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1. Introduction

Cardiovascular disease and its complications such as myocar-
dial infarction in particular, but also cerebrovascular disease with
resulting stroke or peripheral arterial disease with acute limb
ischemia or amputation are the leading causes of morbidity and
mortality in the high-income countries world-wide [1]. In Europe,
cardiovascular disease causes almost 4 million deaths per year,
which accounts for almost 50% of all deaths [2]. Importantly, 30-
40% of all patients who die from cardiovascular disease are
younger than 75 years. Primary and secondary prevention aims
at the efficient treatment of the modifiable risk factors, i.e. hyper-
cholesteremia, diabetes mellitus, obesity and the fully established
metabolic syndrome, arterial hypertension and smoking. Besides
drug and interventional treatment, a healthy diet and an active
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lifestyle with at least modest regular exercise help reduce or even
avoid cardiovascular complications. (See Table 1).

Cardiovascular diseases and all modifiable cardiovascular risk
factors are chronic conditions and hence demand permanent treat-
ment and care. Furthermore, their incidence is growing in associa-
tion with a demographically aging population [3]. Projected office
visits will increase in the years to come [3]. But in contrast, con-
tacts between patients and physicians are steadily decreasing
due to restricted personnel and infrastructural resources, leaving
only a few minutes for a single consultation of primary care physi-
cians in most European countries [4]. Although the need drastically
increases, the number of trained specialists may not rise ade-
quately and hence aggravate the mismatch of medical experts
and the ever-growing patient population [3].

Added to this is a lack of patients’ adherence, that, combined
with the missing health care infrastructure, significantly restricts
patient outcomes despite definitive medical guidelines and stea-
dily improving treatment possibilities.

Novel digital interventions and their associated strategies have
been tested in a variety of diseases and feature a recently growing
number of scientific studies and evidence (Fig. 1). Especially in the
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Table 1
Studies with digital health interventions.
First and last author ~ Study acronym  Number of Primary endpoints Successful  Type of DHI doi
participants (yes/no)
(total/
intervention vs
control)
Widmer&Lerman n/a 80/40 vs. 40 physical/biochemical yes online and smartphone https://doi.org/10.
metrics; behavorial 1016/j.ahj.2017.02.
characteristics 016
Anand&Beyene n/a 343/174 vs. 169  MI (myocardial infarction) no emails and text messages https://doi.org/10.
risk score 1001/jamacardio.
2016.1035
Martin&Blaha mActive 48/16 vs. 32 change in steps/day yes text messages https://doi.org/10.
1161/JAHA.115.
002239
Glynn&Murphy SMART MOVE 90/41 vs. 37 change in steps/day yes smartphone app https://doi.org/10.
3399/bjgp14X680461
Torbjernsen&Ribu n/a 101/51 vs. 50 acceptability yes smartphone app https://doi.org/10.
2196/mhealth.8824
Dallinga&Baart de la  n/a 3772/ 1976 vs.  running physical activity yes smartphone app https://doi.org/10.
Faille-Deutekom 1796 1186/s12889-015-
2165-8
Litman&Robinson n/a 726/464 vs. 262 physical activity (self- yes smartphone app https://doi.org/10.
report) 2196/jmir.4142
Turner- n/a 85/48 vs. 37 activity levels; dietary yes smartphone app https://doi.org/10.
McGrievy&Tate intake; weight loss 1136/amiajnl-2012-
001510
Patel&Hilbert STEP UP 602/451 vs.151  change in steps/day yes wearable; gamification https://doi.org/10.
1001/jamainternmed.
2019.3505
Bennet&Miranda Track 351/176 vs. 175 weight change yes smartphone app; smart scale; https://doi.org/10.
telephone calls 1016/j.amepre.2018.
07.005
Block&Block Alive-PD study  339/163 vs. 176  fasting glucose; HbAlc; yes behavioural intervention via web https://doi.org/10.
body weight app; internet; mobile phone; 2196/jmir.4897
automated calls
Castro n/a 501 body weight; glucose/ yes web/mobile information and https://doi.org/10.
Sweet&Prewitt HbA1c; lipid profile; well tracking combined with human 1177/
being coaching 0898264316688791
Alonso-Dominguez&  EMID Study 204/102 vs. 102 adherence to yes smartphone app; workshop; https://doi.org/10.
Recio-Rodriguez Mediterranean diet exercise 3390/nu11010162
Frias&Osterberg n/a 109/80 vs. 29 change of systolic blood yes Digital medicine offerings (digital https://doi.org/10.
pressure medicine, wearable sensor patchand 2196/jmir.7833
mobile device app)
Morawski&Choudhry = MedISAFE-BP 411/209 vs. 202  medication adherence; yes Smartphone app (Medisafe app) https://doi.org/10.
change of systolic blood 1001/jamainternmed.
pressure 2018.0447
Johnston&Varenhorst SUPPORT study  174/91 vs. 83 medication adherence yes smartphone app https://doi.org/10.
1016/j.ahj.2016.05.
005
Zhang&Wang SBCHDP 80/40 vs. 40 perceived stress; no (but smartphone app (Care4Heart) https://doi.org/10.
(smartphone- behavioural risk factors positive 1186/s12955-017-
based coronary tendency) 0623-y
heart disease
prevention)
programme
Polizzi&Tolsma Quit Smart 97 (no control smoking cessation no audiotape (accompanied by discount  https://doi.org/10.
group, vouchers for nicotine replacement 7812/tpp/03-048
compared with therapy, group sessions and a self-
published data) help manual)
Brendryen&Kraft Happy ending 290/ 144 vs. abstinence from smoking  yes internet and cell phone https://doi.org/10.
146 2196/jmir.1005
Webb Hooper & n/a 140/ 70 vs. 70 feasibility and process yes DVD https://doi.org/10.
Robinson variables, including 1093/ntr/ntu079
intervention evaluations,
readiness to quit
Burford & Hendrie n/a 160/ 80 vs. 80 quit attempts at 6-month  yes face aging software https://doi.org/10.
follow-up (self-reported 2196/jmir.2337
and biochemically
validated through testing
for carbon monoxide (CO))
Zeng & Bricker n/a 98 descriptive analysis of - smartphone app https://doi.org/10.

user characteristics and
utilization of a app for
smoking cessation

1089/tm;j.2014.0232
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First and last author ~ Study acronym  Number of Primary endpoints Successful ~ Type of DHI doi
participants (yes/no)
(total/
intervention vs
control)
Heffner & Bricker n/a 76 explorative analysis of - smartphone app https://doi.org/10.
most-used app features; 3109/00952990.
prospective associations 2014.977486
between feature usage
and quitting
Buller & Zimmerman n/a 102/ 51 vs. 51 self-reported usability of  no smartphone app; text messaging https://doi.org/10.
REQ-Mobile and quitting 1089/tm;j.2013.0169
behavior
BinDhim & Trevena SSC App 684/ 342 vs. smoking abstinence yes interactive smoking cessation https://doi.org/10.
342 decision-aid application 1136/bmjopen-

email

2017-017105

Westmaas & Abroms n/a 1070/ 535 vs. abstinence from smoking  yes https://doi.org/10.
535 1136/tobaccocontrol-

2016-053056

Lewis & Lyons n/a 35/ 19 descriptive analysis of - Jawbone Up24 activity monitor and  https://doi.org/10.
intervention vs.  social support patterns Apple iPad Mini; Social support 2196/12496
16 on waitlist using a mobile app for PA features in the UP app included
(secondary comments and likes
mixed-method
analysis)
Tong & Laranjo n/a 55 (secondary descriptive analysis of - physical activity tracker and a https://doi.org/10.

mixed-methods users’ perspectives wireless scale integrated with a 2196/11439

feasibility regarding mobile social social networking mobile app
study) networking interventions
to promote physical
activity
Vandelanotte & Alley n/a 243/ 122 vs. increase in physical yes 8 modules of theory-based, https://doi.org/10.
121 activity personally tailored physical activity  2196/11321
advice and action planning.
Participants were randomized to
receive the same intervention either
with or without Fitbit tracker
integration.
Devi & Singh n/a 94/ 48 vs. 46 change in steps/day yes step count via accelerometer https://doi.org/10.
2196/jmir.3340
Harris & Cook PACE-UPPACE- PACE-UP: 236 change in steps/day yes step count via pedometer +/- nurse  https://doi.org/10.
Lift (postal) vs. 231 counselling +/- postal counselling 1371/journal.pmed.
(nurse support) 1002526
vs. 214
(control)
PACE-Lift: 108
vs. 117
(control)

period between a widely received review and statement of the
American Heart Association in 2015 [5] and now, numerous inter-
ventions with a focus on newly available technologies has been
tested. Wearables and smartwatches in particular have been prob-
ably most recognizably used for the detection of heart arrythmia

and are discussed to change the diagnostics of arrythmias sustain-
ably [6-9]. Studies like the Apple Heart Study promise a higher rate
of accurate disease detection than possible under common
circumstances, however the significance of these fine-spun diag-
nostic algorithms and their pathological relevance need to be
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Fig. 1. Number of PubMed-listed publications per year for Mobile Health & cardiovascular, Digital Health Intervention & cardiovascular and Smartphone & cardiovascular.
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addressed independently [10]. Image transmission for remote con-
sultations accelerates medical care over long distances and basi-
cally ensures availability even in rural areas [11]. Through the
wide spread of personal computers and mobile phones with inter-
net connection within the industrialized countries, digital inter-
ventions experience their current success story. According to the
Dutch market research company Newzoo, the top 5 countries with
an estimated smartphone penetration of about 80% (i.e. percentage
of the population that owns and uses a smartphone) are the United
Kingdom, Netherlands, Sweden, Germany and the United States of
America in 2018 [12]. Data by our own group show, that among
German patients with peripheral artery disease the mobile phone
usage is about 40-60% even in the older patient population of
60 years and above, although we found a decrease in usage with
increasing age [13]. This still leaves approximately half of these
patients sufficiently equipped for digital interventions at baseline,
not considering patients who might acquire a device in order to
optimize their treatment.

Digital devices promise a much greater empowerment of
patients independent of structural needs and may even improve
compliance and adherence to medical treatment regimen and a
recommended lifestyle.

In this article, we will review the current approaches and possi-
bilities of next generation patient care in the treatment of
atherosclerotic disease and its modifiable risk factors.

2. Methods

A selective scientific literature review from published peer-
reviewed work was performed, using the search terms digital
health hintervention (DHI), eHealth, mobile health (mHealth),
smartphone, phone, messaging, web or internet in combination
with cardiovascular disease, vascular disease, cardiovascular risk
factors, physical activity, metabolic syndrome, hypertension, dia-
betes mellitus, lipids, cholesterol, weight loss, obesity, adherence,
smoking or smoking cessation. Searches were performed in
PubMed, Google Scholar, Science Direct and Scopus. Results were
filtered for adequate matches by the authors for adequate matches.

2.1. Digital interventions and physical results

Sufficient physical activity - i.e. at least 150 min of moderate
exercise per week - has been identified as beneficial in many ways
to promote health and has a central role in the secondary preven-
tion for patients with cardiovascular disease [14]. On the contrary,
a sedentary lifestyle is one of the leading risk factors for global
mortality, but most adolescents and adults still do not meet the
requirements of the current guidelines [15,16]. Physical inactivity
is on the rise not only in Europe or the USA, but affects general
health globally in terms of cardiovascular and other non-commu-
nicable diseases [17]. Self-monitoring aims at the (at best perma-
nent) modification of behavior [18].

One group performed a digital health intervention during car-
diac rehabilitation after acute coronary syndrome. The interven-
tion comprised an online website and a smartphone app, both
with an exercise, dietary and weight diary including educational
information during the course of a 12-week cardiac rehabilitation.
After 90 and 180 days, patients with the digital intervention had a
greater persisting weight loss (-5.1 vs —0.8 kg), but also less rehos-
pitalization or visits in an emergency department [19]. A negative
result despite a similar approach was in another study, who used
text messages and emails to motivate patients to lower their esti-
mated risk for a myocardial infarction. Subjects in both groups did
not differ significantly at 12 months concerning their risk score or
relevant outcome parameters like blood pressure, HbAlc, and
waist-to-hip-ratios [20]. One possible explanation for the diverging

results is a potential selection bias, due to the above-average moti-
vation of all eligible participants and the high willingness to
receive information about improving their activity and dietary life-
style at baseline. Further, the mails and messages were addressed
too impersonal in terms of the concerns of the study participants
and also delivered at random intervals independent of the individ-
ual’s interest or need. In another trial, physical activity of subjects
who attended a cardiovascular disease prevention program, was
tracked with a specific smartphone app (Fitbug Orb). The partici-
pants received messages anytime they fall behind the aimed daily
number of steps, what resulted in a significant increase in daily
activity [21]. Finally, in a primary care setting, the simple use of
an activity tracking app improved daily exercise [22].

Over the last years, several tools have been developed to sup-
port physical activity aiming for behavior change towards a more
active lifestyle. Self-monitoring tools show both growth and a high
user acceptance for the management of chronic diseases [23-25].

Through the fast advancements in the mobile phone sector,
app-based mobile health (mHealth) technologies are perfectly sui-
ted to serve as a medium to deliver interventional strategies to
support an improved health behavior. The increased availability
of self-monitoring devices gave the opportunity to use these digital
interventions as support for behavior change to implement a more
active lifestyle on a large scale. Several studies focusing on self-
monitoring using mHealth technologies are found to be associated
with higher exercise levels, lower BMI, weight loss, and also
healthier eating [26-28], but the overall effects seem to be modest
over a longer period of time [29-31].

2.2. Novel aids for overweight and metabolic syndrome

Overweight and the metabolic syndrome are a global epidemic
and closely related to cardiovascular morbidity [32]. Their treat-
ment and prevention are essential aims in order to reduce cardio-
vascular disease, and also very suitable to be addressed by studies
using innovative, digital strategies.

The TRACK trial combined a coaching/counseling system with
self-monitoring including mobile phone app and e.g. a wifi-con-
nected scale in the weight loss program of 351 obese adults. The
intervention group had and even sustained a greater weight loss
after 6 and 12 months. Further, subjects in the intervention group
with a higher commitment to the program yielded better results
than those with less [33].

Overweight and diabetes are closely related to the metabolic
syndrome, especially in the case of type 2 diabetes. In order to
address a digital solution for diabetes prevention and weight loss,
tailored, algorithm-based mail, phone and web interventions (so
called “fully automated behavioral intervention systems, FABIS")
were tested in obese, in average 55 years old (pre-)diabetics [34].
The program used a weekly, personalized phone contact for the
first 6 months, and a biweekly rhythm for the next 6 months, com-
bined with midweek phone calls and email reminders. It was com-
pared with standard care and a delayed start of intervention after
6 months. The patients with FABIS had significantly improved their
glycemic control, body weight and lipid profiles after 6 months
compared with the standard care control subjects [5]. Another
study coalesced online tutorials, personalized human coaching
and digital tracking tools in order to reduce the risk of diabetes
in 501 participants with prediabetes and/or metabolic syndrome
[35]. After a total of 12 months, the patients had lost 7.5% of their
body weight and reduced their Hb1Ac for 0.14%. Unfortunately, the
study lacked a proper control group, which weakens the signifi-
cance of the findings, but still contributes to the ongoing debate.

Motivational stimuli are essential for all self-dependent ele-
ments in medical interventions. For the individual subjects in a
cohort, this may vary from sole self-improvement to head-on-head
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competition. The suitable type of those stimuli or even the combi-
nation of it are necessary to make the digital, self-controlled inter-
vention work. A trial in healthy subjects of the Danish healthcare
systems used a web-/mobile-app based tool and tested the benefits
of a digital intervention in terms of weight lost, body fat and lipid
profiles. Whereas the overall result revealed the difficulty of
sustaining motivation to adhere to such tools, the in-detail analysis
again showed (mild) improvements of waist circumference, body
fat percentage and weight.

The EMID study (Effectiveness of A Multifactorial Intervention
in Increasing Adherence to the Mediterranean Diet) [36] investi-
gated the adherence to the Mediterranean diet which has been
proven to benefit or even prevent atherosclerotic disease [37-
41]. In that randomized, controlled trial, all subjects received
detailed counseling on the diet, and quality and amount of cardio-
protective physical exercise. The intervention group (IG) addition-
ally received a smartphone app for 3 months. After 3 months, IG
had a better adherence to the Mediterranean diet. This effect was
by trend persistent until the second follow-up after a total of
12 months. However, lipid or glycemic parameters did not signifi-
cantly change [36].

2.3. Adherence to therapeutic regimen

The counseling for a healthier dietary regimen is one potential
target for digital interventions, but to increase the adherence to
medication and/or regular outpatient visits is another that deeply
matters in the treatment of cardiovascular disease and its
complications.

A huge challenge to surveil medical adherence is the assess-
ment of actual intake of pills in everyday routine. This issue has
been elegantly addressed by Frias et al., who put sensor leaded
placebos in the pill box of patients with hypertension and type 2
diabetes. The sensor, once ingested, provided a feedback signal to
a wearable sensor patch and allowed an estimation of therapy
compliance or inertia. The data were reviewed by patients, treating
physicians and investigators and adapted if necessary. As a conse-
quence, the patients featured a significantly improved blood pres-
sure, lower LDL cholesterol and better HbAlc [42].

Nonadherence to medical treatment may account for half of the
patients with uncontrolled arterial hypertension. One group used
the Medisafe app, a smartphone app that works with reminder
alerts, regular adherence reports and even peer support, and eval-
uated self-reported adherence and the impact on blood pressure.
The Morisky Medication Adherence Scale showed a significant
improvement in patients with the Medisafe app, however, both
groups showed a decrease of systolic blood pressure of 10 mmHg
after 12 weeks without significant difference between groups,
pointing to a lack of extra value of the easy-to-use app system
[43]. The SUPPORT study (A study to evaluate the use of mobile-
phone based patient support in patients diagnosed with MI) used
a web-based application to track drug adherence with an e-diary
and also provide information after myocardial infarction. Whereas
drug adherence was expectedly better in the app group, the
authors also presented significantly higher effects for LDL lowering
and patient satisfaction, but only numerical, non-significant differ-
ences in exercise or smoking cessation [44].

Another pillar of today’s state-of-the-art treatment is the so
called shared decision-making, which is based on partnership-based
and equal decision-making by all relevant actors in the disease
process [45]. Instead of simple data transmission, the implementa-
tion of shared decision-making elements additionally promotes
knowledge about disease and treatment concepts and improves
medication adherence, disease awareness, and self-management
of chronic diseases. Through the process of shared decision-mak-
ing, patients can take responsibility for their own health, which

is called patient empowerment. The combination between digital
interventions and the increase in patient empowerment might be
promising.

In the 4-week long Smartphone-Based Coronary Heart Disease
Prevention (SBCHDP) program, subjects were either briefed and
reminded by the Care4Heart app about coronary heart disease
(CHD), or recommended website on CHD topics as control. Of note,
most of the participants did not have established CHD, thus the pri-
mary outcomes were knowledge, perceived stress and behavioral
risk factors. After the 4-week period, the intervention group with
the Care4Heart app had significantly better CHD awareness and
behavior as measured by lower cholesterol levels [46].

2.4. Smart interventions for smoking cessation

In 2004, a study was published, in which they had provided
smokers with health instructions in group sessions, discount
vouchers for nicotine replacement patches, education materials
and interestingly audiotapes for hypnosis and relaxation [47]. This
multimodal QuitSmart package was associated with significantly
more smoking cessation than the standard care group. The authors
found that nicotine patch and daily exercise majorly contribute to
the success, but although the audiotape was an interesting, self-
empowering component of it, it was omitted in the final analysis
[47].

A first real digital cell (and not smart-, but rather dumb-) phone
intervention study was published 2008 [48]. The Happy Ending
(HE) program took 1 year and was delivered via Internet and cell
phone, with some hundred contacts per subject in the course of
the program. All components were already fully automated. During
the trial period, patients with HE more frequently stopped smoking
or were planning and preparing to do. However, the authors found
that beyond 1 month (OR 3.46 for abstinence in HE group com-
pared with control), a growing number of patients in both groups
relapsed, the overall significant differences between HE and con-
trol persisted until 6 months (OR 2.59) and retained a clear trend
until 12 months (OR 1.66, p = 0.07) [48].

Another media approach with a specifically, culturally-tailored
DVD instead of a standard film yielded better quit rates in Afri-
can-Americans at the follow-up after 1 month [49].

In Australia, an artificially changed photo was shown to half of
the participants of another study, that simulated the aging process
in a digital photo if or if not the person will quit smoking. All par-
ticipants received advice for smoking cessation. The group with
subjects who had seen their photoaging had a significantly higher
rate of successful cessation when compared with standard care. Of
note, in both groups half of the participants who indicated having
stopped smoking were still tested positive with a CO breath ana-
lyzer, but that did not change the overall results [50].

Due to the wide acceptance and distribution of devices, a new
generation of studies finally used smartphone apps to aid smoking
cessation. Zeng et al. defined lower education, heavy smoking
(greater than10 cigarettes per day for at least the past 30 days)
and depression as relevant predictors for patients not to use a
smartphone app [51]. The same group examined which parts of
an app appeal to subjects and stated, that the users of their app
SmartQuit mainly used features that are classically summarized
as cognitive behavioral therapy (i.e. tracking, sharing, progress),
with only 2 features (viewing a “quit plan” and practice of “letting
urges pass”) being significantly associated with quitting [52]. Bul-
ler et al. tested a smartphone app vs. text messaging in a group of
young (18-30 years old) smokers to achieve abstinence in 2014.
The efficacy of text messaging for smoking cessation has been con-
firmed in a variety of studies before. Both interventions were
finally used in about 60% of participants for 30 days, which was
the end of the period of intervention. Whereas text messaging
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was slightly superior for the initial cessation - mainly due to the
simple usage compared with the smartphone app- , the absolute
abstinence until 12 weeks after start of the study lasted longer in
the app group [53]. One of the biggest trials in the field with 684
participants tested a multi-functional app including information,
motivational messages, diary and additional benefits vs an
information-only version of the app. The subjects with a fully func-
tional app showed a 1-month abstinence of 28.5% (vs 16.9%). How-
ever, the great effect at first steadily declined to a 6-months
abstinence of 10.2% vs 4.8% in the control group [54].

These findings underline how important single, user-friendly
elements of smartphone apps are to finally enable patient empow-
erment, but also how difficult persistence of non-smoking and
adherence to the chosen therapeutic modality will be in real world
settings.

A highly patient-centered, very efficient approach was used in
another study [55]. Patients received either a variety of tailored,
i.e. personalized emails with information and motivation on how
to quit smoking and persist a smoke-free life, few still tailored
emails or general emails. Only patients with frequent, individual
messages showed a significantly higher rate of smoking cessation,
whereas both other groups fell behind in an equal measure, point-
ing out the relevance of individual, but also frequent and constant
reminders.

2.5. Impact of web-based communities

The implementation of behavior change theories in apps for
physical activity is a relatively new phenomenon [56,57].
Although, extended research in this field is still missing, so called
social support has been identified as a major engagement tool
and was shown to be associated to sustained behavior change
[58,59]. A common way to integrate social support into apps is
via web-based social networking. This is mainly attached to setting
up a personal profile, that can share personal activity and connect
to other users, that includes functionalities like assessment
through “likes” and comments of other users. Web-based solu-
tions, in contrast to face-to face intervention, offers the benefits
of time and cost savings, and include a wide reachability, immedi-
ate feedback from the peer group and if wanted also anonymity.
Web-Based computer-tailored physical activity interventions were
already shown to significantly increased intervention effectiveness
[60,61]. Nevertheless, it has been suggested that the support pro-
vided by web-based social networking platforms may mimic the
support achieved through face-to- face interventions.

Two major forms of web-based social networking platforms
exist: the implementation into already existing platforms (e.g.
Twitter or Facebook) and the direct implementation into commer-
cial or researcher-derived health apps.

Results regarding the effectiveness of social network interven-
tions showed an increase in physical activity, but the generalizabil-
ity is limited due to the heterogeneity of the analyzed studies
[62,63]. In summary, interventions implemented or delivered via
web-based social networks were found to have the capacity to
modify health-promoting behavior. This might result in a height-
ened effectiveness in their capacity to reach large audiences and
sustain high levels of engagement.

2.6. Current barriers, gaps and future possibilities

The efficacy of digital interventions is significantly influenced
by the single person’s engagement with e.g. a specific app [64].
Major limiting factor is the adherence in terms of long-term
engagement: only a minority use health and activity apps for more
than 6 months, the vast majority rapidly loses interest and finally
stops using the apps [65,66]. This concerns not only healthy sub-

jects who aim for a healthier lifestyle, but importantly also sec-
ondary prevention where mainly long-term behavioral changes
towards a more active lifestyle are associated with health benefits
[67,68]. Strategies that improve user engagement linked to these
technologies may include elements of gamification [29,69] and
devices deeply intertwined with everyday life like smartphones,
wearables, or smart homes with fridges or entertainment systems
[70]that deliver instant feedback of good or harmful behavior.

The major limitations of scientific studies with digital health
interventions are mainly a) the limited study time of mostly only
a few weeks or months, b) endpoints with surrogate parameters
or self-reports rather than major cardiovascular events like
myocardial infarction or re-hospitalization, and finally c) the possi-
bility of a selection bias, because only subjects with the necessary
interest and also technical requirements if demanded were
included in the majority of studies.

Scientific studies on health psychology including health behav-
ior models, behavioral change techniques, and motivational inter-
viewing and coaching are not worked up systematically [71,72],
hence digital coaching which is based on these data is currently
limited. Finally, a relevant impact on medical health care infras-
tructure and especially its relief from overload still need to be
addressed. It will require almost complete independence from
human resources like e.g. counselors, which may be possible with
the latest, smartphone or web-based alone interventions.

These limitations must not cloud the great possibilities of inno-
vative digital interventions. From the studies in this review one
may clearly deduce that well composed digital tools like apps with
balanced general, but also personal, individual user interaction
have a significant impact on primary and secondary prevention
at least for a limited time. From our current point of view, digitiza-
tion has already changed our healthcare system and patient care
sustainably and will most likely become even more prominent in
the near future.
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