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Abstract
Purpose of Review This study aims to review the evidence on telehealth interventions in rural communities that use primary,
secondary, or tertiary strategies for the prevention and management of cardiovascular disease (CVD).
Recent Findings Studies focused on the reduction of CVD risk factors and mitigation of disease progression among rural
populations using telehealth are limited in number but appear to be increasing in the last 5 years. These studies suggest primary-,
secondary-, and tertiary-level interventions can impact CVD risk and management. The current review found more studies
addressing primary CVD intervention strategies, although the evidence for efficacy at all intervention levels is in the early stages.
Summary Leveraging prevention strategies via telehealth may be an effective vehicle to facilitate improved CVD outcomes
among populations traditionally marginalized by geographic location.

Keywords Primary prevention of cardiovascular disease . Secondary prevention of cardiovascular disease . Tertiary prevention of
cardiovascular disease . Rural health . Cardiovascular disease (CVD) . Health disparities

Introduction

Cardiovascular disease (CVD, including heart disease and
stroke) is the leading cause of death in the USA, and rural
populations are disproportionately burdened by CVDmorbid-
ity and mortality. According to the National Center for Health

Statistics [1], in 2015, the death rate from heart disease per
100,000 people in urban areas was 56.6, while in rural areas, it
was 86.9. In rural communities, lack of access to care due to
distance and transportation barriers, healthcare workforce
shortages, hospital closures, and instability among remaining
rural healthcare facilities directly impacts the ability of indi-
viduals to access timely and needed care [2, 3]. Access to
healthcare is critical for disease prevention, appropriate diag-
nosis and treatment, and prevention of premature mortality
[4].

Among rural communities, barriers to healthcare access
may result in postponed and forgone care [3]. As such, lack
of access to healthcare services may impose additional expen-
diture to individuals and the healthcare system as opportuni-
ties to mitigate disease incidence, prevalence, and severity are
missed. Cardiovascular diseases cost the US healthcare sys-
tem more than $320 billion each year, and by 2030, the costs
of CVDs are projected to increase to approximately $818 bil-
lion [5]. As the prevalence of CVDs and the costs of
healthcare delivery continue to rise, the need to deliver
healthcare through modalities that minimalize cost and the
prevalence of CVDs has become a key priority.

Telehealth, which is defined as the use of telecommunica-
tions and information technologies to provide clinical care,
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education, and administrative services at a distance, is one of
the proposed modalities recommended to overcome
healthcare access barriers irrespective of geographic location
[6]. As a result of reducing access barriers, the use of
telehealth may result in a decrease in healthcare costs and an
increase in efficiency of healthcare delivery [7••]. Research
indicates that telehealth interventions have resulted in positive
benefits including high-quality care, with high satisfaction
rates reported by providers, patients, and caregivers [3].

The public health prevention framework provides an ap-
propriate lens by which to evaluate the potential for telehealth
to advance cardiovascular health in rural communities and
reduce disparities in CVD burden. This framework has three
mechanisms to prevent and reduce the impact of disease: pri-
mary, secondary, and tertiary prevention [8]. Primary preven-
tion involves intervening before the onset of the disease.
Secondary prevention focuses on screening of diseases in
the earliest stages, before the onset of signs and symptoms
and/or prevention of disease progression. Tertiary prevention
focuses on rehabilitation following a significant illness
through rapid initiation of treatment and close follow-up sur-
veillance (see Fig. 1) [8].

Leveraging public health prevention strategies and using
telehealth as the modality of intervention implementation al-
lows clinicians to target patients where they are along the
continuum of care. Therefore, the objective of this review is
to summarize interventions that have been conducted using
telehealth as the modality of implementation to bring primary,
secondary, and tertiary CVD intervention strategies to rural
communities. In addition, we discuss the overall barriers to
implementing telehealth interventions in rural communities.

Methods

The source material for this review includes articles identified
from MEDLINE and PubMed databases using MESH terms
such as: “telehealth,” “rural,” “primary prevention,” “second-
ary prevention,” “tertiary prevention,” “obesity,” “smoking,”
“diet,” and “cardiac rehabilitation.” Studies were included if
they were published in peer-reviewed journals in the English
language, were conducted in the USA from 2010 to 2019, and
focused on telehealth, along with primary, secondary, or ter-
tiary prevention of CVD. A total of 241 articles were identi-
fied and screened for duplicates. Following removal of dupli-
cates, 183 articles’ titles and abstracts were reviewed. Of

these, 96 (15 primary, 62 secondary, and 19 tertiary preven-
tion) were given a full-text review. Studies were excluded if
they did not focus on cardiovascular disease outcomes and
rural populations designated by usage of the descriptor “ru-
ral.” Of the studies included, seven were primary prevention,
four were secondary prevention, and two were tertiary preven-
tion studies.

Results

Telehealth: Conduit of Primary Prevention
Interventions for CVD Risk

Primary prevention focuses on preventing the onset of the
disease [8]. Interventions within the primary prevention arena
center on promoting lifestyle change activities to reduce oc-
currence of CVD risk factors such as diabetes, hypertension,
excess weight, and elevated low-density lipoprotein cholester-
ol (LDL). Many people who live in rural areas have limited
access to healthcare resources and providers; therefore, they
may access medical care only when something has gone
wrong [3, 9]. A total of seven studies used telehealth as a
means of disseminating primary prevention interventions
[10–16]. The largest sample size was 612 and the smallest
sample was 101. Of the seven studies, only two studies were
randomized controlled trials and the remainder were
nonrandomized studies. Four studies used videoconferencing
as the mechanism for intervention implementation, while the
remainder used other technologies such as installation of
telehealth kiosks in senior centers, health coaching via tele-
phone, and text messaging. Three studies included a compar-
ison group. The main primary outcomes reported were change
in hemoglobin A1c, blood pressure, weight, and LDL
cholesterol.

All three studies examining hemoglobin A1c reported a
significant improvement. Shane-McWorther et al. [13] found
that a total of 31% (14 of 45) of rural patients achieved a goal
HbA1c of < 7% by the end of the study. Similarly, Litke and
colleagues [15•] found that rural patients had a mean absolute
HbA1c reduction of 1.61% (95% confidence interval (CI),
1.39–1.83%; p < 0.0001). In addition, Davis et al. [10] found
a significant reduction in glycated hemoglobin in the interven-
tion group from baseline to 6 and 12 months (9.4 ± 0.3, 8.3 ±
0.3, and 8.2 ± 0.4, respectively) compared with usual care
(8.8 ± 0.3, 8.6 ± 0.3, and 8.6 ± 0.3, respectively).
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Four of the seven studies reported on blood pressure (BP),
and the results were mixed. While Shane-McWorther et al.
[13] and Litke et al. [15•] found a reduction in systolic blood
pressure, Davis et al. [10] did not report a significant decline in
systolic or diastolic BP. Resnick and colleagues [12] observed
a change in systolic blood pressure, although inferential sta-
tistical analyses were not performed. Two of the studies
reporting on BP outcomes also assessed LDL cholesterol.
Shane-McWorther et al. [13] and Davis et al. [10] both report-
ed a reduction in LDL cholesterol post-intervention. Finally,
two studies [13, 16] assessed weight and found no significant
difference pre and post-intervention (See Table 1). Overall,
primary interventions targeting hemoglobin A1c had positive
results, while the primary intervention study results were
mixed for BP. On the other hand, reduction in LDL cholesterol
levels was also observed. No significant changes were found
in any of the studies that measured weight or body mass index
as an outcome.

Telehealth: Conduit of Secondary Prevention for CVD
Risk

Secondary prevention aims to detect CVD early and to pre-
vent disease progression or recurrence. Secondary prevention
includes measures to stop the progression of established, but
essentially asymptomatic disease. The most significant benefit
of secondary prevention interventions is that they tend to be
far more affordable compared with major procedures such as
bypass surgery and stent placement in tertiary prevention [23].
A critical first step in secondary prevention is the accurate
identification of individuals at greatest risk of CVD [24].
Beyond risk stratification, secondary prevention of CVD in-
cludes the introduction of therapies to achieve target values for
risk factors (blood pressure, cholesterol, blood sugar) to re-
duce the threat of further organ damage (heart, brain) [24].
Therapeutic interventions may occur in acute settings as a
means to extend access to therapies previously only available
in specialized centers.

Four secondary prevention studies were identified [17–20].
The sample sizes ranged from 20 to 7694. All studies focused
on the evaluation and care of stroke patients. Anderson et al.
[17] used the iPhone 4 to assess 20 patients who had an ische-
mic stroke. Patients were assessed simultaneously by a physi-
cian at the bedside and a physician remotely via FaceTime.
Ten components of the National Institutes of Health Stroke
Scale (NIHSS) showed perfect agreement between the bed-
side and remote assessments: level of consciousness, month
and age, visual fields, right motor arm, left motor arm, right
motor leg, left motor leg, sensation, language, and neglect.
The average remote examination time was 8.45 min.
Similarly Chapman et al. [19] assessed the technical feasibility
and reliability of an iPad mobile telestroke option for ambu-
lance transport as a means to perform prehospital neurologic

assessments in both rural and urban settings. Overall, correla-
tion between bedside and mobile telestroke assessments was
0.96 (0.92–0.98).

Lazaridis et al. [18] and Al Kasab et al. [20] used web-
based tools to provide telestroke care and consultation to
rural communities. Among patients presenting with an
ischemic stroke to hospitals in distant locations from a
designated stroke center in South Carolina, Lazaridis and
colleagues [18] demonstrated the safety and efficacy of
telemedicine in increasing access to thrombolysis therapy.
A total of 965 consults were performed. Among the 525
patients identified as candidates for tissue plasminogen
activator (t-PA) therapy (NIHSS > 3, and no contraindica-
tion for thrombolytic therapy), 185 (35.7%) were treated
with intravenous t-PA alone, 15 (2.9%) received a combi-
nation of intravenous and intra-arterial t-PA, and 11
(2.1%) were treated with intra-arterial t-PA alone. Of
those who received intravenous t-PA, 119 (64.3%) were
ultimately transferred to a stroke center. However, this
study did not provide comparisons for outcomes. As a
follow-up report on the progress of the South Carolina
program, Al Kasab et al. [20] provide further evidence
of the safety of the telestroke web-based tool in facilitat-
ing the provision of expert consultation to patients pre-
senting with an acute ischemic stroke to rural facilities. In
this study, a total of 7694 consults in rural hospitals were
performed, and 3795 (49.2%) of these patients were diag-
nosed with an ischemic stroke. Out of the 3795 patients
with ischemic stroke, 1324 (34.8%) received the intrave-
nous thrombolytic, Alteplase. Over time, study findings
revealed growth in the number of rural facilities served,
reduction in the need for transfer of patients to a desig-
nated stroke center, and complication rates within an ex-
pected range [20].

Telehealth: Conduit of Tertiary Prevention
Interventions for CVD

Tertiary prevention focuses on rehabilitation following a sig-
nificant illness through rapid initiation of treatment and close
follow-up surveillance [8]. Once an individual has had a se-
vere event, tertiary prevention is necessary to halt further de-
terioration and to avert future catastrophic events. The objec-
tive of tertiary prevention is to restore function, delay compli-
cations, and reduce disability [8]. Individuals with known ath-
erosclerotic cardiovascular disease and objective evidence of
dysfunction are appropriate for tertiary prevention interven-
tions. Tertiary prevention can include long-term case manage-
ment for survivors of a CVD event, including a history of
myocardial infarction and/or stroke. Patients who reside in
rural areas may not have adequate transportation or immediate
access to healthcare providers to continue specialized care.
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bA
1
c)
an
d

bl
oo
d
pr
es
su
re

va
lu
es

an
d
ra
te
s
of

gu
id
el
in
e-
in
di
ca
te
d
st
at
in

th
er
ap
y
an
d
to
ba
cc
o

ce
ss
at
io
n.

H
em

og
lo
bi
n
A
1C

:
P
at
ie
nt
s
in

th
e
D
M

an
d

H
T
N
gr
ou
ps

ha
d
a
m
ea
n

ab
so
lu
te
H
bA

1c
re
du
ct
io
n
of

1.
61
%

(9
5%

co
nf
id
en
ce

in
te
rv
al
(C
I)
,

1.
39
–1
.8
3%

;
p
<
0.
00
01
).

B
lo
od

pr
es
su
re
:

   92 Page 6 of 13 Curr Hypertens Rep           (2019) 21:92 



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r

Sa
m
pl
e

si
ze

St
ud
y
de
si
gn

Po
pu
la
tio

n
In
te
rv
en
tio

n/
pr
og
ra
m

M
on
ito

ri
ng

m
od
al
ity

O
ut
co
m
es

m
ea
su
re
d

R
es
ul
ts

to
ba
cc
o
ce
ss
at
io
n
as

w
el
l

as
th
ei
r
im

pa
ct
on

ac
ce
ss

to
ca
re
.

m
an
ag
em

en
to

f
di
ab
et
es

m
el
lit
us

(D
M
),

hy
pe
rt
en
si
on

(H
T
N
),
an
d

hy
pe
rl
ip
id
em

ia
(H

L
D
).

A
m
ea
n
sy
st
ol
ic
bl
oo
d

pr
es
su
re

re
du
ct
io
n
of

26
.0
0
m
m
H
g
(9
5%

C
I,

22
.9
9–
28
.5
0
m
m
H
g;

p
<
0.
00
1)
,r
es
pe
ct
iv
el
y.

H
D
L
:

In
th
e
H
L
D
gr
ou
p,
93
%

of
pa
tie
nt
s
w
er
e
di
sc
ha
rg
ed

on
a
lip

id
-l
ow

er
in
g

m
ed
ic
at
io
n.
To

ba
cc
o

ce
ss
at
io
n
w
as

ac
hi
ev
ed

in
42
%

of
ta
rg
et
ed

pa
tie
nt
s.

G
or
e
et
al
.
[1
6]

61
2

Q
ua
si
-e
xp
er
im

en
ta
ld

es
ig
n

In
di
vi
du
al
s
liv

in
g
in

ru
ra
la
re
as

of
so
ut
he
as
te
rn

an
d

w
es
te
rn

C
ol
or
ad
o

C
ol
or
ad
o
H
ea
lth

y
H
ea
rt

S
ol
ut
io
ns

(C
H
H
S
)

pr
og
ra
m

pr
ov
id
es

ca
rd
io
va
sc
ul
ar

di
se
as
e

(C
V
D
)
ri
sk

fa
ct
or

sc
re
en
in
g
an
d
ed
uc
at
io
n

to
th
e
m
ed
ic
al
ly

un
de
rs
er
ve
d
us
in
g
SM

S
te
xt

m
es
sa
ge
s

P
at
ie
nt

R
el
at
io
ns
hi
p

M
an
ag
em

en
t(
P
R
M
),

sy
st
em

.T
he

P
R
M

sy
st
em

w
as

de
si
gn
ed

to
au
to
m
at
ic
al
ly

se
nd

un
id
ir
ec
tio

na
lt
ex
t

m
es
sa
ge
s
to

pa
rt
ic
ip
an
ts
ac
co
rd
in
g

to
an

es
ta
bl
is
he
d

sc
he
du
le
.

T
he

pr
im

ar
y
ou
tc
om

e
w
as

pr
og
ra
m

en
ga
ge
m
en
t,

de
fi
ne
d
as

th
e
nu
m
be
r
of

co
m
pl
et
ed

in
te
ra
ct
io
ns

w
ith

th
e
pr
og
ra
m

du
ri
ng

th
e
en
tir
e
fo
llo

w
-u
p

pe
ri
od
.S

ec
on
da
ry

ou
tc
om

es
w
er
e
pr
og
ra
m

re
te
nt
io
n,
de
fi
ne
d
as

an
y

in
te
ra
ct
io
n
du
ri
ng

th
e
la
st

2
m
on
th
s
of

th
e
st
ud
y;

ch
an
ge

in
se
lf
-r
ep
or
te
d

he
al
th
y
be
ha
vi
or
s

(p
hy
si
ca
la
ct
iv
ity
,w

ei
gh
t

lo
ss
,s
m
ok
in
g
ce
ss
at
io
n,

fa
ti
nt
ak
e)
;a
nd

ch
an
ge

in
C
V
D
ri
sk

fa
ct
or
s.

T
he
re

w
er
e
tr
en
ds

fo
r

di
ff
er
en
ce
s
be
tw
ee
n

gr
ou
ps

ac
ro
ss

m
ul
tip

le
ou
tc
om

es
,b
ut

m
os
td

id
no
tr
ea
ch

st
at
is
tic
al

si
gn
if
ic
an
ce
,e
xc
ep
tf
or

a
gr
ea
te
r
de
cr
ea
se

in
se
lf
-r
ep
or
te
d
fa
ti
nt
ak
e
in

th
e
in
te
rv
en
tio

n
vs
.

co
nt
ro
lg

ro
up
s
(2
6.
3
vs
.

10
.6
%
,p

=
0.
00
1)
.I
n

ad
di
tio

n,
a
su
bs
et
of

su
rv
ey
ed

pa
rt
ic
ip
an
ts

w
ho

vi
ew

ed
th
e
SM

S
m
es
sa
ge
s
as

m
ot
iv
at
in
g

sh
ow

ed
gr
ea
te
r
pr
og
ra
m

re
te
nt
io
n
(p
=
0.
03
).

D
av
is
et
al
.
[1
0]

16
5

R
C
T

A
fr
ic
an

A
m
er
ic
an

ad
ul
ts
w
ith

di
ab
et
es

liv
in
g
in

ru
ra
l

co
m
m
un
iti
es

In
te
rv
en
tio

n:
D
ia
be
te
s

Te
le
C
ar
e
w
as

a
12
-m

on
th

D
SM

E
in
te
rv
en
tio

n
w
ith

13
se
ss
io
ns
,3

in
di
vi
du
al
s,

an
d
10

gr
ou
ps
.

U
su
al
ca
re

co
ns
is
te
d
of

on
e

20
-m

in
di
ab
et
es

ed
uc
at
io
n
se
ss
io
n,
us
in
g

A
D
A
m
at
er
ia
ls
,

co
nd
uc
te
d
in
di
vi
du
al
ly

at
th
e
tim

e
of

In
te
ra
ct
iv
e

vi
de
oc
on
fe
re
nc
in
g,

te
le
ph
on
e
(b
ot
h

ce
llu

la
ra
nd

la
nd

lin
es
),

fa
x
lin

e,
an
d
a

te
le
he
al
th
-e
na
bl
ed

re
tin

al
ca
m
er
a

G
ly
ca
te
d
he
m
og
lo
bi
n

ou
tc
om

es
,

al
bu
m
in
-t
o-
cr
ea
tin

in
e

ra
tio

(m
g/
g)
,L

D
L

ch
ol
es
te
ro
l,
bl
oo
d

pr
es
su
re

G
ly
ca
te
d
he
m
og
lo
bi
n

(G
H
b)
:

A
si
gn
if
ic
an
tr
ed
uc
tio

n
in

gl
yc
at
ed

he
m
og
lo
bi
n

(G
H
b)

in
th
e
D
ia
be
te
s

Te
le
C
ar
e
gr
ou
p
fr
om

ba
se
lin

e
to

6
an
d

12
m
on
th
s
(9
.4
±
0.
3,

8.
3
±
0.
3,
an
d
8.
2
±
0.
4,

re
sp
ec
tiv

el
y)

co
m
pa
re
d

w
ith

us
ua
lc
ar
e

(8
.8
±
0.
3,
8.
6
±
0.
3,
an
d

8.
6
±
0.
3,
re
sp
ec
tiv

el
y)
.

Curr Hypertens Rep           (2019) 21:92 Page 7 of 13    92 



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r

Sa
m
pl
e

si
ze

St
ud
y
de
si
gn

Po
pu
la
tio

n
In
te
rv
en
tio

n/
pr
og
ra
m

M
on
ito

ri
ng

m
od
al
ity

O
ut
co
m
es

m
ea
su
re
d

R
es
ul
ts

ra
nd
om

iz
at
io
n
by

th
e

L
P
N
.

A
lb
um

in
-t
o-
cr
ea
tin

in
e
ra
tio

(m
g/
g)
:

T
he
re

w
as

no
st
at
is
tic
al

di
ff
er
en
ce

be
tw
ee
n
th
e

in
te
rv
en
tio

n
an
d
us
ua
l

ca
re

gr
ou
p

L
D
L

:L
D
L
ch
ol
es
te
ro
lw

as
re
du
ce
d
at
12

m
on
th
s
in

th
e
D
ia
be
te
s
Te
le
C
ar
e

gr
ou
p
co
m
pa
re
d
w
ith

us
ua
lc
ar
e.

B
lo
od

pr
es
su
re
:

T
he
re

w
as

no
st
at
is
tic
al

di
ff
er
en
ce

be
tw
ee
n
th
e

in
te
rv
en
tio

n
an
d
us
ua
l

ca
re

gr
ou
p.

B
M
I:

T
he
re

w
as

no
st
at
is
tic
al

di
ff
er
en
ce

be
tw
ee
n
th
e

in
te
rv
en
tio

n
an
d
us
ua
l

ca
re

gr
ou
p.

R
es
ni
ck

et
al
.
[1
2]

11
2

Q
ua
si
-e
xp
er
im

en
ta
l

Se
ni
or

ci
tiz
en
s
w
ith

di
ag
no
se
d

hy
pe
rt
en
si
on

In
te
rv
en
tio

n:
2
ce
nt
er
s
us
ed

te
le
he
al
th
ki
os
ks

to
as
si
st

pa
rt
ic
ip
an
ts
to

m
on
ito

r
th
ei
r
bl
oo
d
pr
es
su
re
.

C
on
tr
ol
:u

su
al
ca
re

K
io
sk

B
lo
od

pr
es
su
re

B
lo
od

pr
es
su
re
:

M
ea
n
ba
se
lin

e
sy
st
ol
ic
B
P
s

w
er
e
13
1
an
d

13
8
m
m
H
g
in

th
e

in
te
rv
en
tio

n
an
d
co
nt
ro
l

gr
ou
ps
,r
es
pe
ct
iv
el
y.
A
t

10
m
on
th
s,
m
ea
n

sy
st
ol
ic
B
P
w
as

12
6
an
d

13
2
m
m
H
g
in

th
e

in
te
rv
en
tio

n
an
d
co
nt
ro
l

gr
ou
ps
,r
es
pe
ct
iv
el
y.

Se
co
nd
ar
y
pr
ev
en
tio

n

A
nd
er
so
n
et
al
.

[1
7]

20
B
lin

de
d
pr
os
pe
ct
iv
e
cl
in
ic
al

st
ud
y

Is
ch
em

ic
st
ro
ke

pa
tie
nt
s

E
ac
h
pa
tie
nt

w
as

ex
am

in
ed

si
m
ul
ta
ne
ou
sl
y
by

a
ph
ys
ic
ia
n
at
be
ds
id
e
an
d

a
se
pa
ra
te
ph
ys
ic
ia
n

re
m
ot
el
y
vi
a
F
ac
eT
im

e

F
ac
eT
im

e
te
ch
no
lo
gy

on
iP
ho
ne

4
A
ve
ra
ge

re
m
ot
e

ex
am

in
at
io
n
tim

e
N
at
io
na
lI
ns
tit
ut
e
of

H
ea
lth

St
ro
ke

S
ca
le
sc
or
es

T
he

av
er
ag
e
re
m
ot
e

ex
am

in
at
io
n
tim

e
w
as

8.
45

m
in
.

10
co
m
po
ne
nt
s
of

th
e

N
at
io
na
lI
ns
tit
ut
e
of

H
ea
lth

S
tr
ok
e
Sc
al
e

sc
or
es

sh
ow

ed
pe
rf
ec
t

ag
re
em

en
tb

et
w
ee
n
th
e

   92 Page 8 of 13 Curr Hypertens Rep           (2019) 21:92 



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r

Sa
m
pl
e

si
ze

St
ud
y
de
si
gn

Po
pu
la
tio

n
In
te
rv
en
tio

n/
pr
og
ra
m

M
on
ito

ri
ng

m
od
al
ity

O
ut
co
m
es

m
ea
su
re
d

R
es
ul
ts

be
ds
id
e
an
d
re
m
ot
e
ra
te
s:

le
ve
lo

f
co
ns
ci
ou
sn
es
s,

m
on
th

an
d
ag
e,
vi
su
al

fi
el
ds
,r
ig
ht

m
ot
or

ar
m
,

le
ft
m
ot
or

ar
m
,r
ig
ht

m
ot
or

le
g,
le
ft
m
ot
or

le
g,

se
ns
at
io
n,
la
ng
ua
ge
,a
nd

ne
gl
ec
t.

L
az
ar
id
is
et
al
.

[1
8]

52
5

R
et
ro
sp
ec
tiv

e
cr
os
s-
se
ct
io
na
l

P
at
ie
nt
s
w
ith

a
N
at
io
na
lI
ns
tit
ut
es

of
H
ea
lth

St
ro
ke

Sc
or
e
>
3

A
W
eb
-b
as
ed

te
le
st
ro
ke

to
ol

(r
em

ot
e
ev
al
ua
tio

n
of

ac
ut
e
is
ch
em

ic
st
ro
ke

at
M
ed
ic
al
U
ni
ve
rs
ity

of
So

ut
h
C
ar
ol
in
a

(R
E
A
C
H
-M

U
S
C
))
,w

as
im

pl
em

en
te
d
to

pr
ov
id
e

ac
ut
e
st
ro
ke

ca
re

24
h/
da
y,
7
da
ys
/w
ee
k
to

12
co
m
m
un
ity

ho
sp
ita
ls

in
S
ou
th

C
ar
ol
in
a.

T
he

R
E
A
C
H
-M

U
SC

sy
st
em

ha
rd
w
ar
e
an
d

so
ft
w
ar
e

In
tr
av
en
ou
s
(I
V
)

th
ro
m
bo
ly
si
s
w
ith

re
co
m
bi
na
nt

tis
su
e

pl
as
m
in
og
en

ac
tiv

at
or

(t
-P
A
)

O
f
th
e
52
5
pa
tie
nt
s,
18
5

(3
5.
7%

)
w
er
e
tr
ea
te
d

w
ith

t-
PA

al
on
e,
15

(2
.9
%
)
re
ce
iv
ed

IV
,a
nd

11
(2
.1
%
)
w
er
e
tr
ea
te
d

w
ith

in
tr
a-
ar
te
ri
al

th
er
ap
y
al
on
e.
O
f
th
os
e

w
ho

re
ce
iv
ed

in
tr
av
en
ou
s
t-
PA

,1
19

(6
4.
3%

)
w
er
e
tr
an
sf
er
re
d

to
th
e
hu
b

C
ha
pm

an
et
al
.

[1
9]

2
ce
n-

te
rs

E
xp
er
im

en
ta
ls
im

ul
at
io
n

M
ob
ile

te
le
st
ro
ke

sy
st
em

A
ss
es
se
d
th
e
te
ch
ni
ca
l

fe
as
ib
ili
ty

an
d
re
lia
bi
lit
y

of
a
lo
w
co
st
,

ta
bl
et
-b
as
ed

m
ob
ile

te
le
st
ro
ke

op
tio

n
fo
r

am
bu
la
nc
e
tr
an
sp
or
tt
o

pe
rf
or
m

pr
eh
os
pi
ta
l

ne
ur
ol
og
ic
as
se
ss
m
en
ts

in
bo
th

ru
ra
la
nd

ur
ba
n

se
tti
ng
s.

A
pp
le
iP
ad

w
ith

re
tin

a
di
sp
la
y,
LT

E
C
ra
dl
eP
oi
nt

m
od
em

w
ith

V
er
iz
on

4G
M
in
i

S
IM

,e
xt
er
na
lly

m
ou
nt
ed

ce
llu

la
r

an
te
nn
ae
,a
nd

C
is
co

Ja
bb
er

(M
ov
i)

vi
de
oc
on
fe
re
nc
in
g

ap
pl
ic
at
io
n

C
or
re
la
tio

n
of

th
e
N
IH

S
S

sc
or
e
be
tw
ee
n
th
e

be
ds
id
e
an
d
re
m
ot
e

ex
am

in
er
s

T
he

m
ea
n
di
ff
er
en
ce

be
tw
ee
n
be
ds
id
e

(f
ac
e-
to
-f
ac
e)
an
d
re
m
ot
e

(v
id
eo
)
N
IH

SS
sc
or
es

w
as

0.
25

(1
.0
0
to
−0

.5
0)
.

O
ve
ra
ll,

co
rr
el
at
io
n
of

th
e
N
IH

S
S
be
tw
ee
n

be
ds
id
e
an
d
m
ob
ile

te
le
st
ro
ke

as
se
ss
m
en
ts

w
as

0.
96

(0
.9
2–
0.
98
).

K
as
ab

et
al
.
[2
0]

76
94

R
et
ro
sp
ec
tiv

e
cr
os
s-
se
ct
io
na
l

A
cu
te
is
ch
em

ic
st
ro
ke

(A
IS
)
pa
tie
nt
s

A
tt
he

M
ed
ic
al
U
ni
ve
rs
ity

of
So

ut
h
C
ar
ol
in
a

(M
U
SC

),
a
W
eb
-b
as
ed

te
le
st
ro
ke

pr
og
ra
m

th
at

al
lo
w
s
pa
tie
nt
s

pr
es
en
tin

g
w
ith

A
IS

at
a

ru
ra
lh

os
pi
ta
lt
o
re
ce
iv
e

ex
pe
rt
st
ro
ke

co
ns
ul
ta
tio

n
w
ith

in
m
in
ut
es

w
as

im
pl
em

en
te
d

W
eb
-b
as
ed
/I
nt
er
ne
t

To
ta
lo
fc
on
su
lts
,n
um

be
ro
f

pa
tie
nt
s
tr
an
sf
er
re
d
to

M
U
SC

,n
um

be
r
of

m
ec
ha
ni
ca
l

th
ro
m
be
ct
om

ie
s

pe
rf
or
m
ed

on
tr
an
sf
er
re
d

pa
tie
nt
s,
ra
te
of

sy
m
pt
om

at
ic

in
tr
ac
er
eb
ra
l

he
m
or
rh
ag
es

(s
IC
H
s)
,

an
d
di
sc
ha
rg
e
lo
ca
tio

n.

A
to
ta
lo

f
76
94

co
ns
ul
ts

w
er
e
pe
rf
or
m
ed

du
ri
ng

th
e
st
ud
y
pe
ri
od
.O

f
th
em

,3
79
5
(4
9.
2%

)
pa
tie
nt
s
w
er
e
di
ag
no
se
d

w
ith

is
ch
em

ic
st
ro
ke
;o

f
th
os
e,
13
24

(3
4.
8%

)
re
ce
iv
ed

IV
al
te
pl
as
e.
A

to
ta
lo

f
12
82

pa
tie
nt
s

w
er
e
tr
an
sf
er
re
d
to

M
U
SC

fo
r
fu
rt
he
r
ca
re
.

Fr
om

N
ov
em

be
r
20
14

to
A
pr
il
20
16
,5
6
pa
tie
nt
s

re
ce
iv
ed

m
ec
ha
ni
ca
l

Curr Hypertens Rep           (2019) 21:92 Page 9 of 13    92 



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r

Sa
m
pl
e

si
ze

St
ud
y
de
si
gn

Po
pu
la
tio

n
In
te
rv
en
tio

n/
pr
og
ra
m

M
on
ito

ri
ng

m
od
al
ity

O
ut
co
m
es

m
ea
su
re
d

R
es
ul
ts

th
ro
m
be
ct
om

y.
sI
C
H

oc
cu
rr
ed

in
33

pa
tie
nt
s

w
ho

re
ce
iv
ed

al
te
pl
as
e

an
d
in

5
pa
tie
nt
s

re
ce
iv
in
g
a
co
m
bi
na
tio

n
of

IV
an
d
in
tr
a-
ar
te
ri
al

th
ro
m
bo
ly
si
s.

Te
rt
ia
ry

pr
ev
en
tio

n

B
ar
na
so
n
et
al
.

[2
1]

43
R
C
T

A
du
lts

w
ho

ha
d

un
de
rg
on
e
ei
th
er

co
ro
na
ry

ar
te
ry

by
pa
ss

su
rg
er
y

(C
A
B
S
)
or

pe
rc
ut
an
eo
us

co
ro
na
ry

in
te
rv
en
tio

n
(P
C
I)

an
d
pa
rt
ic
ip
at
ed

in
a

ru
ra
lC

R
pr
og
ra
m
s

In
te
rv
en
tio

n:
w
ei
gh
t

m
an
ag
em

en
t

in
te
rv
en
tio

n
(W

M
I)
pl
us

ca
rd
ia
c
re
ha
bi
lit
at
io
n

(C
R
)

C
on
tr
ol
:C

ar
di
ac

re
ha
bi
lit
at
io
n
on
ly

V
ite
ri
on

te
le
he
al
th

de
vi
ce

T
he

pr
im

ar
y
ou
tc
om

e
w
as

w
ei
gh
tl
os
s.
Se
co
nd
ar
y

ou
tc
om

es
in
cl
ud
ed

ph
ys
ic
al
ac
tiv

ity
,p
at
ie
nt

ac
tiv

at
io
n,
pe
rc
ei
ve
d

se
lf
-e
ff
ic
ac
y,
an
d
us
e
of

w
ei
gh
tm

an
ag
em

en
t

be
ha
vi
or
s.

T
he

W
M
I
gr
ou
p
ha
d

si
gn
if
ic
an
tly

m
or
e

w
ei
gh
tl
os
s
av
er
ag
ed

ac
ro
ss

th
e
4
an
d

6
m
on
th
s
of

13
.8

lb
(±

2.
8)

co
m
pa
re
d
w
ith

th
e
co
nt
ro
lg

ro
up

(m
ea
n
=
7.
8
lb

(±
2.
2)
).

T
he
re

w
er
e
no

si
gn
if
ic
an
td

if
fe
re
nc
es

in
ph
ys
ic
al
ac
tiv

ity
(a
ct
iv
ity

co
un
ts
or

da
ily

m
in
ut
es

in
m
od
er
at
e
or

m
or
e

in
te
ns
e
ac
tiv

ity
).
T
he

W
M
I
gr
ou
p
ha
d

si
gn
if
ic
an
tly

hi
gh
er

le
ve
ls
of

pa
tie
nt

ac
tiv

at
io
n.
T
he
y
al
so

ha
d

si
gn
if
ic
an
tly

hi
gh
er

to
ta
l

sc
or
es

on
th
e
D
ie
ta
nd

E
xe
rc
is
e

Se
lf
-M

an
ag
em

en
t

su
rv
ey
,a
nd

su
bs
ca
le
s

th
at
in
cl
ud
ed

se
lf
-e
ff
ic
ac
y
fo
r
sp
ec
if
ic

ea
tin

g
ha
bi
ts
an
d

m
an
ag
in
g
di
et
be
ha
vi
or
.

W
ol
f
et
al
.[
22
••
]

99
R
C
T

H
em

ip
ar
et
ic

pa
rt
ic
ip
an
ts
w
ith

lim
ite
d
ac
ce
ss

to
up
pe
r
ex
tr
em

ity
re
ha
bi
lit
at
io
n

C
on
tr
ol

gr
ou
p:

H
om

e
E
xe
rc
is
e
P
ro
gr
am

O
nl
y

E
xe
rc
is
es

in
cl
ud
e

pr
ep
ar
at
or
y
ac
tiv

iti
es

to
im

pr
ov
e
ra
ng
e
of

m
ot
io
n,
st
re
ng
th
,a
nd

co
or
di
na
tio

n
of

th
e

im
pa
ir
ed

up
pe
re
xt
re
m
ity

T
he

H
an
d
M
en
to
r
Pr
o:

ro
bo
tic

de
vi
ce
,

In
te
rn
et
,t
el
ep
ho
ne
,

an
d
e-
m
ai
l.

T
he

pr
im

ar
y
ou
tc
om

e
is
th
e

ch
an
ge

in
U
E
fu
nc
tio

n
us
in
g
th
e
A
ct
io
n

R
es
ea
rc
h
A
rm

Te
st
.

Se
co
nd
ar
y
ou
tc
om

es
in
cl
ud
e
ch
an
ge
s
in
:U

E
fu
nc
tio

n
(W

ol
f
M
ot
or

Fu
nc
tio

n
Te
st
),
U
E

T
he

fi
nd
in
gs

in
di
ca
te
th
at
a

ro
bo
tic

te
le
re
ha
bi
lit
at
io
n

pr
og
ra
m

ca
n
be

su
cc
es
sf
ul

in
pr
od
uc
in
g

si
gn
if
ic
an
t

im
pr
ov
em

en
ts
in

m
ot
or

ou
tc
om

es
fo
r
su
ba
cu
te

st
ro
ke

su
rv
iv
or
s,

   92 Page 10 of 13 Curr Hypertens Rep           (2019) 21:92 



T
ab

le
1

(c
on
tin

ue
d)

A
ut
ho
r

Sa
m
pl
e

si
ze

St
ud
y
de
si
gn

Po
pu
la
tio

n
In
te
rv
en
tio

n/
pr
og
ra
m

M
on
ito

ri
ng

m
od
al
ity

O
ut
co
m
es

m
ea
su
re
d

R
es
ul
ts

(U
E
),
in

ad
di
tio

n
to

fu
nc
tio

na
l,
ta
sk
-b
as
ed

ac
tiv

iti
es
.

P
ar
tic
ip
an
ts
w
er
e
as
ke
d
to

co
m
pl
et
e
2
h
of

th
es
e

an
d
1
h
of

fu
nc
tio

na
l

ac
tiv

iti
es
,w

hi
ch

in
co
rp
or
at
ed

th
e

m
ov
em

en
ts
le
ar
ne
d

du
ri
ng

th
es
e
ex
er
ci
se
s,

ea
ch

da
y,
5
da
ys
/w
ee
k

fo
r
8
w
ee
ks
.

In
te
rv
en
tio

n
gr
ou
p:

P
ar
tic
ip
an
ts
in

th
e

tr
ea
tm

en
tg

ro
up

ar
e

pr
es
cr
ib
ed

an
id
en
tic
al

do
se

of
th
er
ap
eu
tic

in
te
rv
en
tio

n
as

th
e

co
nt
ro
lg

ro
up
;h

ow
ev
er
,

2
h
ar
e
us
in
g
th
e
ro
bo
tic

de
vi
ce

w
hi
le
th
e
th
ir
d

ho
ur

of
th
er
ap
y
is
sp
en
t

pe
rf
or
m
in
g
ex
er
ci
se
s
an
d

fu
nc
tio

na
lt
as
ks

si
m
ila
r

to
th
e
co
nt
ro
lg

ro
up
.T

he
H
an
d
M
en
to
rP

ro
ro
bo
tic

de
vi
ce

us
es

a
pn
eu
m
at
ic

ar
tif
ic
ia
lm

us
cl
e
to

fa
ci
lit
at
e
m
ov
em

en
t

ab
ou
tt
he

w
ri
st
an
d

fi
ng
er
s
w
hi
le
pr
ov
id
in
g

vi
su
al
bi
of
ee
db
ac
k
ab
ou
t

th
e
qu
al
ity

an
d
qu
an
tit
y

of
w
ri
st
m
ov
em

en
ts
.

im
pa
ir
m
en
t(
U
E
po
rt
io
n

of
th
e
F
ug
l-
M
ey
er

Te
st
),

se
lf
-r
ep
or
te
d
qu
al
ity

of
lif
e
(S
tr
ok
e
Im

pa
ct

Sc
al
e)
,a
nd

af
fe
ct

(C
en
te
rs
fo
r

E
pi
de
m
io
lo
gi
c
St
ud
ie
s

D
ep
re
ss
io
n
Sc
al
e)
.

es
pe
ci
al
ly

in
th
e
ho
m
e

en
vi
ro
nm

en
t.
T
he

re
su
lts

al
so

de
m
on
st
ra
te
th
at

H
E
P
+
ro
bo
tic

te
le
re
ha
bi
lit
at
io
n
ca
n
be

eq
ua
lly

ef
fe
ct
iv
e
as

an
in
di
vi
du
al
iz
ed

H
E
P.

Curr Hypertens Rep           (2019) 21:92 Page 11 of 13    92 



Thus, using tele-tertiary prevention strategies may reduce ac-
cess barriers.

Two studies [21, 22••] utilized telehealth as a means of
implementing tertiary prevention intervention for patients
with a history of a CVD-related event. The largest sample size
was 99 and the smallest sample was 43. Both studies were
randomized control trials. Mode of intervention implementa-
tion included telephone, Internet, telehealth device, and a ro-
botic device. Wolf and colleagues [22••] demonstrated the
efficacy of two tele-monitored home exercise programs for
hemi-paretic patients less than 6 months post-stroke. In one
group, patients received a tele-monitored home exercise pro-
gram; in the second group, the home exercise program includ-
ed the use of a robotic-assisted therapy. Both groups experi-
enced improvement in all upper extremity outcomes, with no
significant difference in change of motor function over time.
Next steps for the work include the determination of dose-
response metrics for optimization of motor outcomes [22••].
Barnason and colleagues [21] assessed weight-related out-
comes (weight loss, weight management behaviors) for over-
weight and obese patients participating in cardiac rehab
(groups divided into cardiac rehab alone vs. cardiac rehab +
telehealth weight management intervention). The researchers
observed significantly greater weight loss among participants
in the telehealth weight management intervention at 4 and
6 months: 13.8 lb (± 2.8) compared with the control group
[mean = 7.8 lb (± 2.2)] [21]. Participants in the telehealth in-
tervention also had higher scores on a weight management
behavior survey.

Overall, tertiary interventions focused on rehabilitation
demonstrated positive outcomes. Although weight was not
improved among primary prevention studies included in this
review, patients participating in a tertiary intervention (cardiac
rehab + telehealth weight management program) showed sig-
nificant weight loss compared with usual care. Change in
CVD risk factors such as BP, cholesterol, and HbA1c were
not reported for the tertiary prevention studies reviewed.

Overall Barriers to Implementing Telehealth
Programs in Rural Communities

Although telehealth interventions can continuously monitor
patients with CVD and favorably affect CVD risk and treat-
ment, some barriers exist. From the studies reviewed, the bar-
riers identified most often for primary prevention interven-
tions were improper and noncontinuous use of the devices
provided to patients. Barriers listed for secondary prevention
were Wi-Fi connectivity and limitations in the capacity of
healthcare providers to effectively operate electronic devices.
For tertiary prevention interventions, challenges were similar
to what may be encountered across patient populations, in-
cluding patient attrition and comprehension, and ease of use
of electronic devices.

Conclusion

In order for rural residents to have sufficient access to neces-
sary and appropriate healthcare, services must be available
and obtainable in a timely manner. The use of telehealth in
the CVD-related outcome studies reviewed here was generally
noted to have a favorable impact on rural populations. We
found fewer articles focused on secondary and tertiary preven-
tion interventions targeting rural populations; however, given
the early stage of the current research across all intervention
levels, more research is needed in general. Evidence for inter-
vention efficacy could be strengthened by the inclusion of
more studies with a longitudinal design and standardization
of clinical outcome measurement. The premise of telehealth
also portends the potential for healthcare cost savings. As
such, we recommend the inclusion of economic analyses to
determine the value of interventions as a means to further
inform population-level healthcare delivery decisions.
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