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Background and PurposezzRecent advances in information technology have created op-
portunities for advances in the management of stroke. The objective of this study was to test 
the feasibility of using a smartphone software application (app) for the management of vas-
cular risk factors in patients with stroke.
MethodszzThis prospective clinical trial developed a smartphone app, the ‘Korea University 
Health Monitoring System for Stroke: KUHMS2,’ for use by patients with stroke. During a 
6-month follow-up period, its feasibility was assessed by measuring the changes in their vas-
cular risk-factor profiles and the number of days per patient with data registration into the 
app. The effect of the app on the achievement rate of risk-factor targets was assessed by clas-
sifying subjects into compliant and noncompliant groups.
ResultszzAt the end of the trial, data on 48 patients were analyzed. The number of days on 
which data were registered into the app was 60.42±50.17 (mean±standard deviation). Among 
predefined vascular risk factors, the target achievement rate for blood pressure and glycated 
hemoglobin (HbA1c) improved significantly from baseline to the final measurement. The seri-
al changes in achievement rates for risk-factor targets did not differ between the compliant 
and noncompliant groups.
ConclusionszzMany challenges must be overcome before mobile apps can be used for pa-
tients with stroke. Nevertheless, the app tested in this study induced a shift in the risk profiles 
in a favorable direction among the included stroke patients.
Key Wordszz stroke, risk factor, health care, mobile application.

Feasibility of Using a Mobile Application for the Monitoring 
and Management of Stroke-Associated Risk Factors

INTRODUCTION

Stroke is one of the most common causes of mortality and disability, and represents a huge 
socioeconomic burden.1 Despite the development of therapeutic strategies and other efforts 
to reduce the risk of stroke, the efficacy of secondary prevention is often unsatisfactory.1,2 
Current main strategies for preventing stroke recurrence comprise medications including 
antithrombotics, and interventions to modify the vascular risk factors.3 Unfortunately, the 
optimal management of vascular risk factors is often difficult and complicated because dif-
ferent stroke patients can exhibit diverse demographic characteristics and comorbidities.

Recent advances in information technology (IT) have in turn led to advances in the 
management of patients, and especially elderly patients with chronic illnesses.4 IT has also 
been adopted for the management of stroke, and software applications (apps) for mobile 
devices (especially smartphones) have proven efficacious in the detection of neurological 
symptoms and in the diagnosis of stroke.5-7 The present study conducted a clinical trial to 
test the feasibility of using a smartphone application (app) for the management of vascu-
lar risk factors, which has rarely been studied in patients with stroke. The primary focus of 
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this study was the feasibility of mobile apps, and their effica-
cy for management of vascular risk factors was also assessed.

METHODS

Study design and subjects
The study design was a prospective, single-center, single-
arm, open-label clinical trial, and the study was conducted 
between February 2013 and January 2014. The participants 
were selected from among patients visiting the outpatient 
clinic of a tertiary university hospital. They included patients 
with prior stroke who were aged 20–80 years and had one 
or more vascular risk factors such as hypertension, diabetes 
mellitus, smoking, abdominal obesity, or a sedentary life-
style. Patients who could fully understand the use of an An-
droid-based smartphone were considered as eligible for this 
study. Patients with severe disability (modified Rankin Scale 
score>3) were excluded from the study.

At the baseline visit, the status of the patients’ baseline risk 
factors, including blood pressure (BP), waist circumference, 
weight, and height, were established through medical history-
taking, physical examination, and serological tests (Table 1). 
All patients were requested to visit the outpatient clinic at 90 
and 180 days thereafter for repeat testing of BP, waist circum-
ference, weight, and height. The study protocol was approved 
by the Institutional Review Board (approval KUGH12028) 
and registered at the Clinical Research Information Service 

Registry (URL: https://cris.nih.go.kr/cris/en/search/basic_
search.jsp; unique identifier: KCT0001045). Written informed 
consent to participate was obtained from each patient.

Development of the Korea University Health 
Monitoring System for Stroke and intervention
A mobile app named ‘Korea University Health Monitoring 
System for Stroke: KUHMS2’ was developed for the purpose 
of patient self-reinforcement through the daily acquisition of 
risk factor parameters. The details and structure of the app 
are described in the Supplementary Methods and Fig. 1 in 
the online-only Data Supplement.

All patients were provided with an instruction manual and 
instructed regarding the use of KUHMS2 by a trained nurse 
or physician, and provided with a home BP monitoring de-
vice (Omron HEM-7203, Omron Healthcare, Kyoto, Japan). 
They were asked to record their morning BP data and waist 
circumference data into KUHMS2 every day. In addition, they 
were taught how to register information regarding blood sug-
ar, smoking, exercise, and drug adherence. All registered 
data were synchronized automatically and collected by the 
server computer at the Data Mining and Information Sys-
tems Laboratory via a wireless mobile connection to the In-
ternet. If the registered data exceeded predefined levels, an 
automated alarm message was sent to the user.

Table 1. Characteristics of the study population

Variables All subjects (n=48) Noncompliant group (n=24) Compliant group (n=24) p
Sex, male 36 (75.0) 18 (75.0) 18 (75.0) 1.000

Age, years 52.65±10.25 54.00±11.05 51.29±9.42 0.365

Hypertension, yes 38 (79.2) 19 (79.2) 19 (79.2) 1.000

Diabetes mellitus, yes 24 (50.0) 17 (70.8) 7 (29.2) 0.004

Smoking, yes 14 (29.2) 7 (29.2) 7 (29.2) 1.000

Dyslipidemia, yes 40 (83.3) 19 (79.2) 21 (87.5) 0.439

Total cholesterol, mg/dL 174.58±44.80 169.63±48.31 179.54±41.43 0.449

LDL-cholesterol, mg/dL 105.12±37.92 105.08±42.55 105.17±33.59 0.994

HDL-cholesterol, mg/dL 48.25±10.72 46.46±7.29 50.04±13.23 0.253

Triglycerides, mg/dL 173.38±168.07 145.92±71.29 200.83±225.99 0.262

HbA1c, % 6.87±1.76 7.71±2.00 6.03±0.91 0.001

SBP, mm Hg 137.75±16.83 136.92±18.18 138.58±15.71 0.735

DBP, mm Hg 78.73±13.21 77.96±15.30 79.50±11.01 0.691

Height, cm 165.87±8.31 166.54±8.82 165.21±7.91 0.584

Weight, kg 74.72±14.82 74.83±13.16 74.60±16.60 0.958

Waist circumference, cm 93.94±9.18 94.75±8.58 93.13±9.86 0.546

NIHSS score 0.23±0.69 0.08±0.28 0.38±0.92 0.146

mRS score 0.27±0.61 0.21±0.42 0.33±0.76 0.484

Data are mean±SD or n (%) values.
DBP: diastolic blood pressure, HbA1c: glycated hemoglobin, HDL: high-density lipoprotein, LDL: low-density lipoprotein, mRS: modified Rankin Scale, 
NIHSS: National Institutes of Health Stroke Scale, SBP: systolic blood pressure.
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Outcomes
The primary performance figure was adherence, which was 
defined as the number of days recorded on the KUHMS2 dur-
ing the study period (range, 1–180 days). The number of days 
was incremented by 1 day when the patients entered at least 
one data value for the risk factors on a given day. The sec-
ondary end point was the efficacy of the device for managing 
risk factors, and was evaluated using the achievement rates of 
the following parameters: target BP, target glycated hemoglo-
bin (HbA1c), target waist circumference, and smoking-free rate. 
The number of days on which the patient exercised moder-
ately during the previous month and the number of days of 
adherence to their drug regimen during the previous month 
were also included as secondary endpoints. The definition of 
each outcome is given in the Supplementary Methods in the 
online-only Data Supplement.

Definition of patient subgroups
The patients were dichotomized according to their level of 
compliance with entering data into KUHMS2 into compliant 
and noncompliant groups (with numbers of days with data 
registration of ≥47 and <47, respectively).

Statistical analyses
Two major principles of analysis followed on from the pur-
pose of the present trial, which was to test the feasibility of 
using the developed app in patients with stroke: 1) the data 
of all patients who entered data into KUHMS2 at least one 
time were analyzed and 2) data analyzed for secondary end-
points were obtained directly during visits to the outpatient 
clinic and not by accumulation of data recorded by the pa-
tients themselves on the KUHMS2 app.

Data are presented as mean±SD (continuous variables) or 
n (%) values (categorical variables). The primary endpoint 
is presented using descriptive statistics. For the secondary 

endpoints, the McNemar and repeated-measures analysis of 
variance (ANOVA) were applied. Thereafter, the baseline 
characteristics were compared between the two groups and 
serial changes in BP, waist circumference, and body mass in-
dex (BMI) were investigated. All statistical analyses were car-
ried out using the Statistical Analysis System software (ver-
sion 9.2, SAS Institute, Cary, NC, USA), and the threshold 
for statistical significance was set at p<0.05.

RESULTS

During the study period, 51 patients were screened and 48 
patients completed the study protocol; the 3 patients were ex-
cluded from the analysis because of lack of follow-up (n=2) 
or withdrawal of consent (n=1). During the study period, 
one subject had an episode of transient neurological symp-
toms without permanent deficit, and brain images revealed 
no acute lesion. Alarm messages in response to data that ex-
ceeded predefined thresholds were sent to 3 patients due to 
hypoglycemia, to 16 patients due to systolic hypertension 
[systolic BP (SBP) >160 mm Hg], and to 4 patients due to 
diastolic hypertension [diastolic BP (DBP) >120 mm Hg].

The patient group comprised 36 males (75.0%) and 12 
females aged 52.65±10.25 years. The time between the on-
set of the index stroke and screening date was 723.0±797.4 
days (median, 477 days; interquartile range, 226–1,075 days). 
The vascular risk factors and baseline measures are pre-
sented in Table 1. The only baseline characteristics that dif-
fered between the compliant and noncompliant groups 
were the prevalence of diabetes (29.2% and 70.8%, respec-
tively; p=0.004) and the level of HbA1c.

Primary and secondary endpoints
The number of days with data registration was 60.42±50.17 
(median, 47 days; range, 1–180 days) (Table 2). The distribu-

Table 2. Primary and secondary endpoints

End point Baseline Final visit p*

Primary endpoint

Number of days with data registration - 60.42±50.17

Secondary endpoints

Target BP achievement rate 23 (47.9) 33 (68.8) 0.031

Target HbA1c achievement rate (n=24) 4 (16.7) 13 (54.2) 0.012

Target waist circumference achievement rate 32 (66.7) 37 (77.1) 0.063

Noncurrent smoker rate 34 (70.8) 33 (68.8) 1.000

Drug adherence in previous month, days - 29.25±1.76

Moderate exercise in previous month, days - 10.40±9.92

Data are mean±SD or n (%) values.
*McNemar tests were performed for analyses.
BP: blood pressure, HbA1c: glycated hemoglobin.
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tion of the number of days with data registration was skewed 
to the left (Supplementary Fig. 2 in the online-only Data Sup-
plement). The secondary endpoint was achieved for BP in 33 
(68.8%) patients, HbA1c in 13 (54.2%) patients, waist circum-
ference in 37 (77.1%) patients, and nonsmoking in 33 (68.8%) 
at the final visit. Among these endpoints, significant changes 
from baseline were found for BP (p=0.031) and HbA1c (p=0.012). 
Moderate-intensity exercise and drug adherence in the previ-
ous month were noted on 10.40±9.92 and 29.25±1.76 days, re-
spectively.

Serial changes in the measured parameters
A repeated-measures ANOVA test for SBP, DBP, waist cir-
cumference, and BMI revealed a significant effect of time (Fig. 
1, Table 3), such that all four parameters were lower at 90 

days than at baseline; none of these parameters differed be-
tween 90 days and 180 days (Table 3). There was no interac-
tion between measured time and compliance for all param-
eters (p=0.189 for SBP, p=0.108 for DBP, p=0.636 for waist 
circumference, and p=0.586 for BMI) (Fig. 1).

The target achievement rates for the measured parameters 
did not differ significantly between the compliant and non-
compliant groups (Table 4).

DISCUSSION

This clinical trial tested the feasibility of the clinical applica-
tion of mobile communication technology, based on the 
concept of a mobile app for the special needs of patients with 
stroke. The main finding of this study is that despite some 

Table 3. Serial changes in SBP, DBP, waist circumference, and BMI

Variables
Measurement time point

p* p† p‡ p §

Baseline 90 days 180 days
SBP, mm Hg 137.04 (132.06–142.03) 130.04 (126.20–133.87) 129.00 (124.52–133.48) 0.001 0.002 0.627 0.002

DBP, mm Hg 78.55 (74.47–82.63) 73.72 (70.65–76.79) 73.31 (69.81–76.80) 0.018 0.011 0.789 0.030

Waist circumference, cm 93.59 (90.75–96.43) 92.08 (89.42–94.75) 91.57 (88.73–94.41) <0.001 0.001 0.131 0.001

BMI, kg/m2 26.89 (25.69–28.09) 26.49 (25.27–27.71) 26.28 (24.97–27.59) <0.001 <0.001 0.141 <0.001

Data are mean (95% confidence interval) values.
*Baseline vs. 90 days, †Baseline vs. 180 days, ‡90 days vs. 180 days, §Global effect of measurement time (repeated-measures ANOVA).
ANOVA: analysis of variance, BMI: body mass index, DBP: diastolic blood pressure, SBP: systolic blood pressure.

Fig. 1. Serial changes in systolic blood pressure (SBP), diastolic blood pressure (DBP), waist circumference, and body mass index (BMI). Compari-
sons were made using repeated-measures ANOVA. A significant effect time was found for SBP, DBP, waist circumference, and BMI at 90 days 
compared with the respective baseline measures. However, the serial changes in each measure did not differ between the compliant and noncom-
pliant groups. ANOVA: analysis of variance.
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hurdles, the developed app for patients with stroke appears 
to be feasible in the clinical setting, with its implementation 
resulting in improved risk-factor profiles. The management 
of vascular risk factors such as hypertension, diabetes, and 
dyslipidemia is the mainstay of prevention of recurrent stroke 
or vascular accident in patients with stroke,3 with lifestyle 
modification being an important aspect of secondary pre-
vention.3 In the present study, despite low compliance, the 
use of the mobile app was associated with meaningful im-
provements in risk-factor profiles, paralleling the results of 
previous studies of ubiquitous health-care systems.8-10 Moti-
vation of self-monitoring, lifestyle-modification-supported 
frequent feedback, or continuing education may explain the 
improvements in risk-factor profiles among users of health-
monitoring systems.10

The application of IT in clinical medicine has recently 
been associated with beneficial effects in the control of BP 
and hyperglycemia.9-11 Recent guidelines on the management 
of hypertension recommend the use of home BP measure-
ment using memory-equipped devices, and comment that 
the use of telemonitoring and smartphone apps for home 
BP monitoring may be even more advantageous.12 However, 
the efforts to apply IT to secondary stroke prevention have 
been limited. Recognition of stroke symptoms, prehospital 
care, emergency stroke evaluation in the hospital, or neuro-
logical examination exemplify IT apps in the stroke field.13 
These studies adopted cellular phones (but not smartphones) 
or specially produced devices for measuring parameters and 
data collection. In contrast to previous studies, the smart-
phone was adopted as the primary instrument in the present 
study. The smartphone provides several advantages over the 
use of specially designed devices. First, most users of smart-
phones carry one with them most of the time, and hence they 
are very familiar with how to handle these devices. Second, 
various sensors in a smartphone can provide expandability for 
secondary purposes. For example, mobile-device-based apps 
currently provide remote consultation,14 telerehabilitation,15 
assessments of neurological status,5,16 and diagnosis in these 

patients.17 Third, ownership of smart devices is rapidly in-
creasing among the elderly population in Korea, and familiarity 
with these new devices is increasing.18 However, studies using 
mobile devices for the care of patients with stroke have fo-
cused on the role of the mobile device as an aid for the physi-
cian rather than for the stroke patient. This limitation could be 
caused by the stroke population comprising largely of elder-
ly patients who are not familiar with these new devices. In 
light of this situation, the present study can provide meaning-
ful data on the feasibility of the use of mobile devices by and 
for patients with stroke.

The primary goal of this study was to test the feasibility of 
a mobile app for stroke patient care by employing adherence 
as a primary endpoint, as in previous studies. However, the 
adherence to data registration, which was the primary end-
point of the study, was disappointing. It may be that the 
method of data registration was inconvenient to the users in 
this study, resulting in reduced compliance, since the develop-
ment of health-care apps has been led by programmers with-
out the involvement of health-care professionals.13 There-
fore, improvements to the human–device interface might be 
expected to improve the compliance rate.

In the present study, risk-factor profiles were shifted toward 
improvement in all subject groups, although the secondary 
outcomes did not differ between the compliant and noncom-
pliant groups. The improvement in the risk-factor profile was 
accomplished during the first 3 months, and was simply 
maintained over the last half of the trial. The KUHMS2 app 
might be helpful for controlling the risk factors in various 
ways, such as by enhancing motivation, changing the meth-
od of self-monitoring, and managing risk factors. However, 
it is possible that the improvement in the risk-factor profile 
was attributable to the observer effect (Hawthorne effect), 
which refers to improvements due solely to the subject’s 
knowledge that he or she is being studied.19 Long-term stud-
ies are required to prove the existence of a real association 
between improved risk-factor profiles and a risk-factor mon-
itoring system. Although the long-term effects of a Web-

Table 4. Comparison of primary and secondary endpoints between the compliant and noncompliant groups

Parameter All subjects (n=48) Noncompliant group (n=24) Compliant group (n=24) p
Number of days with data registration 60.42±50.17 19.71±13.86 101.13±38.64 <0.001

Target BP achievement rate 33 (68.8) 16 (66.7) 17 (70.8) 0.755

Target HbA1c achievement rate (n=24) 13 (54.2) 8 (47.1) 5 (71.4) 0.264

Target waist circumference achievement rate 37 (77.1) 18 (75.0) 19 (79.2) 0.731

Noncurrent smoker rate 15 (31.3) 9 (37.5) 6 (25.0) 0.350

Drug adherence in previous month, days 29.25±1.76 29.50±1.06 29.00±2.25 0.487

Moderate exercise in previous month, days 10.40±9.92 10.67±9.91 10.13±10.14 0.817

Data are mean±SD or n (%) values.
BP: blood pressure, HbA1c: glycated hemoglobin.
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based glucose monitoring system yielded favorable results 
for controlling glucose,8 the optimal interval for measuring 
specific parameters needs to be investigated.

In this study the proportion of subjects with diabetic co-
morbidity was significantly higher in the noncompliant 
group than in the compliant group. Since blood sugar must 
be recorded four times per day, subjects with diabetes could 
regard the use of this system as troublesome. An automatic 
data transfer system could improve the degree of compli-
ance among its users.

This study was subject to several limitations. First, because 
the purpose of this study was to test the feasibility of the 
KUHMS2 app in a clinical situation, the study was designed 
as a single-arm and open-label clinical trial, which requires 
cautious interpretation of the results. The lack of a placebo 
limits the generalizability of the data. Further studies should 
be designed as controlled clinical trials with both active and 
control arms. Second, the effects of drug adjustment during 
the study were not analyzed. The main parameters of this 
study, such as hypertension and diabetes, are under the in-
fluence of medication; however, the parameters that were 
not related to drug therapy, such as weight and waist cir-
cumference, were also improved in a pattern similar to those 
of BP and blood sugar, which implies an effect not due to 
the medication. Third, the population included in this study 
was relatively young and active compared to the general 
population with stroke. However, there was no difference in 
age between the compliant and noncompliant groups. Fourth, 
subjects with severe neurological deficits were not included 
in this study, limiting the generalizability of the obtained data. 
For the general use of this system, a more convenient and 
easy-to-use human–device interface should be developed to 
compensate for possible user disability. Fifth, the timescale of 
the study was short, and so the results may have been skewed 
by observer effects. Long-term effects of the use of mobile 
devices for risk-factor control should therefore be sought in 
future studies to validate this approach. Finally, there is no 
guarantee as to the reliability or reproducibility of the mea-
surements made by individual patients, which is why only 
the values measured by investigators at the clinic were used 
rather than those measured and registered on the app by the 
individual subjects themselves.

In conclusion, the direct application of mobile apps to 
stroke management and patient care still faces many hur-
dles. Nevertheless, after the adoption of the KUHMS2 app, 
the risk profiles of the present patients with stroke moved in 
a favorable direction, shedding light on its future prospects 
in the clinical setting.
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The online-only Data Supplement is available with this arti-
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