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P S U

Abstract: (1) Background: Prevention of acute cardiovascular events in patients with cardiovascular
diseases (CVDs) requires promoting health-protective behaviors (e.g., physical activity) and
preventing health-compromising behaviors (sitting). Digital health behavioral interventions
provide much potential. Based on multiple behavioral change theory, an intervention (reCardial
app) was evaluated, and the following hypotheses were tested: H1: Health behaviors (physical
activity, sitting) and disease self-management (self-care maintenance, self-care confidence) are
closely interrelated. H2: Change in health behaviors and disease self-management indicators over
time is more pronounced in reCardial app-users. H3: In the intervention group, changes in systolic
and diastolic blood pressure indicate a positive trajectory. (2) Methods: A study with the design of
a randomized controlled trial over 12 weeks was conducted. 40 CVD-patients were randomized
equally to the Intervention Group (35% women; Mag=60.6years) and Control Group (45% women;
Mage=61.5years). (3) Results: Findings support H1 with significant correlations between health
behaviors (r=0.45-0.63**), and disease self-management (r=-0.32-0.54**), H2 with Eta?=0.21 (not
statistically significant) and H3 partially with d=0.101 for systolic blood pressure but not regarding
diastolic blood pressure. (4) Conclusions: Replications are needed with larger samples and more
objective measures. The app can help prevent and manage CVD by means of promoting health-
protective behaviors and preventing health-compromising behaviors. Taking different behaviors
into account can increase behavioral intervention effects and with that support of users.

Keywords: cardiovascular diseases (CVDs); non-communicable diseases (NCDs); disease self-
management; digital health application; randomized controlled trial; multiple behavior change

1. Introduction

In recent years, there has been a growing recognition of the importance of promoting health-
protective behaviors and preventing health-compromising behaviors such as physical exercise (e.g.,
[1-4]). This is because many of the leading causes of morbidity and mortality, such as cardiovascular
diseases (CVDs), cancer, and diabetes as non-communicable diseases are related to lifestyle factors
such as physical inactivity, poor nutrition, and smoking. Health-protective behaviors refer to actions
that individuals can take to maintain and improve their health and well-being, such as regular
physical activity, self-care maintenance, and seeking preventive healthcare. These behaviors can help
reduce the risk of chronic diseases and other health problems [1,4]. On the other hand, health-
compromising behaviors refer to actions that can negatively impact an individual’s health, such as
highly sedentary behavior. These behaviors can increase the risk of chronic diseases, and premature
death [1]. Promoting health-protective behaviors and preventing health-compromising behaviors
require a comprehensive approach [3].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Currently, there are more than 6 million new cases of CVD in the European Union (EU) every
year. With almost 49 million people living with CVD, the economic impact in the EU is high at €210
billion a year. CVD is the leading cause of death in Europe, accounting for 2.2 million deaths in
females and 1.9 million deaths in males. Thereby ischemic heart disease accounts for 38% of CVD
deaths in female and 44% in male patients [1].

The prevention of acute cardiovascular events is of utmost importance: For instance, a study in
Germany from 2015 shows that inpatient treatment costs in the acute phase of CVD account for the
largest share within the first year, while medication is one of the least cost-intensive components [3].
However, physical exercise is also effective in reducing cardiovascular mortality, total mortality, and
myocardial infarction [4]. This emphasizes the potential for secondary and tertiary prevention in
cardiovascular risk management.

Reducing the risk profile for cardiovascular co-morbidity and mortality is a lifelong task and
requires patients to have — or acquire — strong self-management abilities. Cardiac secondary and
tertiary prevention as well as medical rehabilitation as described in evidence-based guidelines,
therefore, includes providing health education and strengthening health literacy. However,
strengthening health literacy also implies increased self-efficacy. The theoretical construct of self-
efficacy (also known as self-care confidence) can be considered an element of health literacy.
According to this, a person is health literate if they have the confidence and willingness to apply
health information to themselves and consequently convert it into action [5]. Furthermore, ensuring
reliable lifestyle-related measures such as no smoking, low to moderate alcohol drinking, regular
physical activity, a healthy diet, and optimal body weight is important [6]. The implementation of
mobile rehabilitation approaches in China demonstrates that mHealth is evidence-based and
effective, but for Germany, there is little evidence in comparison (e.g., [7]).

Syntheses of randomized controlled trials report successful improvement of blood pressure
control via increases in self-management in patients with hypertension [8], and a significant
reduction in mortality risks in patients with coronary heart disease [9]. The described measures of
cardiac treatment are effective and, thus, are the evidence-based standard of care. However, a large
survey by the European Society of Cardiology found that majority of coronary heart disease patients
do not adhere to the recommendations for secondary prevention of cardiovascular disease [11].
According to a meta-analysis, average medication adherence is low for secondary prevention of
cardiovascular disease — with only 66% [12].

Strategies to improve adherence to therapy guidelines are urgently needed and digital
behavioral interventions such as eHealth provides much evidence [13]. In 2020, Germany passed a
policy allowing digital health applications for the treatment of diseases to be prescribed by physicians
and to be covered by health insurance. Digital applications hold the potential to support patients with
CVD in their daily therapy routine, while being cost-effective and providing coverage for best
practice measures [14,15]. International studies on the effect of smartphone applications to support
the monitoring and strengthening of adherence of patients with CVD indicate their benefit in terms
of significantly improved medication adherence [16-18] and significant reduction of systolic blood
pressure [19-21]. Health psychology can help to improve such intervention in healthcare or also in
addition to the healthcare system.

A theoretical basis from health psychology for such approaches [22] can be the Compensatory
Carry-Over Action Model (CCAM, Figure 1 [24]), which explains how positive behavior changes in
one domain can lead to compensatory behaviors in another domain. Concretely, self-care and
physical activity are behaviors that should correlate positively with each other and negatively with
sitting. The model has important implications for understanding how behavior change interventions
can be designed to promote sustainable behavior change across multiple domains of life.
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Figure 1. The Compensatory Carry-Over Action Model (CCAM) applied to App users.

So far, none of the evaluated smartphone applications for strengthening adherence of
cardiovascular patients were certified as medical devices in Germany after being tested in a
randomized controlled trial. Especially as there are few cardiovascular self-management smartphone
applications registered as a medical device and none has been systematically evaluated with clinical
patients in the German healthcare setting, this calls for according action. Moreover, little is known
about the interrelations of different behaviors over time and with each other. Therefore, this study
integration of science and practice tested this with the following objectives.

The aim of the study with the study design of a randomized controlled trial was to explore the
effects of the reCardial smartphone application (reCardial app) on disease self-management and
health behavior change. It was hypothesized that the use of the reCardial app in addition to standard
care shows superiority compared to its non-use (i.e., standard care alone) after 12 weeks (T1) with
regards to the increase of therapy guideline adherence in patients with hypertension, and
concomitant chronic ischemic heart disease and/or heart failure. The secondary aim was to
investigate treatment effects on patient-reported self-efficacy, physical activity, and self-measured
blood pressure. The following hypotheses were tested.

H1: Health behaviors (physical activity and sitting) and disease self-management indicators
(self-care maintenance, self-care confidence) are closely interrelated.

H2: The change in health behaviors and disease self-management indicators over time (T0 to T1)
is more pronounced in the use of the reCardial app in addition to standard care compared to using
standard care alone.

H3: In the intervention group, changes in systolic and diastolic blood pressure indicate a positive
trajectory.
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2. Materials and Methods

Design

This is a national, randomized controlled and superiority trial with a pilot study methodology.
Eligible participants (n=40) were randomly assigned to one of two parallel groups: a control group
(n=20) or the intervention group (#=20) using a 1:1 allocation (see Figure 2).

Interested study participants
n=>56

| Verification of inclusion criteria by telephone call |
n=>56

1

Exclusion due to eligibility criteria (ICD-10: I10 diagnosis and use
of antihypertensive medication)
n=16

]

| Informed consent |

Known to be in
quarantine during

n=40
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Control group (reCard.iai; + F
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the study period the study period
(COVID-19) (COVID-19)
n=1 n=3
12-Week-Follow-up (n =37)
Included in analysis Included in analysis
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Figure 2. Study Design

The intervention group received access to the reCardial app in addition to standard care for 12
weeks. The control group received only standard care without the smartphone application. A flow
diagram of the study design is shown in Figure 2. After the 12-week follow-up assessment, the control
group received access to the reCardial app as well.

The behavioral intervention in the form of access to a smartphone application to support the
self-management of CVD took place in the patient's daily care routine at home. The control group
received the standard care as recommended by currently valid guidelines or as realized in disease
management programs (without receiving the smartphone application in addition).

Recruitment and Eligibility Criteria

Study participants were recruited by general practitioners and specialists in the Bremen region
who distributed flyers directing their interested patients to the study website. Further, recruitment
also took place through cardiac sports groups, social media calls, and media press releases.

Subjects needed to have been diagnosed with essential (primary) hypertension (I10 code
according to the International Classification of Diseases 10th Revision [ICD-10]) to be included in the
study. Subjects with concomitant diagnosed chronic ischemic heart disease (ICD-10 code: 125), and/or
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subjects with concomitant diagnosed mild to moderate heart failure (ICD-10 code: 150; New York
Heart Association, NYHA, Functional Classification of stages I to III) were included as well. Further
inclusion criteria were the patient’s informed consent; being at least 18 years of age; the ability to read
and understand the German language; regularly taking antihypertensive medication; owning a
smartphone and being able to use it.

Patients were excluded if any of the following applied: having had an acute cardiovascular event
(e.g., a myocardial infarction) within the previous four weeks; pregnancy; active psychosis or severe
dementia (in accordance with the instructions for use of the reCardial app); prior use of the reCardial
app; and simultaneous participation in another study.

In addition, a set of contraindications is defined for the use of the reCardial app, which also led
to exclusion from the study (see Table A1 in the supplementary material Appendix A).

Informed Consent and Participant Flow

The study website provided interested patients with comprehensive information about the
study, as well as an email address and telephone number to contact the study team in case there were
questions about the study. The study information, data security statement, and informed consent
form were available for download on the study website.

After reading the study information, individuals were asked to confirm that none of the
exclusion criteria applied and that they met the inclusion criteria by checking respective boxes on the
study website. Furthermore, they were informed that by checking another box they confirmed their
informed consent. By confirming the requirements and clicking on "participate," individuals were
included in the study and were subsequently directed to the online baseline questionnaire. By means
of a phone call, verification of eligibility criteria was checked (see Figure 2) and only the eligible
patients were retained in the study.

Subsequently, individuals received an email addressed to the email address they provided when
completing the baseline questionnaire, informing them of their random group allocation (see below
for further details on assignment to interventions). The patients assigned to the intervention group
received the email including the download-link or QR-code for the reCardial app. To link the
information in the online questionnaire with the app data, the study participants will be asked to
generate their personal identification code in the online questionnaire. The concept "Self-Generated
Identification Code (SGIC)" with code elements based on the individual person will be applied [44].
Study participants in the intervention group will then also be asked to enter this identification code
in a designated field in the reCardial app.

Behavioral Intervention

To accurately portray the German standard healthcare, the comparator (i.e., the control group)
was chosen to receive the evidence-based standard care in accordance with therapy guidelines. This
provided information for general practice care in accordance with the guidelines. Usually, control
visits took place on a quarterly basis.

The reCardial app in addition to standard care was defined as the intervention in this
randomized controlled trial. It was developed by a multidisciplinary group of experts of medical
practice and health psychology research integrating also stakeholders needs by a co-design strategy.
The app was designed in accordance with the mentioned therapy guidelines and applies health
psychological theories [22,24] and behavior change strategies [25] to support patients in the everyday
management of their disease [8,26-28]. Essential hypertension, heart failure, and chronic ischemic
heart disease are lifelong conditions and are highly dependent on lifestyle. Accordingly, they require
a high level of health literacy and self-management skills. This includes that patients continuously
monitor and plan relevant parameters, such as regular medication intake, physical activities, and
measurement of blood pressure and/or body weight. Thus, the reCardial app was designed to
provide additional support in parallel to standard care by means of enhancing self-management skills
and strengthening adherence to therapy guidelines.


https://doi.org/10.20944/preprints202311.0768.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023 doi:10.20944/preprints202311.0768.v1

The reCardial app is a self-management tool for the daily monitoring and prevention of
cardiovascular risk factors and aims to support the implementation and adherence to therapy
guidelines for the treatment and secondary/tertiary prevention of CVD. The digital health application
includes the following main features: reminder function for scheduled medications, trainings, and
vital data (such as blood pressure) measurements; self-monitoring of recommended health behaviors
and health measurements; as well as health and self-management education, as this demonstrated to
be effective [29-32]. It is available for iOS and Android.

In consultation with the attending physician, the medication plan and target values for exercise
and training, as well as weight and blood pressure, are defined. In the reCardial app, patients can
then select the relevant modules they want to focus on ("steps", "medication" and "training") and enter
the target values they defined with their physicians. Patients are instructed to manually document
and/or synchronize their values and activities via wearable devices (such as activity trackers, smart
watches, or blood pressure monitors) every day using the reCardial app. Under “progress”, the
development of daily steps and vital data is graphically displayed, and users can track their
adherence to behavioral goals regarding planned medications and training. Reminders in the form
of push notifications provide additional support for taking medication and adhering to planned
physical activities and blood pressure measurements.

In addition, users receive theory-based information and recommendations in the form of texts
and videos which are tailored to the duration of use (see e.g., [21,23]). The first twelve-week phase of
using the reCardial app includes a structured health education course that belongs to the
“knowledge” module and covers twelve weekly topics. The course content is based on psychological
theories and behavior change strategies and has been developed by a multidisciplinary team of
medical specialists (e.g., cardiologists), health scientists, and behavioral psychologists. During the
first weeks, the relevant cardiovascular risk factors, risk behaviors as well as corresponding health
consequences are explained to address individuals who are not yet motivated to adhere to the
therapy guidelines. In subsequent weeks, advice on therapy guideline adherence is given to increase
intention to change the behavior and to enhance the perceived self-efficacy [31]. Towards the end of
the twelve-week course, patients are educated on implementation and planning methods to support
habit formation and perceived self-efficacy for maintaining the newly adopted healthy lifestyle in the
long term. The patient receives further regular information with helpful advice based on personal
preferences. The monitoring implemented in the app continues as usual. Furthermore, it is important
that what has been learned is internalized and implemented.

In order to monitor and support the therapy, the reCardial app makes use of behavior change
techniques [22-24], which are designed to help promote relevant predictors of behavior change by
initiating so-called mechanisms of action [25]. For example, patients are encouraged to set goals,
define barriers to health behavior change, create if-then plans, and regularly monitor and critically
assess their progress. They are supported by app features such as reminders, visual feedback,
biofeedback (display of vital signs), highlighting of health consequences, and praise (e.g., see [19]).
In addition, at the beginning of each week, users receive a “task of the week”, encouraging them to
implement behavior change strategies such as setting goals, seeking social support, trying out a stress
management method, or restructuring their environment. With quizzes, patients can test their health
knowledge and self-management skills on a weekly basis. Weekly short surveys serve to prompt the
participants to evaluate their health behavior, satisfaction with quality of life, health, stress, and sleep,
or social-cognitive determinants of promoting health-protective behaviors and preventing health-
compromising behaviors i.e., levels of self-efficacy, intention, and planning.

The “locations” module additionally displays rehabilitation clinics, hospitals with diagnostic
and therapy units for the care of patients with acute chest pain (Chest Pain Unit, CPU) as well as
nearby supervised cardiac sports groups [31]. As part of the randomized controlled trial, all
participants received a blood pressure monitor and instructions to measure their blood pressure
regularly [32] and - if they belonged to the intervention group — instructions to synchronize the
results with the reCardial app.
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Participation in the study was terminated at the request of the study participants. No criteria for
deterioration of the medical condition are defined in advance, as this was monitored during the
study. No intervention modifications were planned. As incentives, all study participants received a
blood pressure monitor that could be kept at the end of the study and a small financial amount, under
the condition the study participants complete the 12-week follow-up online questionnaire.

Additionally, within the reCardial app, various indicators of usage and adherence were
collected. These included: monitoring of blood pressure (average number of synchronized blood
pressure readings per week, average systolic and diastolic blood pressure per week); number and
percentage of medications marked as taken and not marked as taken per week; number and
percentage of planned workouts marked as done and not marked as done per week; average daily
steps per week; number of articles read per week in the “knowledge” module; and number of correct
and incorrect answers to weekly quiz questions.

Users receive push notifications if one of the indicators of adherence has not been logged for
seven consecutive days. A further strategy to improve adherence was the implementation of
gamification features such as streaks for continuous monitoring and meeting of targets and collecting
“heart points” for using and adhering to app features.

All study participants were treated with standard care according to evidence-based guidelines.
Patients were required to refrain from undergoing alternative treatment options which required
simultaneous participation in another study. Patients were advised to consult their physician before
undergoing any concomitant care which was not defined as standard care or as a certified disease
management program.

Outcomes

Primary outcome

The primary endpoint was the change in the adherence to therapy guidelines after 12 weeks,
which is operationalized using the Self-Care of Hypertension Inventory (SC-HI) score — section A
(Self-Care Maintenance), Version 2.0 [33] with eleven items, covering recommended self-care
activities, measured on a four-point Likert scale. The SC-HI has also already been applied to a Polish
sample [34] and was analyzed using the standardized score with values potentially ranging from 0
to 100 (higher values indicating higher self-care). A difference of eight points and a standard
deviation (SD) of 16 was considered clinically relevant [35,36].

Secondary outcomes

The following parameters were investigated as secondary endpoints:

. Self-Care Confidence/Self-efficacy at baseline and after 12 weeks measured by the SC-HI
score — section C, Version 2.0 [33] with 6 items, measured on a four-point Likert scale and using the
standardized score ranging from 0 to 100.

. Physical activity at baseline and after 12 weeks measured by the short version of the
International Physical Activity Questionnaire (IPAQ-S). The short version contains seven items with
open-ended questions about the physical activities performed in the last seven days as well as about
sedentary behavior [37,38]. The total minutes spent walking (ten minutes at least per week) and
moderate and vigorous activities per week, were multiplied by the metabolic equivalent of task
(MET) to calculate the total physical activity in MET minutes per week. Sitting behavior was
determined separately as hours spent sitting per day [38]. The IPAQ-S is applied not only to rather
healthy populations but also to populations suffering from chronic diseases [39]. European studies
can be found in which patients with diagnosed hypertension, coronary heart disease, and/or heart
failure were included [39-41]. A difference of 200 MET minutes (SD: 300) is considered clinically
relevant [42].

. Self-measured systolic and diastolic blood pressure in mmHg at baseline and after 12
weeks within the intervention group using Omron M400 Intelli IT, a calibrated blood pressure
monitor (sphygmomanometer, see e.g., [43]). In addition to the above-mentioned endpoints, the
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baseline questionnaire also recorded sex, date of birth, and the highest level of education. Patients
were also asked to indicate which of the included ICD-10 diagnoses (chronic ischemic heart disease,
125, and/or heart failure, I50) applied to them.

Data Analyses

Statistical analyses were performed with R statistical software (version 4.2.2.). To test H1, correlation
analyses were performed (Spearman). To test H2, analyses were run to test the superiority of the
intervention over the control condition. Given the repeated measures structure of the data,
MANOVAs were used to examine time and intervention effects, as well as the time*intervention
interaction in relation to changes in the dependent variables (self-care maintenance, self-care
confidence, physical activity, and sitting), adjusted for sex. Further, univariate ANOVAs and t-tests
were calculated within descriptive analyses. To test H3, analyses were run to test changes in the
intervention group only over time. To do so, t-tests were used to examine time effects in the
dependent variables (systolic blood pressure in mmHg and diastolic blood pressure in mmHg).

For precision of effect sizes, the 95% confidence interval (95% CI) was calculated and a two-sided
p-value <0.05 was regarded statistically significant. No significant tests were performed for the
baseline indicators because they are accounted for by randomization and by inclusion in the
MANOVA.

3. Results

3.1 Study population characteristics

In total, n=37 (92.5%) participants completed this study (Figure 2). A description of the study
population at baseline is given in Table 1. A total of 25% (control group) and 30% (intervention group)
of the study participants were >70 years old at baseline. The median age was 61.0 years (IQR: 55.0-
69.8) in the control group and 63.0 years (IQR: 56.0-70.8) in the intervention group. The proportion of
female study participants was 45% in the control group and 35.0% in the intervention group. In the
control group, 45% had another concomitant CVD, while in the intervention group, 70.0% were
comorbid (Table 1).

Table 1. Sociodemographic and clinical characteristics of the study population at baseline by

randomization.
Control group  Intervention group
n=20 n=20
M (SD) or n (%) M (SD) or n (%)
Age in years 60.6 (10.6) 61.5 (13.4)
Age in categories (1)
<50years 3 (15.0) 3 (15.0)
51-60 years 7 (35.0) 4 (20.0)
61-70 years 6 (30.0) 8 (40.0)
>70 years 4 (20.0) 5 (25.0)
Age in categories (2)
<70years 15 (75.0) 14 (70.0)
270 years 5 (25.0) 6 (30.0)
Sex
Female 9 (45.0) 7 (35.0)
Male 11 (55.0) 13 (65.0)
Diverse 0 0
Education (highest school-leaving qualification*)
Low 5(25.0) 6 (30.0)
Middle 7 (35.0) 7 (35.0)

High 8 (40.0) 7 (35.0)

doi:10.20944/preprints202311.0768.v1
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Comorbidity
Chronic ischemic 6 (30.0) 10 (50.0)
heart disease (ICD-10: 125)
Heart failure (ICD-10: 150; NYHA I-III) 3 (15.0) 4 (20.0)

Note. *Classification of highest school-leaving qualification: low=9 years of schooling (Haupt-
/Volkshochschule); middle=10+ years of schooling (Realschulabschluss/Mittlere
Reife/Fachschulreife); high=12 years of schooling (Abitur/allgemeine or fachgebundene
Hochschulreife/Erweiterte Oberschule); M=mean; SD=standard deviation.

3.2. Interrelation of health behaviors and disease self-management indicators

To test H1 (i.e., that health behaviors and disease self-management indicators are closely
interrelated in users of the reCardial app), we conducted intercorrelation analyses. The results
displayed in Table 2 indicate that cross-sectionally (only at T0), self-care maintenance, and confidence
were significantly correlated with physical activity. The same pattern emerged at T1 (self-care
maintenance and confidence were significantly correlated with physical activity).

Table 2. Spearman correlation analyses of all dependent variables (both groups combined).

Selfcare Selfcare Selfcare  Selfcare Sitting Sitting Physical

MaintenanceMaintenanceConfidence Confidence  TO0 T1 Activity
T0 T1 T0 T1 T0
Selfcare Maint. T1 0.40*
Selfcare Conf. TO 0.45** 0.10
Selfcare Conf. T1 0.26 0.63%*** 0.22
Sitting TO 0.08 -0.26 0.33 -0.29
Sitting T1 0.14 -0.26 0.41* -0.20 0.79%***
Phys. Activity TO 0.59** 0.58** 0.46* 0.31 -0.32  -0.44
Phys. Activity T1 0.08 0.44* -0.01 0.52** -0.48*  -0.54**  0.64**

ety <0,0001; **p <0.001; **p <0.01; *p <0.05.

Sitting was significantly negatively correlated with physical activity, but only in the way that
the patients with more sitting time at TO adopted less physical activity at T1 and those sitting more
at T1 also adopted less physical activity than the ones with less pronounced sedentary behavior.

The highest correlations between health behaviors and disease self-management indicators
emerged between self-care maintenance and physical activity (r0=0.59), self-care confidence and
physical activity (r1=0.52) as well as sitting and physical activity (ru=-0.54).

Summarizing regarding H1: The health behaviors and disease self-management indicators self-
care maintenance, self-care confidence as well as sitting and physical activity were interrelated in the
total sample.

3.3. Change in health behaviors and disease self-management indicators over time

To test H2 (i.e., that the change in health behaviors and disease self-management indicators over
time (TO to T1) is more pronounced in the use of the reCardial app in addition to standard care
compared to using standard care alone), we ran MANOVAs. The results show only marginally
significant differences (Eta?=0.21; p=0.06) in the test variables after twelve weeks between the groups
(see Table 3). The effect sizes are in the medium range, which shows clinical importance.
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Table 3. Results of the three-way MANOVA with Self-Care Maintenance, Self-Care Confidence,

Sitting (hrs/ day) and Total physical activity (MET in min/ week) as dependent variables and sex,

treatment, and time as independent variables.

df Pillai  Wilks approx num den p(>F)  EffectSize
F df df Eta? 95% CI
(partial)

(Intercept) 1 097791 0.02209 398.38 4 36  <0.001
Sex 1 0.02864 0097136 0.27 4 36 0.89825 0.03 [0.00, 1.00]
Treatment 1 021379 0.78621 2.45 4 36 0.06386 0.21 [0.00, 1.00]
Time 1 0.06376 0.93624 0.61 4 36 0.65605 0.06 [0.00, 1.00]
Sex*Treatment 1 0.04384 0.95616 0.41 4 36 0.79835 0.04 [0.00, 1.00]
Sex*Time 1 0.02537 097463 0.23 4 36 0.91720 0.03 [0.00, 1.00]
Interaction TT 1  0.12525 0.87475 1.29 4 36 0.29266 0.13 [0.00, 1.00]
Interact. STT 1 0.07156 0.92844 0.69 4 36 0.60122 0.07 [0.00, 1.00]
Residuals 39

**p <0.001;, *p <0.01; *p <0.05; one-sided Cls: upper bound fixed at [1.00].
TT=Treatment*Time; Interact. STT=Interaction Sex*Treatment*Time.

On a descriptive level (Figure 3, Figure 4; also see Appendix B with Table B1, Table B2, Table
B3), i.e.,, when looking at the univariate ANOVAs and t-test results (see Appendix C and Table 5),
there were significant treatment effects on self-care maintenance (Table C1 and Table C2, p <0.01) and
sitting time (Table C3, p <0.05).

Visualisation of the distributions of the dependent variables
by sex and randomization at different timepoints
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Figure 3. Disease self-management indicators over time (TO to T1) differentiated for sex, group and
timepoint for self-care maintenance and confidence (measured with the SC-HI-C), first (brown) error
bar baseline, second (blue) error bar after 12 weeks.
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Taken together, the mean SC-HI-A value in the intervention group was M=73.9 (SD=16.0) and the
mean score in the control group was M=54.1 (§D=14.6). This is implying a significant mean difference
of 19.8 between the groups (#(35) = 3.95; p <0.001). Within the intervention group, the score
significantly differed with 57.6 (SD=17.7) at baseline and M=73.9 (SD=16.0) after twelve weeks
(clinical difference of M=18.0 [SD=24.2; p <0.01]) (see Table 5). Also, the clinical difference was higher
than described in the literature by Riegel et al. 2009 [35]. In contrast to the ANOVA, t-test results for
sitting did not show significant results (see Table B3, Table C3, and Table 5).

Regarding the evaluation of the IPAQ-S, no significant differences can be shown, neither in
relation to total physical activity nor in relation to the individual components (walking, moderate
and vigorous activities, Table B4 and Table C4). The mean differences for the total physical activity
(MET in minutes per week) within the groups were 604.7 (SD=2311.8) and 1640.1 (5D=4842.6) in the
control group/intervention group, respectively. Between the groups, the differences were 1517.8 and
1308.1 at the baseline time point and after twelve weeks. Despite no statistical significance, the values
were higher than the recommended values from Stenman et al. [42]. Figure 3 and Figure 4 display
the mean scores, ranges, and standard deviations (SD) by group and sex over time for sitting and
physical activity.

Visualisation of the distributions of the dependent variables
by sex and randomization at different timepoints
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Figure 4. Health behaviors over time (T0 to T1) differentiated for sex, group and timepoint for sitting
and physical activity (measured with IPAQ-S), first (brown) error bar baseline, second (blue) error
bar after 12 weeks.

Summarizing, a significant difference between the groups after twelve weeks (#(35)=2.05; p <0.05)
could be observed with regard to the SC-HI-C: while the mean score in the intervention group was
at M=75.0 (5D=17.3), the mean score in the control group was M=60.2 (SD= 25.5), implying a mean
difference of 14.8 points (see Table 5). This effect size of d = 0.314 was statistical significant at Z = -
1.9842, p = 0.04724 validated with a Mann-Whitney-U-Test clearly speaking for the effects of app use.
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Table 5. Mean differences of the health behaviors and disease self-management indicators at baseline (T0) and after 12 weeks (T1).

Control group Intervention group Mean  difference  between
M (SD) Difference within M (SD) Difference within groups
TO T1 groups TO T1 groups TO T1
M (SD) M (SD)
Self-care 559 (12.3); 54.1 (14.6); 3.0(10.4); 57.6 (17.7); 73.9 (16.0); -18.0 (24.2); t(17)=- 1.7; (38)=0.35;  19.8; #(35)=3.95;
Maintenance n=20 n=19 t(18)=1.27; p=0.220  n=20 n=18 3.16; p=0.006 p=0.731 p=0.0004
Self-care 68.3 (20.9); 60.2(25.5); 8.8(29.7); 68.6 (20.5); 75.0 (17.3); -6.8(25.0); t(17)=-1.15;  0.3; £(38)=0.04; 14.8; t(35)=2.05;
Confidence n=20 n=19 t(18)=1.29; p=0.213  n=20 n=18 p=0.264 p=0.966 p=0.048
Total physical 3809.0 3843.3 604.7 (2311.8); 5326.9(4538.4); 5151.4 1640.1 (4842.6); 1517.8 1308.1;
activity (3796.9); (3656.7); £(12)=0.94; p=0.433  n=11 (2887.2); £(6)=0.90; p=0.499 t(23)=0.91; t(28)=1.06;
n=14 n=17 n=13 p=0.372 p=0.298
Vigorous 1422.9 2054.1 -73.9 (1684.0); 2160.0 (2562.5);  2215.4 754.3 (3176.2); t(6)= 737.1; 161.3;
activity (1629.0); (2519.9); t(12)=-0.16; p=0.877 n=11 (1466.9); 0.62; p=0.553 £(23)=0.88; £(28)=0.21;
n=14 n=17 n=13 p=0.390 p=0.840
Moderate 1182.9 889.4 360.0 (832.8); 1236.4 (1586.9);  1473.9 -468.6 (1776.0); 53.5; 584.4;
activity (1211.8); (1200.8); t(12)=1.56; p=0.145 n=11 (1169.7); £(6)=0.70; p=0.511 £(23)=0.10; 1(28)=1.34;
n=14 n=17 n=13 p=0.925 p=0.192
Walking 1203.3 899.7 318.6 (737.6); 1930.5 (1102.6);  1462.2 -417.2 (737.5); t(6)=- 727.2; 562.4;
activity (1448.8); (1080.8); t(12)=1.56; p=0.145  n=11 (774.2); 1.50; p=0.185 t(23)=1.38; £(28)=1.59;
n=14 n=17 n=13 p=0.181 p=0.124
Sitting 6.9 (3.5); 6.3 (3.2); 0.8 (1.7); t(14)=1.86 5.6 (2.3); 5.4 (2.5); 0.2 (1.3); t(11)=0.44; 1.3; #(30)=1.19;  0.9; (27)=0.84;
n=17 n=15 p=0.084 n=15 n=14 p=0.670 p=0.243 p=0.408

Note. M=mean; SD=standard deviation
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Concluding regarding H2 (i.e, that the change in health behaviors and disease self-management
indicators over time from TO to T1 is more pronounced in the use of the reCardial app in addition to
standard care compared to using standard care alone), support was found as expected but not at a
statistically meaningful level.

H3 (i.e, that the intervention group reveals improvements in the self-measured systolic blood
pressure in mmHg and diastolic blood pressure in mmHg), was tested in the study participants in
the intervention group, who monitored their values using the reCardial app during study
participation. The monitored values included systolic and diastolic blood pressure, the number of
steps per day, and weight checks. Similarly, the knowledge section was accessed by all participants.

Table 5 shows the blood pressure readings of the intervention group for week 1 and week 12. In
the intervention group, the mean systolic blood pressure was M=137 mmHg (SD=15.8 mmHG) in
week 1 and M=135.3 mmHg (SD=17.7 mmHg) in week 12. The difference between both measurement
periods was not significantly different (#(5)=0.83; p=0.444).

Table 5. Results regarding systolic and diastolic blood pressure in mmHg after 12 weeks, self-assessed
by the study participants and recorded in the reCardial app.

Difference within

Intervention group T0, M (SD) T1, M (SD) group M (SD)
Systolic blood pressure 137.0 (15.8); n=15 135.3 (17.7); n=17 2.7 (7.9); t(5)=0.83
in mmHg (p=0.444)
Diastolic blood pressure 80.9 (10.3); n=15 81.8 (8.7); n=17 -1.3 (7.9); t(5)=-0.42
in mmHg (p=0.695)

Note. M = mean (averaged values over seven days); SD = standard deviation.

Concluding on H3, we only found on a descriptive level that the intervention group improved
in the objective measure of systolic blood pressure in mmHg as hypothesized but not in the diastolic
blood pressure in mmHg. Due to the small sample size, the statistic of A 2.7 did not become significant
(Table 5, d= 0.101).

The same holds true for the diastolic blood pressure in mmHg but in the unfavorite direction (4
= 0.094). Both effect sizes are small but only the one for systolic blood pressure in mmHg clearly
indicates the effect of intervention even if only of small effect size.

4. Discussion

This study from health psychology aiming at integration of science and practice was theory-
based and investigated the interrelations of different behaviors and the effect of using a medical app
(reCardial app) in 37 patients. The patients were diagnosed with (primary) hypertension (ICD-10
code: I10) or concomitant diagnosed chronic ischemic heart disease (ICD-10 code: 125), and/or mild
to moderate heart failure (ICD-10 code: 150). It was found that health behaviors and disease self-
management indicators were closely interrelated. Changes in health behaviors and disease self-
management indicators over time (T0 to T1) were more pronounced in users of the reCardial app in
addition to standard care compared to using standard care alone.

Scientific evaluations of digital health applications in the area of CVD self-management and
adherence to therapy guidelines are scarce and have thus far rarely been reported in the German
healthcare context. However, evidence does support the assumption that digital health applications
can provide valuable and clinically relevant improvements in patient-relevant health indicators [14—
21,26,28,46]. In a systematic review [47] on the effectiveness of mobile applications for self-
management of CVD, only two of the eight included studies were randomized controlled trials of a
smartphone application. However, the review reported that mobile self-management applications
can reduce hospital admissions, cholesterol levels and blood pressure, and can enhance disease-
specific knowledge as well as psychological well-being. In addition, Coorey et al. (2018) reported that
there is evidence for positive effects on daily physical activity, and smoking cessation [47]. While the
mHealth measure of text messaging alone appeared to be promising in improving medication
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adherence for secondary prevention of cardiovascular disease, the evidence is highly heterogeneous
and of low quality, according to a review [48]. The worldwide changes through the Covid19
pandemic situation and the implications on healthcare systems led to increased attention on digital
health technologies. Different authors have emphasized the useful potential of digital health
applications even in older or frail patients in a published consensus statement (e.g., [46]). Our data
accordingly adds to the evidence that digital health applications can help with the secondary and
tertiary prevention of CVD. Also, the use of a theory backing the understanding of multiple behavior
change and relating to physiological outcomes was demonstrated as calls for demonstrating that
health and the promotion of health-protective behaviors and the prevention of health-compromising
behaviors were pronounced [22-30].

Targeting modifiable risk factors and promoting behavioral changes, and thus preventing
recurrent cardiac events, is therefore of high clinical importance and addressing health literacy in a
broader sense can help [5]. Health psychology is a discipline which can make the behavioral effects
better observable and with that impacting physiologically determining. Appreciating behavioral
effects is accordingly of elevated importance. Furthermore, a recent study found the complexity of
medication regimens to be inversely associated with medication adherence and blood pressure
management in patients with hypertension [46-49]. The advantages of digital and mHealth tools,
such as sending regular reminders, having all relevant information accessible anytime, and concisely
visualizing the medication plan, could provide the needed guidance to increase adherence to
recommended health and disease management behaviors. Investigating more social-cognitive
variables of the different behaviors could help to identify further targets for interventions [49].

The originality of this randomized controlled pilot trial was particularly characterized by its
research focus, as it was conducted as part of the fast-track procedure associated with the preliminary
inclusion of the reCardial app in the list of digital therapeutics (DTx) under the Digital Health Care
Act, which has come into force in 2020. Despite its novelty and relevance accompanied by strong
methodology and evidence-based development, which are clear strengths of this study, the authors
must acknowledge potential study limitations and discuss the associated possibility of bias. The small
sample size and therefore reduced statistical power of the study could have led to an underestimation
of clinically relevant effects.

A further limitation is that blinding of patients and personnel conducting the study was not
possible. A lack of blinding of the study personnel could possibly lead, for example, to a performance
bias: the study support could provide persons in the intervention group with further accompanying
measures, bringing about biased results [47]. Yet, this does not apply in the case of this study, as the
behavioral intervention was not carried out by study staff or an investigator but consisted of the use
of a smartphone application. A potential selection bias due to lack of blinding during randomization
does not apply either, as this was performed automatically by the online questionnaire tool. Finally,
an observer bias or detection bias could occur, i.e., the study personnel could unconsciously adjust
the observations to the expectations by subjective endpoint collection or evaluation [50]. A social
desirability bias is also conceivable in this study, as well as a recall bias. The latter was mainly due to
the application of the IPAQ-S by querying the activities in the last seven days (due to the inclusion
criteria) from a relatively older population [51].

According to a study, a lack of blinding in the evaluation of patient-reported outcomes can lead
to an overestimation of the effect; however, such an association is only significant in bias-prone
randomization or allocation methods [52]. The randomization which was applied in this study cannot
be influenced either by the study personnel, nor by the patients. Moreover, this potential bias is
prevented by the prospective specification of all analyses in the statistical analysis plan. Despite the
randomized controlled trial design, it should be emphasized that an adjustment was nevertheless
made in the model analyses because baseline differences cannot be excluded.

It should also be pointed out that the majority of measures in this study were subjective. For
example, physical activity was measured by a self-reported questionnaire without objective
measurement for validation. This addresses the well-known problem of mapping actual movement
behavior (gap between self-reported measures and objective measurements per accelerometer) [53].
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Future research directions are to also evaluate effects of the app on multiple behavior change as so
far only the effects on the single behaviors were evaluated. In a study with more study participants
replicating the findings of this pilot test further analyses should also include the evaluation of
mechanisms, e.g., if more behavior change also ensures better physiological outcomes. However, due
to the nature of this study and the limited number of participants, such analyses could not be run.
Moreover, in the future, closer cooperation with stakeholders with co-creative, participatory health
research should ensure the impact of this study for the target group [54]. Additionally, including
healthcare providers of the patients should be included as stakeholders, too, to ensure the fit with
general services and effectiveness of healthcare provisions.

Extending the view to the digital media field for behavior change is important for healthcare
providers and app developers [55]. While evidence for the effectiveness of digital behavioral
interventions in changing behavior is limited this study set out an example of rigorous research even
with a small sample size. We face the need for more rigorous intervention studies and future studies
should exploring the full functionality of digital devices to maximize opportunities for behavior
change. The long-term effects of social media interventions should built on theories of multiple
behavior change in this context as the current study demonstrated. The importance of formative
research to evaluate the feasibility and acceptability of projects is important, along with the need for
a more rigorous application of program evaluation principles [55]. Also other authors have identified
health literacy as a crucial dimension, and making digital media interventions more sensitive to
health literacy needs [55] can be done like in this study outlining and evaluating the app. Apps can
not only help patients: The harbor the potential to help also practitioners to work from home in
helping their patients to manage adherence [56]. This should be also taken into account with future
policy building and refinements: Allowing healthcare providers to prescribe such interventions,
supporting patients in a dynamic, adapting manner, and appreciating the behavioral effects might
high importance.

5. Conclusions

This study provides implications for strengthening the evidence-based improvement of
healthcare regarding secondary and tertiary prevention of CVD. At the same time, the behavioral
intervention can support patients with hypertension, chronic ischemic heart disease, and heart failure
in the form of a digital health application. Besides the call for replication with a lager study sample
and objective measures in the control group, there are some practical implications for theory and
practice.

Theories integrating different behaviors stemming for instance from health psychology should
further investigate various behaviors and their interrelations. This can make behavioral interventions
more effective. It is also of high importance for daily practice considering the lack of resources in the
healthcare system. Providing behavioral changes with digital health technology can close the gap
between regular healthcare professional contact and sufficient disease self-management for patients.
There is an unmet need for encouraging patients to regularly use digital applications, and for health
professionals in healthcare in prescribing them, too.
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Appendix A

Table A1l. Information on medical contraindications of the digital health application.

ICD-10 Code Description of ICD-10 Code
A41.0 Sepsis due to Staphylococcus aureus
E05 Thyrotoxicosis [hyperthyroidism]
1249 Acute ischemic heart disease, unspecified
126.0 Pulmonary embolism with acute cor pulmonale
133 Acute and subacute endocarditis
140 Acute myocarditis
150.05 Congestive heart failure with symptoms at rest
150.14 Left ventricular failure: With symptoms at rest
171 Aortic aneurysm and dissection
180 Phlebitis and thrombophlebitis
773 Problems related to life-management difficulty

! Tables may have a footer.
Appendix B
Table B1. Maintenance Self-Care of Hypertension Inventory (SC-HI) at baseline (T0) and after 12

weeks (T1) by sex and treatment (see Table C1 for the results of the univariate ANOVAs with
Maintenance Self-Care of Hypertension Inventory, SC-HI).

Min Max M (SD)
T0 T1 T0 T1 T0 T1
Control Female 39.4 24.2 81.8 75.8 55.9(14.7) 54.5 (17.9)
group Male 33.3 36.4 69.7 72.7  55.9 (10.6) 53.6 (12.0)



https://doi.org/10.20944/preprints202311.0768.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023 doi:10.20944/preprints202311.0768.v1

17

Intervention Female 15.2 51.5 78.8 97.0 49.4(21.2)71.7 (18.2)
group Male 27.3 51.5 84.8 100.0 62.0 (14.6) 75.0 (15.5)
Note. M = Mean, SD = Standard deviation.

Table B2. Confidence Self-Care of Hypertension Inventory (SC-HI) at baseline (T0) and after 12 weeks
(T1) by sex and treatment (see Table C2 for the results of the univariate ANOVAs with Confidence
Self-Care of Hypertension Inventory, SC-HI).

Min Max M (SD)
T0 T1 TO T1 TO T1
Control Female 38.9 0.0 100.0  88.9 67.9 (18.0) 56.2 (27.7)
group Male 27.8 27.8 100.0 944 68.7(23.9) 63.9 (24.2)
Intervention Female 27.8 50.0 944  100.0 66.7 (27.4) 78.7 (18.1)
group Male 33.3 444 88.9  100.0 69.7 (16.9) 73.1(17.4)

* Tables may have a footer.

Table B3. Sitting at baseline (t0) and after 12 weeks (t1) by sex and treatment (see Table C3 for the
results of the univariate ANOVAs: Sitting, hrs/ day).

Min Max M (SD)
T0 T1 TO T1 TO T1
Control Female 3.0 2.0 12.0 10.0 6.3(3.5) 5.4 (2.8)
group Male 4.0 4.0 14.0 140 74(35) 7.1(3.5)
Intervention Female 2.0 1.0 8.0 7.0 5.8(2.6) 4.5(2.5)
group Male 1.0 1.0 9.0 9.0 56(2.4) 6.0(2.4)

Note. M =Mean, SD = Standard deviation.

Table B4. PA at baseline (T0) and after 12 weeks (T1) by sex and treatment.

Min Max M (SD)
T0O T1 TO T1 TO T1
Control Female 1215.0 396.0 12798.0 9570.0 4269.8 3866.9 (3274.0)
group (4408.5)
Male 0.0 0.0 10638.0 13022.0  3463.5 3826.9 (4077.4)
(3545.7)
Intervention Female 1866.04302.012558.0 9386.0 5514.0 7048.3 (2651.2)
group (4792.4)
Male 1836.0 0.0 14799.0 8586.0 5220.0 4308.4 (2696.2)
(4775.7)

Note. M =Mean, SD = Standard deviation.
Appendix C

Table C1. Results of the univariate ANOVAs: Maintenance Self-Care of Hypertension Inventory (SC-

HI).

df Sum Sq Mean Sq F value p &P

(Intercept) 1 186493 186493 923.0909 <0.001
Sex 1 11 11 0.0548 0.816136
Treatment 1 1634 1634 8.0862 ** 0.007066
Time 1 124 124 0.6114 0.438972
Sex*Treatment 1 213 213 1.0523 0.311302
Sex*Time 1 39 39 0.1908 0.664662
Treatment*Time 1 679 679 3.3633 0.074305
Sex*Treatment*Time 1 293 293 1.4506 0.235692
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Residuals 39 7879 202
Note. ***p <0.001; **p <0.01; *p <0.05; One-sided CIs: upper bound fixed at [1.00]

Table C2. Results of the univariate ANOVAs: Confidence Self-Care of Hypertension Inventory (SC-

HI).
df Sum Sq Mean Sq F value p F)
(Intercept) 1 234048 234048 574.3697 <0.001
Sex 1 288 288 0.7070 0.4056
Treatment 1 589 589 1.4449 0.2366
Time 1 189 189 0.4640 0.4998
Sex*Treatment 1 25 25 0.0612 0.8060
Sex*Time 1 84 84 0.2069 0.6517
Treatment*Time 1 3 3 0.0067 0.9350
Sex*Treatment*Time 1 147 147 0.3609 0.5515
Residuals 39 15892 407
Table C3. Results of the univariate ANOVAs: Sitting (hrs/ day).
df Sum Sq Mean Sq F value p &P
(Intercept) 1 1979.26 1979.26 231.2236 <0.001
Sex 1 1.72 1.72 0.2008 0.65652
Treatment 1 38.42 38.42 4.4883 * 0.04055
Time 1 16.04 16.04 1.8744 0.17881
Sex*Treatment 1 3.74 3.74 0.4364 0.51276
Sex*Time 1 5.79 5.79 0.6768 0.41569
Treatment*Time 1 0.52 0.52 0.0604 0.80708
Sex*Treatment*Time 1 3.68 3.68 0.4298 0.51596
Residuals 39 333.84 8.56

Note. ***p <0.001; **p <0.01; *p <0.05; One-sided CIs: upper bound fixed at [1.00]

Table C4. Results of the univariate ANOVAs: Total physical activity (MET in min/ week).

df Sum Sq Mean Sq F value p &P

(Intercept) 1 955605898 955605898 68.7968 <0.001

Sex 1 5857107 5857107 0.4217 0.5199

Treatment 1 6440704 6440704 0.4637 0.4999

Time 1 3655057 3655057 0.2631 0.6109

Sex*Treatment 1 135551 135551 0.0098 0.9218

Sex*Time 1 2154192 2154192 0.1551 0.6959

Treatment*Time 1 472288 472288 0.0340 0.8547

Sex*Treatment*Time 1 36083404 36083404 2.5977 0.1151
Residuals 39 541720486 13890269
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