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Background: Efficient treatment of modifiable vascular risk factors decreases

reoccurrence of ischemic stroke, which is of uttermost importance in younger patients. In

this longitudinal pilot study, we thus assessed the effect of a newly developed smartphone

app for risk factor management in such a cohort.

Methods: The app conveys key facts about stroke, provides motivational support for

a healthy lifestyle, and a reminder function for medication intake and blood pressure

measurement. Between January 2019 and February 2020, we consecutively invited

patients with ischemic stroke aged between 18 and 55 years to participate. Patients

in the intervention group used the app between hospital discharge and 3-month follow-

up. The control group received standard clinical care. Modifiable risk factors (physical

activity, nutrition, alcohol consumption, smoking behavior, obesity, and hypertension)

were assessed during the initial hospital stay and at a dedicated stroke outpatient

department three months post-stroke.

Results: The study cohort comprised 21 patients in the app intervention group (62%

male; age = 41 ± 11 years; education = 12 ± 3 years) and 21 sex-, age- and

education-matched control patients with a comparable stroke risk factor profile. Baseline

stroke severity was comparable between groups (intervention: median NIHSS = 3;

control: median NIHSS = 4; p = 0.604). Three months post-stroke, patients in the

intervention group reported to be physically almost twice as active (13 ± 9 h/week)

compared to controls (7 ± 5 h/week; p = 0.022). More intense app usage was strongly

associated with higher physical activity (r = 0.60, p = 0.005) and lower consumption of

unhealthy food (r = −0.51, p = 0.023). Smoking behavior (p = 0.001) and hypertension

(p = 0.003) improved in all patients. Patients in the intervention group described

better self-reported health-related quality of life three months post-stroke (p = 0.003).
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Conclusions: Specifically designed app interventions can be an easily to implement

and cost-efficient approach to promote a healthier lifestyle in younger patients with

a stroke.

Keywords: stroke, secondary prevention, smartphone, app, risk factor management

INTRODUCTION

Stroke is the leading cause of long-term disability in adults (1),
affecting multiple domains such as cognition, motor function,
and speech (2, 3). About 10–15% of patients with stroke are so-
called young patients with stroke, i.e., aged between 18 and 50
or 55 years, and the frequency of stroke within this age range is
rising (4, 5).

Most young patients with stroke have a remaining life
expectancy of decades and an increased risk for recurrent stroke
(6). Therefore, secondary stroke prevention (e.g., medication
adherence and management of modifiable risk factors) is
particularly crucial within this specific stroke population (7–9).

A recent observational study in 1,730 representative patients
with stroke reported an alarmingly high proportion of patients
with at least one inadequately treated risk condition (up
to 95% when considering vascular and lifestyle risk factors)
(10). Analysis showed that adequate control of the five most
relevant risk factors (hypertension, hypercholesterolemia, atrial
fibrillation, smoking, and overweight) would have averted
approximately half recurrent stroke events (10).

An easily to implement and cost-efficient approach to support
risk factor management, especially in younger patients with
stroke might be mobile health (mHealth) (11–13). The mHealth
is defined as the use of mobile and wireless technologies,
such as smartphones and tablets, to support the achievement
of health objectives. In Western societies, more than 90%
of adults aged between 18 and 54 years use smartphones
(14). Due to this wide distribution among young adults and
constant availability in daily routine, mHealth seems promising
to support young patients with stroke in their personal risk
factor self-management.

Although there is a huge amount of apps available
supporting healthy living (e.g., fitness apps, nutrition apps,
and smoking cessation apps) (15), surprisingly little is known
regarding the benefits of such apps in stroke patient care (16).
The few, yet promising, studies evaluating interventions by
smartphone or tablet devices in patients with stroke showed
improvements in vascular risk factors [arterial hypertension
(17, 18), hypercholesterolemia (19), diabetes mellitus (19, 20)]
and in lifestyle factors [physical activity (21) and obesity (20)].
In addition, these studies demonstrated feasibility and showed
high patient satisfaction (22–25). However, most interventions
targeted primarily either medication adherence (17–20, 26)
or motivational support for a healthy lifestyle (21) or stroke
education (27), rather than providing a holistic approach.
Furthermore, none of these studies investigated the benefit of
nutrition apps in patients with stroke, even though unhealthy

nutrition was found to be a major lifestyle risk factor for
stroke (7).

For this pilot study, we developed a smartphone app for
secondary stroke prevention combining motivational support for
a healthy lifestyle, medication adherence, and stroke education.
The primary goal of this study was to investigate the effectiveness
of 3 months of app usage on risk factor management in acute
young patients with ischemic stroke. As secondary outcomes,
we investigated clinical, cognitive, and patient-reported stroke
outcomes 3 months post-stroke and patient satisfaction with
the app.

METHODS

Study Design
We conducted a pilot prospective study with a two group
(intervention vs. control) pre-post intervention design to
examine the effectiveness of a newly developed smartphone
app for risk factor management in young patients with
ischemic stroke. All patients received a detailed neurological
examination and an extensive neuropsychological assessment
during the initial stay at our department due to the acute
event and at a pre-specified 3-month follow-up. Patients in
the intervention group used a newly developed smartphone
app for risk factor management between hospital discharge
and the 3-month follow-up. Patients in the control group
received no particular intervention between hospital discharge
and the 3-month follow-up. Primary outcome measures were
modifiable stroke risk factors (physical activity, nutrition, alcohol
consumption, smoking behavior, obesity, and hypertension).
Secondary outcome measures were clinical (stroke severity),
cognitive, and patient-reported stroke outcomes 3 months post-
stroke and patient satisfaction with the app. We conducted
group comparisons between intervention and control group and
evaluated the influence of the intensity of the app usage on
the primary outcomes. This prospective study was approved
by the ethics committee of the Medical University of Graz
(permit number 29–494 ex 16/17). All participants gave written
informed consent.

Patients
Consecutive patients aged between 18 and 55 years admitted
to the Department of Neurology at the University Hospital
Graz between January 2019 and February 2020 with an acute
imaging-proven ischemic stroke were invited to participate
in this prospective study. Exclusion criteria were severe pre-
existing cognitive impairment or higher-order brain dysfunction
precluding full engagement with the study protocol, severe
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dysarthria, apraxia, neglect or aphasia, insufficient German
language skills, and severe impairment in fine motor skills.
Patients who owned a smartphone with a compatible operating
system for our app (Android) and were familiar with usage of
apps were assigned to the app intervention group (Figure 1).
Patients who owned a smartphone with an incompatible
operating system (IOS, Windows), did not own a smartphone,
did not know how to use apps, or were recruited after
February 2020 (temporary app availability until February
2020) were considered as potential control patients receiving
standard clinical and neuropsychological care. From all potential
control patients, we created a control group that matched the
intervention group regarding sex, age, education, baseline stroke
severity, and stroke risk factor profile.

Clinical and Neuropsychological
Assessment
All patients underwent routine neurological examination
[including assessment of stroke severity according to the
National Institutes of Health Stroke Scale (NIHSS) score (range
0–42 with higher values indicating greater stroke severity), and
modified Rankin Scale (mRS) score (range 0–6 with higher values
indicating greater impairment)] had a vascular and lifestyle
risk factor assessment and an extensive neuropsychological
examination at baseline and 3 months post-stroke.

Experienced stroke physicians (TG, SF-H, and MK) assessed
vascular risk factors according to medical history and clinical
findings, including hypertension (blood pressure ≥ 140/90),
diabetes mellitus (HbA1c ≥ 6.5%), dyslipidemia (low-density
lipoprotein ≥ 100 mg/dl), atrial fibrillation, and coronary heart
disease. We measured blood pressure with a standardized blood
pressure monitor (MEDISANA BU 510, Neuss, Germany).

We assessed lifestyle risk factors during the
neuropsychological examination (VF and LB) via standardized
semi-structured interviews [alcohol consumption (5-point Likert
scale with higher values indicating more alcohol consumption),
smoking behavior (cigarettes per day), and obesity (body mass
index (BMI) > 30)] and standardized questionnaires. Physical
activity (average number of h/week) was assessed with the
German questionnaire Freiburger Fragebogen zur körperlichen
Aktivität (FFKA) (28). In the Nutrition questionnaire, patients
were asked to rate on a 5-point Likert scale how often they
usually consume servings of the following food groups: fruits,
vegetables, legumes, whole meal foods, refined grain foods, meat,
fish, dessert/sweet snacks, sugar sweetened drinks, deep fried
food, dairy food, eggs, tofu/soybean curd, and alcohol. The five
possible responses were: 1 = “never or rarely (<1×/week),”
2 = “about 1 serving each week,” 3 = “several servings each
week,” 4 = “1–2 servings each day,” and 5 = “3 or more servings
each day” (29). For the interpretation of nutrition behavior,
we summarized fruits, vegetables, and legumes as “healthy
nutrition” and dessert/sweets, sugar-sweetened drinks, and
deep-fried food as “unhealthy nutrition.” Higher scores in the
category “healthy nutrition” and lower scores in the category
“unhealthy nutrition” indicate a healthier eating behavior.

Detailed information on the cognitive test battery can be
found in a previous publication (3). We assessed quality of
life using the EuroQol Five Dimensions questionnaire (EQ-5D;
ranging from 0 to 100 with higher values indicating a better
self-reported health-related quality of life) (30). Anxiety and
depressionwere assessed with the hospital anxiety and depression
scale (HADS-D; ranging from 0 to 21, values ≤ 7 are considered
as clinically normal) (31). Fine motor skills were assessed for
both the dominant and non-dominant hand with the Nine-Hole
Peg Test (NHPT), with longer duration times indicating worse
performance (32).

In addition to the standard clinical and neuropsychological
assessment, patients with stroke in the app intervention group
filled out a specifically created questionnaire regarding their
expectations about the helpfulness of the app in terms of life style
changes at baseline and an evaluation questionnaire (e.g., amount
of app usage, content-related satisfaction, comprehensibility, and
navigation) 3 months post-stroke. The baseline questionnaire
consisted of 12 and the evaluation questionnaire of 24
standardized questions that patients rated on a 5-point Likert
scale, ranging from “1—do not agree at all” to “5—strongly
agree.” In the evaluation questionnaire, patients were also asked
howmanyminutes per day they used the app on average to assess
the self-reported intensity of app usage.

PRESTRO: Prevent Stroke App Intervention
PRESTRO—Prevent stroke is a scientifically guided smartphone
app for secondary prevention after stroke, developed by a
multidisciplinary team of neuropsychologists and neurologists
from the Medical University Graz in cooperation with the
Department of Health Psychology of Graz University and
the software development company Evolaris, Graz, Austria. It
was available in the Google Play Store between January 2019
and February 2020. The PRESTRO app combines motivational
support for a healthy lifestyle (physical activity, healthy nutrition,
and smoking cessation), a reminder function for medication
intake and blood pressure measurement and stroke education in
a comprehensible format (Figure 2).

Based on psychological theories, such as self-efficacy
expectation (33), action planning (34), reinforcement learning
(35), building of habits (36), motivation (37), and SMART goals
(38), we created 42 tips for each lifestyle factor: physical activity,
healthy nutrition, and smoking cessation. By selecting the
corresponding risk factors, patients get three tips for increasing
physical activity and three tips for healthy nutrition per week
via push notifications. A push notification is a message directly
sent from the app that appears on the display, independent of
current app or smartphone usage. This way, the app functions
as a “personal trainer,” providing daily reminding, motivation,
and concrete ideas how to implement healthy lifestyle in one’s
personal routine. To actively involve patients, they were asked
to define personal goals regarding physical activity and healthy
nutrition once a week. At the end of each week, patients were
asked to evaluate the degree of goal achievement and were
praised for successful completion and further encouraged when
not completing their goals.
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FIGURE 1 | Recruitment process of the app intervention group between January 2019 and February 2020.

Furthermore, the PRESTRO app provides a virtual medicine
cabinet that includes commonly prescribed antiplatelet drugs,
anticoagulants, antihypertensives, cholesterol-lowering agents,

and antidiabetic drugs. Patients with stroke can select
their prescribed medication and get information on intake
recommendation, effect of the medication, and an explanation
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FIGURE 2 | Example screenshots from our newly developed smartphone app for secondary stroke prevention.

on how the medication can help to prevent a further stroke. At
individually chosen time points, patients get a reminder from the
app to take their medication, which has shown to substantially
improve medication adherence in patients with stroke (17, 26).
After medication intake, patients can tick off the due medication
task in the app. Similarly, the app reminds patients to measure
and document their systolic and diastolic blood pressure, pulse,
and weight. The app displays the measured values graphically in
a comprehensible format (Figure 2).

The educational part of the app provides key facts about the
origin and development of an ischemic stroke and its associated
risk factors. Previous studies have shown that psychoeducation
promotes active coping with the disease (39) and enhances
knowledge (40) and self-efficacy in patients with stroke (41, 42).

Patients who fulfilled the app-intervention inclusion
criteria received the login details and a detailed booklet
containing information on the provided app features and
navigation during their initial hospital stay. Two days
after installing the app, the implementing psychologists

(VF and LB) revisited the patient and made sure that
the app was working correctly, and there were no
further questions. Patients were instructed to use the app
for 3 months.

Statistical Analyses
Demographics, clinical, and neuropsychological scores were
analyzed with IBM SPSS Statistics 26 (IBM Corp., Armonk,
NY, USA). The level of significance was set at 5%. Normal
distribution was assessed with the Kolmogorov–Smirnov test and
via skewness and kurtosis. Outliers were assessed via boxplots.

Comparisons between the app intervention and
control group were conducted with unpaired t-tests (for
normally distributed continuous variables) and Mann–
Whitney U-tests (for non-normally distributed variables).
Longitudinal within- and between-group comparisons were
done with ANOVA. Correlation analysis was performed
with Spearman (ordinal data) and Pearson (metric
data) correlations.
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RESULTS

Patient Selection and Characteristics
The recruitment process for the app intervention group is shown
in Figure 1. From the initially invited 50 young patients with
ischemic stroke, 60% were willing to participate in the app
intervention. The main reason for not participating in the app
intervention was incompatible operating systems (N = 11). Only
one potential participant did not own a smartphone. The control
group consisted of sex-, age- and education-matched patients
with acute ischemic stroke with a comparable stroke risk factor
profile who owned a smartphone with an incompatible operating
system (IOS, Windows) or had technical problems (N = 9), did
not own a smartphone (N = 1), did not use apps in general (N =

5), or were recruited after February 2020 (N = 6).
The final sample comprised 21 young patients with ischemic

stroke in the app intervention group and 21 patients in the
control group. At baseline, the app intervention and control
group did not significantly differ regarding age, sex, education,
stroke severity, post-stroke rehabilitation therapy, stroke risk
factors, and finemotor skills (Table 1). The most prevalent stroke
risk factors were hypertension, hyperlipidemia, and smoking.
The mRS at discharge was slightly higher in the control group
compared to the intervention group. In addition, patients in the
control group had higher anxiety scores and performed worse
in the cognitive screening. However, there were no significant
group differences in all other cognitive tasks. Regarding stroke
severity, cognition, and fine motor skills, successful smartphone
usage would have been possible in all included patients.

Primary Outcome: Beneficial Effect of the
PRESTO App on Stroke Risk Factor
Management
The primary outcome measures (physical activity, nutrition,
alcohol consumption, smoking behavior, obesity, and
hypertension) are presented for the intervention and control
group 3 months post-stroke in Table 2.

Physical Activity
Baseline self-reported physical activity was comparable between
the app intervention (7 ± 6 h/week) and the control group (5
± 4 h/week; p = 0.272). However, 3 months post-stroke, app
users were physically almost twice as active (13 ± 9 h/week)
compared to controls (7 ± 5 h/week; p = 0.022). Within the
app intervention group, a more intense app usage was strongly
associated with higher physical activity (r = 0.60, p = 0.005).
Physical activity 3 months post-stroke was neither associated
with mRS at discharge (p= 0.311) nor with mRS 3 months post-
stroke (p= 0.109). In one patient with mRS= 4 (control group),
physical activity was not assessed at follow-up and therefore not
included in the analyses.

Nutrition
All young patients with ischemic stroke improved their nutrition
3 months post-stroke independent of app-usage. ANOVAs
revealed an increase in self-reported healthy nutrition (p< 0.001)
and a decrease in self-reported unhealthy nutrition (p < 0.001).

However, considering the intensity of the app usage in the app
intervention group, we found a strong association between more
intense app usage and lower consumption of unhealthy food 3
months post-stroke (r =−0.51, p= 0.023).

Alcohol Consumption
Self-reported alcohol consumption decreased in all young
patients with ischemic stroke 3 months post-stroke (p = 0.041).
However, patients in the app intervention group reported to
consume more alcohol than patients in the control group 3
months post-stroke (p= 0.015).

Smoking Behavior
Smoking behavior also improved in all young patients with
ischemic stroke 3 months post-stroke (p = 0.001). At baseline,
six young patients with ischemic stroke in the app intervention
group and eight patients in the control group smoked. Three-
months post-stroke, only one patient in the app intervention
group and two patients in the control group did not quit smoking.

Obesity and Hypertension
Mean systolic blood pressure (intervention: p = 0.003; control:
p = 0.033) improved in all young patients with ischemic stroke
independent of app usage 3 months post-stroke. Mean diastolic
blood pressure (intervention: p = 0.396; control: p = 0.692),
weight (intervention: p = 0.131; control: p = 0.983), and BMI
(intervention: p = 0.127; control: p = 0.833) did not change
within 3 months post-stroke.

When correcting for baseline group differences in the
Montreal Cognitive Assessment (MoCA), anxiety, and mRS
at discharge, the group difference in the self-reported alcohol
consumption 3 months post-stroke is no longer significant (p =

0.222). All other primary results remain stable.

Secondary Outcome 1: Clinical, Cognitive,
and Patient-Reported Stroke Outcome
Clinical and neuropsychological characteristics 3 months post-
stroke are presented in Table 3 (baseline characteristics in
Table 1). Baseline stroke severity (NIHSS) was comparable
between young patients with ischemic stroke in the app
intervention group and control patients. However, 3 months
post-stroke, the degree of disability or dependence in daily
activities (mRS) in the app intervention group was significantly
lower than in the control group. Similar, self-reported quality
of life was higher in the app intervention group than in the
control group 3 months post-stroke, despite comparable baseline
values. Interestingly, participating in the app intervention group
was associated with better self-reported quality of life 3 months
post-stroke independent of baseline stroke severity (p = 0.003).
Cognitive flexibility was higher in the app intervention group
3 months post-stroke than in the control group, despite
comparable baseline performance (p= 0.039).

When correcting for baseline group differences in the MoCA,
anxiety, and mRS at discharge, the group differences in the
NIHSS (p = 0.411), mRS (p = 0.942), self-reported health-
related quality of life (p = 0.920), anxiety (p = 0.278), and
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TABLE 1 | Demographics, clinical, and neuropsychological characteristics of young ischemic stroke patients in the app intervention group and control group at

stroke onset.

App intervention group N = 21 Control group

N = 21

P-value

Demographics

Age in years, mean (SD); median

(IQR); min–max

41 (11); 45 (30–50); 20–55 47 (8); 50 (44–53); 25–54 0.056

Sex, female, N (%) 8 (38.1) 9 (42.9) 0.760

Education in years, mean (SD);

median (IQR); min–max

12 (3); 11 (10–14); 9–19 11 (3); 10 (10–13); 8–18 0.341

Clinical characteristics

NIHSS, median (IQR) 3 (1–6) 4 (1–7) 0.604

mRS at discharge, median (IQR) 1 (0–2) 2 (1–2) 0.008

Rehabilitation therapy after discharge,

N (%)

10 (47.6) 13 (61.9) 0.365

Vascular risk factors

Hypertension, N (%) 8 (38.1) 8 (38.1) 0.999

Systolic blood pressure, mean (SD);

median (IQR); min–max*

139 (19); 133 (123–156); 115–190 140 (22); 141 (128–156); 100–190 0.855

Diastolic blood pressure, mean (SD);

median (IQR); min–max*

87 (11); 88 (79–96); 70–108 83 (13); 83 (73–93); 58–107 0.236

Diabetes mellitus, N (%) 0 (0) 2 (9.5) 0.162

Hyperlipidemia, N (%) 9 (42.9) 5 (23.8) 0.200

Atrial fibrillation, N (%) 1 (4.8) 0 (0) 0.329

Coronary heart disease, N (%) 0 (0) 1 (4.8) 0.329

Lifestyle and psychological risk

factors

Active smoking, N (%) 6 (28.6) 8 (38.1) 0.524

Clinically diagnosed alcohol abuse

(ICD-10 criterion F10.2), N (%)

3 (14.3) 1 (4.8) 0.306

Self-reported alcohol consumption,

mean (SD); median (IQR); min–max**
1.9 (1.0); 2.0 (1.0–2.0); 1–4 1.5 (0.8); 1.0 (1.0–2.0); 1–3 0.160

Weight in kg, mean (SD); median

(IQR); min–max

84 (16); 84 (70–100); 55–110 80 (14); 82 (69–90); 56–105 0.497

BMI, mean (SD); median (IQR);

min–max

28 (5); 27 (24–32); 19–34 27 (3); 27 (24–29); 23–32 0.499

Physical activity in h/week, mean

(SD); median (IQR); min–max

7 (6); 6 (2–11); 0–24 5 (4); 4 (2–7); 0–17 0.272

Self-reported healthy nutrition, mean

(SD); median (IQR); min–max***
2.7 (0.7); 2.7 (2.2–3.2); 1–4 2.8 (0.7); 3.0 (2.5–3.1); 1–4 0.526

Self-reported unhealthy nutrition,

mean (SD); median (IQR); min–max***
2.5 (0.7); 2.7 (2.0–3.0); 1–4 2.5 (0.5); 2.7 (2.2–2.8); 1–3 0.865

HADS-D Depression, mean (SD);

median (IQR); min–max*

3 (4); 2 (1–5); 0–12 5 (3); 5 (2–8); 0–12 0.176

HADS-D Anxiety, mean (SD); median

(IQR); min–max*

5 (3); 4 (3–7); 1–13 8 (3); 8 (5–10); 1–15 0.014

Medication, N (%)

Antiplatelets 18 (85.7) 17 (81.0) 0.688

Anticoagulants 2 (9.5) 4 (19.0) 0.390

Antihypertensives 8 (38.1) 8 (38.1) 0.999

Cholesterol-lowering 11 (52.4) 10 (47.6) 0.765

Antidiabetics 0 (0.0) 1 (4.8) 0.329

Antidepressants 3 (14.3) 7 (33.3) 0.155

Neuropsychological assessment,

mean (SD); median (IQR);

min–max

(Continued)
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TABLE 1 | Continued

App intervention group N = 21 Control group

N = 21

P-value

EQ-5D self-reported quality of life 70 (18); 70 (53–88); 33–99 59 (25); 50 (40–83); 0–100 0.097

MoCA (raw score) 28 (2); 29 (28–30); 25–30 25 (5); 27 (21–28); 13–30 0.003

SDMT (z-norm) −1.0 (1.2); −1.0 (−1.8–(−0.5)); −3.0–1.5 −1.5 (1.4); −1.5 (−3.0–0.0); −3.0–1.5 0.233

CTMT-2 (t-norm)* 44 (10); 43 (36–54); 26–61 40 (14); 39 (31–50); 18–72 0.334

CTMT-5 (t-norm)† 39 (10); 39 (30–46); 22–61 37 (16); 37 (25–48); 18–68 0.744

NHPT in seconds (dominant hand)‡ 25 (8); 22 (20–27); 19–42 25 (7); 23 (20–28); 15–45 0.832

N, sample size; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; EQ-5D, EuroQol Five Dimensions (health-related quality of

life); HADS-D, hospital anxiety and depression scale; MoCA, Montreal Cognitive Assessment (cognitive screening); SDMT, Symbol Digital Modalities Test (processing speed); CTMT,

Comprehensive Trail Making Test (subtest 2: attention, subtest 5: cognitive flexibility); NHPT, Nine-Hole Peg Test (fine motor skills); *missing in one patient; **Self-rating on a 5-point Likert

scale (1–5) where higher values indicate more alcohol consumption; ***higher scores in “healthy nutrition” and lower scores in “unhealthy nutrition” indicate a healthier eating behavior;
†missing in two patients; ‡missing in three patients. Bold values indicate significant p-values.

TABLE 2 | Primary outcome: Modifiable stroke risk factors for the intervention and control group 3 months post-stroke.

App intervention group

N = 21

Control group

N = 21

P-value Cohen’s d

Physical activity in h/week, mean

(SD); median (IQR); min–max*
13 (9); 11 (8–17); 0–41 7 (5); 8 (4−10); 0–16 0.022 0.7

Self-reported healthy nutrition, mean

(SD); median (IQR); min–max
†
***

3.2 (0.6); 3.3 (3.0–3.5); 1–4 3.2 (0.5); 3.0 (3.0–3.7); 2–4 0.996 0.0

Self-reported unhealthy nutrition,

mean (SD); median (IQR); min–max*

***

2.0 (0.7); 2.0 (1.5–2.3); 1–4 2.0 (0.4); 2.0 (1.8–2.3); 1–3 0.855 0.1

Self-reported alcohol consumption,

mean (SD); median (IQR); min–max***
1.6 (0.7); 1.0 (1.0–2.0); 1–3 1.2 (0.4); 1.0 (1.0–1.0); 1–2 0.015 0.8

Active smoking, N (%) 1 (4.8) 2 (9.5) 0.560 0.2

Systolic blood pressure, mean (SD);

median (IQR); min–max
†

128 (11); 130 (120–137); 101–148 128 (16); 129 (115–140); 99–159 0.875 0.1

Diastolic blood pressure, mean (SD);

median (IQR); min–max
†

85 (14); 83 (78–93); 56–113 82 (9); 82 (72–88); 69–104 0.481 0.2

Weight in kg, mean (SD); median

(IQR); min–max
†

81 (16); 81 (68–93); 55–111 80 (13); 81 (69–92); 59–105 0.832 0.1

BMI, mean (SD); median (IQR);

min–max
†

27 (5); 27 (23–32); 19–35 27 (3); 26 (25–30); 22–32 0.893 0.0

N, sample size; IQR, interquartile range; BMI, body mass index.
*missing in one patient; **Self-rating on a 5-point Likert scale (1–5) where higher values indicate more alcohol consumption; ***higher scores in “healthy nutrition” and lower scores in

“unhealthy nutrition” indicate a healthier eating behavior;
†
missing in two patients. Bold values indicate significant p-values.

cognitive flexibility (p = 0.878) 3 months post-stroke are no
longer significant.

Secondary Outcome 2: Patient Satisfaction
With the PRESTRO App
Patient satisfaction with the PRESTRO app was high. About
90% of young patients with ischemic stroke in the app
intervention group reported “high” or “very high” overall
satisfaction regarding motivational support for healthy lifestyle,
reminder function for medication intake and blood pressure
measurement, and stroke education. All young patients with
ischemic stroke in the intervention group rated the app as easy
to operate.

DISCUSSION

In this pilot study, we developed and preliminary evaluated a
smartphone app for secondary stroke prevention combining
motivational support for a healthy lifestyle (physical activity,
healthy nutrition, and smoking cessation), medication
adherence, and stroke education. We evaluated the effectiveness
of the app on stroke risk factor management, clinical, cognitive,
and patient-reported stroke outcome 3 months post-stroke and
patient satisfaction with the app in young patients with ischemic
stroke. App users profited from motivational support provided
by the app resulting in increased physical activity. Post-stroke
disability was lower and self-reported quality of life was higher
in the app intervention than in the control group 3 months
after stroke. Furthermore, the majority of app users were highly
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TABLE 3 | Secondary outcome: Clinical and neuropsychological characteristics of young patients with ischemic stroke in the app intervention group and control group 3

months post-stroke.

App intervention group

N = 21

Control group

N = 21

P-value Cohen’s d

Clinical characteristics, median

(IQR)

NIHSS 0 (0–0) 1 (0–2) 0.005 0.9

mRS 0 (0–1) 2 (1-2) 0.008 0.9

Neuropsychological assessment,

mean (SD); median (IQR);

min–max

EQ-5D self-reported quality of life* 84 (15); 90 (73–95); 50-100 72 (17); 77 (60-80); 30-100 0.030 0.7

HADS-D Depression* 2 (2); 1 (0–2); 0–7 3 (4); 2 (1–6); 0-13 0.066 0.6

HADS-D Anxiety* 3 (3); 3 (1–5); 0–12 5 (3); 6 (3–8); 0–12 0.041 0.7

MoCA (raw score) 29 (2); 29 (28–30); 24–30 27 (3); 29 (26–29); 20–30 0.122 0.5

SDMT (z-norm) −0.1 (1.0); −0.3 (−0.5–0.5); −2.0–2.0 −0.7 (1.2); −0.5 (−1.7–0.5); −2.8–1.5 0.075 0.6

CTMT-2 (t-norm) 52 (12); 54 (42–60); 36–76 44 (17); 41 (36–48); 18–85 0.088 0.5

CTMT-5 (t-norm) 49 (11); 46 (43–56); 36–83 40 (15); 41 (28–49); 18–71 0.039 0.7

N, sample size; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; SD, Standard deviation; EQ-5D, EuroQol Five Dimensions

(health-related quality of life); HADS-D, Hospital anxiety and depression scale; MoCA, Montreal Cognitive Assessment (cognitive screening); SDMT, Symbol Digital Modalities Test

(processing speed); CTMT, Comprehensive Trail Making Test (subtest 2: attention, subtest 5: cognitive flexibility).
*missing in one patient. Bold values indicate significant p-values.

satisfied with our newly developed smartphone app in terms of
content and usage.

Regarding risk factor management, our smartphone app
seemed to have helped young patients with ischemic stroke to
promote a healthy lifestyle. Three months post-stroke, app users
were physically almost twice as active compared to patients
in the control group. This result is in line with a previous
study (21) that demonstrated the positive effect of an app
that incorporates evidence-based behavior change techniques
(feedback, self-monitoring, and social support) on physical
activity in patients with stroke. Furthermore, we found an
association between more intense app usage and better eating
habits 3 months post-stroke. Physical activity and nutrition are
two crucial modifiable risk factors of stroke (7) and are strongly
associated with other stroke risk factors such as obesity, diabetes
mellitus, hyperlipidemia, and hypertension (43). Therefore,
changing lifestyle is crucial to prevent further strokes and can be
supported by an app intervention.

Despite increased physical activity and better eating habits, we
found no significant improvement in weight or BMI 3 months
post-stroke. A possible explanation might be the short duration
of only 3 months app usage in our study. A study that conducted
an app intervention in patients with stroke for 6 months found
significant improvements in BMI and waist circumference (20),
whereas a different study that conducted an app intervention for
only 6 weeks also found no changes in BMI (21). A longer follow-
up time (and a larger study sample) might be necessary to find
significant changes in more resistant measures such as weight
or BMI.

Studies that investigated the effect of app interventions on
blood pressure measurement in patients with stroke showed
inconclusive results. Some report stronger improvements in the

intervention than the control group (18), whereas others found
no such differences (17, 21, 26). In our study, all young patients
with ischemic stroke significantly improved in systolic blood
pressure independent of app usage. However, app users reported
that the reminder function for blood pressure measurement
was very helpful to keep track of their personal blood pressure
values. Moreover, they experienced the motivational support
for smoking cessation as very helpful, yet all young patients
with ischemic stroke improved their smoking behavior 3
months post-stroke.

Interestingly, in addition to the beneficial effect of the app
on healthy lifestyle, we found that participating in the app
intervention was associated with better self-reported quality of
life 3 months post-stroke independent from baseline stroke
severity. The app aims to empower young patients with ischemic
stroke to actively cope with the changes following stroke. By
giving specific lifestyle and risk factor management advice,
patients can actively prevent a further stroke. This might help
patients to improve the resilience and self-efficacy of patients
(44). Recent studies showed an association between higher
psychological resilience and better long-term stroke outcome
(45, 46). Active coping promoted by the app could improve the
resilience of patients, which could lead to higher rehabilitation
motivation and furthermore to better subjective health status and
lower stroke severity 3 months post-stroke.

In line with a previous study demonstrating that an
app intervention can improve the knowledge of patients on
stroke risk factors (27), our app focuses on comprehensible
stroke education. It provides key facts about the origin and
development of an ischemic stroke, its associated risk factors,
and ways to diminish those risk factors. Although such stroke
education is part of the standard care during the initial
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stay, the flood of information regarding for example the
disease itself, newly prescribed medication, results of additional
medical examinations, and rehabilitation approaches might
be quite overwhelming. This may be especially so during
the acute stage, when vigilance might be reduced (47), and
cognitive deficits are frequently present (3, 48). Young patients
with ischemic stroke experienced the summary of the most
important stroke facts provided by our app as helpful after
hospital discharge.

Our study does not come without limitations. The main
limitation of our study was that our patients were not randomly
allocated to the intervention and control groups. Similar to a
previous study (19), our app was only available for Android-
operated devices, and therefore, in line with this study, we
decided to use patients with different operating systems as
control group. However, the vast majority of smartphone owners
with a different operating system reported that they would
have used the app if possible. Furthermore, it is important to
notice that the lifestyle risk factors (physical activity, nutrition,
and smoking behavior) were assessed via questionnaires and
therefore might be biased due to social desirability. However,
we compared an intervention and control group that were both
examined with the same questionnaires, and therefore social
desirability should have similar effects on response tendencies
among groups. Furthermore, previous studies (49, 50) showed
moderate to strong correlations between self-reported lifestyle
behavior and objectively measured lifestyle behavior. In addition,
despite good matching in many relevant baseline characteristics,
our groups differed at baseline in the MoCA score, anxiety, and
mRS at discharge. When including these variables in the analyses
as covariates, the secondary outcomes are no longer significant.
However, this might also be due to a statistical overfitting in a
rather small sample and should be further explored in a larger
sample. Furthermore, we included no intervention regarding the
lifestyle risk factor alcohol, which is a known risk factor for
recurrent events. We explained this risk factor in the information
part of the app, highlighting that patients with an alcohol
addiction need professional treatment that is difficult to provide
via app. In addition, the sample size of this pilot study was
limited, and larger (multicenter) cohorts will be necessary to
further explore the beneficial effects of smartphone apps on risk
factor management in patients with stroke. In further studies
comprising a larger cohort, it would also be important to analyze
dropout patients (i.e., intention to treat analysis) to identify
baseline characteristics that possibly enhance the risk of poor

compliance. Nevertheless, our study shows promising results
regarding lifestyle improvement, stroke outcome, and patient
satisfaction that are in line with previous studies (17, 18, 20–25).

CONCLUSION

In conclusion, young patients with ischemic stroke, especially
benefited from motivational support leading to increased
physical activity. Furthermore, we found that participating in
the app intervention was associated with better self-reported
quality of life 3 months post-stroke independent of baseline
stroke severity. This suggests enormous potential for such
specifically designed app interventions, complementing personal
clinical care.
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