p
ar

is
o

n 
co

n
d

it
io

n
R

es
u

lt

Le
fle

r 
et

 a
l, 

20
18

17
U

ni
te

d 
S

ta
te

s:
 

A
rk

an
sa

s

28 (8
2%

 <
60

 y
, 4

3%
 

fe
m

al
e,

 8
9.

28
%

 
co

m
p

le
te

d
)

(1
) m

H
ea

lth
 

co
nn

ec
te

d 
to

 
a 

24
-h

ou
r 

ca
ll 

ce
nt

er
: 7

 (8
8.

7%
 

co
m

p
le

te
d

)
(2

) D
ig

ita
l h

om
e 

eq
ui

p
m

en
t: 

11
 (8

1.
81

%
 

co
m

p
le

te
d

)

S
ta

nd
ar

d 
ca

re
: 1

0 
(1

0
0%

 
co

m
p

le
te

d
)

12
 w

k
(1

) m
H

ea
lth

 c
on

ne
ct

ed
 to

 
a 

24
-h

 c
al

l c
en

te
r

(2
) D

ig
ita

l h
om

e 
eq

ui
p

m
en

t

A
 C

lo
ud

 
D

X-


co
nn

ec
te

d 
H

ea
lth

 K
it 

co
nt

ai
ni

ng
 

A
nd

ro
id

 
H

ea
lth

 
Ta

b
le

t w
ith

 
B

lu
et

oo
th

-
p

ai
re

d 
b

od
y 

w
ei

gh
t 

sc
al

e 
an

d 
p

ul
se

 w
av

e 
U

ni
ve

rs
al

 
se

ria
l b

us
 

b
lo

od
 

p
re

ss
ur

e 
w

ris
t 

m
on

ito
r

0
0,

12
 w

k
P

P
S

ta
nd

ar
d 

ca
re

: r
eg

ul
ar

 
in

st
ru

ct
io

n 
w

ith
 n

o 
ho

m
e 

eq
ui

p
m

en
t

(1
) 1

0
0%

 o
f m

H
ea

lth
 a

nd
 h

om
e 

eq
ui

p
m

en
t g

ro
up

s 
m

on
ito

re
d 

vi
ta

ls
 d

ai
ly

 p
os

t i
nt

er
ve

nt
io

n.
(2

) 3
6%

 h
ad

 te
ch

no
lo

gy
 

an
xi

et
y 

an
d 

32
%

 w
er

e 
af

ra
id

 o
f 

te
ch

no
lo

gy
.

(3
) Q

ua
lit

at
iv

e 
in

te
rv

ie
w

 r
ev

ea
le

d 
4 

im
p

or
ta

nt
 th

em
es

 r
eg

ar
d

in
g 

co
m

m
un

ic
at

io
n 

w
ith

 p
ro

vi
d

er
s,

 
us

ef
ul

ne
ss

 o
f h

om
e 

m
on

ito
rin

g,
 

co
nf

id
en

ce
 in

 s
el

f-
m

on
ito

rin
g,

 
an

d 
un

ce
rt

ai
nt

y 
w

ith
 p

er
si

st
en

t 
he

al
th

 p
ro

b
le

m
s.

C
O

M
 in

d
ic

at
es

 c
om

p
re

he
ns

iv
e 

ou
tp

at
ie

nt
 m

an
ag

em
en

t; 
H

F,
 h

ea
rt

 fa
ilu

re
; I

T
T,

 in
te

nt
io

n 
to

 tr
ea

t; 
m

H
ea

lth
, m

ob
ile

 h
ea

lth
; P

P,
 p

er
-p

ro
to

co
l; 

R
R

, r
el

at
iv

e 
ris

k;
 a

nd
 T

S
M

, t
el

eh
ea

lth
 s

el
f-

m
on

ito
rin

g.

Ta
b

le
 1

 
C

o
n

ti
n

u
e

d



J Am Heart Assoc. 2024;13:e030956. DOI: 10.1161/JAHA.123.030956� 8

Azizi et al� Digital Management of HF in Rural USA

equipment group were encouraged to record their 
blood pressure and weight using pen and paper. The 
study by Dracup et al,15 provided HF symptom diaries 
to patients for symptom logging. The remaining stud-
ies relied on patients reporting HF symptoms during 
their visits. The PATCH (Self-Management Adherence 
in Heart Failure Patients) trial14 was the only study that 
emphasized daily salt intake tracking and reinforced 
medication adherence by providing a pill organizer and 
reminder alarm.

In the study by Caldwell et al,16 patients were only 
given education on weight management and symp-
toms. The PATCH trial14 and REMOTE-HF15 primarily 
aimed at educating patients on fluid management and 
weight, whereas studies by Pekmezaris13 and Lefler 
et  al,17 required patients to monitor all vital signs.13,17 

REMOTE-HF trial15 consisted of 2 intervention groups 
(LITE and PLUS). Both intervention groups received a 
face-to-face education session delivered by a nurse fo-
cused on self-care. However, the LITE group received 
only 2 follow-up phone calls, whereas the PLUS group 
received biweekly calls until they achieved content 
competency. The PATCH intervention consisted of an 
in-hospital self-management training session delivered 
one on one by telephone, as well as postdischarge re-
inforcement sessions. These reinforcement sessions 
occurred twice a week during the first 2 weeks, once a 
week for weeks 3–6, and every other week for weeks 
7–12.14

In the study by Young et  al,14 the educational 
content for the intervention group was developed 
based on the components of Lorig’s chronic disease 

Figure 2.  US bubble map based on the location, type of intervention, and number of participants investigated from selected 
studies.
The figure displays the results of 5 studies between 2005 and 201913–17 included in this review, which were conducted in underserved 
rural regions of 6 US states: New York, Nebraska, California, Kentucky, Nevada, and Arizona. All of the studies used digital health 
technologies, including telemonitoring (via phone or video), remote monitoring (via a call center), or mHealth (via mobile devices), and 
4 of the studies provided home equipment such as blood pressure cuffs and scales. The ring pie chart indicates the size of each 
study, including the number of participants and the proportion of intervention and control groups (represented by different colors). The 
number of participants in each study is also displayed within the chart. The rurality of each state is illustrated by a heat map, which 
shows a color gradient ranging from light yellow to indicate 0% rurality, progressively darkening to red to represent areas of 100% 
rurality (Arkansas (44.5%): pure red, Kentucky (41.3%): red, Nebraska (27%): medium red-orange, New York (12.6%): light red-orange, 
California (5.8%): yellow, Nevada (5.9%): yellow). The heat map categorically delineates the rural nature of each study area based on 
most recent census data (percentage of the population living in rural areas, rural population density, and rural land area).18 The boxes 
provide a summary of the key findings from all of the studies. Created with BioRe​nder.​com. BNP indicates B-type natriuretic peptide; 
COM, comprehensive outpatient management; HCU, health care use; mHealth, mobile health; and TSM, telehealth self-monitoring.

http://biorender.com
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Table 2.  Quality Assessment

Study
Pekmezaris et al, 
201913

Young et al, 
201614

Caldwell et al, 
200516

Dracup et al, 
201415

Lefler et al, 
201817

Was the study described as randomized, a 
randomized trial, a randomized clinical trial, or an 
randomized controlled trial?

Yes Yes Yes Yes Yes

Was the method of randomization adequate (ie, 
use of randomly generated assignment)?

Yes Yes NR Yes NR

Was the treatment allocation concealed (so that 
assignments could not be predicted)?

Yes Yes NR Yes NR

Were study participants and providers blinded to 
treatment group assignment?

NR No NR Yes NR

Were the people assessing the outcomes 
blinded to the participants’ group assignments?

No Yes NR Yes NR

Were the groups similar at baseline on important 
characteristics that could affect outcomes 
(eg, demographics, risk factors, comorbid 
conditions)?

Yes No Yes Yes NR

Was the overall drop-out rate from the study at 
end point 20% or lower of the number allocated 
to treatment?

Yes Yes NR Yes Yes

Was the differential dropout rate (between 
treatment groups) at the end point 15 
percentage points or lower?

Yes Yes NR Yes Yes

Was there high adherence to the intervention 
protocols for each treatment group?

Yes Yes NR Yes Yes

Were other interventions avoided or similar in the 
groups (eg, similar background treatments)?

Yes Yes NR Yes Yes

Were outcomes assessed using valid and 
reliable measures, implemented consistently 
across all study participants?

Yes Yes No Yes Yes

Did the authors report that the sample size was 
sufficiently large to be able to detect a difference 
in the main outcome between groups with at 
least 80% power?

No Yes No Yes No

Were outcomes reported or subgroups analyzed 
prespecified (ie, identified before analyses were 
conducted)?

Yes Yes Yes Yes Yes

Were all randomized participants analyzed in the 
group to which they were originally assigned (ie, 
did they use an intention-to-treat analysis?)?

Yes No No Yes No

Quality Fair Fair Poor Good Poor

Limitations •	 Low power
•	 >20% Drop out 

in intervention 
group

•	 The results 
are not 
generalizable 
(single-center 
study)

•	 Multiple testing 
error

•	 Outdated 
technology by 
the end of study

•	 The results 
are not 
generalizable 
(single-
center study, 
convenience 
sampling)

•	 Multiple testing 
error

•	 Selection bias

•	 The results are 
not generalizable 
(single-center 
study, small 
sample size)

•	 Multiple testing 
error

•	 Selection bias
•	 Short duration of 

study
•	 Change in the 

intervention 
setting and 
measures in the 
middle of study

•	 Reporting bias 
(medical records 
and physician 
logs were not 
considered)

•	 Multiple 
testing error

•	 Change in 
patients’ 
treatment 
plans was 
not captured 
and it 
might have 
caused the 
difference 
in cardiac 
mortality 
between 
intervention 
and control 
groups

•	 Competing 
risk of death 
was not 
considered

•	 The results 
are not 
generalizable 
(single-center 
study, low 
power, small 
sample size)

•	 Didn’t collect 
demographic 
data

NR indicates not reported.
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self-management model,19 Hibbard’s patient activa-
tion theory,20 and Bandura’s conceptualization of self-
efficacy.21 On the other hand, a study by Dracup et al,15 
employed the teach-back strategy, where patients were 
asked to repeat what they had been taught. In con-
trast, the educational content for the control group in 
all studies13–17 consisted of standard discharge teach-
ing for HF, including the American Heart Association 
guidelines for HF management.13 None of the studies 
had a primary focus on optimizing guideline-directed 
medical therapies.

Patients in the usual arm in all studies were encour-
aged to adhere to standards such as monitoring med-
ications, blood pressure, weight, diet, and lipid profile, 
as well as receiving patient education within their re-
spective study.13–17

Clinical Outcomes, Health Care Resource 
Use, and Biomarkers
Only the REMOTE-HF study measured clinical out-
comes,15 including cardiac death and a composite of 
HF hospitalization and overall cardiac mortality. The 
prevalence of combined clinical outcomes (cardiac 
death and HF hospitalization) over 2 years did not dif-
fer significantly between the intervention (LITE and 
PLUS) and control groups (control: 37.8% versus LITE: 
28.5% versus PLUS: 38.9%, P=0.058). There was also 
no significant difference in the time of HF hospitaliza-
tion or cardiac death (P=0.1). The rate of cardiac death 
was lower in the LITE group compared with the control 
group (control: 17.7% versus LITE: 7.5% versus PLUS: 
11.9%, P=0.003). However, there was no significant 
difference between the 2 intervention groups.

Three studies measured changes in health care 
resource use following intervention. However, there 
was no significant change in emergency department 
visits,13 hospitalization,13 length of stay,13 or time to 
hospitalization15 in the intervention groups compared 
with controls. Furthermore, in 2 trials, the number of 
all-cause hospitalizations13 and 30-day readmissions14 
was greater in the intervention groups than in the con-
trol groups. The REMOTE-HF study found that the LITE 
intervention group reported a significantly lower num-
ber of scheduled or nonscheduled office visits com-
pared with the PLUS and control groups (P=0.001)15 
(Table 1).

Two studies assessed the clinical biomarker BNP 
(B-type natriuretic peptide) levels following the inter-
ventions.14,16 In both studies, there were no significant 
changes observed in BNP levels (Table 1).

Self-Care Behaviors and Knowledge
Four studies evaluated self-care behavior following the 
intervention.13–17 These studies reported a significant 
improvement in patient-reported self-management 

adherence to daily weights, a low-sodium diet, pre-
scribed medications, and daily exercise in the inter-
vention arms compared with the control arms.13–17 
REMOTE-HF trial led to a significant improvement in 
self-care score (measured by the 9-item European HF 
Self-Care Behavior Scale) after 3 and 12 months com-
pared with the control group, with no significant differ-
ence between the 2 intervention groups.15 Only 1 study 
showed an increase in knowledge in the intervention 
group compared with the control16 (Table 1).

Anxiety
The anxiety levels of participants were evaluated in 2 
studies.13,17 The study by Pekmezaris et  al13 showed 
that the intervention group had a higher follow-up level 
of general anxiety compared with the control group 
(Patient Health Questionnaire-4: intervention=28%; 
control=13%; P=0.05). Conversely, a study by Lefler 
et al17 reported that 36% of participants experienced 
technology anxiety, and 32% of older adults were 
afraid of technology at baseline. There were no sig-
nificant changes observed after the intervention across 
arms (Table 1).

DISCUSSION
The findings of this systematic review suggest that dig-
ital health interventions have the potential to improve 
the self-care and knowledge of patients with HF resid-
ing in underserved rural areas. However, existing stud-
ies have not demonstrated a positive effect on clinical 
outcomes or health care resource use. Future digital 
health research should evaluate how such tools can 
improve HF clinical outcomes or reduce health care 
use in these high-risk underserved rural populations.

Digital health technologies hold the potential for re-
ducing disparities in care across rurality and socioeco-
nomic status. In underserved rural areas where access 
to health care facilities and chronic care management 
services are limited, digital health technologies can 
be used to improve access to care via telemedicine 
consultations and to enable remote monitoring. These 
interventions can theoretically improve quality of care, 
improve patient knowledge and behaviors around self-
management, and ultimately reduce hospital admis-
sions, improve quality of life, and increase survival.22

Role of Digital Health in Improving 
Knowledge and Self-Care
Adherence to self-management guidelines tends to be 
lower in underserved rural populations with HF.14 Studies 
have indicated that nonadherence to self-management 
guidelines is responsible for 21% to 55% of hospital re-
admissions in patients with HF.23–26 Self-management 
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is critical for HF, given the need to identify signs of de-
compensation and adhere to a complex regimen of 
medications and lifestyle recommendations around 
diet and exercise. Effective interventions should be de-
signed to include strategies27 that promote both self-
efficacy and activation and leverage the potential of 
digital health interventions. Previous studies have dem-
onstrated17 that digital health interventions are feasible 
and have the potential to improve self-management 
in older adults with HF, with users reporting feeling 
more secure knowing that they are under the care and 
observation of a health care provider. We found digi-
tal interventions for patients residing in underserved 
rural areas led to a significant improvement in patient-
reported self-management adherence following the 
interventions.13–17 A 2014 study14,28 examined home-
based, postacute care services to enhance patient 
activation and improve self-management adherence 
in patients with HF discharged from underserved rural 
hospitals. The study highlighted the importance of lev-
eraging the expertise of advanced practice nurses and 
tailoring the intervention to the needs of underserved 
rural patients by developing a conceptual framework 
to guide the design and implementation of activation-
enhancing interventions.

Further investigation of interpersonal factors, such 
as cultural beliefs and access to care, would improve 
our understanding of self-management behavior in 
rural populations with HF. The quality of the patient-
provider interaction29 is an independent predictor of 
patient activation and self-management behaviors in 
populations with various chronic illnesses. By address-
ing these underlying mechanisms via digital health in-
terventions, it may be possible to improve outcomes 
and reduce the economic burden for patients with HF 
in underserved rural areas.

Clinical Outcomes and Health Care Use
HF is characterized by recurrent periods of clinical ex-
acerbation, resulting in high rates of emergency de-
partment and inpatient hospital use, leading to poor 
health outcomes, decreased quality of life, and exor-
bitant health care costs. Standard outpatient man-
agement programs are often resource-intensive and 
limited to major urban medical centers. Although some 
evidence exists suggesting that adequate self-care is 
associated with improved health outcomes, the link 
between HF self-care and health outcomes remains 
inconclusive.30,31 Our review revealed that the digi-
tal interventions in underserved rural areas, although 
contributing to improvements in self-care and knowl-
edge, did not demonstrate significant improvements in 
either clinical outcomes or health care resource use. 
There could be multiple reasons for this. First, self-
management and education may require longer time 

periods to demonstrate benefits. Second, prior trials 
may have been too small and underpowered to show 
meaningful effects. Third, effective medical therapies 
are likely the most established mechanisms of improv-
ing clinical outcomes for HF, but interventions around 
knowledge and self-care have not focused around op-
timization of medical therapy. Interventions around ed-
ucation may have greater impact on outcomes if tied to 
optimization of medical therapy. An illustrative instance 
of guideline-directed medical therapy (GDMT) optimi-
zation in urban settings is the EPIC HF (Electronically 
Delivered, Patient-Activation Tool for Intensification of 
Medications for Chronic Heart Failure with Reduced 
Ejection Fraction) study.6 In this trial, 306 outpatients 
with HF with reduced ejection fraction were rand-
omized to standard care or an intervention group re-
ceiving patient activation tools: a 3-minute video and a 
1-page checklist emphasizing GDMT importance. The 
intervention led to a remarkable 20% absolute increase 
in GDMT initiation or intensification within 30 days. This 
highlights the significant potential of improving patient 
engagement for enhancing GDMT rates. Future digi-
tal health designs need to consider how to translate 
self-management improvements into reduced morbid-
ity and costs, and future digital health trials should be 
designed with these outcomes in mind.

Although digital health interventions have the po-
tential to improve outcomes for patients with HF, it is 
essential to consider social determinants of health in 
the design and implementation of these interventions 
to ensure equitable access and improved outcomes 
for all patients with HF. This highlights the need for 
continued research and development of digital health 
interventions that are culturally and linguistically appro-
priate, as well as tailored to meet the specific needs of 
patients with HF in various environments.

Anxiety
Technology-related anxiety, especially among older 
adults, is a significant barrier to the adoption of digital 
health services in underserved rural areas. Pekmezaris 
et al13 found that the intervention group had higher lev-
els of general anxiety during follow-up compared with 
the control group. According to the study by Lefler 
et  al,17 36% of older adults in the intervention group 
reported having technology anxiety, and 32% were 
afraid of technology at baseline, with no significant 
change post intervention.17 These anxieties may stem 
from feelings of powerlessness during the process of 
regaining independence.17 Educational levels are also 
highly correlated with technology use; older adults who 
are more affluent and have higher educational levels 
have similar rates of technology use as adults 65 and 
younger. Despite the increase in adoption by older 
adults, a Pew report found that 73% of older adults still 
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require assistance in setting up or using new electronic 
devices.32

Several actions can be taken to address this issue 
such as providing education and training on technol-
ogy use, developing user-friendly technology and dig-
ital health services, involving older adults in the design 
and development of technology (patient partners), 
addressing privacy and security concerns, and en-
couraging partnerships between health care providers 
and community organizations. These steps can im-
prove access to technology and digital health services 
among older adults living in underserved rural areas 
and help ensure that everyone has the opportunity to 
benefit from these innovations.

Limitations
Our systematic review has limitations. First, although 
limiting the review to randomized trials reduces biases, 
valuable nonrandomized studies may have been over-
looked. Additionally, publication bias may have resulted 
in the exclusion of relevant studies. Furthermore, due 
to significant heterogeneity among the studies, we 
refrained from pooling the study results. Several in-
terventions reviewed in this study were found to be 
human resource-intensive, emphasizing the need for 
future research to include rigorous costing studies that 
document the costs and cost-effectiveness of these 
interventions. Finally, in this review, we focused on 
digital health interventions in underserved rural areas. 
However, it is important to examine parallels between 
successful interventions in rural and urban popula-
tions, particularly in underserved communities.33 Both 
rural and urban underserved populations encounter 
barriers to health care access, including shortages 
of clinicians and challenges of transportation to care. 
Socioeconomic factors, such as lower income and 
educational background, contribute to disparities ac-
cess across both settings. To ensure effective digital 
health interventions, it is also essential to consider the 
unique challenges faced by each population. Further 
research should further explore specific similarities and 
differences between digital health interventions in un-
derserved rural and urban populations to promote eq-
uitable health care solutions for everyone, regardless 
of their location.33 It is important to note that findings 
might not uniformly apply to all contexts, emphasizing 
the significance of tailored health care solutions that 
ensure equity across geographical locations.

Future Directions
Future research that demonstrates the potential impact 
of digital health for improving HF in rural communities 
should be prioritized. This will require developing inter-
ventions that are developed with community input and 

are culturally appropriate. One illustrative example is 
the Fostering African-American Improvement in Total 
Health (FAITH!) app, which was developed through a 
community-based participatory research partnership 
with Black churches. This app was a successful exam-
ple of culturally tailored intervention that led to overall 
improvement of cardiovascular health of the partici-
pants.34 To be effective, interventions will also need to 
address limited broadband access. To tackle this, mo-
bile health apps should be designed for low-bandwidth 
use or interventions should explore satellite Internet op-
tions. Interventions must also account for fewer health 
care resources available in rural environments. Digital 
health interventions may leverage remote resources 
and minimize the need for in-person encounters. In ad-
dition to increasing access, interventions will need to 
address psychosocial barriers to digital literacy among 
rural communities. This can be addressed through ed-
ucational initiatives in collaboration with local organiza-
tions and educators. The intersection of public policy 
and public access is critical to bridging the digital divide 
and advancing digital inclusion. Finally, interventions 
need to be tested in randomized trials that demonstrate 
the impact on both clinical outcomes and resource 
use to identify strategies that are worth the investment 
needed for broader implementation.

CONCLUSIONS
Digital health interventions have the potential to in-
crease access to care, improve patient education 
and self-management, and ultimately improve clinical 
outcomes for patients with HF in underserved rural 
areas. However, patients in underserved rural areas 
face unique challenges related to broadband ac-
cess and digital literacy, which may affect the feasi-
bility and effectiveness of digital health interventions. 
It is important to address these challenges to design 
digital health interventions that are accessible and 
appropriate across a broad range of patients.17 We 
found evidence that digital health interventions can 
be designed to successfully promote self-efficacy 
and activation in underserved rural populations with 
HF. However, continued research is needed to bet-
ter understand how digital health interventions in HF 
can also translate to improved clinical outcomes, as 
well as to investigate potential ripple effects of digi-
tal interventions. Increasing the emphasis on the use 
of GDMT in digital health interventions is one promis-
ing approach. By both improving patient self-efficacy 
and self-management and improving quality of care, 
digital health interventions may be able to help reduce 
the impact of existing disparities in access for patients 
with HF in underserved rural areas.
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