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Background: Chronic coronary syndrome (CCS) leads to high morbidity and
mortality despite therapeutic advances in recent decades. Several modifiable
risk factors, including increased blood pressure (BP), significantly contribute to
cardiovascular risk in CCS. Therefore, optimal secondary prevention includes
managing BP through lifestyle changes and pharmacological therapy. The
CHANGE study aimed to provide evidence for optimizing secondary prevention
in CCS patients using a smartphone application.
Methods: The CHANGE-Study is a prospective, randomized, controlled trial
performed in 9 centers in Germany. Patients with CCS were randomly allocated
to either a control or an intervention group. The intervention group received the
“Vantis | KHK und Herzinfarkt” digital health application and standard care. The
control group received standard care alone. From the original cohort, subgroups
of patients with systolic BP ≥140 mmHg (n=44), ≥130 mmHg (n=89) and
diastolic BP ≥90 mmHg (n=28) were analyzed for BP reduction after 12 weeks.
Results: In patients with systolic BP ≥140 mmHg, the intervention group showed
a reduction in systolic BP by 15.5 mmHg (± 16.7 mmHg, p= 0.0001), which was
greater compared to the control group (6.0 ± 13.0 mmHg, p= 0.058). This
observation was consistent in patients with systolic BP ≥130 mmHg at
baseline. No significant differences between both groups were observed in
diastolic BP reduction in patients with diastolic BP ≥90 mmHg.
Conclusion: The CHANGE study documents that a smartphone-guided digital
health application positively affects systolic BP in CCS patients. This study
underlines the potential of digital interventions in cardiology to improve
secondary prevention.

KEYWORDS

chronic coronary syndrome, secondary prevention, digital health, hypertension,
smartphone
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2025.1515598&domain=pdf&date_stamp=2020-03-12
mailto:andreas.zietzer@ukbonn.de
https://doi.org/10.3389/fcvm.2025.1515598
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1515598/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2025.1515598
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Düsing et al. 10.3389/fcvm.2025.1515598
GRAPHICAL ABSTRACT
Background

Coronary artery disease (CAD) is the manifestation of

atherosclerosis in the coronary arteries. The pathogenesis of CAD

is characterized by chronic inflammation, endothelial dysfunction

and progressive atherosclerotic plaque formation (1, 2). Clinical

presentations of CAD can be categorized as acute and chronic

coronary syndromes (CCS) (2). CCS, formerly called stable CAD,

is a dynamic state markedly influenced by cardiovascular risk

factors such as hypertension, dyslipidemia and diabetes (2).

Further, lifestyle factors such as smoking, diet, abdominal

obesity, and lack of physical activity influence cardiovascular risk

significantly (3, 4). These factors combined are known as “standard

modifiable risk factors”, and among these, hypertension is highly

prevalent and aggressive (5, 6). The Global burden of Disease study

identified elevated blood pressure (BP) as the leading risk factor for

death (7). Thus, BP control is crucial, especially in high-risk

populations such as CCS patients. Current ESC guidelines on CCS

recommend systolic BP to be targeted at 120–129 mmHg in most

patients if the treatment is well tolerated (2, 8).

CAD remains the number one cause of death despite significant

therapeutic advances in the past decades (9). Numerous

epidemiological and interventional studies demonstrate that

control of modifiable risk factors is associated with a significantly

improved prognosis in patients with cardiovascular disease (10).

However, morbidity and mortality among patients with CCS

remain high (9). It is generally agreed that insufficient
Frontiers in Cardiovascular Medicine 02
management of modifiable risk factors plays a significant role in

this context. Critical issues in risk factor management include

poor adherence to medical therapy, lifestyle advice and insufficient

behavioural change (11–13). Consequently, evidence-based

recommendations addressing adherence and lifestyle management

are provided in several guidelines (2, 14–16). Physicians are

advised to address such issues at every clinical appointment (2).

However, implementing this practice is challenging due to

prolonged gaps between clinical appointments and high turnover

patient settings (17).

The field of digital cardiology is experiencing rapid growth. In

recent years, smartphone apps have emerged as promising

strategies to enhance cardiovascular care. A meta-analysis

including 5165 patients with cardiovascular disease showed that

patients using mobile health approaches, including text

messaging and mobile apps, had increased adherence to medical

therapy and the ability to reach blood pressure targets and

exercise goals (2, 18). Among others, these data have resulted in

mobile health interventions being recommended to improve

patient adherence in current ESC guidelines on CCS (2). Despite

these promising signals, several international studies investigating

various digital interventions have published controversial results

(19–21). No evidence is available from studies investigating the

influence of digital interventions in a European cohort of CCS

patients. In addition, no randomized trials have investigated apps

with monitoring and therapeutic features in such patients. The

CHANGE study aimed to provide such evidence for secondary
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prevention in patients with CCS using a smartphone digital

health application.
Methods

Study design

The CHANGE study (A prospective, randomized, controlled,

multicenter trial for secondary prevention in patients with CCS

using a smartphone application for digital therapy) was devised

as a prospective, randomized, controlled trial with a 1:1

allocation ratio in a parallel group design that was performed in

9 centers in Germany. The study rationale and design have been

published previously (22). Patients with CCS were randomly

allocated to either the control or the intervention group. Patients

in the intervention group were given the “Vantis | KHK und

Herzinfarkt” digital health application combined with a blood

pressure monitor and standard care. The control group received

standard care alone. This comprised appropriate pharmacological

therapy, periodical assessment by a cardiovascular caregiver

(cardiologist, internist, general practitioner, or cardiovascular nurse)

and lifestyle advice based on ESC guideline recommendations (2).

In addition, the control group was also offered a blood pressure

monitor. The study was performed in an open design. Outcomes

were assessed using objective data from two in-person visits at

baseline (V0) and after an observation period of 12 weeks (V1).

The CHANGE study was designed to examine how the digital

health application affects therapy adherence and quality of life in

210 CCS patients. The study also aimed to provide the scientific

basis for registration in the German Digital Health Applications

registry, making it Germany’s first refundable cardiological digital

health application.
Smartphone-guided secondary prevention
digital health application (Vantis | KHK und
Herzinfarkt)

The “Vantis | KHK und Herzinfarkt” digital health application

is designed to support patients with CCS to accomplish

recommended behavior changes based on current ESC guidelines

(22). In a small pilot study, the beta version of the application

was tested in patients with CCS (17). The final version covers a

broader range of therapy areas and is personalized. It also

includes vital monitoring through connected devices, with an

upper arm blood pressure monitor being part of this study.

Additionally, the application features game design and a forum

where patients can exchange questions and ideas.

The digital health application provides a daily plan for the

patients, which includes video-guided home exercises depending

on the patient’s capabilities, medication tracking and educational

units in brief texts. A digital nutrition coaching program offers

advice on a healthy diet according to ESC guidelines. Patients

can also take their blood pressure at home and record their body

weight, food intake, and any specific symptoms they experience.
Frontiers in Cardiovascular Medicine 03
The digital health application tracks symptoms such as angina

pectoris and vital parameters like elevated blood pressure and

informs patients about these parameters. This information may

include recommendations to discuss the matter during their next

doctor appointment, visit a doctor immediately, or call an

ambulance. The software collects data provided by patients or

connected devices such as the blood pressure monitoring device

Omron HEM-7155T-D used in this study. The app is designed

to increase adherence and includes elements of game design to

motivate patients. Positive behavior, such as completing activities

within the application, is rewarded as a cornerstone of the program.
Study population and recruitment

Patients with CCS (I25, ICD-10) aged ≥18 years were enrolled.
Potential candidates were screened at the study sites for eligibility.

As a second inclusion criterion, eligible patients had to possess a

compatible smartphone and be capable of independent use of

the device. Exclusion criteria were divided into two groups:

study-related and device-related. Study-related exclusion criteria

were a planned or completed participation in a CAD-related

rehabilitation program within the past 2 months, participation in

another clinical trial, and conflict of interest to the study’s

sponsor or investigator. Device-related exclusion criteria were no

access to a compatible smartphone, limited capability to handle a

smartphone, and insufficient language proficiency, as the digital

health application is currently available only in German. Eligible

patients were approached by a study physician and written

informed consent was obtained. During the initial visit, before

randomization, patients received some brief information on

CAD, modifiable risk factors and secondary prevention measures.

Recruitment started in July 2022 and was completed in April 2023.
Study endpoints and data collection

A subgroup analysis of the original CHANGE cohort was

performed to investigate the effect of the digital health

application on reducing BP. Thus, three subgroups of patients

with elevated baseline BP were eligible for analysis. The primary

endpoint was systolic BP reduction after 12 weeks in patients

with hypertensive systolic BP at baseline, defined as systolic BP

≥140 mmHg. Secondary endpoints were changes in diastolic BP

in hypertensive patients with a diastolic BP ≥90 mmHg and

systolic BP changes in patients with high-normal and

hypertensive systolic BP at baseline, defined as systolic BP

≥130 mmHg. Patients with hypertension and BP values within

the target range were also analysed. According to current ESH

guidelines, the target range was defined as systolic BP

<130 mmHg in patients <65 years of age and <140 mmHg in

patients ≥65 years of age. Furthermore, patients with a BP

journal (recorded BP derived from home measurements for at

least 8 of the past 14 days) were analyzed. Office BP values were

obtained during study visits V0 and V1 by trained study staff

according to current guidelines of the European Society of
frontiersin.org
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Hypertension (23). For BP measurements, patients were asked to

avoid consuming nicotine, caffeine or food and to avoid exercise

30 min before the visit. BP was measured after the patients were

required to sit for 5 min; neither patients nor study staff talked

during BP measurements. BP values were obtained in patients

sitting upright with the back supported by the chair, with the

arm resting on a table, and the mid-arm being positioned at

heart level. Using an oscillometric upper arm cuff device, three

BP values were obtained, and the average of the last two

measurements used when the difference between those

measurements in systolic BP was smaller than 5 mmHg. This

method was applied once per visit. Clinical data were obtained

using medical reports and charts at each study center.
Data management

Data were managed by the clinical research organization (CRO

Dr. med. Kottman GmbH & Co. KG) of the study using

“SecuTrial” (iAS interActive Systems GmbH) to create an eCRF

for each patient. The database system automatically generated a

code for each patient to protect their identity. After this

pseudonymization, the database software performed randomization

in a 1:1 manner. Entered data were audited by a monitor of

the CRO.
Statistical considerations

Statistical analyses were performed independently by the CRO

of the study using the current version of SAS (Statistical Analysis

Software), SAS Institute Inc. Cary, NC, USA. The CHANGE

study was designed as an intention-to-treat analysis. Group

differences in the primary endpoint were analyzed by

independent t-test (p = 0.05). Intraindividual differences between

V0 and V1 were analyzed using a dependent t-test (p = 0.05).

Between-group differences at V1 were analyzed using Chi-square

testing (p = 0.05). Missing data at V1 were replaced using

reference-based imputation by replacing the missing value with

the control group’s mean. In addition, a sensitivity analysis was

performed using only data of “completers” in whom values from

both V0 and V1 were available. Additional analyses for potential

confounders were performed for patients with hypertension and

stable medication 2 weeks before enrolment until V1 and

patients with no acute cardiac event in the past 6 months.

Throughout the manuscript, data are presented as

means ± standard deviation.
Ethics

This study complies with local legal requirements and has been

evaluated by the ethics committees of the university of Bonn (479/

21), university of Düsseldorf (2022–1868), medical chamber

North-Rhine (Ärztekammer Nordrhein, 2022049) and medical

chamber Rhineland-Palatinate (Ärztekammer Rheinland-Pfalz,
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2022-16378) for the respective centers. The study was performed

in accordance with the Declaration of Helsinki; all patients

provided written informed consent to participate.
Registration

The study is registered at the German study registry number

DRKS00028081.
Results

Characteristics of the study patients

In total, all analyzed subgroups contained 91 patients that

showed systolic BP levels BP ≥130 mmHg or diastolic BP levels

≥90 mmHg and were eligible to investigate primary and

secondary endpoints regarding BP reduction (Tables 1, 2).

Patients in the intervention group showed a mean usage of the

digital health application in 5.9 days/week and concluded 7.4

activities per day.

For the primary endpoint, 44 patients had a systolic BP

≥140 mmHg with a mean of 153.9 mmHg at baseline (Table 1).

The mean age in this group was 65 years, and the majority of the

patients were male (82%). In the control group, more patients

were identified to be smokers than in the intervention group (26%

vs. 8%). All patients with BP levels ≥140 mmHg at baseline had a

preexisting diagnosis of hypertension and, thus, insufficient BP

control despite established pharmacological therapy in all patients.

The mean number of drugs for antihypertensive treatment in this

group was 2.5. 24% of patients in the intervention group and 21%

of patients in the control group received SGLT2-inhibitors at

baseline whereas 11% of patients in the control group and 0

patients in the intervention group received GLP-1 receptor

agonists at baseline. Medication with these two substances

remained unchanged between V0 and V1. Clinical symptoms of

CAD were balanced between groups, with angina pectoris in 25%

and exertional dyspnea in 36% of patients. However, more

patients in the control group had a CAD diagnosis for a shorter

period than 6 months (21% vs. 4%). More than half of the

patients had experienced myocardial infarction.

45 patients had a systolic BP of 130–139 mmHg at baseline,

classified as “high-normal” BP in addition to 44 patients with

hypertensive BP. The mean systolic BP in the combined group of

patients with hypertensive and high-normal BP was 143.9 mmHg

(Table 2). Among those patients, 99% had a preexisting diagnosis

of hypertension. Patients in the intervention group were older

(65.7 vs. 62.7 years) and less likely to have experienced a

myocardial infarction in the past (48% vs. 67%).

28 patients had a diastolic BP ≥90 mmHg at baseline. In total,

these patients appeared to be younger with a higher BMI compared

to the other groups. However, patients in the intervention group

were older (66.1 vs. 60.6 years) than the control group. 90% of

patients in both groups had a pre-existing diagnosis of

hypertension at baseline.
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TABLE 1 Baseline characteristics of patients with baseline systolic BP
≥140 mmHg.

Baseline ≥140 mmHg Sys.

Total Intervention Control
N 44 25 19

Age (SD) 65,1 (7,7) 66,1 (6,6) 63,7 (8,9)

Male sex (%) 82 80 84

BMI (SD) 29,2 (5,5) 29 (5,4) 29,5 (5,8)

Current smoker (%) 16 8 26

Hypertension (%) 100 100 100

Diabetes (%) 27 36 16

Dyslipidemia (%) 91 84 100

Asthma (%) 11 12 11

COPD (%) 5 4 5

Chronic heart failure (%) 25 20 32

CAD (%) 100 100 100

CAD diagnosis (months) 68,8 75,2 60,4

CAD diagnosis (%, <6 months) 11 4 21

Myocardial infarction (%) 55 48 63

Myocardial infarction (months) 57,3 57,2 57,4

Myocardial infarction (%, <6 months) 7 8 5

Coronary angiography (%) 80 80 79

Angina pectoris (%) 25 24 26

Dyspnea (%) 36 36 37

NYHA class (mean) 1,4 1,4 1,4

PTCA/Stenting (%) 75 76 74

Stable pharmacotherapy (%) 86 92 79

DMP (%) 43 32 58

Left ventricular ejection fraction (%)

>55% 65 72 58

54–45% 30 24 34

44–35% 5 4 5

<35% 0 0 0

Systolic blood pressure mmHg (SD) 153,9
(13)

153,8 (15,8) 153,9 (8,6)

130–139 mmHg (%) 0 0 0

140–159 mmHg (%) 75 76 74

160–179 mmHg (%) 20 16 26

≥180 mmHg (%) 5 8 0

Diastolic blood pressure mmHg (SD) 88,4 (9,5) 87,4 (10,9) 89,7 (7,4)

Antihypertensive drugs (%) 100 100 100

ACE-inhibitor (%) 50 52 47

AT1-receptor-antagonist (%) 45 44 47

Calcium antagonist (%) 34 36 32

Betablockers (%) 68 64 74

Mineralocorticoid-receptor-
antagonists (%)

7 4 11

Diuretic (%) 32 36 26

Others (%) 11 16 5

Therapy regime (%)

No (%) 0 0 0

Mono (%) 16 12 21

Dual (%) 39 40 37

Triple (%) 37 32 21

More than 3 (%) 18 16 21

Number of antihypertensive drugs
(mean)

2.5 2.5 2.4

DMP, disease-modifying program.

Düsing et al. 10.3389/fcvm.2025.1515598
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Primary endpoint

In patients with a systolic BP ≥140 mmHg at baseline, a

reduced office systolic BP was observed at the end of the

observation period in both the control and the

intervention group (Figure 1). While the intervention group

demonstrated a statistically significant reduction in BP

(−15.49 ± 16.68 mmHg, p = 0.0001), no statistically significant

difference in systolic BP was observed in the control group

(−6.03 ± 13.03 mmHg, p = 0.058). Furthermore, the between-

group difference in systolic BP reduction was statistically

significant (p = 0.048). Thus, the digital health application, in

combination with standard care, showed a significant effect on

BP reduction compared to standard care alone in this

subgroup of patients.
Secondary endpoints

Patients with a systolic BP of ≥130 mmHg at baseline exhibited

lower systolic BP values at V1 compared to V0 in both groups

(Figure 2A). In this combined group, BP was significantly

decreased at V1 in the intervention group (−10.68 ± 15.44 mmHg,

p < 0.0001). A less pronounced, albeit statistically significant

reduction of systolic BP was also observed in the control group

(−4.72 ± 10.97 mmHg, p = 0.0061). In the between-group

comparison, the systolic BP reduction at V1 in the intervention

group was again significantly greater than in the control group

(p = 0.039). Therefore, the intervention group showed a significant

improvement in BP reduction compared to the control group in

patients with high-normal and hypertensive BP values at baseline.

Further, the effect of the intervention on diastolic BP was

investigated in patients with a diastolic BP ≥90 mmHg at

baseline (Figure 2B). Both groups showed a significant reduction

in diastolic BP after 12 weeks (−11.51 ± 11.44 mmHg, p = 0.0166

in the intervention group vs. −8.07 ± 9.21 mmHg, p = 0.0013 in

the control group). The difference between groups was not

statistically significant (p = 0.4).

Patients with a systolic BP ≥140 mmHg at baseline were

further analyzed to determine whether they achieved the target

BP value after the observation period of 12 weeks (Table 3).

The intervention group achieved a numerically higher rate of

patients within the target range at V1 than the control group

(48% vs. 26%). However, this observation did not reach

statistical significance between groups (p = 0.1434). Patients

with an indication for home BP monitoring using a BP

journal (n = 43) were analyzed regarding their adherence to a

BP journal. Significantly more patients in the intervention

group had documented BP values for more than 8 of the past

14 days compared to the control group (64.0% vs. 27.8%,

p = 0.0191).
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TABLE 2 Baseline characteristics of patients with baseline systolic BP ≥130 mmHg or diastolic BP ≥90 mmHg.

Baseline ≥130 mmHg Sys. ≥90 mmHg Dia.

Total Intervention Control Total Intervention Control
N 89 44 45 28 9 19

Age (SD) 64,2 (8,5) 65,7 (7,8) 62,7 (9,1) 62,4 (8,4) 66,1 (4,1) 60,6 (9,4)

Male sex (%) 83 80 87 96 89 100

BMI (SD) 29 (5,2) 28,7 (5,6) 29,3 (5) 30,3 (4,6) 30,5 (5,9) 30,2 (4)

Current smoker (%) 17 11 22 21 22 21

Hypertension (%) 99 100 98 90 90 90

Diabetes (%) 29 32 27 18 22 16

Dyslipidemia (%) 91 89 94 86 78 89

Asthma (%) 10 10 11 7 0 11

COPD (%) 7 5 9 7 10 5

Chronic heart failure (%) 37 32 42 40 33 42

CAD (%) 100 100 100 100 100 100

CAD diagnosis (months) 71,2 64,8 77,5 63,5 48,3 70,7

CAD diagnosis (%, <6 months) 10 9 11 7 11 5

Myocardial infarction (%) 57 48 67 64 33 74

Myocardial infarction (months) 68,6 61,5 73,7 44,2 25,0 49,7

Myocardial infarction (%, <6 months) 3 5 2 7 22 0

Coronary angiography (%) 81 84 80 86 89 79

Angina pectoris (%) 26 32 20 18 22 16

Dyspnea (%) 35 34 36 32 33 32

NYHA class (mean) 1,5 1,5 1,6 1,5 1,6 1,4

PTCA/Stenting (%) 81 80 82 82 78 84

Stable pharmacotherapy (%) 84 82 87 89 89 90

DMP (%) 26 30 22 21 33 16

Left ventricular ejection fraction (%)

>55% 58 61 57 71 7 68

54–45% 12 27 31 21 2 21

44–35% 13 7 9 4 0 5

<35% 2 0 4 0 0 0

Mean systolic blood pressure mmHg (SD) 143,9 (13,6) 145,6 (15,2) 142,2 (11,7) 147,1 (18,4) 160,2 (23,8) 140,9 (11,4)

130–139 mmHg (%) 51 45 58 32 11 42

140–159 mmHg (%) 36 41 31 46 44 47

160–179 mmHg (%) 10 9 11 11 22 0

≥180 mmHg (%) 2 5 0 11 22 0

Mean diastolic blood pressure mmHg (SD) 85,5 (9,6) 84,4 (10,3) 86,7 (8,8) 95,6 (7,2) 97,9 (8,3) 94,5 (6,5)

Antihypertensive drugs (%) 98 98 98 96 89 100

ACE-inhibitor (%) 45 48 42 50 44 53

AT1-receptor-antagonist (%) 40 43 38 32 44 26

Calcium antagonist (%) 27 27 27 29 33 26

Betablockers (%) 61 57 64 68 44 79

Mineralocorticoid-receptor-antagonists (%) 9 7 11 18 11 21

Diuretic (%) 30 30 31 32 44 26

Others (%) 7 9 4 14 33 5

Therapy regime (%)

No (%) 2 2 2 4 11 0

Mono (%) 24 18 29 21 11 26

Dual (%) 39 45 33 25 22 26

Triple (%) 22 25 20 29 22 32

More than 3 (%) 10 7 13 18 22 16

Number of antihypertensive drugs (mean) 2.2 2.2 2.2 2.4 2.6 2.4

DMP, disease modifying program.
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Further analyses

Weanalysed patients completing the studywith data available from

V0 and V1 (completers). This group consisted of 35 patients with

systolic BP ≥140 mmHg at baseline, with 20 patients in the
Frontiers in Cardiovascular Medicine 06
intervention and 15 in the control group, respectively (Table 4). The

primary endpoint findings were consistent in this subgroup, with a

significantly greater BP reduction in the intervention group (p = 0.046).

Pharmacological therapy is a main pillar in the treatment of

hypertension. Details about antihypertensive medication are
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FIGURE 1

The primary endpoint of the subgroup analysis of the CHANGE study. A significant reduction in systolic BP was observed only in the intervention group
using Vantis | KHK und Herzinfarkt in addition to standard care. The between-group difference achieved statistical significance. Mean ± SD. Between-
group differences in the primary endpoint were analyzed by independent t-test. Intraindividual differences between V0 and V1 were analyzed using a
dependent t-test.

Düsing et al. 10.3389/fcvm.2025.1515598
displayed in Tables 1, 2. All patients with a systolic BP

≥140 mmHg received antihypertensive medication and changes

in antihypertensive medication were permitted by the study

protocol. The majority were taking dual drug therapy in both the

intervention and the control group (40% vs. 37%). As changes in

antihypertensive medication during the study might be potent

confounders, we analyzed a subset of patients with systolic BP

≥140 mmHg and a stable medication 2 weeks before enrolment

until V1. This subset included 38 patients (86%). In this group,

the reduction of systolic BP in the intervention group was

consistent (15.8 ± 17.3 mmHg, p < 0.001). However, in this small

subgroup, the between-group difference was not signficant

(p = 0.071). In patients with systolic BP ≥130 mmHg and stable

pharmacotherapy, reduction of systolic BP was consistent

(intervention group: 12.1 ± 15.6 mmHg, p < 0.001) with a

statistically significant between-group difference (p = 0.025)

(Table 5). The subgroup of patients with diastolic BP ≥90 mmHg

with stable pharmacotherapy showed consistent results without a

significant between-group difference.
Discussion

In the present study, we report that incorporating a

multicomponent digital health application guided by a

smartphone in addition to standard care can effectively improve

BP levels in CCS patients with hypertension and insufficient BP
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control. We observed a significantly greater reduction in systolic

BP in the intervention group as compared to patients treated

with standard care alone. This effect was consistent in a combined

subgroup of patients with high-normal BP and hypertension.

Modifiable cardiovascular risk factors are major contributors to

global morbidity and mortality. Large-metanalyses suggest that

approximately 22% and 19% of deaths from any cause among

women and men are attributable to five modifiable

cardiovascular risk factors, including systolic BP (24). The risk of

morbidity and premature death indicated by these factors is

further aggravated in patients with cardiovascular disease (25).

Therefore, optimising modifiable cardiovascular risk factors is a

key secondary prevention component, especially for patients with

CCS (2). Major aspects of risk factor management are lifestyle

changes and pharmacological therapy to slow the progression of

CCS and improve overall prognosis (2). However, one of the

main obstacles to achieving optimal results is poor adherence to

medication and lifestyle recommendations (11). Recent data

suggest that after experiencing a cardiovascular event, 70% of

patients fail to make the necessary adjustments in their

behaviour to reduce the risk of future incidents effectively (4,

11). Additionally, only 40% of individuals with CAD reduced

their intake of saturated fats despite efforts to improve their

dietary habits. In this context, E-Health approaches that use apps

have positively influenced behavioural realignment (17, 19, 21, 26).

In addition to drug therapy, lifestyle interventions have been

proven effective and are thus a mainstay of risk factor
frontiersin.org
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FIGURE 2

Secondary endpoints of the CHANGE Study. (A) Significant reduction in systolic BP in patients with high-normal and hypertensive BP at baseline was
observed in the intervention and control groups. The between-group difference was statistically significant. Mean ± SD. (B) Reduction in diastolic BP in
patients with diastolic BP of ≥90 mmHg at baseline was significant in both groups. The between-group difference was not statistically significant.
Mean ± SD. Between-group differences were analyzed by independent t-test. Intraindividual differences between V0 and V1 were analyzed using a
dependent t-test.

Düsing et al. 10.3389/fcvm.2025.1515598
management (27). Studies have shown that physical exercise can

decrease systolic BP by up to 20 mmHg in people with resistant

hypertension (28, 29). Another study performed in patients with

resistant hypertension showed that 12 weeks of moderate-

intensity exercise training decreased 24-hour systolic BP by
Frontiers in Cardiovascular Medicine 08
7.1 mmHg and office BP by 10 mmHg compared to standard

care (30). Another important aspect of lifestyle interventions is a

healthy diet. ESC guidelines on CCS advocate adhering to a

Mediterranean diet, which consists of consuming a high

proportion of fruits, vegetables, fish, and nuts while reducing the
frontiersin.org
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TABLE 3 Patients with systolic BP values within the target range at V1 and analysis of patients with documented home BP values (≥8 days of the past 14 days).

Control group Intervention group P

V1 (%) N V1 (%) N
Blood pressure within target range 5 (26) 19 12 (48) 25 0.1434

Blood pressure journal ≥8 days in the past 14 days 5 (27) 18 16 (64) 25 0.0191

Chi-square testing.

TABLE 4 Subgroup analyses of patients with systolic BP ≥140 mmHg
at baseline.

Subgroup Change in systolic blood
pressure

N Mean SD CI p
Systolic blood pressure ≥140 mmHg

IG 25 −15.5 16.7 −22.4, −8,6 <0.001

Between-group difference (IG vs. CG) 44 −9.5 15.2 −18.8, −0.1 0.048

Completer

IG 20 −17.9 17.9 −26.2, −9.5 <0.001

Between-group difference (IG vs. CG) 35 −11.8 16.7 −23.4, −0.2 0.046

Stable pharmacotherapy

IG 23 −15.8 17.3 −23.2, −8.3 <0.001

Between-group difference (IG vs. CG) 38 −9.8 15.9 −20.5, 0.2 0.071

Between-group differences in the primary endpoint were analyzed by independent t-test.

Intraindividual differences between V0 and V1 were analyzed using a dependent t-test.
CG, control group; IG, intervention group; SD, standard deviation.

TABLE 5 Subgroup analyses of systolic BP reduction in patients with
systolic BP ≥130 mmHg at baseline and diastolic BP reduction in
patients with diastolic BP ≥90 mmHg.

Subgroup with stable
pharmacotherapy

Change in systolic blood
pressure

N Mean SD CI p
Systolic blood pressure ≥130 mmHg

IG 36 −12.1 15.6 −17.4,
−6.8

<0.001

Between-group difference (IG vs. CG) 75 −7.3 13.5 −13.4,
−1.1

0.0245

Subgroup with stable
pharmacotherapy

Change in diastolic blood
pressure

N Mean SD CI p
Diastolic blood pressure ≥90 mmHg

IG 8 −12.7 11.62 −22.4,
−3.0

0.0176

Between-group difference (IG vs. CG) 25 −3.8 10.7 −12.9,
5.4

0.4347

Between-group differences were analyzed by independent t-test. Intraindividual differences

between V0 and V1 were analyzed using a dependent t-test. CG, control group; IG,

intervention group; SD, standard deviation.
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intake of red meat and saturated fats (2, 16). In a study performed

in a cohort of 55–80-year-old patients in Spain, higher

consumption of nuts or olive oil significantly decreased diastolic

blood pressure compared to a low-fat diet (31). In another study,

adherence to a Mediterranean diet for 1 year decreased systolic

BP by 5.5 mmHg without significant changes in diastolic BP

compared to control (32). In our study, the intervention group

demonstrated a significant and clinically relevant decrease in

systolic BP of 15.5 mmHg, which was significantly enhanced

compared to standard care alone. The digital health application

investigated in this study is a multicomponent intervention

based on ESC guidelines. The combination of digital nutrition

advice, a medication memory function, and video-guided

home exercises aims to increase adherence and endorse

lifestyle modifications.

Our study has limitations, such as its open design. Another

limitation is the relatively small sample size of patients eligible

for analysis of the primary endpoint, as BP measurements can

vary depending on the measurement methods, even when strictly

adhering to guideline recommendations. Only a subgroup of the

randomized original cohort was analyzed, which affects the

statistical power of our analyses. Furthermore, this results in

differently sized cohorts eligible for investigating the primary

endpoint (19 vs. 25 patients in the intervention and control

group). However, despite the small sample size, we detected a

significant improvement in systolic BP with the described

intervention within the relatively short observation period of 12

weeks. In the small subgroup of patients with systolic BP
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≥140 mmHg and stable pharmacotherapy at V0 and V1 the

between-group difference of systolic BP reduction was not

statistically significant. However, this observation may be due to

the small sample size of this subgroup as the intervention group

showed statistically significant greater reduction in systolic BP in

patients with systolic BP ≥130 mmHg at baseline and stable

pharmacotherapy. As the investigated digital health application is

a multifactorial intervention, the study design allows no

conclusion on which the effect of BP reduction is based on.

Between-group differences in preexisting comorbidities might be

a confounder as patients with diabetes mellitus or heart failure

and CCS are likely to be more closely monitored by physicians.

Last, as the investigated intervention requires access to a

smartphone and adequate language proficiency, a selection bias

might occur to a less deprived population of patients with CCS

in this study.

The strengths of the study are its prospective and randomized

character. The study design prevents the influence of potential

confounders such as participation in a cardiac rehabilitation

program. The multi-component digital health application is

designed based on ESC guidelines and promotes a multidisciplinary

approach to managing lifestyle. It addresses various risk factors and

encourages patients to actively participate in secondary prevention

measures (2).
frontiersin.org

https://doi.org/10.3389/fcvm.2025.1515598
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Düsing et al. 10.3389/fcvm.2025.1515598
Conclusion

According to the CHANGE study, we hypothesize that the use

of the investigated smartphone digital health application, in

addition to standard care, has a positive effect on reducing BP in

patients with CCS who have inadequate BP control. This

observation could improve secondary prevention measures for a

high-risk population. Our study underlines the great potential of

the rapidly evolving field of digital cardiology. Nevertheless, the

effects on cardiovascular risk factors and prognostic endpoints,

such as cardiovascular events and mortality, still need to be

investigated in larger, appropriately powered studies.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, upon reasonable request.
Ethics statement

The studies involving humans were approved by Ethics

committees of the university of Bonn (479/21), university of

Düsseldorf (2022-1868), medical chamber North-Rhine

(Ärztekammer Nordrhein, 2022049) and medical chamber

Rhineland-Palatinate (Ärztekammer Rheinland-Pfalz, 2022-16378).

The studies were conducted in accordance with the local

legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.
Author contributions

PD: Investigation, Writing – original draft, Writing – review &

editing. SHS: Investigation, Supervision, Writing – original draft,

Writing – review & editing. SS: Writing – original draft,

Writing – review & editing. AK: Investigation, Writing – original

draft, Writing – review & editing. J-MS: Investigation, Writing –

original draft, Writing – review & editing. NW: Investigation,

Writing – original draft, Writing – review & editing. FB:
Frontiers in Cardiovascular Medicine 10
Writing – original draft, Writing – review & editing.

AS: Writing – original draft, Writing – review & editing. CM:

Writing – original draft, Writing – review & editing. IE:

Writing – original draft, Writing – review & editing.

GN: Writing – original draft, Writing – review & editing. AZ:

Investigation, Supervision, Validation, Writing – original draft,

Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. The

authors declare that this study received funding from Vantis

GmbH. The funder was not involved in the study design

collection analysis or interpretation of data, the writing of this

article or the decision to submit it for publication.
Conflict of interest

AZ received a lecture fee from Vantis GmbH on one occasion.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Ross R. Atherosclerosis — an inflammatory disease. N Engl J Med. (1999)
340(2):115–26. doi: 10.1056/NEJM199901143400207

2. Vrints C, Andreotti F, Koskinas KC, Rossello X, Adamo M, Ainslie J, et al. 2024
ESC guidelines for the management of chronic coronary syndromes. Eur Heart J.
(2024) 45(36):3415–537. doi: 10.1093/eurheartj/ehae177

3. Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F, et al.
Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-
control study. Lancet. (2004) 364(9438):937–52. doi: 10.1016/
S0140-6736(04)17018-9

4. Chow CK, Jolly S, Rao-Melacini P, Fox KAA, Anand SS, Yusuf S. Association of
diet, exercise, and smoking modification with risk of early cardiovascular events after
acute coronary syndromes. Circulation. (2010) 121(6):750–8. doi: 10.1161/
CIRCULATIONAHA.109.891523
5. Avis SR, Vernon ST, Hagström E, Figtree GA. Coronary artery disease in the
absence of traditional risk factors: a call for action. Eur Heart J. (2021)
42(37):3822–4. doi: 10.1093/eurheartj/ehab474

6. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global
burden of hypertension: analysis of worldwide data. Lancet. (2005)
365(9455):217–23. doi: 10.1016/S0140-6736(05)17741-1

7. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A
comparative risk assessment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990–2010: a systematic analysis for
the global burden of disease study 2010. Lancet. (2012) 380(9859):2224–60. doi: 10.
1016/S0140-6736(12)61766-8

8. McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD, Ceconi C, et al.
2024 ESC guidelines for the management of elevated blood pressure and hypertension.
Eur Heart J. (2024) 45(38):3912–4018. doi: 10.1093/eurheartj/ehae178
frontiersin.org

https://doi.org/10.1056/NEJM199901143400207
https://doi.org/10.1093/eurheartj/ehae177
https://doi.org/10.1016/S0140-�6736�(04)�17018-�9
https://doi.org/10.1016/S0140-�6736�(04)�17018-�9
https://doi.org/10.1161/CIRCULATIONAHA.109.891523
https://doi.org/10.1161/CIRCULATIONAHA.109.891523
https://doi.org/10.1093/eurheartj/ehab474
https://doi.org/10.1016/S0140-�6736�(05)�17741-�1
https://doi.org/10.1016/S0140-�6736�(12)�61766-�8
https://doi.org/10.1016/S0140-�6736�(12)�61766-�8
https://doi.org/10.1093/eurheartj/ehae178
https://doi.org/10.3389/fcvm.2025.1515598
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Düsing et al. 10.3389/fcvm.2025.1515598
9. World Health Organization. The top 10 causes of death. (2020). Available online
at: https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
(accesed on 2022-02-09).

10. Pelliccia A, Sharma S, Gati S, Bäck M, Börjesson M, Caselli S, et al. 2020 ESC
guidelines on sports cardiology and exercise in patients with cardiovascular disease.
Eur Heart J. (2021) 42(1):17–96. doi: 10.1093/eurheartj/ehaa605

11. Kotseva K, Wood D, De Bacquer D, De Backer G, Rydén L, Jennings C, et al.
EUROASPIRE IV: a European society of cardiology survey on the lifestyle, risk
factor and therapeutic management of coronary patients from 24 European
countries. Eur J Prev Cardiol. (2016) 23(6):636–48. doi: 10.1177/2047487315569401

12. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. Global burden of cardiovascular diseases and risk factors, 1990–2019. J Am Coll
Cardiol. (2020) 76(25):2982–3021. doi: 10.1016/j.jacc.2020.11.010

13. Booth JN, Levitan EB, Brown TM, Farkouh ME, Safford MM, Muntner P. Effect
of sustaining lifestyle modifications (nonsmoking, weight reduction, physical activity,
and Mediterranean diet) after healing of myocardial infarction, percutaneous
intervention, or coronary bypass (from the REasons for geographic and racial
differences in stroke study). Am J Cardiol. (2014) 113(12):1933–40. doi: 10.1016/j.
amjcard.2014.03.033

14. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al. 2020
ESC guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation. Eur Heart J. (2021)
42(14):1289–367. doi: 10.1093/eurheartj/ehaa575

15. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al.
2017 ESC guidelines for the management of acute myocardial infarction in patients
presenting with ST-segment elevation. Eur Heart J. (2018) 39(2):119–77. doi: 10.
1093/eurheartj/ehx393

16. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al.
2021 ESC guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J. (2021) 42(34):3227–337. doi: 10.1093/eurheartj/ehab484

17. Eckardt I, Buschhaus C, Nickenig G, Jansen F. Smartphone-guided secondary
prevention for patients with coronary artery disease. J Rehabil Assist Technol Eng.
(2021) 8:205566832199657. doi: 10.1177/2055668321996572

18. Gandhi S, Chen S, Hong L, Sun K, Gong E, Li C, et al. Effect of mobile health
interventions on the secondary prevention of cardiovascular disease: systematic review
and meta-analysis. Can J Cardiol. (2017) 33(2):219–31. doi: 10.1016/j.cjca.2016.08.017

19. Yun YH, Kang E, Cho YM, Park SM, Kim YJ, Lee HY, et al. Efficacy of an electronic
health management program for patients with cardiovascular risk: randomized controlled
trial. J Med Internet Res. (2020) 22(1):e15057. doi: 10.2196/15057

20. Gallagher R, Chow CK, Parker H, Neubeck L, Celermajer DS, Redfern J, et al.
The effect of a game-based mobile app “MyHeartMate” to promote lifestyle change
in coronary disease patients: a randomised controlled trial. Eur Heart J - Digit
Health. (2022) 4(1):33–42. doi: 10.1093/ehjdh/ztac069

21. Marvel FA, Spaulding EM, Lee MA, Yang WE, Demo R, Ding J, et al. Digital
health intervention in acute myocardial infarction. Circ Cardiovasc Qual Outcomes.
(2021) 14(7):e007741. doi: 10.1161/CIRCOUTCOMES.121.007741
Frontiers in Cardiovascular Medicine 11
22. Düsing P, Eckardt I, Schirmer SH, Sinning JM, Werner N, Bönner F, et al. A
prospective, randomized, controlled, multicentre trial for secondary prevention in
patients with chronic coronary syndrome using a smartphone application for digital
therapy: the CHANGE study protocol. Eur Heart J - Digit Health. (2023)
4(3):207–15. doi: 10.1093/ehjdh/ztad012

23. Stergiou GS, Palatini P, Parati G, O’Brien E, Januszewicz A, Lurbe E, et al. 2021
European society of hypertension practice guidelines for office and out-of-office blood
pressure measurement. J Hypertens. (2021) 39(7):1293–302. doi: 10.1097/HJH.
0000000000002843

24. The Global Cardiovascular Risk Consortium, Magnussen C, Ojeda FM, Leong
DP, Alegre-Diaz J, Amouyel P, et al. Global effect of modifiable risk factors on
cardiovascular disease and mortality. N Engl J Med. (2023) 389(14):1273–85.
doi: 10.1056/NEJMoa2206916

25. Vidal-Petiot E, Ford I, Greenlaw N, Ferrari R, Fox KM, Tardif JC, et al.
Cardiovascular event rates and mortality according to achieved systolic and diastolic
blood pressure in patients with stable coronary artery disease: an international
cohort study. Lancet. (2016) 388(10056):2142–52. doi: 10.1016/
S0140-6736(16)31326-5

26. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ,
et al. Efficacy of interventions that use apps to improve diet, physical activity and
sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act. (2016)
13(1):127. doi: 10.1186/s12966-016-0454-y

27. Valenzuela PL, Carrera-Bastos P, Gálvez BG, Ruiz-Hurtado G, Ordovas JM,
Ruilope LM, et al. Lifestyle interventions for the prevention and treatment
of hypertension. Nat Rev Cardiol. (2021) 18(4):251–75. doi: 10.1038/
s41569-020-00437-9

28. Guimaraes GV, De Barros Cruz LG, Fernandes-Silva MM, Dorea EL, Bocchi EA.
Heated water-based exercise training reduces 24-hour ambulatory
blood pressure levels in resistant hypertensive patients: a randomized
controlled trial (HEx trial). Int J Cardiol. (2014) 172(2):434–41. doi: 10.1016/j.
ijcard.2014.01.100

29. Dimeo F, Pagonas N, Seibert F, Arndt R, Zidek W, Westhoff TH. Aerobic
exercise reduces blood pressure in resistant hypertension. Hypertension. (2012)
60(3):653–8. doi: 10.1161/HYPERTENSIONAHA.112.197780

30. Lopes S, Mesquita-Bastos J, Garcia C, Bertoquini S, Ribau V, Teixeira M, et al.
Effect of exercise training on ambulatory blood pressure among patients with resistant
hypertension: a randomized clinical trial. JAMA Cardiol. (2021) 6(11):1317–23.
doi: 10.1001/jamacardio.2021.2735

31. Toledo E, Hu FB, Estruch R, Buil-Cosiales P, Corella D, Salas-Salvadó J, et al.
Effect of the Mediterranean diet on blood pressure in the PREDIMED trial: results
from a randomized controlled trial. BMC Med. (2013) 11(1):207. doi: 10.1186/
1741-7015-11-207

32. Jennings A, Berendsen AM, De Groot LCPGM, Feskens EJM, Brzozowska A,
Sicinska E, et al. Mediterranean-style diet improves systolic blood pressure
and arterial stiffness in older adults: results of a 1-year European multi-center
trial. Hypertension. (2019) 73(3):578–86. doi: 10.1161/HYPERTENSIONAHA.118.
12259
frontiersin.org

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1093/eurheartj/ehaa605
https://doi.org/10.1177/2047487315569401
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.amjcard.2014.03.033
https://doi.org/10.1016/j.amjcard.2014.03.033
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1177/2055668321996572
https://doi.org/10.1016/j.cjca.2016.08.017
https://doi.org/10.2196/15057
https://doi.org/10.1093/ehjdh/ztac069
https://doi.org/10.1161/CIRCOUTCOMES.121.007741
https://doi.org/10.1093/ehjdh/ztad012
https://doi.org/10.1097/HJH.0000000000002843
https://doi.org/10.1097/HJH.0000000000002843
https://doi.org/10.1056/NEJMoa2206916
https://doi.org/10.1016/S0140-�6736�(16)�31326-�5
https://doi.org/10.1016/S0140-�6736�(16)�31326-�5
https://doi.org/10.1186/s12966-�016-�0454-�y
https://doi.org/10.1038/s41569-�020-�00437-�9
https://doi.org/10.1038/s41569-�020-�00437-�9
https://doi.org/10.1016/j.ijcard.2014.01.100
https://doi.org/10.1016/j.ijcard.2014.01.100
https://doi.org/10.1161/HYPERTENSIONAHA.112.197780
https://doi.org/10.1001/jamacardio.2021.2735
https://doi.org/10.1186/1741-�7015-�11-�207
https://doi.org/10.1186/1741-�7015-�11-�207
https://doi.org/10.1161/HYPERTENSIONAHA.118.12259
https://doi.org/10.1161/HYPERTENSIONAHA.118.12259
https://doi.org/10.3389/fcvm.2025.1515598
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	A smartphone-guided secondary prevention digital health application reduces systolic blood pressure in patients with chronic coronary syndrome and insufficient blood pressure control
	Background
	Methods
	Study design
	Smartphone-guided secondary prevention digital health application (Vantis | KHK und Herzinfarkt)
	Study population and recruitment
	Study endpoints and data collection
	Data management
	Statistical considerations
	Ethics
	Registration

	Results
	Characteristics of the study patients
	Primary endpoint
	Secondary endpoints
	Further analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


