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ABSTRACT: Secondary prevention of cardiovascular disease (CVD), 
the leading cause of morbidity and mortality, is critical to improving 
health outcomes and quality of life in our aging population. As mobile 
health (mHealth) technology gains universal leverage and popularity, 
it is becoming more user-friendly for older adults and an adjunct to 
manage CVD risk and improve overall cardiovascular health. With the 
rapid advances in mHealth technology and increasing technological 
engagement of older adults, a comprehensive understanding of the 
current literature and knowledge of gaps and barriers surrounding the 
impact of mHealth on secondary CVD prevention is essential. After 
a systematic review of the literature, 26 studies that used mHealth 
for secondary CVD prevention focusing on lifestyle behavior change 
and medication adherence in cohorts with a mean age of ≥60 years 
were identified. Improvements in health behaviors and medication 
adherence were observed, particularly when there was a short 
message service (ie, texting) component involved. Although mobile 
technologies are becoming more mainstream and are starting to blend 
more seamlessly with standard health care, there are still distinct 
barriers that limit implementation particularly in older adults, including 
affordability, usability, privacy, and security issues. Furthermore, studies 
on the type of mHealth that is the most effective for older adults with 
longer study duration are essential as the field continues to grow. As 
our population ages, identifying and implementing effective, widely 
accepted, cost-effective, and time-efficient mHealth interventions to 
improve CVD health in a vulnerable demographic group should be a 
top health priority.

Harnessing Mobile Health Technology for 
Secondary Cardiovascular Disease Prevention 
in Older Adults
A Scientific Statement From the American Heart Association

AHA SCIENTIFIC STATEMENT
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Health technology is becoming ubiquitous in the 
United States and worldwide. Using the internet 
and other information and communication tech-

nologies to provide health services and deliver health in-
formation, commonly referred to as electronic health,1–3 
has become mainstream in health care, even among 
older adults.4 One of the most popular and rapidly ex-
panding electronic health approaches is mobile health 
(mHealth).5 Many definitions for mHealth exist (Table 1), 
but to date, no standardized definition has been estab-
lished.5 Consistent with the World Health Organization’s 
definition, mHealth is defined in this statement as “the 
use of mobile and wireless technologies to support the 
achievement of health objectives.”5 This includes voice 
and short messaging service (SMS; ie, text messaging), 
global positioning system, and Bluetooth technologies, 
as well as wearable garments or accessories that provide 
physiological monitoring. However, this excludes tele-
medicine, which is a separate type of electronic health 
defined by Oxford as “the remote diagnosis and treat-
ment of patients by means of telecommunications tech-
nology” (eg, remote cardiac rehabilitation).15 Although 
mHealth has been a powerful approach to educate and 
engage older adults in the primary prevention of car-
diovascular disease (CVD),16 little is known about its use 
for secondary CVD prevention, specifically among adults 
≥60 years of age, the demographic group at the highest 
risk of CVD events.17 As technology evolves, it is criti-
cal to use mHealth technologies to further prevent CVD 
progression and additional major adverse cardiac events 
in older adults with established disease.

CVD, defined in this statement as coronary artery 
disease, acute coronary syndrome, heart failure, con-
genital heart disease, cerebrovascular disease, valvular 
disease, peripheral artery disease, or atrial fibrillation, 
is the leading cause of mortality in the United States.17 
Strategies to slow the progression of CVD are crucial 
because individuals who have had a major cardiac 
event have a 20-fold increase in risk of a future car-
diac event compared with individuals without CVD.18 
Despite major advances in preventive care, increasing 
age remains the most prominent nonmodifiable risk 
factor for the development and progression of CVD; 
two-thirds of all patients with CVD are >60 years of 
age.17 Furthermore, the global population of adults ≥60 
years of age is the fastest growing demographic and 
expected to reach nearly 2.1 billion by 2050.19 mHealth 
interventions targeting older adults with CVD have the 
potential to provide significant benefits for this dispro-
portionate segment of the population.

Despite perceived barriers of technology adoption 
among older adults, 80% of adults >65 years of age own 
a cell phone, and 67% use the internet.20 Furthermore, 
Americans ≥60 years of age are spending more time in 
front of screens than they did a decade ago, with more 
than half of their daily leisure time (4 hours 16 minutes) 

being spent in front of a television, computer, tablet, or 
other electronic device.20 Given the advances in mHealth 
technology and the increased engagement of older 
adults with mobile technologies, mHealth is a tool that 
can be used for continuous health monitoring to support 
proven efficacious therapeutic lifestyle changes and pre-
vent disease progression among older adults with CVD. 
mHealth technologies can be used for health promotion 
to engage older adults in self-managing selected health 
parameters known to increase CVD risk.21 Real-time feed-
back via mHealth can facilitate and encourage lifestyle 
behavior change (eg, physical activity and dietary modi-
fication), medication adherence, and physiological vari-
ables (eg, weight, blood pressure, and blood glucose) for 
CVD self-management and risk factor control.21 Combin-
ing mHealth technologies and standard preventive mea-
sures provides a unique opportunity to enhance second-
ary CVD prevention in this high-risk group. This American 
Heart Association scientific statement describes studies 
that have used mHealth technology for secondary CVD 
prevention in older adults and reviews the benefits and 
challenges of mHealth applications in this population.

REVIEW OF THE SCIENTIFIC 
LITERATURE ON THE USE OF mHEALTH 
TO IMPROVE CVD OUTCOMES IN 
OLDER ADULTS
Methods
Systematic computerized literature searches were per-
formed with PubMed, Embase, and Web of Science. The 
search terms were divided into 3 groups and included 
terms related to technology, clinical topic, and age lim-
iters. Search terms used within the technology, clinical 
topic (eg, heart failure), or age groups were divided 
with “or,” and the search terms between the technol-
ogy, clinical topic, and age groups were connected with 
“and.” The search included technology terms such as 
smartphone, text message, mobile application, mHealth, 
iPad, wearable sensor, and wearable device, used in con-
junction with clinical terms such as cardiac rehabilitation, 
secondary prevention, atrial fibrillation, cardiovascular 
disease, coronary heart disease, heart failure, myocardial 
infarction, cerebrovascular event, valvular heart disease, 
and peripheral artery disease, with the following age-
limiting terms: aged, very old, older adults, elderly, and 
geriatric. A full list of the search terms used in the search 
strategy is provided in Supplementary File A.

The search was limited to English language studies 
of adults with a mean age of ≥60 years published in 
the past 11 years (2008–August 2019). Bibliographies 
from related systematic reviews and articles were also 
reviewed to identify additional applicable studies. Arti-
cles focused on CVD screening, detection, and diagnosis 
(ie, primary CVD prevention), telemedicine (ie, remote 
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diagnosis and treatment), and study populations with a 
mean age of <60 years were excluded. Articles identi-
fied from the search were deduplicated, and all abstracts 
were screened by at least 2 authors. Final selection of 
relevant articles was based on the information reported 
in the abstract and screening of the full text to verify ap-
plicability and adherence to the inclusion criteria.

Overview of Included Studies
Twenty-six studies examining mHealth for secondary 
CVD prevention in cohorts with a mean age of ≥60 
years were identified by the search strategy. The studies 
were heterogeneous in terms of the study methodol-
ogy, mHealth technology examined, and outcomes as-
sessed. Eighteen randomized controlled trials (RCTs) (19 
publications),22–40 5 pre-post intervention studies,41–45 2 
feasibility studies,46,47 and 1 cross-sectional study48 were 
identified (Table  2 and Supplementary File B). Eight 
of the RCTs had a sample size consistent with a priori 
power calculations (9 publications).28–31,33,34,36,37,40 Four 
studies used an SMS-only intervention23,35–37; 7 stud-
ies had a smartphone application (app)-only interven-
tion24,27,32,42,44–46; and 15 studies (16 publications) re-
ported interventions incorporating multiple mHealth 
modalities (SMS, apps, wearables/devices, websites, 
or telephone coaching).22,25,26,28–31,33,34,38–41,43,47,48 Stud-
ies included patients with CVD (n=13), heart failure 
(n=7), hypertension (n=4), atrial fibrillation (n=2), and 
peripheral artery disease (n=2). On average, studies in-
cluded subjects with a mean age of 65 years (range, 
18–93 years; 3 studies included only subjects >60 years 

of age),32,46,48 had moderate sample sizes (median, 
n=99.5; range, 15–767), and had an intervention pe-
riod of 3 months (range, 0.5–12 months). Most studies 
included some evaluation of the feasibility, acceptance, 
or usability of mHealth (n=18 or outcomes related to 
secondary prevention of CVD), including medication 
adherence (n=11), CVD risk factor modification (n=12), 
or reducing clinical outcomes (eg, all-cause mortality, 
atrial fibrillation; n=4). Several studies included assess-
ments of quality of life, self-efficacy, knowledge, and 
self-monitoring behavior (n=14). In the subsequent sec-
tions, the findings of the identified trials have been syn-
thesized into 3 broad categories relevant to the use of 
mHealth technology for secondary prevention of CVD 
in older adults: Lifestyle Behavior Change, Medica-
tion Adherence, and Perceived Ease of Use and Patient 
Satisfaction. Table  2 includes additional supplemental 
non–mHealth-related interventions used, including ad-
junct education and pill boxes.

Lifestyle Behavior Change
Regular exercise, weight management, and a heart-
healthy diet are the cornerstone of secondary CVD pre-
vention.49 The prevalence of physical inactivity is high-
est among adults ≥65 years of age and, in particular, 
individuals with CVD, with fewer than one-third being 
physically active.50,51 There are unique challenges as-
sociated with initiating and maintaining physical ac-
tivity in older adults with heterogeneity in perceived 
barriers and motivators based on older age categories 
and sex.52 The combination of poor health (eg, health 

Table 1.  mHealth Terminology and Tools

eHealth No universal consensus on definition; 2 themes: health and technology1,2; health services and information delivered or 
enhanced through the internet and related technologies.3

mHealth No standardized definition has been established5; a component of eHealth; medical and public health practice supported 
by mobile devices (eg, mobile phones, patient monitoring devices, personal digital assistants, and other wireless devices); 
Global Observatory for eHealth, survey definition; use of mobile and wireless technologies and apps to support the 
achievement of health objectives6; mobile and wearable health information and sensing technologies.7

Wearable computers Computing device worn or carried on the body with user interface ready for use at all times; broadly encompasses tab-
lets, smartphones, and wearable technology.8

Wearable technology (wearable 
tech, wearables)

A category of electronic devices with embedded sensors and analytic algorithms that can track, analyze, and guide 
wearers’ behavior; ability to send and receive data via the internet9; smart electronic devices that can be incorporated 
into clothing or worn on the body as implants or accessories (eg, biometric garments, fitness watches) where they de-
tect, analyze, and transmit information concerning body signals (eg, vital signs) and/or ambient data9a-9c; enable data 
exchange without human intervention (ie, IoT); and can provide immediate biofeedback to the wearer9d; different from 
other portable electronic devices (eg, mobile phones) in that they are designed to be indistinguishable from everyday life 
so that they may go unnoticed.10

IoT A system of interrelated computing devices, mechanical and digital machines, objects, animals, or people that are 
provided with unique identifiers and the ability to transfer data over a network without requiring human-to-human or 
human-to-computer interaction.11

Smartwatch A band unit worn on the wrist comprising an image capture device, a power source, memory, a motion detector, and a 
display unit; may have the ability to communicate wirelessly with at least 1 portable network device and a server.12

Mobile electronic devices (hand-
held computer)

Any handheld or other portable electronic equipment capable of text messaging, voice communication, entertainment, 
navigation, accessing the internet, or producing electronic mail, including but not limited to cellular phones, text messag-
ing devices, paging devices, personal digital assistants, and tablet computers.13

Mobile integrated therapy Convergence of mobile technology, clinical and behavioral science, and scientifically validated clinical outcomes.14

app indicates application; eHealth, electronic health; IoT, Internet of Things; and mHealth, mobile health.
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Table 2.  Literature Search Results (Simplified Version of Supplementary File B)

Authors,  
cardiovascular 
condition

Sample  
characteristics, 
group size, study 
retention

mHealth technology,  
intervention, control

Self-monitoring, feedback  
(if applicable) Primary outcomes

Ammenwerth  
et al,41 CAD

N=25

Women: 4%

Mean age: 63 y

Duration: 4.5 mo

Mobile app 

Int: MyCor telemonitoring 
system.

Consists of: smartphone, BP 
meter, pedometer, and identi-
fication card provided on dis-
charge after MI or PCI

Patients measured BP and weight 
daily, used the pedometer for con-
tinuous foot-step counting, docu-
mented drug intake and subjective 
well-being on the smartphone 
once daily; received tailored goal 
setting, education, feedback, and 
regular clinic visits

Percent adherence to daily measure-
ments:

Phase 1: 86%

Phase 2: 77%

Percent adherence to medication:

Phase 1: 87%

Phase 2: 80%

Percent days PA goals reached:

Phase 1: 86%

Phase 2: 73%

ΔHRQOL: +0.08 (P<0.01).

Anthony et al,22 
hypertension

N=121

Women: 42%

Mean age: 

Text: 58.6 y

EMR only: 62.2 y

EMR+: 61.3 y

Duration: 15 d

SMS and EMR

Participants randomized to 1 of 
3 groups:

Int1: record BP in web portal

Int2: Int1+text reminder

Int3: Int2+2-way text

Participants asked to self-report 
14 BP measurements via EMR web 
portal or text

Bidirectional text group recorded more 
BP measurements than:

EMR-only group (P<0.001)

EMR+reminders group (P=0.038)

EMR+reminders group recorded more 
BP measurements than EMR-only group 
(P<0.001)

Bengtsson et al,42 
hypertension

N=50

Women: 48%

Mean age: 59.5 y

Duration: 8 wk

Mobile app

Int: Interactive Self-Manage-
ment Support System app for 
self-management of hyperten-
sion

3 Homogeneous subsets of 
patients used the app

Participants were instructed how to 
use the system, set up reminders, 
and monitor BP; self-reported well-
being, symptoms, lifestyle, medica-
tion intake, side effects, daily home 
BP and pulse measurements with 
an automated validated BP moni-
tor; received weekly motivational 
messages and graphical feedback

ΔBP:

SBP: −7 (SD, 18) mm Hg (95% CI, 
1.94–12.25; t[48]=2.77 [P=0.008])

DBP: −4.9 (SD, 10) mm Hg (95% CI, 
1.95–7.8; t[48]=3.35 [P=0.002])

Cajita et al,48  
HF

N=129

Women: 26.4%

Mean age (SD): 
71.3 (4.6) y

Duration: 45-min 
survey

mHealth and smartphones

In-person and online groups 
completed survey measuring 
social influence, ease of use, 
usefulness, financial cost, inten-
tion to use mHealth, eHealth 
literacy, and smartphone use

Participants answered online survey 
of social influence, ease of use, 
usefulness, and financial cost, 
intention to use mHealth, eHealth 
literacy, and smartphone use

Influence on intention to use mHealth:

Social influence, β=0.17 (P=0.010)

Ease of use, β=0.16 (P<0.001)

Usefulness, β=0.33 (P<0.001)

Chen et al,43  
CAD

N=190

Women: 31.6%

Mean age (SD): 67 
(10) y

Duration: 3 mo

SMS and mobile app

Int: TAKEmeds app

Physicians used cell phone app 
to send automated medication 
reminders and science-based 
lifestyle recommendations to 
their patients.

Patients received automatic 
SMS and calls 4–5 times/wk

Patients received 1-way SMS edu-
cational messages. Nonsmokers 
received messages on each of the 
following on 4 random weekdays: 
medication adherence, nutrition, 
exercise, and general heart health. 
Smokers received 1 additional mes-
sage on smoking cessation.

ΔPercentage with high medication ad-
herence: 8.0%

ΔPercentage with low medication ad-
herence: −8.0%

(OR, 1.80 [95% CI, 1.14–2.85])

ΔSmokers percentage: −5% (P=0.05)

ΔDaily consumption of fruit and veg-
etables: 0.3/d (P=0.01)

ΔFacility visits frequency: 3.0 in 3 mo 
(P=0.04)

Chen et al,23  
CHF

N=767

Women: 43.5%

Mean age (SD): 61 
(15) y

Duration: 6 mo

SMS and STS

Int1: Educational and reminder 
SMS messages

Int2: STS

Control: Usual care

Participants self-reported measure-
ments (self-care behavior, including 
medication adherence, weight, 
salt restriction, water restriction, 
exercise; HRQOL); patients in SMS 
group received educational and 
reminder messages; patients in STS 
group received 1 structured call 
from research nurse within 30 d of 
discharge

180-d composite event rate:

SMS (41.3%) and STS (36.5%) lower 
than control (50.4%) (P<0.05)

No difference between SMS and STS 
(P=0.268)

Percent adherence to medication:

SMS 78.9% vs STS 81.4% vs control 
69.5% (P=0.011)

Water restriction: SMS 70.8% vs STS 
74.5% vs control 61.5% (P=0.013)

HRQOL: Similar among all groups 
(P=0.526)

(Continued )
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Desteghe et al,45 
AF

N=15

Women: 33.3%

Mean age (SD): 
69.2 (3.7) y

Duration: 3 mo

Mobile app

Int: Health Buddies app

Patients completed daily chal-
lenge of taking NOAC medica-
tions

Patients’ grandchildren (their 
health buddies) completed 
healthy challenges such as 
brushing teeth and played edu-
cational games

Patients received NOAC refill re-
minders, daily health challenges, 
and educational quizzes; self-
reported NOAC adherence

Percent NOAC adherence:

Taking adherence: 88.6% (SD, 15.4%) 
Regimen adherence: 81.8% (SD, 
18.7%)

ΔKnowledge level: +5.8% after 3 mo, 
(P=0.09)

Positive app ratings: clarity (1.500), nov-
elty (0.942), stimulation (0.923), and 
attractiveness (0.859)

Duscha et al,25 
PAD

N=20

Women: 15.8%

Mean age (SD): 
69.4 (8.4) y

Duration: 3 mo

Smartphone and PA tracker

Int: Fitbit synced to smart-
phone, exercise prescription, 
PAD e-book, coaching

Control: Usual care under phy-
sician’s guidance; no contact 
with study team; Fitbit worn 
only for baseline visit, weeks 
11 and 12

Intervention group received exer-
cise prescription with Fitbit, edu-
cational book on PAD with tip of 
the week, coaching, and feedback; 
participants self-monitored daily 
step count

Mean Δ scores:

Peak VO2:

App: 20.3±26.4% (P≤0.05)

Control: 1.0±6.9% mL·kg−1·min−1 
(P=NS)

Claudication onset time:

App: 204.6±280.6 s (P≤0.05)

Control: −21.0±142.7 s (P=NS)

PA: no significant differences

Duscha et al,39 
CVD

N=25

Women: 24%

Mean age (SD):

mHealth: 59.9 
(8.1) y

Control: 66.5 
(7.2) y

Duration: 3 mo

PA tracker and mobile app

Int: Fitbit synced to smart-
phone, exercise prescription, 
health coaching through Vida 
app

Control: Usual care under phy-
sician’s guidance; no contact 
with study team; Fitbit worn 
only for baseline visit, weeks 
11 and 12

Intervention group self-monitored 
step count via Fitbit, self-reported 
physical activity and medication 
adherence, received coaching and 
feedback

Mean Δ scores:

Absolute peak VO2:

mHealth: 4.7±13.8%,

Control: −8.5±11.5% (P≤0.05)

Moderate-high PA: 

mHealth: 21±103 min/wk,

Control: 46±36 min/wk; (P<0.05)

Eyles et al,24 
CVD

N=66

Women: 17%

Mean age (SD): 
64 (7) y

Duration: 6 wk

Mobile app (SaltSwitch)

Int: Used SaltSwitch app to 
identify salt content in groceries

Control: Shopped as normal 
and were able to access usual 
care CR services for people 
with CVD

Intervention group downloaded 
app that provided immediate 
feedback on salt content in grocery 
items and low-sodium alternatives

ΔMean household purchases of salt: 
−0.30 g/MJ (95% CI, −0.58 to −0.03)

ΔDaily salt consumption: −0.7 g

Goldstein et al,26 
HF

N=58

Women: 35%

Mean age (SD): 
69.3 (10.9) y

Duration: 4 wk

Electronic pillbox, SMS, and 
mobile app

Participants randomized to 1 of 
4 groups:

Int1: Smartphone with iRx 
Reminder app, either silent 
or with SMS reminder linked 
to app

Int2: Pillbox, either silent or 
with reminder

Participants in both smartphone 
groups logged medication taken, 
able to view list of medications 
with instructions

Percent adherence:

Overall: 78% (SD, 35%)

Telehealth device: 80%

Smartphone: 76%

Reminders: 79%

Passive medication reminder devices: 
78%

Guo et al,27  
AF

N=209

Women: 44%

Mean age (SD): 
App: 67.4 (10.6) y

Control: Duration: 
3 mo

Mobile app

Int: mAF mobile app with edu-
cational materials

Control: usual care with 1- and 
3-mo follow-up visits

Intervention group self-reported 
medication adherence, BP, HR, and 
HRQOL; received education and 
follow-up reminders; able to up-
load and view health records and 
receive feedback from doctors

App vs control:

Knowledge: increased

Self-care: increased

HRQOL: increased

Adherence: increased

Anticoagulant satisfaction: increased

Depression/anxiety: decreased

(all P<0.05)

Table 2.  Continued

Authors,  
cardiovascular 
condition

Sample  
characteristics, 
group size, study 
retention

mHealth technology,  
intervention, control

Self-monitoring, feedback  
(if applicable) Primary outcomes

(Continued )
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Hägglund et al,28 
HF

N=82

Women: 32%

Mean age (SD): 
75 (8) y

Duration: 3 mo

Mobile app with tablet

Int1: Home intervention system 
consisted of tablet with mobile 
app connected to wireless scale

Control: Usual care

Intervention group used home inter-
vention system to monitor weight 
and symptoms, titrate diuretics, and 
receive information about HF and 
lifestyle advice according to current 
guidelines

Improvements at 3 mo:

Self-care:

Tablet median: 17 (IQR, 13–22) vs con-
trol: 21 (IQR, 17–25); P<0.05

HRQOL:

Tablet median: 65.1 (IQR, 38.5–83.3) vs 
control: 52.1 (IQR, 41.1–64.1); P<0.05

Physical limitations:

Tablet median: 54.2 (IQR, 37.7–83.3) vs 
control: 45.8 (IQR, 25.0–54.2); P<0.05

Hospital days for HF:

Tablet: 1.3 d/patient

Control: 3.5 d/patient (risk ratio, 0.38 
[95% CI, 0.31–0.46]; P<0.05)

Karhula et al,29 

IHD, HF
N=269

Women: 34%

Mean age (SD): 
69.6 (9.1) y

Duration: 12 mo

Mobile app

Int: Telephone coaching, mobile 
phone with a mobile personal 
health record app and a set of 
measurement devices connected 
to personal health record account

Control: Usual care, including 
disease management information 
booklet, laboratory tests, 1 ap-
pointment with doctor or nurse

Intervention group received remote 
monitoring system connected to 
personal health record to self-
report measurements (BP, blood 
glucose, weight, physical activity); 
received health coaching calls with 
education and feedback

HRQOL:

Physical: β=0.730 (P=0.36)

Mental health: β=−0.608 (P=0.62)

Lee et al,44  
AF, HF

N=18

Women: 22%

Mean age (SD): 
67.28 (8.72) y

Duration: 3 mo

Mobile app with tablet

Int: Android tablet with MASS 
mobile app for warfarin therapy

Participants received app with 
educational modules; encouraged 
to log bleeding or bruising, set up 
daily medication reminders, and 
search vitamin K content of foods

Anticoagulation knowledge:

Baseline: 12.5±5.51

Follow-up:14.78±3.93

(P=0.007)

Maddison et al,30 

CAD
N=171

Women: 19%

Mean age (SD): 
60.2 (9.3) y

Duration: 6 mo

SMS and website

Int: HEART program with SMS 
messages, website, and videos 
aimed at increasing exercise 
behavior

Control: Usual care; both 
groups had access to CR educa-
tion and support

Intervention group received exer-
cise prescription, text messages 
and website with behavior change 
techniques to enhance self-effica-
cy; participants self-reported step 
count, minutes of physical activity

Adjusted mean peak VO2 at 24 wk:

SMS: 27.8 mL·kg−1·min−1

Control: 27.9 mL·kg−1·min−1 (difference, 
−0.21 mL·kg−1·min−1 [95% CI, 1.1–0.7]; 
P=0.65)

McDermott et al,31 
PAD

N=200

Women: 52.5%

Mean age (SD): 
70.2 (10.4) y

Duration: 9 mo

PA tracker (Fitbit) and tablet

Int: Fitbit, home computer or 
tablet, telephone coaching

Control: Usual care; both 
groups reported exercise to 
study team

Intervention group received wear-
able activity tracker, tablet, phone 
coaching, and education; partici-
pants self-reported walking impair-
ment, physical functioning, mobil-
ity, pain interference, satisfaction 
with social roles and activities, and 
monitored physical activity

Mean Δ6MW distance:

Fitbit 5.5 m vs control 14.4 m (differ-
ence, −8.9 m [95% CI, −26.0 to 8.2]; 
P=0.31)

Mertens et al,32 
CAD

N=24

Women: 50%

Mean age (SD): 
73.8 y (7.5) y

Duration: 8 mo

Mobile app with iPad

Study design with 3 sequences:

(1) initial phase without assis-
tive systems,

(2) interventional phase (28 d 
of using the Medication Plan 
app system),

(3) comparative phase (28 d of 
using a paper diary).

Users experienced the interven-
tional and comparative phases 
alternately: half of the users 
were randomly assigned to each 
group and switched after 28 d

Intervention group received re-
minders and logged data using 
app; participants self-reported 
medication adherence and BP

Subjective medication adherence:

Mean (SD):

Baseline: 50.02 (3.44)

Intervention phase: 53.96 (2.01)

Comparative phase: 52.60 (2.49) (for all 
pairs after both interventions, P<0.001)

Objective medication adherence:

Significantly stronger for app vs paper 
diary system (F=27.404; df=1; P<0.001)

Adherence to BP documentation:

Significantly stronger for app vs paper 
diary (F=361.349; df=1; P=0.033)
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Pfaeffli Dale et al,33 
CAD

N=171

SMS:

Women: 19%

Mean age (SD):

61.38 (8.98) y

Duration: 6 mo

SMS and website

Int: HEART program with SMS 
messages, website, and videos 
aimed at increasing exercise 
behavior

Control: Usual care; both 
groups had access to CR educa-
tion and support

Intervention group received exer-
cise prescription, text messages, 
and website with behavior change 
techniques to enhance self-effica-
cy; participants self-reported step 
count, minutes of physical activity

Participants reporting:

Reading SMS: 70/75, 93%

Liking content: 55/75, 73%

Pfaeffli Dale et al,34 
CAD

N=123

Women: 19%

Mean age (SD): 
59.5 (11.1) y

Duration: 6 mo

SMS and website

Int: Text4Heart program with 
SMS messages, website, and 
videos aimed at increasing exer-
cise behavior

Control: Usual care; both 
groups had access to CR educa-
tion and support

Intervention group received exer-
cise prescription, text messages, 
and website with behavior change 
techniques to enhance self-effica-
cy; participants self-reported step 
count, minutes of physical activity

ΔPatients adhering to recommended 
lifestyle behavior change from baseline:

3 mo: SMS: +26%, control: +10%

6 mo: SMS: +20%, control: +12%

Portz et al,46  
HF

N=30

Women: 60%

Mean age (SD): 66 
(18) y

Mobile app with iPad

Int: HF symptom tracker app

Part 1: 18 items (5-point Likert 
scale) inquired about understand-
ing, ability to use app, and ability 
to report symptoms through app

Part 2: Open-ended questions 
for specific changes or addi-
tions and potential caregivers’ 
use of the app

Participants self-reported symptoms 
and severity, including weight, fa-
tigue, edema, shortness of breath, 
cough, stomach bloat, feeling sad 
or anxious

Positive acceptability feedback: app 
easy to use, understand, and navigate 
and liked general design

Suggested improvements: add specific 
symptoms (heart palpitations, BP, ex-
ercise, and water intake), navigation 
features, and enhanced instructions for 
using the app

Quilici et al,35  
ACS

N=499

Women: 23%

Mean age: 64 y

Duration: 1 mo

SMS

Int: Daily text reminders for 
aspirin intake

Control: Usual care

Intervention group received daily 
personalized SMS reminders and 
motivational support; participants 
self-reported aspirin adherence.

%AA-Ag nonadherence:

Control, 11.2% vs SMS, 5.2% (OR, 0.43 
[95% CI, 0.22–0.86]; P=0.01; NNT=17)

SMS:

Self-reported nonadherence: 3.6%

AA-Ag nonadherence: 5.2%

Control:

Self-reported nonadherence:16 (6.4%)

AA-Ag nonadherence: 28 (11.2%)

SMS significantly improves self-reported 
aspirin adherence (OR, 0.37 [95% CI, 
0.15–0.90]; P=0.02; NNT=23)

Varleta et al,36  

hypertension
N=314

Women: 64%

Mean age (SD): 60 
(10) y

Duration: 6 mo

SMS

Int: Daily texts tailored to im-
prove medication adherence

Control: Usual care

Intervention group received edu-
cational texts regarding healthy 
diet, salt intake, antihypertensive 
medication schedule, and the 
importance of medication intake 
and adherence; participants self-
reported medication adherence, 
dietary intake, HRQOL

ΔPercentage adherence:

SMS: 13.3% (P=0.01)

Control: −7.9% (P=0.1)

SMS improved ADA (risk ratio, 1.3 
[95% CI, 1.0–1.6]; P<0.05)

Wald et al,37  

hypertension
N=303

Women: 46%

Median age:

SMS: 60 y

Control: 61 y

Duration: 6 mo

SMS

Int: Daily texts aimed at improv-
ing medication adherence in 
patients receiving BP or lipid-
lowering treatment 

Control: Usual care

Intervention group received SMS 
reminders, were asked to answer 
questions about medications; self-
reported medication adherence; 
telephone calls were made when 
medications were not taken

SMS:

Patients reminded to take meds: 98/150 
(65%)

Patients resuming treatment: 20/150 
(13%)

Patients taking <80% prescribed regi-
men: 14/150 (9%)

Control:

Patients taking <80% prescribed regi-
men: 38/151 (25%)

ΔMedication adherence

SMS vs control: 16% (difference, 95% 
CI, 7%, 24% [P<0.001])

Table 2.  Continued

Authors,  
cardiovascular 
condition

Sample  
characteristics, 
group size, study 
retention

mHealth technology,  
intervention, control

Self-monitoring, feedback  
(if applicable) Primary outcomes

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on A

pril 9, 2021



Schorr et al; Mobile Health Technology in Older Adults

Circ Cardiovasc Qual Outcomes. 2021;14:e000103. DOI: 10.1161/HCQ.0000000000000103� TBD 2021 8

problems, injury, illness, pain) and sensory and cognitive 
impairments that disproportionately affect older adults 
presents exercise barriers unique to older adults.52–56 
The physical environment (eg, proximity to and per-
ceived safety of sidewalks, parks, recreation centers, 
and fitness facilities) and a lack of knowledge and un-
derstanding of the relationship between exercise and 
health (eg, poor awareness of the role of exercise in 

disease prevention and health promotion) are addi-
tional exercise barriers unique to older adults.52–56 How-
ever, targeted mHealth strategies have improved health 
behaviors in older adults with CVD. In the Text4Heart 
study, bidirectional SMS plus a website increased health 
behaviors (eg, smoking cessation, fruit and vegetable 
intake, alcohol intake, physical activity) at 3 months (ad-
justed odds ratio, 2.55 [95% CI, 1.12–5.84]) compared 

Widmer et al,47 

CAD, ACS
N=76

Women: 28%

Mean age (SD):

CR+PHA: 60.2 
(12.1) y

CR: 70.4 (9.9) y

Post CR+PHA: 
66.9 (8.3) y

Post CR: 69.4 
(10.1) y

Duration: 3 mo

Mobile app

Int1: CR+PHA app

Int2: Post CR+PHA app

Control: CR and post-CR 
groups both received usual care

Intervention groups given access 
to health status information, tasks 
and targets, email reminders, and a 
social reinforcement network

ΔWeight:

CR+PHA: −4.0+5.2 kg, P=0.001

Post CR+PHA: −2.5±3.8 kg, P=0.04

ΔSystolic BP:

CR+PHA: −10.8±13.5 mm Hg, P=0.0009

Post CR+PHA: −12.6±12.4 mm Hg, 
P=0.001

ΔRehospitalizations/ED visits:

CR+PHA: −37.9%, P=0.01

Post CR+PHA: −28%, P=0.04

Widmer et al,40 

CAD, ACS
N=76

Women: 18%

Mean age (SD):

CR+PHA: 63.6 
(10.9) y

Control: 62.5 
(10.7) y

Duration: 3 mo

Mobile app

Int: CR + PHA (personal health 
assistant) app

Control: Usual care, according 
to standard rehab

Intervention group given access 
to health status information, tasks 
and targets, email reminders, and a 
social reinforcement network

ΔWeight:

CR+PHA: −5.1±6.5 kg

Control: −0.8±3.8 kg;

P=0.02

ΔRehospitalizations/ED visits:

CR+PHA: 8.1%

Control: 26.6% (risk ratio, 0.30 [95% 
CI, 0.08–1.10]; P=0.054)

Wolf et al,38  
ACS

N=199

Women: 28%

Mean age (SD): 60 
(10) y

Duration: 6 mo

Web-based eHealth tool and 
mobile app

Int1: PCC + eHealth

Int2: PCC + no eHealth

Control: Usual care, according 
to standard rehabilitation

Intervention group had choice 
of web-based eHealth tool, mo-
bile app, or both in conjunction 
with PCC

Participants self-reported self-
efficacy, self-rated symptoms of 
fatigue, motivation, and activity 
level; given symptom visualization 
tool, diary, educational links, and 
chat function for support

No significant difference in mean self-
efficacy levels at 6 mo for PCC group 
without eHealth and PCC+eHealth

Patients using eHealth before/after dis-
charge, n (%):

PCC+eHealth: 37 (39)

PCC+no eHealth: 57 (61)

ΔComposite score (improved), n (%):

PCC+eHealth: 11 (30) (vs control: 
P=0.006)

PCC+no eHealth: 10 (18) (vs control: 
P=0.21)

Control: 10 (9.5)

Events, n:

PCC+eHealth: 6

PCC+no eHealth: 12

Control: 16

Return to work:

PCC+eHealth: 30/34 (88%)

PCC+no eHealth: 47/53 (89%)

Control: 89/98 (91%)

AA-Ag indicates acetaminophen-sodium alginate; ACS, acute coronary syndrome; ADA, antihypertensive drug adherence; AF, atrial fibrillation; app, application; 
BP, blood pressure; CAD, coronary artery disease; CHF, congestive heart failure; CR, cardiac rehabilitation; CVD, cardiovascular disease; DBP, diastolic blood pressure; 
ED, emergency department; eHealth, electronic health; EMR, electronic medical record; HEART, Heart Exercise and Remote Technologies; HF, heart failure; HR, heart 
rate; HRQOL, health-related quality of life; IHD, ischemic heart disease; Int, intervention; IQR, interquartile range; MI, myocardial infarction; mHealth, mobile health; 
NNT, number needed to treat; NOAC, novel oral anticoagulant; NS, nonsignificant; OR, odds ratio; PA, physical activity; PAD, peripheral artery disease; PCC, person-
centered care; PCI, percutaneous coronary intervention; PHA, personal health assistant; SBP, systolic blood pressure; 6MW, 6-minute walk test; SMS, short messaging 
service; and STS, structured telephone support.
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with a usual care control group, but the difference was 
not statistically significant at 6 months (adjusted odds 
ratio, 1.93 [95% CI, 0.83–4.53]).34 Medication adher-
ence was greater and low-density lipoprotein cholester-
ol was lower (−0.25 mmol/L [95% CI, −0.49 to 0.01]) 
in the intervention group at 6 months (these outcomes 
were not measured at 3 months). In the HEART study 
(Heart Exercise and Remote Technologies), 3 to 5 SMSs 
per week plus a supporting website increased leisure-
time physical activity (110 min/wk) and walking (151 
min/wk) compared with usual care.30 Three other RCTs 
examined physical activity in response to multimodal 
mHealth interventions, all including wearables (with 
or without apps, websites, telephone coaching, and 
self-monitoring).25,31,39 Two of the 3 trials led to im-
provements in peak VO2 maximum and increases in 
moderate to vigorous physical activity among patients 
with peripheral artery disease25 and patients after car-
diac rehabilitation.39 Notably, in these 2 studies, the 
intervention included self-monitoring and personal-
ized coaching (telephone or through the app) with 
feedback, intervention components that potentially 
enhanced the physical function and physical activity 
outcomes observed.57

Medication Adherence
Nonadherence to medical therapy is a significant barrier 
to CVD risk factor optimization. Using mHealth technol-
ogy significantly improves medication adherence. Eight 
RCTs that examined the effect of mHealth interventions 
on medication adherence were identified (median du-
ration, 4.5 months; median, n=356 days).23,26,27,32,34–37 
Four of these studies examined SMS-only interven-
tions23,35–37; 1 coupled SMS with a supporting website34; 
and 3 used an app-based intervention.26,27,32 All SMS-
based interventions increased self-reported medication 
adherence,23,34–37 and 2 of the 3 app-based interventions 
improved medication adherence.27,32 These consistent 
findings suggest that SMS or app-based reminders may 
address noncompliance attributable to forgetfulness or 
cognitive impairment, prompting patients to remember 
to take their medication and thereby increasing medi-
cation adherence. In addition to increased medication 
adherence (≈14%), Chen et al23 reported that standard-
ized educational text messages sent to patients with 
decompensated congestive heart failure within 10 days 
of discharge and weekly thereafter reduced hospital re-
admissions and improved event-free survival up to 180 
days after discharge. Varleta et al36 and Wald et al37 
reported that sending standardized text messages for 
6 months increased medication adherence in patients 
taking antihypertensive or lipid-lowering medication 
by 30% and 16%, respectively. No changes in blood 
pressure or lipid levels were detected, although the tri-
als were underpowered for these outcomes. Wald et al 

customized the SMS timing so that patients received 
the text message at the time they were supposed to 
take their medication. The messaging was bidirection-
al, and failure of the patient to provide an affirmative 
response or take their medication triggered a follow-
up telephone call. Overall, the available evidence sug-
gests that interventions including SMS may increase 
medication adherence in adults with CVD. This is con-
sistent with the conclusions of 2 previous systematic 
reviews that different methods of mHealth positively 
affect medication adherence in adults with CVD21 and 
that successful mHealth interventions for adults with 
CVD include personalized, higher-frequency, bidirec-
tional messaging.58

Perceived Ease of Use and Patient 
Satisfaction
In the 14 intervention studies with outcomes related 
to patient experience, self-reported usability, satisfac-
tion, and acceptance of the mHealth interventions 
tested were generally high.22,24,26–28,32–35,41,43–46 In stud-
ies with app-only interventions, the majority of patients 
reported ease of use (>60%),24,27,32,44,45 patients found 
the app helpful,24,27,44 and self-reported use of the app 
was high.24,32 However, many of the apps tested were 
intended for very specific purposes and patients, and 
the number of eligible patients was very low,24,45 limit-
ing the external validity. Three of the 5 app-only inter-
vention trials were pilot studies and included <24 sub-
jects.32,44,45 In a cross-sectional study of older patients 
with heart failure, perceived ease of use and usefulness 
were associated with higher intention to use mHealth.

Interventions with SMS tended to report high user 
engagement. Two studies with participants averaging 
60 years of age, HEART and Text4Heart, showed that 
mHealth interventions improved engagement in health 
behaviors and CVD risk factor management compared 
with usual care.22,33,34 In the HEART trial, 3 to 5 text 
messages were delivered per week for 6 months; par-
ticipants also had access to a supporting website. Nine-
ty-three percent of text messages were read; 73% of 
participants liked the content; and 76% reported the 
text messages to be motivating.33 Only 64% of partici-
pants used the supporting website, primarily because 
of difficulty with access and poor user experiences. 
Similar results were found in the Text4Heart RCT in 
which patients with coronary artery disease received 1 
text message per day for 6 months and had access to a 
supporting website.34 Overall, 85% of patients report-
ed reading all of the text messages; 84% thought the 
right number of text messages were sent; and 95% of 
subjects engaged in bidirectional text messaging with a 
mean of 15 responses over the 6-month study period. 
In contrast, 75% of subjects logged into the website 
during the study, and only 43% of subjects felt that 
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the website was a good format for program delivery. 
Both HEART and Text4Heart showed that an mHealth 
intervention was more effective than a web-based plat-
form for improving engagement in healthy behaviors 
and CVD risk factor management.

POTENTIAL BENEFITS OF mHEALTH 
TECHNOLOGY FOR OLDER ADULTS 
WITH CVD
mHealth technology provides exceptional opportuni-
ties for older adults with CVD to improve cardiovascu-
lar health and quality of life and to potentially prevent 
recurrent CVD events.21,59–62 The persistent negative 
perceptions about older adults’ acceptance and use of 
mHealth technologies have been refuted by a growing 
body of evidence.20,63,64 Novel sensing and communi-
cation technologies hold significant promise for moni-
toring, prompting, encouraging, and educating older 
adults with CVD who are more prone to adverse events 
secondary to comorbid conditions, polypharmacy, and 
declines in functional status.7,20,27,31,41,48,65–69 With our 
rapidly expanding aging population comes the potential 
for significant increases in health care costs70; however, 
innovative mHealth technologies and devices could 
provide automated and semiautomated ways to control 
increased expenditures associated with advancing age 
by enhancing quality of life and cardiovascular health in 
people with CVD.59–61,63,71 Benefits from mHealth tech-
nology for older adults with CVD may occur in mul-
tiple contexts such as improving physical function and 
enabling active self-management of healthy behaviors 
and medication adherence that have been shown to 
improve CVD outcomes.21,25–27,30–32,39,41,43,61

Most studies reviewed in this statement demonstrat-
ed benefits of mHealth among older patients already 
comfortable with smart devices or computers, but not 
all older adults are early adopters of new technologies, 
which is a challenge in using mHealth technologies for 
older individuals who lack technological familiarity and 
digital confidence.67,72,73 Automating data capture and 
reporting and providing tailored education and train-
ing can address some of the burdens and frustrations 
experienced by older adults lacking familiarity and com-
fort with mHealth technologies. Engaging older adults 
with convenient and easy-to-use technology has been 
shown to help this high-risk demographic group make 
small but meaningful changes that can improve health 
outcomes and minimize social isolation.64,74,75 mHealth 
has the potential to link health care professionals, 
older adults, and their family members through social 
media4,7,63,64,68,76–80 while simultaneously and instanta-
neously assessing physiological metrics and biomark-
ers.4,9,27,31,32,34,44–46,64,65,76,77,81–83 This could offer older 
adults comprehensive lifestyle enhancements and truly 

revolutionize CVD care in the digital era. However, it is 
important to note that these issues will lessen as the 
population of those more adept with technology ages 
and as technological integration progresses. Ultimately, 
as mHealth continues to advance, the goal will be to 
automate and seamlessly integrate the technology into 
standard health care to improve cardiovascular health 
on a global scale.

The evolving HATICE trial (Healthy Ageing Through 
Internet Counselling in the Elderly) highlights the value 
of eliciting feedback from older adults to guide the de-
velopment of technologies and adding a coach to sup-
port older adults’ adoption of mHealth technologies.84 
To have the greatest benefit for older adults, the design 
of new mHealth products and devices needs to take 
into account the special considerations of older adults 
such as simple interfaces and unobtrusive features. 
Wearable devices in particular have made significant 
advances over the past decade that could be of ben-
efit to older adults with CVD.85 When wearing a device, 
an individual can automatically be monitored for ar-
rhythmias, falls, and other clinical parameters (eg, heart 
rate, sleep).69,86 The wearer can also be provided with 
connectivity, prompts, visual cues, and other enhance-
ments that have the potential to augment self-efficacy 
for physical activity and medication adherence, impor-
tant determinants of health-related behavior change, 
with little added burden. Integrating mHealth into the 
everyday living patterns of older adults may delay CVD 
complications and prevent rehospitalization by facili-
tating communication with health care professionals 
enhancing disease-specific knowledge and quality of 
life, and improving physical activity, medication adher-
ence, and smoking cessation.21,71 As mHealth continues 
to evolve, it will be critical to engage older adults in 
the development, optimization, and application of new 
technologies and devices.

CHALLENGES OF USING mHEALTH 
TECHNOLOGY FOR OLDER ADULTS 
WITH CVD
mHealth technology has the potential to positively influ-
ence behavioral changes and clinical outcomes in older 
adults with CVD,21,87 yet many barriers may prevent use 
in this population. Existing theories on technology use 
and adoption suggest that there are 4 overarching fac-
tors specific to the adoption of mHealth technology 
among older adults: personal characteristics, age-relat-
ed changes, social influence, and privacy issues.66,88,89

First, individually or in combination, age (particularly 
≥75 years), sex, and socioeconomic status are inde-
pendent predictors of mHealth adoption for second-
ary CVD prevention among older adults.82,90,91 Lower 
technology use among older adults is more prevalent 
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among racial and ethnic minority groups, as well as in-
dividuals with lower levels of income (<$30 000) and 
lower educational attainment,77,89 perpetuating the 
“digital divide.” Knowledge, perceptions, experiences, 
and perceived usefulness of technology influence older 
adults’ digital connectedness, and mHealth use can be 
associated with these demographic groups. Although 
studies report conflicting data on attitudes toward and 
acceptance of technology,92 older adults’ intentions and 
technology use are limited by social and cultural fac-
tors, cost and affordability considerations, and technol-
ogy usability, as well as perceived relevance or benefit 
of technology to one’s daily life.58,93,94

Second, older adults have age-related changes that 
include physical, visual, hearing, and cognitive impair-
ments that present unique barriers to learning and us-
ing mHealth technologies.67,89,92 In particular, individuals 
>70 years of age are less inclined to use a smartphone 
because poor visual and motor coordination limits their 
ability to operate mobile devices, consequently limiting 
the potential benefits of mHealth technology in this 
subpopulation.58,66 Beyond physical barriers, age-relat-
ed cognitive barriers such as declines in spatial work-
ing memory, lower information processing speed, and 
a higher negative reaction to errors95 can limit mHealth 
literacy and usability, from the early setup (eg, internet 
and application access) to subsequent tasks that require 
navigation and interaction skills.76,78,96 Fragmented digi-
tal platforms and services can further exacerbate frus-
trations and result in demotivation for use.

A third challenge is that certain aspects of digital 
connectedness and mobile technology use are driven 
by social influences (ie, subjective norm) that can hinder 
instead of support older adults’ mHealth acceptance 
and use. For example, some older adults, observing the 
pervasive use of technology by family members and 
friends, fear that technology may supplant face-to-face 
social interactions.97 Furthermore, research has dem-
onstrated strong associations between social isolation 
and quality of life among older adults, and technologies 
have been shown to increase social isolation.76,96 Al-
though mHealth tools may provide convenient options 
for health care delivery to some individuals, many older 
adults may continue to prefer direct in-person contact 
with health care professionals.

Fourth, privacy issues are a major concern and barrier 
of mHealth technology adoption among older adults. 
Newer technologies have focused on smartphones, 
wearable sensors, and web-based detection of changes 
in health, with the goal of promoting convenience and 
the independence of older adults. Except for video re-
cording, many older adults are generally receptive to 
in-home monitoring and the reporting of this informa-
tion to health care professionals or family members.79 
However, older adults are less sensitized to the risks 
of online communication. Consequently, older adults 

may not have strategies or skills to protect themselves 
from potential harm or are underprepared for cyber-
security issues or loss of privacy.89,98,99 Older adults have 
expressed concern that their health and other sensitive 
data might be exposed or described vulnerability to so-
licitations and even cyberattacks.80 This mistrust of data 
privacy can be an especially serious obstacle to mHealth 
adoption.89,98,99

DISCUSSION
Our review of the scientific literature on the use of 
mHealth to support lifestyle modifications and improve 
medication adherence in older adults with CVD sug-
gests that more research is needed. The heterogeneity 
of mHealth interventions tested and outcomes assessed 
and the paucity of studies that examine older adults 
exclusively limit our ability to provide recommendations 
and guidelines for using mHealth as a secondary CVD 
prevention strategy for older adults. The results for 
studies with a text messaging component look prom-
ising, but none of the studies focused solely on older 
adults (ie, >60 years), so it is difficult to determine the 
effect of text messaging specific to older adults with 
CVD. It is also important to note that mHealth was used 
in a wide variety of ways and is not necessarily success-
ful in its own right but rather because it is used as an 
adjunct that is often attributable to behavioral interven-
tions rather than the specific technology being applied.

Using mHealth as a secondary CVD prevention strat-
egy in older adults is a relatively understudied area. The 
type of mHealth technology that is the most effective 
for older adults with CVD and the specific intervention 
components that elicit the desired changes in health 
behaviors are unknown. For example, is real-time con-
tinuous monitoring of activity tracking via wearable de-
vices (eg, smartwatch) sufficient to meet recommended 
physical activity goals, or is more needed (eg, text mes-
sage prompts, telephone coaching)? Furthermore, the 
ideal mHealth intervention period for effective and sus-
tained health behavior change and CVD risk reduction 
has not been identified yet. All of the research studies 
identified in our search had a relatively short-term focus 
(ie, intervention period, 0.5–12 months; average dura-
tion, 3 months) and substantial heterogeneity in the 
mHealth technology used and the level of staff contact 
included in the intervention, and the majority of the 
included studies did not study older adults exclusively 
(range, 18–93 years of age; only 3 studies with an in-
clusion criterion of >60 years of age).32,46,48 No study 
examined the mechanistic underpinnings of their find-
ings; therefore, the impact of mHealth interventions on 
lifestyle behavior change and medication adherence 
and the resulting effects on CVD risk factor reduction 
in older adults are not known. It also remains unclear 
whether there are differences in mHealth effectiveness 
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by race, ethnicity, sex, or age group. Very few studies 
in the review provided detailed information on partici-
pant race and ethnicity, and none included a separate 
subgroup analysis. In the examined trials, no major 
differences in outcomes were observed by age or sex, 
although the samples sizes were relatively small for sub-
group analyses. In addition, few identified studies ex-
amined behavioral interventions that included mHealth 
technologies versus behavioral interventions with no 
technology. Therefore the effectiveness of mHealth 
relative to traditional behavioral interventions in older 
adults is unclear.

Many studies conducted to date have focused on 
intervention development and assessment of feasibility 
and user satisfaction with limited information on effi-
cacy. An additional challenge in translating the results 
from mHealth research studies into the clinical care of 
older patients with CVD is the variety of technologies 
used across interventions (eg, brands, commercially 
available versus research grade). Commercially avail-
able wearable devices are increasingly being used in 
research studies, likely because of their lower cost and 
simple user interface. The most recent systematic re-
view in older community-dwelling adults found that 
consumer-grade activity trackers are valid in measur-
ing step count and duration of physical activity com-
pared with research-grade devices and visual reference 
techniques.100 However, when deciding on a commer-
cially available device for research purposes, it should 
be noted that the reliability between consumer-grade 
activity trackers is highly variable, and some consumer-
grade devices overestimate step count and duration 
of physical activity and in general are less accurate in 
older adults with slower walking speeds.100 Although 
ongoing updates to device software can improve the 
sensitivity and specificity of these devices, many scoring 
algorithms and, in some cases, raw data are proprietary 
and thus unavailable to researchers and individual users 
for analysis and interpretation. In addition, consumer-
grade devices requiring frequent and time-consuming 
updates could lead to frustrations for research partici-
pants and even data loss if updates are not completed 
in a timely manner. Frequent checks for software up-
dates by the researcher and notifications to participants 
with detailed instructions and guidance on updates can 
help to mitigate these issues. Future research should fo-
cus on additional validation of consumer-grade activity 
trackers, interdevice reliability, and the efficacy of these 
devices in patients with CVD, particularly older adults 
with unique gait patterns and speeds.

Although our review found that most studies report-
ed that satisfaction with and acceptance of the mHealth 
interventions tested were generally high, the results do 
not explain the situation for older adults because only 
3 of the studies exclusively examined adults >60 years 
of age.32,46,48 It is also not clear what technology barriers 

may be specific to individuals with multiple comorbidi-
ties, particularly movement disorders and conditions as-
sociated with sensory and cognitive limitations. Future 
research is needed to identify strategies to translate the 
results of functional assessments into necessary adapta-
tions of the technology to improve individual use.

There are many patient-level challenges to the adop-
tion of mHealth technology in older adults with CVD 
beyond those reported in the studies reviewed (access 
to technology, education and training on how to use 
mHealth technologies, reliable internet access, etc). The 
current conceptualization of mHealth demands that pa-
tients use a technological platform that remains separate 
from the therapy that is needed. In other words, older 
adults must navigate the technology as a prerequisite to 
the care. This not only is an intimidating requirement for 
many older adults but often becomes overwhelming and 
frustrating, particularly when patients are not involved in 
the development of mHealth interventions, they do not 
receive sufficient practical training to use the technology, 
and they do not have family support when technical is-
sues arise (eg, glitches in software updates, connectivity 
failures). Issues with internet accessibility are also com-
mon for patients in remote areas or those without home 
access. Overcoming these challenges may depend on 
the future of health care technology that seamlessly in-
tegrates mHealth into the gold standard.

The Internet of Things (IoT) can help address many 
mHealth challenges at the patient level by automating 
the collection and transfer of health data without hu-
man intervention.11,69 In the 2014 Pew Future of the 
Internet survey, the vast majority of experts canvassed 
agreed that the growth of the IoT and embedded and 
wearable devices will bring the next revolution in digital 
technology, having widespread and beneficial effects on 
the everyday lives of the public by 2025.11,69 In a follow-
up survey in 2018, nearly two-thirds of experts agreed 
that the rise in artificial intelligence and related technol-
ogy systems would make most people better off over the 
next decade and that there are many possible applica-
tions of artificial intelligence in diagnosing and treating 
patients or helping senior citizens live fuller and health-
ier lives.101 However, experts acknowledged concerns 
about an individual’s autonomy and privacy, stressing 
the importance of paying close attention when develop-
ing, distributing, and updating networks and platforms 
to make the best use of advanced technologies for hu-
man health.101 The Figure illustrates the conceptualiza-
tion of a potential IoT application that could reduce the 
current patient and clinician mHealth challenges related 
to capturing, reporting, and meaningfully interpreting 
massive amounts of data created by mHealth technolo-
gies. The IoT mHealth application depicted also creates 
the possibility of automated personalized notifications 
in real time that could support the behavioral changes 
needed to improve CVD risk factor management (eg, 
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text message to take pro re nata dosage of blood pres-
sure medication to manage hypertension based on the 
current blood pressure sensor reading).

Similar barriers to mHealth technology adoption exist 
at the patient-clinician, clinician, and system levels. Fac-
tors affecting adoption at the patient-clinician level that 
require partnership are perceived usefulness and ease of 
use, design and technical concerns, cost, time, familiarity 
with the technology, risk-benefit assessment, and com-
munication between health workers and patients.5,102,103 
If these patient-clinician adoption factors are not present, 
there is a risk that the older adult and the clinician will 
discontinue use of mHealth, resulting in a gap in care. 
A potential barrier at the clinician level is the lack of rig-
orous, published, validated data for consumer mHealth 
devices in community-dwelling older adults, making it 
extremely difficult for clinicians to interpret data in an 
evidence-based way. Although the availability and use of 
consumer wearable devices continue to increase, health 
care professionals cannot integrate mHealth data from 
these devices if they are not clear on how much to trust 
that information or how to meaningfully interpret the 
substantial amount of data created from mHealth tech-
nologies. Barriers to mHealth technology adoption at the 
system level include the potential that an older person 
could have their health protected information compro-
mised, which could also undermine patient-clinician re-
lationships. Research to understand these factors and 
best practices for training is needed to optimize mHealth 
adoption at each of these levels.

The key to successful implementation and use of 
mHealth technology will be individual-, clinician-,  and 

system-level acceptance, communication, and coordina-
tion. Additional time and resources will be required to fa-
miliarize individuals with the technology and seamlessly 
integrate it into the delivery of care to older adults with 
CVD (eg, electronic health record, mHealth links with 
pharmacies, clinicians, and older adults to improve medi-
cation adherence and safety). However, the advance-
ment in electronic health record systems to automatically 
collect, transfer, and process data from mHealth devices 
and sensors could address many of the barriers identi-
fied (ie, IoT mHealth application). Monitoring, retrieving, 
and organizing mHealth data are only the initial steps 
in improving secondary CVD prevention. Using data to 
improve health care delivery and prompt the initiation 
and maintenance of behavior changes to reduce CVD 
risk will be the key to secondary CVD prevention. Achiev-
ing this will require ongoing communication and col-
laboration between multiple disciplines and the use of 
advanced data analysis methods (eg, big data analytics, 
machine learning, and artificial intelligence) to create 
and deliver personalized and meaningful notifications to 
clinicians and patients related to lifestyle behavior chang-
es, medication adherence, and other clinically relevant 
interventions. In this way, health care can shift from a re-
active model to a proactive model, placing increased im-
portance on disease prevention in addition to treatment.

Limitations
It is possible that the conclusions drawn from our lit-
erature review are affected by publication bias, which 
would result in an overestimation of the effectiveness of 

Figure. Internet of Things mobile health application could include automatic capture, transfer, storage, and analysis of health data.
With the use of a combination of advanced data analytics and a clinician's knowledge, personalized recommendations to better manage cardiovascular disease risk 
factors could be conveyed to the patient via email, mobile phone, or electronic health record. LPWAN indicates low-power wide-area network.
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mHealth in older adults with CVD. In studies with app-
only interventions, the majority of patients reported ease 
of use (>60%),24,27,32,44,45 patients found the app help-
ful,24,27,44 and self-reported use of the app was high.24,32 
However, many of the apps tested were intended for 
very specific purposes and patients, and the number of 
eligible patients was very low,24,45 limiting the external 
validity. Three of the 5 app-only intervention trials were 
pilot studies and included <24 subjects.32,44,45

CONCLUSIONS
The literature on mHealth technology for secondary CVD 
prevention in older adults is limited. Opportunities exist 
to advance the science of mHealth to contribute to im-
proving CVD outcomes. Current recommendations are 
that, when an mHealth intervention is implemented for 
older adults with CVD, a thoughtful approach to second-
ary prevention should consider personal characteristics, 
age-related changes, social influence, and privacy issues 
specific to each patient. As the population of older adults 
in the United States continues to expand, it is critical to 
identify and implement effective, widely accepted, cost-
effective, and time-efficient mHealth interventions to im-
prove health outcomes for older adults with CVD.
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