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Abstract
In 2021, the open-label randomized HERB-Digital Hypertension 1 (HERB-DH1) trial showed for the first time that
hypertension digital therapeutics (a hypertension treatment app) successfully reduced blood pressure (BP) in patients with
hypertension. Patients in the digital therapeutics group who used the app and home BP monitoring (HBPM) showed
significant and persistent decreases in office, home and ambulatory BP values compared with the control group (who were
under physician management using HBPM and lifestyle modifications). The results of the pivotal study led to the first global
approval of this app for the treatment of hypertension in Japan in 2022, including medical insurance reimbursement. As a
result, this hypertension app is expected to become widely used in the clinical management of all stages of hypertension. The
most important remaining research issues include the identification of patients likely to respond to this therapeutic approach
and the development of clinical efficacy indices. In addition, guidelines for the appropriate use of hypertension apps in the
treatment of hypertension are needed. Next steps include the development and research of digital tools to facilitate the
behavioral modifications required to prevent hypertension.
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Introduction

Digital innovation is drastically transforming healthcare
[1–5]. In the field of hypertension alone, the number of
academic papers relating to digital management strategies
has increased exponentially in recent years [6–10]. Fur-
thermore, the Japanese Society of Hypertension fosters
research in the area of digital hypertension as part of its
‘Future Plan’ [11], which encourages use of innovative
research methods to support the prevention, prediction and
control of hypertension, and consistently emphasizes the
importance of digital hypertension management [12–14].

Digital health is broad in scope and includes health
management and disease prevention for healthy individuals,
health promotion, disease risk prediction, and diagnostic
support, treatment and prognosis management for medical

professionals. Digital health strategies relating to medical
care (diagnosis and treatment of diseases) are referred to as
digital medicine, while medical programs that have been
approved by regulatory authorities are called software as a
medical device (SaMD).

SaMD refers to a program (software function) designed
for use as a medical device (i.e., contributing to the diag-
nosis, treatment, or prevention of disease) and that may
affect the life and health of the patient if it does not function
as intended. Artificial intelligence-based diagnostic support
software and therapeutic applications fall under the category
of programmed medical devices. Within SaMD, “digital
therapeutics, also called ‘therapeutic apps’,” are programs
for therapeutic purposes that have been scientifically proven
to be effective in clinical trials, and in which patients
themselves (under the supervision of a physician) use digital
technology such as smartphones to prevent, manage, and
treat diseases (Fig. 1) [2].

We have named a system that utilizes digital technology
to encourage lifestyle modification with apps and manage it
with data as “digital behavior modification (DBM)”,
including software that does not fall under the category of
medical devices, and are conducting research and
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development of such a system (Fig. 1). The most important
hypertension evaluation index in the digital health domain
(the series of processes from healthcare to medical care) is
blood pressure (BP), which will be a central target for the
future development of behavior modification apps.

Hypertension digital therapeutics

The development of digital therapeutics (therapeutic applica-
tions) has gained momentum in Europe and the U.S over
recent years. Target diseases include diabetes, dementia and
depression, among others. In Japan, we began joint research
and development of a hypertension treatment app with Cur-
eApp Inc. (Tokyo) in 2017 and verified the effectiveness of
hypertension digital therapeutics for the first time globally in
2021 [15–17]. The cost effectiveness of the developed
hypertension treatment app, CureApp HT, was also evaluated
[18], and it received regulatory approval and was approved
for medical insurance reimbursement in 2022, allowing use in
medical practice. There are no previous examples of suc-
cessful clinical trials or regulatory approval of digital ther-
apeutics for hypertension treatment in Japan, Europe, or the
United States, and therefore the Japanese approval is the first
for a digital therapeutic intervention in hypertension.

As indicated in the Japan Society of Hypertension
Guidelines for the Treatment of Hypertension [19], active
self-monitoring of home BP and continuous lifestyle mod-
ification by patients are important issues. However, it is
difficult for patients to maintain and continue appropriate

lifestyle modification in their daily lives, where it is difficult
for medical personnel to support and intervene.

Hypertension digital therapeutics is an app that encourages
behavioral changes in lifestyle for non-pharmacological
treatment elements that have been confirmed to be effective
in lowering BP, as described in national and international
guidelines [2, 19–21]. The newly-approved digital hyperten-
sion treatment app (CureApp HT) supports both the patient
and the attending physician, analyzing home BP measure-
ments by connecting to a home BP monitoring (HBPM)
device via Bluetooth and the patient’s daily records. The
application provides guidance on lifestyle improvement that is
optimized for each individual patient, encouraging self-
monitoring and behavior change to contribute to a reduction
in BP (Fig. 2) [2]. Progress can also be shared with the
attending physician and used in face-to-face consultations.
CureApp HT uses a smartphone for interactive information
exchange with a virtual nurse, with Step 1 being knowledge
learning, Step 2 being implementation of behavior change,
and Step 3 involving behavior retention [15, 16].

Landmark study HERB-DH1

In the HERB Digital Hypertension 1 (HERB-DH1) clinical
trial that was conducted by our group in collaboration with
CureApp Inc., the primary endpoint was a decrease in 24 h
systolic BP (SBP) at 12 weeks based on ambulatory BP
monitoring (ABPM) in the absence of antihypertensive
medications, with a clinically important decrease in home
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Fig. 1 Digital health and digital
medicine (reproduced from
Kario et al. 2022 [2] with
permission). CVD
cardiovascular disease, SaMD
software as a medical device

Fig. 2 Information and communication technology-based doctor-patient mutual interaction platform for digital therapeutics (reproduced from
Kario et al. 2022 [2] with permission). BP blood pressure
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BP as a secondary endpoint [15, 16]. This was an open-
label, randomized, controlled trial where the control group
was managed by their physician, who provided usual life-
style guidance, and independently monitored home BP.

Although uncommon in the evaluation of many health
care applications, clinical trials with a control group are
essential for providing high-quality scientific evidence for
the effects of hypertension digital therapeutics. This is
because simply monitoring home BP and having the results
explained by a physician can significantly lower BP, with a
reduction in home SBP of ~6 mmHg during HBPM with
individual guidance based on meta-analysis data [22]. This
was supported by data from the control group of the HERB-
DH1 trial, which showed a mean 6.2 mmHg reduction in
morning home SBP during the trial [15]. However, mean
morning home SBP was reduced by an additional 4.3 mmHg
in the group managed with hypertension digital therapeutics
(app therapy), with a mean 10.6 mmHg reduction from
baseline (Fig. 3) [15]. Looking at the morning home BP
trend, a clear decrease in BP in the digital therapeutics
versus control group was seen from the first month of
treatment, and BP decreased over time until the primary
ABPM evaluation at 12 weeks [15]. Furthermore, after week
12, when antihypertensive medication were allowed to be
started according to the doctors’ decision, the between-group
difference in BP was maintained even though the proportion
of patients who started antihypertensive therapy was slightly
lower in the intervention versus control group [15]. The
primary endpoint of 24 h SBP, and office BP, also showed a
significant difference in BP reduction between the two

groups, in favor of the digital intervention [15]. At week 12,
body weight and self-reported salt intake scores decreased in
the intervention group, and the magnitude of these decreases
correlated with the extent of BP reduction [15]. Both the
application utilization rate and compliance with the home
BP measurement schedule were over 98% [15], indicating
that the majority of patients were able to use this application
and that the data obtained were robust.

Clinical implications of the HERB-DH1 study

It is significant that the HERB-DH1 trial [15] is the first time
that a randomized trial with a control group has shown that a
digital therapeutic app can contribute to important reductions in
BP in patients with hypertension. The importance of home BP
management has been increasingly emphasized in recent
hypertension guidelines [19–21, 23–25], and the 10mmHg
reduction in morning home SBP in the group managed using
the hypertension treatment application during the trial is clini-
cally relevant. Based on data from a recent randomized con-
trolled clinical trial in elderly patients with hypertension (the
Strategy of Blood Pressure Intervention in the Elderly Hyper-
tensive Patients [STEP] study) [26], the 10mmHg reduction in
morning home SBP would reduce the rate of myocardial
infarction and stroke by 21% and reduce the risk of heart
failure by about 54%. Therefore, the clinical use of hyperten-
sion digital therapeutics apps could help to lower the proportion
of patients with uncontrolled morning BP, which should help
to reduce their future cardiovascular event risk [27–29]. The

Fig. 3 Key findings of the HERB Digital Hypertension 1 (HERB-
DH1) clinical trial: changes in ambulatory 24 h, daytime and night-
time systolic blood pressure (SBP), morning and evening home SBP,

and office SBP. Values are reported as mean [95% confidence interval]
(reproduced from Kario et al. 2021 [15] with permission)
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success of HERB-DH1 study has stimulated the research and
development of hypertension digital therapeutics worldwide.

Quality of hypertension treatment

The greatest challenge in current clinical management of
hypertension is poorly controlled hypertension. Despite the
availability of many excellent antihypertensive drugs, more
than 25% of patients with hypertension patients do not
achieve target BP levels [19]. Several factors contribute to
this, including patient-related variables, poor drug adher-
ence, and clinical inertia [30, 31]. Therapeutic inertia in the
management of chronic diseases can occur not only for
patients but also clinicians. Therefore, an important step is
for both parties to clearly define a strict target BP, and to
share the importance of achieving this target.

It is widely accepted that appropriate lifestyle modifica-
tions are an important component of effective hypertension
management [19–21]. However, treating physicians and
health care institutions do not currently have enough time to
provide sufficient lifestyle guidance. Therefore, the hyper-
tension digital therapeutics app is ideally suited to support
ongoing lifestyle modification between formal interactions
with the health care system. Patients using the app will gain
knowledge about correct lifestyle habits, measure their home
BP daily, and recognize the difference between actual mea-
sured home BP values and their target BP value. In addition,
the patient will be able to select from the behavior mod-
ification options presented by the application and experience
success in their daily management, thereby fostering self-
efficacy (i.e., the confidence that a certain behavior can be
successfully performed, and the ability to trust oneself and
take effective action). Self-efficacy is an important determi-
nant of health behavior, and a recent meta-analysis showed
that digital interventions can have a positive effect on self-
efficacy [32]. In addition, physicians can objectively evaluate
behavioral changes that occur in the patient’s home via the
app and use this information for individualized guidance. This
is expected to increase the interest of both patients and phy-
sicians in hypertension treatment, improve clinical inertia, and
help reduce rates of poorly controlled hypertension.

Challenges

Hypertension digital therapeutics has successfully facilitated
lifestyle-related behavioral changes and has been shown to
have a reliable and clinically meaningful BP-lowering effect
[15, 17]. However, the mechanism(s) underlying this anti-
hypertensive activity at the individual level are not yet
understood. The app studied in the HERB-DH1 study targets
six areas to reduce BP, including limitation of salt intake,

weight loss, exercise, alcohol restriction, improved sleep, and
stress reduction, in addition to the effect of self-monitoring
home BP itself, improved adherence to antihypertensive drug
therapy, and resolution of treatment inertia (Fig. 4) [2].
However, it is not clear which lifestyle behavior modification
(or combinations of lifestyle modifications) contributed to the
reduction in BP seen in each individual, and how these
modifications vary over time.

Introduction of the app into routine hypertension man-
agement will allow more real-world data to be generated,
enabling better identification of responders (individual
antihypertensive mechanisms), effects on multiple risk
factors (such as glucose and lipid metabolism), effects in
combination with pharmacological antihypertensive ther-
apy, long-term effects and safety, and influence on cardio-
vascular prognosis, facilitating further research and
development of digital therapeutics (Fig. 5). In addition, the
COVID-19 pandemic has stimulated more widespread use
of telemedicine and associated digital technology world-
wide [33–40]. In the future, digital therapeutics will likely
be incorporated as part of a multifactorial approach to the
management of hypertension.

Fig. 4 Factors potentially contributing to blood pressure (BP) reduc-
tion by hypertension digital therapeutics (reproduced from Kario et al.
2022 [2] with permission)

Fig. 5 Key issues in hypertension digital therapeutics

The first software as medical device of evidence-based hypertension digital therapeutics for clinical. . .



Currently, hypertension digital therapeutics is only avail-
able for patients with existing hypertension. However, the
risks associated with elevated BP start in the pre-hypertension
stage. Therefore, DBM (digital health apps), including soft-
ware that is not a medical device, should be started earlier, in
the pre-hypertension stage, before BP reaches the threshold
required for a diagnosis of hypertension (Fig. 6).

Conclusion and perspectives

With the 2022 registration and approval of a hypertension
treatment app, Japan will be the first country in the world to
introduce hypertension digital therapeutics into clinical practice
with insurance reimbursement. Hypertension digital ther-
apeutics is not intended to simplify hypertension care, but
rather to improve the quality of care. It is expected to be a
useful therapeutic option that continuously connects physicians
and patients in a bidirectional manner to achieve the ultimate
personalized and optimized management of hypertension. In
addition, lifestyle modifications could be made even before
hypertension is diagnosed, delaying the onset of both hyper-
tension itself and its negative consequences (including cardio-
vascular disease). Therefore, in addition to digital therapeutics
designed to facilitate the management of hypertension, research
on the development of DBM tools to prevent the onset of
lifestyle-related diseases, including hypertension, from an ear-
lier stage is also considered important.
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