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Purpose of Review To summarize available data on digital health strategies for the prevention and management of hypertension,
discussing the state-of-the-art, current limitations, and future perspective of this approach.

Recent Findings Technology is developing at a fast pace and is providing a number of novel solutions for cardiovascular patients,
in particular in the field of digital health. Even if the benefit of these approaches is intuitive, the methodological heterogeneity of
the available studies and their small sample size have made it difficult to provide robust evidence regarding the usefulness and
cost-effectiveness of digital health technologies. Recently, studies with larger sample sizes and some meta-analyses have pro-
vided more convincing data on the favorable impact of such strategies.

Summary Digital health solutions may offer a chance to improve primary prevention and for timely diagnosis and effective
management of hypertension. Results from small studies are promising, but there is a strong need for larger, long-term, and well-
designed clinical trials to make these novel solutions really applicable in real-life patients’ care.
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Introduction

Hypertension is one of the main cardiovascular risk factors
and is responsible for 10.7 million deaths and 211.8 million
disability-adjusted life-years (DALY) in 2015, with a 50%
increase over the corresponding 1990 estimates [1¢]. It has
been estimated that one billion people have hypertension,
and the number will increase up to 1.5 billion in 2025 [2]
(Fig. 1).

In spite of all the efforts made to prevent, timely diagnose,
and effectively manage arterial hypertension, its incidence is
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increasing and blood pressure control in affected individuals is
still unsatisfactory. This is due to many factors, as highlighted
by the 2013 ESH/ESC guidelines on hypertension [3¢], in-
cluding (1) patients’ poor adherence to medical indications,
(2) physicians’ inertia in keeping up-to-date with new recom-
mendations and guidelines, and (3) insufficient healthcare
systems.

Patients’ poor compliance with physician’s prescriptions
can be explained by the fact that arterial hypertension is an
asymptomatic condition, which delays diagnosis and makes it
difficult for an individual to accept lifestyle changes and drug
therapy. In fact, unhealthy lifestyle habits, and especially
sedentariness, overweight, smoking, and a high-fat and high-
salt diet, are known to play a major role in the development
and maintenance of hypertension and in increasing cardiovas-
cular risk in general [4].

Another critical issue is the difficulty experienced by doc-
tors in applying the latest recommendations issued by leading
scientific societies to perform a comprehensive evaluation of
clinical parameters and pre-existing comorbidities, and to re-
liably assess and manage overall cardiovascular risk.

Finally, national healthcare systems need to revise their
current approach to prevention of cardiovascular diseases
and to management of chronic conditions, especially in the
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Fig. 1 Ischemic heart disease mortality rate. Complications of
hypertension account for one-third of the cardiovascular deaths per
year. Hypertension is responsible for at least 45% of deaths due to heart

light of the prolongation of life expectancy, which corre-
sponds to an increased number of elderly people living with
disability and disease who need to be assisted with a tailored
strategy. For such a strategy, the traditional healthcare ap-
proach is not sustainable, either from an economical or from
a management point of view [3].

On such a background, recent information and communi-
cation technology developments can help, in many different
ways [5¢]. Digital health tools can be designed to support both
healthcare personnel and patients and may offer a wide range
of functions which can be useful in this context. For example,
digital health tools can facilitate patient—doctor relationship,
by offering an easy approach to health data recording, storage,
and transmission. Furthermore, they can represent easy-to-
apply educational tools, designed to motivate doctors to stay
up-to-date in their medical education, and to inform patients
about their condition, with the final aim of ensuring a better
compliance with medical prescriptions. This kind of strategy
is particularly suitable for primary prevention of cardiovascu-
lar diseases and for management of chronic conditions; all
possibilities that in the recent years have been explored [5¢].

The aim of this review is in particular to summarize the
currently available evidence about digital health strategies and
their role in the prevention and management of hypertension.

Digital Health: Definition, Pros, and Cons

Digital or electronic health (eHealth) has been defined as the
“use of information and communication technologies (ICT)
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disease and 51% of deaths due to stroke (reprinted with permission from
reference [2])

for health” [6]. It exploits techniques and advances concepts
emerging from different scientific domains, including com-
puter science, electrical and biomedical engineering, medi-
cine, and health-related sciences. A number of subtopics have
been also identified, for example mobile health (mHealth) [7,
8] which “covers medical and public health practice supported
by mobile devices such as mobile phones, patient monitoring
devices, personal digital assistants (PDAs), and other wireless
devices,” and telemedicine [9] which refers to “physical and
psychological diagnosis and treatments at a distance, includ-
ing telemonitoring of patients’ functions.”

Digital health, and especially mHealth, may allow reaching
individuals in their daily life and easily connecting them with the
healthcare professionals in charge. On such premises, it could
thus help in promoting a healthy lifestyle and increasing patients’
compliance to medical prescriptions, which leads to optimization
in prevention and management of hypertension [7].

A number of specific benefits may be offered by mHealth.
First, mHealth allows reaching a very high number of people
at no or small extra cost, thanks to the wide diffusion of land-
lines, personal computers, and mobile devices. In fact, it has
been estimated that 3.4 billion people owned a smartphone in
2016, irrespective of geographical or socioeconomical condi-
tions, with a steadily growing trend. These very favorable
characteristics have been identified in a recent document by
WHO [7] as a major drive for mHealth diffusion both in high-
and low-income countries, which are trying to cut costs and to
boost access to healthcare, respectively.

Second, mobile devices may also be equipped with intrin-
sic sensors, such as accelerometers, and can be matched to
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external devices such as wearable sensors. In this way, they
may offer the possibility to constantly acquire information on
physiological and medical parameters and individuals’ life-
style features and daily activities, as well as on environmental
parameters relevant to population health, such as altitude, air
temperature, or air pollution. The data so obtained can then be
used to implement evidence-driven healthcare practice inter-
ventions, to record, store, and access big data in a research
activity framework, and also to empower patients in caring of
their clinical conditions, facilitating the access to and the un-
derstanding of their own health-related information.

Finally, digital health may represent an ideal tool to support
patients in taking an active role in the management of their own
health conditions, boosting their awareness and basic medical
knowledge. This may be strengthened by the development of
ad hoc interactive tools, such as mobile phone applications
(form now on abbreviated as apps) that may provide continuous
education in an easy and simple manner. This is likely to en-
courage subjects to better adhere to lifestyle modification and
drug therapy prescribed by their physicians [9].

Digital health, like other novel healthcare strategies, may
carry some threats that need to be carefully assessed and al-
ways kept in mind.

The most relevant issue is probably data protection and
security. In fact, health-related data are considered even more
sensitive than banking data and must thus be protected. For
example, hacking or unwanted sharing with third parties rep-
resent violations of patients’ privacy. A recent survey has
shown that more than 40% of app users never cared about
possible issues deriving from privacy flaws [10].

Another very relevant topic, although more specific for the
case of mHealth, is the lack of control of the content of the
apps, which is often accompanied by a comparable absence of
proper scientific validation for some signal recording devices
[11e]. In fact, the content of the vast majority of health-related
applications for mobile devices has not been validated by any
scientific entity, such as national or international scientific
societies, nor is the reliability of the information a criterion
to increase the positive scores of an app and to promote its
climb in the list of first-displayed apps in the app stores.
Indeed, a proper regulation and standardization of mHealth
technologies is still missing, which may represent a potential
threat to patients’ health. A significant attempt to more prop-
erly address this issue has come from the US Food & Drug
Administration (FDA), which has released guidance recom-
mendations in February 2015 for the developers and distribu-
tors of health-related apps. With this document, the FDA has
set the basis to enforce regulatory requirements over those
apps that are designed to diagnose, treat, or prevent a medical
condition [8].

Finally, some subgroups of digital health services are char-
acterized by high setup and management costs including the
cost of equipment and the cost of training health practitioners

and patients to inform how to utilize them. Due to the lack of
methodologically flawless, adequately powered, randomized
clinical trials aimed at demonstrating the benefits of digital
health, digital health services are currently poorly recognized
by governments and rarely funded by national healthcare
systems.

Applications of Digital Health
to Hypertension: Prevention

Many digital health primary prevention strategies have been
proposed and tested, aiming at different goals. In fact, hyper-
tension is attributable to many other cardiovascular risk fac-
tors, including overweight and obesity, smoking, unhealthful
eating and drinking, and sedentariness [1¢]. Thus, hyperten-
sion primary prevention must touch all the aforementioned
issues. All digital strategies in primary care are based on the
assumption that patients spend only a few hours per year hav-
ing direct interaction with their healthcare practitioners, but
they spend something like 5000 waking hours per year en-
gaged in activities that affect their health [12].

Digital-based primary prevention strategies can thus be de-
scribed as technology-supported lifestyle behavioral interven-
tions. All the digital health services reach patients through the
Internet, e-mail, SMS, or other electronic means, thus engag-
ing them in a wide range of activities, such as remote BP,
medication, and behavior monitoring and eventually offering
relevant education, counseling, and motivational support.

A meta-analysis by Widmer et al. [9] identified 39 digital
health studies focused on CV disease reduction through im-
proving cardiovascular risk factors (i.e., focusing on weight
control, lipid and blood pressure control) on more than 23,000
patients. The main tested strategies were telemedicine ap-
proaches and web-, email-, telephone-, or SMS-based tools,
either in a primary care, workplace, or living environment.
The heterogeneity of sample characteristics, data collected,
and outcome evaluated made it difficult to effectively compare
those studies. Thus, Widmer et al. concluded that evidence of
a positive effect on CV disease outcomes was not statistically
significant (RR =1.21 (95% CI, 0.58-2.54); P=0.61; 12=
15%), even if Framingham risk core improved significantly.
Weight loss (—3.35 1bs. (95%CI —5.22 lbs., — 1.48 lbs),
P<0.001, > =96%; Fig. 3) and systolic blood pressure
(SBP) reduction (mean difference =—2.12 mmHg (95% CI,
—4.15 mmHg, — 0.09 mmHg); P =.04; P= 100%) were pres-
ent among primary prevention studies. However, the effect on
SBP was no longer significant when the two studies were
excluded from the analyses (mean difference =—
1.31 mmHg (95% CI, —3.43 mmHg, 0.80 mmHg); P=0.22;
P2 =100%) [9]. Thus, Weidmer et al. were able to support only
in part the hypothesis that web-based, telemedicine, and SMS
texting approaches are effective in controlling CV risk. A
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more recent experience in the use of digital health to support
lifestyle changes was reported from Habibovic et al. [13], who
have recently initiated a clinical trial to evaluate the efficacy of
their “Do Cardiac Health: Advanced New Generation
Ecosystem” (Do CHANGE) ecosystem, which integrates
new technologies into a behavior change intervention in order
to change the unhealthy lifestyles of cardiac patients.

A most comprehensive analysis of the effectiveness and
efficacy of mobile health strategies in improving CV risk
factors and thus hypertension risk factors has been per-
formed by the AHA [5¢] and published in a recent consen-
sus document. Firstly, they analyzed weight reduction and
found that a number of different approaches, including
mobile technologies (texting and smartphone applica-
tions), tablets, and interactive voice response (IVR) sys-
tems, have been tested, along with matched connected de-
vices, including e-scales and wireless physical activity
monitoring devices [14—17]. After reviewing the most rel-
evant papers, the authors concluded that this kind of inter-
vention can be useful, especially when personally tailored,
in motivated people [18]. Also, digital health strategies
have been proposed to stimulate an increase in physical
activity, with a suggested superior efficacy when matched
with wearable sensors able to track movement [19-22].
The authors favorably described the emerging evidence,
indicating the usefulness of physical activity tracking de-
vices, associated with group behavioral treatments, in pro-
ducing a significantly larger weight loss than the use of
either ICT devices or group treatment alone. Finally, the
potentiality of digital health in supporting smoking cessa-
tion, the most preventable CV risk factor, has also been
explored. The most relevant papers are dated within the
last 10 years. Large, well-controlled studies have indeed
shown that SMS-based programs may result in approxi-
mately double the abstinence rates as compared to minimal
intervention control conditions. Unfortunately, the failure
rate of these programs is high (90% of subjects fail to
quit at 6 months), and the heterogeneity of effect across
studies suggests that certain varicties of SMS interventions
may work better than others and that the success rate is
different in different populations [23—-27]. Research in this
field is currently continuing, with different attempts being
made at finding the more effective strategy to
implementing digital health among different smoking ces-
sation strategies [25].

Applications of Digital Health
to Hypertension: Management
The history of digital health strategies application to the man-

agement of hypertension is quite long [26]. One of the first
and most successful examples is telemonitoring, in which
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home blood pressure monitoring (HBPM) has been combined
with dedicated devices recording BP values and sending them
to the clinician in charge, thus promoting a more effective link
between patients and physicians [28, 29, 30+, 31¢]. This strat-
egy has been recommended by the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure as a complementary
method in the management of hypertensive patients [32] and
proved to be effective in reducing BP values and in fighting
both physicians’ inertia and patients’ poor adherence to treat-
ment [30+]. The many different telemonitoring systems avail-
able are characterized by different modalities of data collec-
tion (i.e., manual entry, wireless transmission, cable transmis-
sion), patient-to-healthcare professional transmission (tele-
phone-based, Internet-based, etc.), presence of feedback, fre-
quency of contact, and additional features (e.g., alarms to re-
mind medication intake, BP measurements, etc.). More suc-
cessful interventions are multimodal, require less technical
skills from the patients, and provide them with a feedback.

The efficacy of telemonitoring has been demonstrated in a
number of meta-analyses [9, 31¢]. Omboni et al. evaluated up
to 23 RCT with more than 7000 patients. Home BP monitor-
ing was associated with a significantly larger reduction in both
office and ambulatory BP as compared to usual care, with a
mean office systolic (S) and diastolic (D) BP reductions of 4.7
and 2.5 mmHg larger in the telemonitoring group than in the
control usual care group, thus resulting in a significantly larger
BP normalization rate at office measurement (P<0.001)
(Fig. 2). Interestingly, the higher costs sustained by the
telemonitoring group appeared to be entirely due to the cost
of technological equipment and not to “medical costs.”
Unfortunately, the small sample size of many studies and the
heterogeneity of study conditions made the comparison
among their actual impact on hypertension management dif-
ficult [33, 34, 35, 36].

The main limitations of the conventional telemonitoring
strategy include requirement of advanced equipment and need
of training patients and dedicated healthcare providers to uti-
lize the technique. New, adequately powered, ongoing RCT
will hopefully help better clarify the usefulness and, moreover,
the cost-effectiveness of these approaches [34¢].

A meta-analysis from Widmer et al. [9], including the data
from secondary CVD prevention studies, suggested a favor-
able effect of digital heath strategies on CVD outcomes (RR =
0.60 (95% CI, 0.43-0.83); P=0.002; P= 0%). However, no
effect on body weight and systolic blood pressure was
observed.

An example of innovative digital health strategy used to
manage hypertensive subjects is offered by a paper of our
group, from Albini et al. [37¢]. In this study, an integrated
ICT-based Patients Optimal Strategy for Treatment (POST)
system including home BP monitoring teletransmission, a ded-
icated web-based platform for patients’ management by
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Office BP normalization

Author, year NHBPT/NUC
RR (95% CI) Weight (%)

Avrtinian, 2007 194 /193 —. 1.21(1.02, 1.43) 9.1
Madsen, 2008 113/123 - 1.57 (1.20, 2.06) 6.8
Green, 2008 246 247 ——— 1.16 (0.90, 1.48) 72
Green, 2008 237/ 247 I — 1.80 (1.4, 2.23) 79
Carrasco, 2008 131 /142 —] 0.97 (0.83, 1.13) 94
Parati, 2009 187 /111 — 0.98 (0.78, 1.23) 78
Rinfret, 2009 11/112 . e 1.60 (1.12, 2.29) 52
Pezzin, 2009 221217 e 1.12 (0.80, 1.57) 5.4
Stone, 2010 64/73 S 1.07 (0.88, 1.30) 85
Bosworth, 2011 148/ 147 —a—! 0.94 (0.78, 1.14) 8.7
Bosworth, 2011 149/ 147 s 0.99 (0.83, 1.19) 89
Bosworth, 2011 147147 4 1.13 (0.95, 1.33) 9.2
Magid, 2011 138/ 145 -— 1.03 (0.75, 1.40) 59
Total 2086 / 2051 = 1.16 (1.04, 1.29) 100.0
Heterogeneity: /2= 69.0%, P < 0.001 0.50 1.00 2.00 4.00

Favors UC Favors HBPT

Fig. 2 Results from Omboni et al. [31¢] meta-analysis on telemonitoring
in hypertension. Relative risk (RR) of office blood pressure (BP) below
target (i.e., normalization) at the end of the study in the home blood

physicians (Misuriamo platform), and a smartphone mobile
application (ESH CARE APP) were used, by randomizing
690 patients to either the ICT-based approach (POST) or the
usual care, just based on repeated conventional visits by the
physician in charge. In this RCT, patients randomized to the
POST intervention transmitted their BP data to their doctor
through the Internet. On the other side, data were collected on
a web-based platform, Misuriamo, which, in addition to this
feature, acted like an interactive clinical record, allowing de-
mographic and specific clinical information to be stored for
each patient, associated with cardiovascular risk quantification
and real-time calculation of therapeutic targets according to the
most recent guidelines. In the POST group, the ESH CARE
APP, a validated smartphone/tablet application with education-
al and informative content endorsed by ESH, was made avail-
able to patients. BP and body weight data collected by this app
and/or through a home personal computer—based system could
be stored and transmitted to the Misuriamo platform accessed
in a cloud through the personal computer of the physician in
charge. The ESH CARE APP also allows a precise manage-
ment of patient’s drug treatment through phone alarm re-
minders. Finally, it represents a simple but comprehensive ed-
ucational tool, as it includes a “question and answer” section,
where most common questions about hypertension are man-
aged, and offers a “general overview” of all practical issues
related to hypertension. ESH CARE APP also improves health
facility accessibility by providing an interactive list of ESH
excellence centers throughout Europe, with the necessary con-
tact information. This app, in its first release, was launched
during the 2015 ESH annual meeting (Fig. 3).

pressure telemonitoring versus the conventional treatment group. CI,
confidence interval (reprinted with permission from reference [31¢])

Limitations and Future Perspectives

Important steps have been made in order to explore digital
health potentialities in the primary and secondary prevention
of CVD, in particular when considering hypertension manage-
ment. Nevertheless, many gaps in knowledge still remain and
need to be addressed.

First, a wider experimental use of digital health, and espe-
cially mobile health, is advisable in a primary care setting in
order to truly understand its utility when routinely applied in a
real-life setting and over a long-term period. There is need to
test in daily practice the applicability, usefulness, and sustain-
ability of ICT tools which could integrate traditional care strat-
egies, favoring both patient empowerment and clinician
performance.

Second, academic—industry partnerships are needed to
match a scientifically validated and rigorous information con-
tent with a business-oriented design and dissemination strate-
gy, which could meet the different needs of patients’ various
lifestyles and preferences, and work across multiple digital
Health platforms.

Furthermore, it is advisable to limit exclusion criteria in in-
terventional studies aimed at preventing CVD events. Studies
are required to investigate whether the effect of digital health
differs by age, race/ethnicity, socioeconomic background, edu-
cation level, and living environment (rural vs urban).

Moreover, focusing on primary prevention, we need to
identify the behavioral targets that are improved by digital
health interventions and linked to blood pressure reduction,
given the controversial evidence yet available on this issue.
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Finally, it is crucial to create and develop strategies to main-
tain patients’ and doctors’ engagement over time. This is key to
the persistence in compliance improvement and lifestyle habit
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modification that has been highlighted as being of pivotal im-
portance in recent guidelines. In this context, digital health
might indeed offer a significant contribution to improvement.
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Conclusion

The data analyzed and summarized in this review support the
possible usefulness of digital health strategies in the preven-
tion and management of hypertension and related CVD risk
factors, when compared to conventional care. Further research
is however needed to identify the most effective digital health
modalities and to better understand the determinants of their
success in specific patient populations.
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