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Abstract

Background: Mobile health (mHealth) apps can be used for cardiovascular disease (CVD) prevention. User-centered design,
evidence-based content and user testing can be applied to ensure a high level of usability and adequate app access.

Objective: To develop and evaluate an mHealth app (HerzFit) for CVD prevention.

Methods: HerzFit's development included a user-centered design approach and guideline-based content creation based on
the identified requirements of the target group. Beta testing and a preliminary usability evaluation of the HerzFit prototype
were performed. For evaluation, German versions of the System Usability Scale (SUS) and the mHealth App Usability
Questionnaire (GER-MAUQ) as well as free text feedback were applied.

Results: User-centered design thinking led to the definition of four personas. Based on their requirements, HerzFit enables
users to individually assess, monitor, and optimize their cardiovascular risk profile. Users are also provided with a variety of
evidence-based information on CVD and their risk factors. The user interface and system design followed the identified func-
tional requirements. Beta-testers provided feedback on the structure and functionality and rated the usability of HerzFit's
prototype as slightly above average both in SUS and GER-MAUQ rating. Participants positively noted the variety of functions
and information presented in HerzFit, while negative feedback mostly concerned wearable synchronization.

Conclusions: The present study demonstrates the user-centered development of a guideline-based mHealth app for CVD pre-
vention. Beta-testing and a preliminary usability study were used to further improve the HerzFit app until its official release.

Keywords

Cardiovascular disease, cardiovascular risk assessment, HerzFit, mHealth app, mHealth app usability questionnaire, lifestyle,
prevention, personas, system usability scale, usability

Submission date: 8 November 2023; Acceptance date: 8 April 2024

!School for Computation, Information and Technology, Technical University
Munich, Munich, Germany

’Institute for Digital Medicine, University Hospital Bonn, Bonn, Germany
3Department of Cardiology, German Heart Center Munich, Technical
University Munich, Munich, Germany

“German Center for Cardiovascular Disease (DZHK), Partner Site Munich
Heart Alliance, Munich, Germany

*Department of Sport and Health Sciences, Technical University Munich,
Munich, Germany

®BioM Biotech Cluster Development GmbH - BioM, Planegg, Germany
"Deutsche Herzstiftung e.V. (German Heart Foundation), Frankfurt,
Germany

8Vascular Medicine Research, Department of Nephrology and
Hypertension, Hannover Medical School, Hannover, Germany

®Deutsche Hochdruckliga e.V. (German Hypertension League), Heidelberg,
Germany

|nstitute of General Practice, Goethe University Frankfurt, Frankfurt,
Germany

"Medical Graduate Center, Technical University Munich, Munich, Germany

Corresponding author:

Fabian Starnecker, Department of Cardiology, German Heart Centre
Munich, Technical University Munich, Lazarettstr. 36, 80636 Munich,
Germany.

Email: fabian.starnecker@tum.de

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
s 1,0 License (https:/creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work
without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https:/us.sagepub.com/en-us/nam/

open-access-at-sage).


https://orcid.org/0009-0001-6606-3384
https://orcid.org/0009-0007-0121-240X
https://orcid.org/0009-0007-7031-8427
https://orcid.org/0000-0003-0162-7000
https://orcid.org/0000-0002-3687-6165
https://orcid.org/0000-0001-9850-4239
mailto:abian.starnecker@tum.de
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dhj

DIGITAL HEALTH

Introduction

The most effective way to prevent cardiovascular diseases
(CVDs) is to promote a healthy lifestyle and to encourage
the control of modifiable risk factors.! However, in
reality, the prevalence of unhealthy lifestyle is high, and
many people lack adequate control of risk factors, even
when they are at high cardiovascular risk.” Modern con-
cepts are needed to address unhealthy lifestyle habits and
poorly controlled risk factors. Mobile health (mHealth)
apps might be helpful in this regard by broadening the
reach of healthcare providers and engaging individuals in
health management.® In particular, the high prevalence of
smartphones in groups with lower socioeconomic status
promises to overcome traditional barriers to CVD prevent-
ive measures.*

In recent years, there has been a steady increase in the
number of apps addressing CVD risk factors such as dia-
betes mellitus (DM), hypertension (HTN), and lifestyle
habits such as physical inactivity, smoking, unhealthy
diet, and stress.”'® Even though randomized trials reported
improvements in lifestyle and risk factor control, the effects
of mHealth apps on disease prevention and outcomes
remain controversial.''™'> One of the reasons for the incon-
sistency in reported results might be the varying quality of
mHealth apps. A recent consensus statement on the preven-
tion of noncommunicable diseases pointed out the import-
ance of human-centered design processes to develop
effective and innovative interventions.'®!” Yet, human or
user-centered design thinking approaches are still underuti-
lized in the mHealth sector.'® Another reason for the
varying results might be the lack of evidence-based
content in mHealth apps.'* Two recent studies reviewing
apps in the fields of dermatology and microbiology found
that only a minority of the apps had medical professional
involvement.'®"* Finally, a possible lack of usability evalu-
ation could also explain the varying results of mHealth
apps. Indeed, the number of studies reporting usability
results has not increased to the same extent as the number
of available mHealth apps.*!

The aim of the present study was the user-centered
development and evaluation of an evidence-based
mHealth app (HerzFit) for CVD prevention. HerzFit’'s
content was built on the portfolio of the scientific advisory
board of the Deutsche Herzstiftung (German Heart
Foundation), an organization with currently more than
100,000 members and close links to the German and
European Cardiac Societies as well as the Deutsche
Hochdruckliga (German Hypertension League).

Methods

The development study of the HerzFit app was separated
into two phases: the conception and implementation
phase and a subsequent beta testing and usability study of

our prototype. Both phases involved close collaboration
with representatives of the cooperating patient foundations
as well as the potential target group of HerzFit.

Conception and implementation

The conception and implementation phase of HerzFit
started in September 2020 and was finalized in January
2022. This phase included the requirements elicitation,
the design of the user interface (UI) as well as the system
design and the technical development of the app and its sur-
rounding system.

Requirements elicitation and Ul design. To meet the require-
ments of the potential target group, the design thinking
method was applied. Design thinking describes a user-
centered design approach that seeks effective interventions
to address the needs identified.'®**** As proposed by the
Hasso-Plattner Institute of Design at Stanford (d.school),
design thinking comprises five steps: “empathize” (under-
stand the users), “define” (identify goals and scope),
“ideate” (create ideas), “prototype” (mock-up potential
solutions), and “test” (gather feedback from test
users).'”** For this development phase, an interdisciplinary
team was formed consisting of physicians from the German
Heart Center Munich, medical informaticians and sports
scientists from the Technical University of Munich,
members of our cooperating patient foundations and app
designers. In the first step of design thinking, members of
the German Heart Foundation were interviewed in order
to better understand our potential target group. In the
second step, our interdisciplinary team defined four perso-
nas and their requirements. In the third step, we used
these personas to create ideas for the goals, structure, func-
tionality, and UI of the HerzFit app. In the fourth and fifth
steps, these ideas including low-fidelity paper-based Ul
mockups were discussed and further elaborated with a
group of potential users who were invited to join our inter-
disciplinary design thinking process. The group of test users
consisted of three individuals without CVD, two indivi-
duals with heart disease, one individual with cerebrovascu-
lar disease, and one patient with congenital heart disease.
Based on their feedback, the UI was iteratively developed,
refined, reviewed, and improved by the interdisciplinary
HerzFit team until the end of the conception and implemen-
tation phase of HerzFit.

System design and technical development. The system
design started after the requirements elicitation and UI
design. It included the identification of important technical
requirements and architectural components based on the
functional and nonfunctional requirements elicited, as
well as the conception of an overall system architecture.
Next, the technical stack was selected, including the pro-
gramming languages, frameworks, and databases used in
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HerzFit and the surrounding systems. The implementation
of HerzFit’s components was started in January 2021. To
enable parallel development for both Android and iOS
users, HerzFit was developed as a cross-platform app
using the React Native library (Version 0.72) and written
in TypeScript. For deployment and continuous delivery,
the Expo/Expo Go system was used. The implementation
followed an agile, iterative approach: every week, a new
release of the most up-to-date version of HerzFit was
made available to the interdisciplinary team. The technical
development was finalized in January 2022.

Beta testing and usability study

In the second phase of HerzFit’s development, a combined
beta testing and usability study of the HerzFit prototype
was conducted between February and April 2022. For this
purpose, 57 test users recruited through the channels of
the German Heart Foundation and the German
Hypertension League were invited via email to use the
HerzFit prototype. No specific inclusion or exclusion cri-
teria were defined, as the test users were recruited via the
patient foundations and were therefore considered to be rep-
resentative of HerzFit’s potential target group. Study parti-
cipants only had to be in possession of a smartphone and be
able to download the HerzFit prototype. Study participation
was voluntary and written informed consent was provided
for each participant.

In the first step, study participants were asked to use the
HerzFit prototype for one week. In a second step, they
received an invitation to an online questionnaire distributed
via LimeSurvey. The questionnaire consisted of 47 ques-
tions in four categories: (1) general information about the
user themselves, their relationship to CVD and their prior
smartphone/wearable usage behavior, (2 + 3) two usability
questionnaires, the German versions of the System
Usability Scale (SUS) and the mHealth App Usability
Questionnaire (GER-MAUQ), and (4) more detailed ques-
tions on positive and negative aspects of the HerzFit app
as part of the beta testing.””>’ The SUS—a simple
10-item test that allows to evaluate the usability of any
system—has been shown to be the most frequently used
questionnaire in mHealth applications.?' The original
version of the GER-MAUQ, which has been developed to
specifically evaluate the usability of mHealth applications,
consists of 18 questions divided into three subscales
(Ease of Use, Interface and Satisfaction, and Usefulness)
and has been shown to be a reliable and valid tool for
usability evaluation.?® The open questions of part 4 were
chosen to get more detailed insights into parts and features
of the app that users specifically liked or disliked, as well as
problems that prevented them from using specific features
of the app. This kind of feedback would not have been
available from the results of the usability questionnaires
of part 24 3.%!

Statistical analysis

Of the 57 test users, 50 submitted the questionnaire and
were thus included in the usability evaluation. The
responses for the usability questionnaires ranged from 1
(strongly disagree) to 5 (strongly agree) for the SUS and
from 1 (strongly disagree) to 7 (agree) for the GER-
MAUQ. A descriptive analysis of the demographic data
and overall outcome was performed. For this purpose, the
MAUQ overall score, its subscale scores, and the means
and standard deviations were calculated with a higher
GER-MAUQ score indicating greater usability.”*?” Given
the 7-point Likert scale, a GER-MAUQ score of 4 was con-
sidered an average result. For analysis of the SUS, the
overall score was determined and converted into a value
between 0 and 100 using the standard conversion method.
A SUS score above 68 was considered above average.”®
Statistical analysis was performed with the SPSS version
29.0.0.0.

Data availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Results

Conception and implementation

Personas and functional requirements. To better understand
the needs of HerzFit's target group, four personas were
defined: two patients with or at risk for CVD, one family
member of a heart patient, and one physician (Figure 1).
The needs of the personas were subsequently translated
into four main functional requirements for HerzFit: (1)
assessing individual cardiovascular risk, (2) monitoring
health parameters, (3) improving lifestyle, and (4) provid-
ing information about CVD and their risk factors.

Ul design. According to the four main functional require-
ments, the HerzFit app is divided into four core modules:
two modules for assessing cardiovascular risk and monitor-
ing health parameters (“Measure”), one module for lifestyle
modification (“Improve”), and one module for information
(“Learn”). As general Ul elements, a combination of a
darker and a lighter orange and a dark blue was chosen as
the color scheme. A variety of icons were integrated in
order to limit the amount of text and enable easier recogni-
tion of UI elements.

On the first app open, the app begins with an interactive
onboarding process. After being introduced to the app, its
core components and the data security concept, users are
asked for their sex, age, height and weight. In the final
step of the onboarding process, users can connect HerzFit
with the operating system-specific health data storage
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ANNA BONHOFF

52 years old, married, 2 adult children, accountant, residing in
Berlin, Germany.

Her mother Sabine (74) has heart disease with atrial

Anna has a special relationship with her mother. They meet
regularly, and since Anna lives alone, she tries to support
Sabine in any way she can. Often, Anna also takes care of
some bureaucratic matters for her mother, where Sabine is
frequently overwhelmed. She feels t's her duty to support

RUDOLPH DOTKOWSKI

66 years old, married, 2 grown-up children, training as
a system administrator, later team lead 1st level
technical support in a big company, early retirement
with 63, living in Darmstadt, Germany

CVD Patient

Rudolph has been living with his wie Christina in a single-
family house for years. Their children have started families
and given them 3 grandchildren. In Rudolph's dally lite, he
findss it dificult to eat better, but he has recently been

trying to be more active. Otherwise, Rudolph is a creature

fibrillation. her mother in her iliness and provide assistance as best as

she can.

Anna talks a lot with Sabine, but when it comes to the
ilness, Sabine often shuts down and doesn't want to
discuss t. Sabine doesn't want to make it difficult for Anna
and doesn't want to burden her.

Goals and Values

 Enjoying family but also personal space

© My mother has always been there for me; what can | do for
her now?

Attitude towards Heart Health
® Concern about whether | or other family members are at
risk.

45 years old, single, master in management, works as a
consultant in a big consultancy company, living in Frankfurt,
Germany

Search Focus and Questions about Heart Health
© "How can | help my mother?"
® "What lies ahead for me as her daughter?"

Message
"We wil assist you in understanding your mother's needs

better!"
CVD Patient

In his late thirties, Jullus was diagnosed with a
cardiovascular disease - hypertonia. Since then, following
the advice of his doctors, Julius regularly rides his bicycle
and uses a fitness tracker to monitor his physical activity and
sleep. Now, he wants to see how he can lower his
cardiovascular risk with the help of the HerzFit app.
Additionally, Julius intends to change his diet to prevent
further potential complications related to his condition.

Diagnosis: Hypertension

Julius was recommended the HerzFit app by his doctor. He
uses the app to track his progress and achieve the set
goals.

Search Focus and Questions about Heart Health
® "What can | do to reduce my cardiovascular risk?"
 "How do lifestyle changes affect my personal risk?"
Message

*We wil assist you in developing new habits and lowering
your personal risk of secondary conditions!"

Goals and Values
® Lowering his risk of secondary conditions due to his high
blood pressure.

Attitude towards Heart Health
Khangmg habits is important for future quality of life.

of habit and is reluctant to give up routines.

Di i lyp ion and
myocardial infarction. Rudolph is quite skeptical about new treatment options or
medications. If he decides on treatments, they are
thoroughly examined. Quality and safety through
professional consultation are of particular importance to
him

Goals and Values
© Enjoying Retirement and Routines
® Spending Time with Family

Search Focus and Questions about Heart Health
© "What should | really do about high blood pressure?*
® "What do | need to do after my heart attack?"

Attitude towards Heart Health

 High blood pressure, it hasn't limited me so far

® Why didn't anyone warn me sufficiently about the
impending heart attack?

DR. FRANK MEYERS

Message

"With us, you will find everything you need to know about

high blood pressure and heart attacks!"
Physician

Frank's practice is equipped with all established diagnostic
methods of conventional cardiology. It specializes in
cardiology, sports medicine, and preventive medicine. Many
treatment options beyond statutory health insurance
coverage are also provided. Continuous education,
therapies, and the implementation of the latest equipment
and methods ensure the best possible medical care.

62 years old, married, 1 aduit daughter, medical degree, has
been the director of a cardiology practice with 2 other
specialists in Freiburg, Germany, for 25 years.

In the practice, the doctors and medical staff place a
significant emphasis on individual and personal patient care.
To provide the best possible care to patients, they conduct
continuous training for all employees.

Search Focus and Questions about Heart Health
® "Where can | exchange ideas with colleagues?"
® "What can my medical assistants contribute?"

Goals and Values
® Living up to the reputation as an expert.

Attitude towards Heart Health Message
« Providing personal care to patients *We have tailored consultation materials for your patients!"
 Prevention is and has often been neglected by my patients.

Figure 1. Personas and their potential requirements identified during HerzFit's design thinking phase.

(e.g. HealthKit on iOS) to allow automated data transfer
into the app (Figure 2). After completing the onboarding
process, users enter the main interface with its taskbar dis-
playing HerzFit’s core modules “Measure,” “Improve,” and
“Learn.” An additional profile area allows users to manage
their profile settings and upload documents and pictures
(e.g. recent medical reports) (Figure 3).

The “Measure” module allows individuals to record and
monitor activity (exercise minutes, steps, active energy
burned), body weight, vital signs (resting heart rate, blood
pressure, oxygen saturation), and laboratory parameters
(glycated hemoglobin, creatinine, low-density-lipoprotein-
cholesterol). If parameters exceed certain ranges (e.g.
systolic blood pressure>180/110 mmHg), a warning
appears. For exercise minutes, blood pressure and resting
heart rate, the trend over the last seven days is additionally
highlighted. Table 1 summarizes the parameters monitored
in the HerzFit app.

For CVD risk assessment, the “Measure” module incor-
porates a previously described guideline-based CVD risk
calculator.’' Briefly, this calculator allows individuals to
self-estimate their risk of incident or recurrent CVD
based on the latest European Guidelines on CVD preven-
tion." In primary prevention, ESC SCORE2 models and a
recalibrated version of the Framingham 10-year CVD
score are used to estimate an individual heart age.**> In
secondary prevention, the 10-year risk for recurrent
events is estimated using the SMART risk score.*® A com-
parison of the expected to mean (derived from data from the

population-based Bavarian Cooperative Health Research
in the Region Augsburg (KORA) cohorts F4 and FF4°")
and optimal risk levels complete the self-assessment.
Heart age and risk automatically adapt whenever risk
factors change (e.g. when new cholesterol levels are
entered into the app). Based on the self-assessment, indivi-
dualized recommendations on lifestyle modifications and
risk factor control are provided. Diabetics are advised to
monitor their blood sugar, hypertensives (> 140/90
mmHg) to optimally adjust their blood pressure, and
smokers to quit smoking. For diabetics, the HerzFit app
additionally highlights the potential benefit of a cardio-
logical check-up. If low-density-lipoprotein cholesterol
exceeds 115 mg/dl in people without CVD or 55 mg/dl in
people with established CVD, users are encouraged to
better control their cholesterol levels. If users are over-
weight (BMI>25 kg/m?) they are encouraged to reach
their ideal body weight. Finally, every user who reports
being inactive, suffering from negative stress, and not
paying attention to a healthy diet will be encouraged to
exercise more, avoid stress, and focus on a healthy diet.
The “Improve” module promotes lifestyle modifications
regarding physical activity, healthy diet, stress reduction,
and—if users are smokers—smoking  cessation.
Multimedia content and interactive challenges shall motiv-
ate users to optimize their lifestyles. In total, 68 tasks await
the users. While some tasks simply inform the user about a
healthy lifestyle, others encourage them to develop new
habits over a period of several weeks. To this end, different
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Apple Health

Connect your health data with the HeartFit
app. This way, your data will be
automatically synchronized with HerzFit,
and the calculation of your heart age will
be improved.

CONNECT APPLE HEALTH

Don't Allow Health Access Allow

Health

“HerzFit" would like to access and update
your Health data.

Turn Off All

Activity

Blood Oxygen

Diastolic Blood Pressure
Resting Heart Rate
Sleep

Steps

Systolic Blood Pressure

Figure 2. Connecting HerzFit with Apple Health/HealthKit for automatic synchronization of sensor data.

*The screenshots have been translated from German.

behavior change techniques were used to both increase
motivation (e.g. goal setting or reminders) and improve
self-regulation (e.g. behavioral practice or restructuring
the physical environment).>® The content of the tasks was
created on the basis of national (e.g. content from the
German Nutrition Society and the German Center for
Cancer Research) and international recommendations on
healthy lifestyle.***°

The “Learn” module offers multimedia content about
cardiovascular health and diseases based on national and
international recommendations and guidelines on healthy
lifestyle and CVD prevention."”-® The content, including
articles, podcasts, and videos, was created by medical
experts affiliated to the German Heart Foundation and
the German Hypertension League and prepared in a way
that is understandable for laypersons. Users receive infor-
mation and practical tips on a healthy lifestyle, modifiable
risk factors such as HTN and hypercholesterolemia, and
CVD. Users are also provided with an individualized
content category based on the risk assessment. Finally, a
news section offers current information (e.g. dealing

with temperature changes as a heart patient) and presents
the latest research findings and their implications for
patients.

System design and technical details. The initial system
design concept for the HerzFit app was previously
described.*! Figure 2 displays HerzFit’s final system archi-
tecture. The HerzFit app receives lifestyle and health data
that is either manually collected and entered by the user
or automatically collected by wearables and transmitted to
the app. To enable connectivity to a wide range of wear-
ables, HerzFit communicates with the operating system-
specific health data storage (e.g. HealthKit on iOS). Via
this connection, HerzFit can automatically read out newly
acquired sensor data at regular intervals. Hereby, we
achieve a provider-independent import of sensor data. On
HerzFit’s side, this creates independence from wearable
manufacturers, increases robustness to application pro-
gramming interface (API) changes, and enables rapid inte-
gration of new wearables. In order to guarantee its users
maximum data privacy, HerzFit stores all of the user data
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My
Health

Your average for the last 7 days

o

Exercise”? Blood pressure”?

10 win 137/92 rmhg

o

Heart Age)'
i 2
Resting heart rate 77 vears

55 bom

Activity

0.
Q m

Improve Profile

- .“I ? =

- My c

v Progress

(6]

0 aktiv ov

Smoking

cessation Stress Activity

Qitting always
pays off

Less stress, more Every step |
relaxation

(>

<

Measure Profile

Profile

Figure 3. Core modules of the HerzFit app. The HerzFit app is divided into four core modules: two modules for assessing cardiovascular
risk and monitoring health parameters (“Measure”), one module for lifestyle modification (“Improve”), and one module for information
about cardiovascular health and disease (“Learn”). The profile area allows users to manage their profile settings and upload documents.
*The screenshots have been translated from German.

Table 1. Parameters monitored in the HerzFit app.

Exercise minutes (min)*

Active energy/calories burned [kcal]*
Steps*

Oxygen saturation* (%)

Blood pressure* (mmHg)

Resting heart rate* (bpm)

Sleep* (h)

BMI (kg/m?)

LDL cholesterol (mg/dl)

Amount of time the user spent exercising**
Amount of active energy the user has burned**
Number of steps

Oxygen saturation

Systolic and diastolic blood pressure

Heart rate at rest (beats per minute)

Total hours of sleep

Body mass index

Low-density-lipoprotein-cholesterol

<90%
<80/50 mmHg or >180/110 mmHg

<40 bpm or >100 bpm

>150 mg/dI

(continued)
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Table 1. Continued.

HbA1c (%)

Creatinine (mg/dl)

API: application programming interface.

Glycated hemoglobin

Parameter for kidney function

>7.5%

>1.5 mg/dl

Parameters that can be monitored in the HerzFit app. Parameters can be entered into the app either manually or automatically (*) via the operating
system-specific health data storage (e.g. HealthKit on i0S). If users enter parameters that exceed certain ranges, a warning will be displayed.
**Description based on Apple API collection® and Health Connect data attributes.*

locally on the smartphone. The content management system
(CMYS) is responsible for the administration and delivery of
HerzFit’s content on health information and recommenda-
tions. Any update in the CMS is immediately visible in
HerzFit. The CMS uses the Drupal Content Management
System Framework and is written in PHP. HerzFit's
content is managed by experts of the German Heart
Center Munich and the German Heart Foundation and
receives regular updates. This way, the content can be
adapted to current guidelines at any time (Figure 4).

Beta testing and usability study

From the 50 test users included in our prototype evalu-
ation, 26 (52%) were females and 24 (48%) were males.
Most of our test users were in the age range of 50 to 69
years (32% 50-59 years; 40% 60-69 years) and 84%
had established CVD. When asked about the previous
use of wearables, 92% reported experience with devices
such as step counters or smartwatches. The usability was
rated with a mean SUS score of 68.1 (Median: 70.0 +
18.8), indicating the usability of the HerzFit prototype
could be considered as slightly above average. In the
GER-MAUQ rating, the HerzFit prototype achieved a
mean score of 4.5 (Median: 4.6 + 1.4), also indicating an
above-average usability. An analysis of the three subscales
of the GER-MAUQ (Ease of Use, Interface and
Satisfaction, and Usefulness) exposed an above-average
performance in Ease of Use (Mean: 5.0, Median: 5.2 +
1.5) and Interface and Satisfaction (Mean: 4.5, Median:
4.9+1.7), and an average rating of Usefulness (Mean:
4.0, Median: 4.0 + 1.6) (Figure 5).

The analysis of the free text feedback is summarized in
Table 2. Participants positively noted the clarity of presen-
tation in the HerzFit app, the variety of functionality
offered, as well as the information presented in the app.
Negative feedback mainly concerned problems in the auto-
matic synchronization of wearable data or missing possibil-
ities to connect specific wearables such as blood pressure
devices. Moreover, some users considered the UI as
complex and faced problems when manually entering their
data. When explicitly asked for problems they experienced
during the beta testing, the main feedback again concerned

wearable synchronization, missing functionality for editing/
deleting data, and the complexity of the date picker on
Android devices.

Discussion

The present study illustrates the development and evaluation
process of an mHealth app for CVD prevention. The main
findings were as follows: user-centered design thinking led
to the definition of four personas. Based on their needs,
HerzFit’s functional and technical requirements as well as
the evidence-based content were developed. Beta-testing
and usability evaluation of the HerzFit prototype showed
predominantly above-average results and enabled further
technical and functional improvements to the app.

A special aspect of this study is the user-centered design
approach. While design thinking is routinely used in app
design outside healthcare, this approach is still underuti-
lized in the mHealth sector.'®** Pursuing this approach
and referring to the promising results of other user-centered
app developments, HerzFit’s functionality and structure
were created based on the potential needs of four perso-
nas.**** These personas and their potential requirements
were defined by our interdisciplinary team following inter-
views with potential app users. As HerzFit’s focus lies on
supporting patients in CVD prevention, two out of the
four personas represent the main target group. The other
two personas (a relative of a heart patient and a physician)
were selected as they represent individuals who could either
use HerzFit for information or promote its usage to the main
target group.

HerzFit enables its users to monitor and improve mul-
tiple cardiovascular risk factors and lifestyle habits. In con-
trast, many other mHealth apps available target a single risk
factor.®1%:134546 pogitive effects on lifestyle and risk factor
control were demonstrated for both types of apps.”*"*® Yet,
personalization of content seems to be particularly import-
ant for the success of apps targeting multiple factors.”*®
Therefore, HerzFit enables its users to self-assess their car-
diovascular risk and receive personalized recommendations
on risk factor control and lifestyle modifications. In add-
ition, relevant content is provided in an individualized cat-
egory of HerzFit’s informative module.
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Figure &. Top-level design of the HerzFit system. The HerzFit app gathers health and lifestyle data and receives content and information

from the content management system.

Figure modified from Reimer LM, Physical Activity Recognition Using Mobile Devices. Dissertation, TUM School of Computation, Information

and Technology, Technische Universitat Miinchen, 2022.
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Figure 5. Herzfit usability testing. Boxplots of the results of the HerzFit usability testing, representing the two used questionnaires System
Usability Scale (SUS) and German mHealth App Usability Questionnaire (GER-MAUQ) including its three subscales Ease of Use (GER-
MAUQ_Q), Interface and Satisfaction (GER-MAUQ_I), and Usefulness (GER-MAUQ_U). With an average SUS score of 68.1 (median 70.0 +
18.8) and an average GER-MAUQ score of 4.5 (median 4.6 & 1.4) HerzFit's usability was rated as above average. In the subscale analysis,
HerzFit showed an above-average performance in Ease of Use (GER-MAUQ_E) and Interface and Satisfaction (GER-MAUQ_I), and an average
performance in Usefulness (GER-MAUQ_U). The average ratings for both scales are represented by the red lines.

Referring to recent reports criticizing the lack of
evidence-based content in mHealth apps, HerzFit’'s
content was created on the basis of national and inter-
national recommendations on healthy lifestyles and CVD
prevention.''*34> The great variety of high-quality infor-
mation and the guideline-based CVD risk calculator were
particularly appreciated by our test users.

In our study, usability was evaluated as part of the beta
testing. Test results showed mostly above-average
usability of the HerzFit prototype. Users particularly

appreciated the clarity of presentation as well as the func-
tional and informational versatility. Negative feedback
mainly concerned synchronization with other devices
and manual data entry. At this point, it should be noted
that HerzFit could only communicate with Apple
Health/Health Connect at the time of the usability
testing, but not yet with Google Fit/Google Health
Connect. Therefore, we expect that feedback on data syn-
chronization would be different by now. Many of the
other issues we noticed through the free text feedback,
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Table 2. Free text feedback from the usability evaluation.

Feedback item Occurrence

Clarity of presentation 19X

Functional versatility 13X

Variety of information in the guidebook 11X

Easy operation 8%

Calculation of the heart age/CVD risk 6X

Design bx

(A) Positive feedback

Feedback item Occurrence

Missing interfaces or faulty synchronization of 28X
wearables leading to manual data entries

Complex user interface 11x

Problems with data entry 7X

Visualizations of measurement values 6X

Missing functionality regarding drug management &4x

(B) Negative feedback

Feedback item Occurrence

Missing interfaces or faulty synchronization of 16X
wearables leading to manual data entries

Correction or deletion of data missing bx

Complex date selection (on Android devices) 3X

Problems in document upload 3%

Tasks in “Improve” 3%

(C) Problems with HerzFit

CVD: cardiovascular disease.

such as problems with wearable synchronization, date
picking on Android devices, deleting data entries and
uploading documents, could also be fixed by the time
HerzFit was released in April 2022 (Version 1.0.0).
Overall, the present study illustrates the user-centered
development and preliminary usability evaluation of
HerzFit, a multi-layered mHealth app for CVD prevention.
Even though HerzFit stands out through its user-centered
development approach and its comprehensive inclusion of
multiple cardiovascular risk factors, several other mobile

applications with similar approaches exist. As HerzFit has
been specifically developed for the German-speaking
market, its main competitors are to be found in Germany,
Austria, and Switzerland. Of particular interest are the
so-called Digitale Gesundheitsanwendungen (DiGAs,
digital health applications) apps. From 2021, it is possible
to prescribe these medical apps to patients in Germany.
Currently, three mHealth apps targeting CVD or their
risk factors are available and have already shown
positive effects in randomized controlled trials*’: actensio
(HTN),>® ProHerz (heart failure),’' and Vantis (coronary
artery disease).”> However, these apps are not available
for free and prescription requires an established diagnosis.
HerzFit on the other hand, is available for free and supports
both individuals with and without CVD in optimizing their
risk profile.

Strengths and limitations

Our study has several strengths. We applied a user-centered
design approach by defining personas and identifying
their potential needs. An iterative development process
was followed by a structured beta-testing and preliminary
usability evaluation of the HerzFit prototype. The usability
evaluation revealed a predominantly above-average per-
formance of the prototype and enabled further improve-
ments to HerzFit’s functionality. The app content was
created on the basis of national and international guidelines
and recommendations on healthy lifestyle and CVD
prevention involving representatives from the largest
German-speaking layperson organization. HerzFit is avail-
able free of charge in both iOS and Android app stores
in Germany, Austria and Switzerland. With more than
125,000 downloads within the first 22 months, the public
showed great interest in our prevention tool.

The following limitations have to be mentioned. First,
the definition of personas did not follow a structured
cluster analysis as reported in other studies.*” Instead, our
definition of personas was based on interviews with poten-
tial app users and subsequent discussions within our inter-
disciplinary team. Second, the majority of our test users
reported previous CVD. Thus, the needs and interests of
individuals in primary prevention might be underrepre-
sented in HerzFit. Third, the usability testing was per-
formed with a prototype of our final version of HerzFit.
Consequently, the usability evaluation results might no
longer reflect HerzFit’s current performance. Fourth, there
may have been selection bias in HerzFit’s usability evalu-
ation. Study participants wanted to use the app and might
have given biased feedback. Finally, there has been no stat-
istical evaluation of HerzFit, its user structure, and its
impact on risk factor control and lifestyle behavior so far.
Thus, it remains unclear whether HerzFit reaches indivi-
duals at risk and whether it helps them to better manage
their health and lower the risk of incidents or recurrent
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CVD. However, with the technical infrastructure for anon-
ymized data donation already being prepared, HerzFit may
soon provide answers here.*!

Conclusions

The present study illustrates the user-centered development
of a guideline-based mHealth app for CVD prevention.
Beta-testing and a preliminary usability study were used
to improve HerzFit until its official release in April 2022.
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