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User Preferences for Mobile Health
Interventions: A Survey among Intermittent
Claudication Patients and Their Physical
Therapists
Marijn M.L. van den Houten,1,2 Steffie Spruijt,3 Hugo J.P. Fokkenrood,4

Marc R.M. Scheltinga,5 and Joep A.W. Teijink,1,2 Eindhoven, Maastricht, Arnhem, and

Veldhoven, The Netherlands
Background: Smartphone apps provide novel ways for triggering lifestyle change by coupling
objective measurements of health behavior with tailored feedback. Little is known about end-
user preferences regarding the content of mobile health (mHealth) interventions. The aim of
this study was to assess smartphone use and preferences regarding app content among inter-
mittent claudication patients and their treating physical therapists.
Methods: A cross-sectional survey was sent via an internal email system to 1,514 physical
therapists specialized in treating patients with intermittent claudication. They were asked to
complete one questionnaire themselves and administer a second to their intermittent claudica-
tion patients currently under treatment. Data on participant characteristics and smartphone
use were collected from all respondents. The preferred app components were obtained
from participants owning a smartphone. Binary logistic regression analysis was used to
explore the adjusted association between age and attained educational level, and smartphone
use.
Results: The response rate of therapists was 40.8% (617/1,514), and a total of 488 patients
completed the survey. After excluding incomplete forms, a total of 615 physical therapist forms
and 483 patient forms were analyzed. Overall, 40.6% of patients and 95% of therapists owned a
smartphone. Higher educational level was associated with smartphone ownership (adjusted
odds ratio ¼ 2.46, 95% confidence interval (CI) ¼ 1.41e4.27, P ¼ 0.001). Compared to patients
aged �75 years, lower age was associated with higher odds of owning a smartphone (adjusted
odds ratios for patients aged �54 years ¼ 21.27, 95% CI ¼ 6.82e66.30, P < 0.001; aged
55e64 years ¼ 4.76, 95% CI ¼ 2.52e9.00, P < 0.001; and aged 65e74 years ¼ 2.58, 95%
CI ¼ 1.54e4.33, P < 0.001). The most preferred app components for intermittent claudication
patients in possession of a smartphone included monitoring treadmill-measured walking dis-
tances (71%), global positioning system tracking of walks (50%), and daily physical activity
monitoring (49%). Physical therapists were most interested in global positioning system tracking
of walks (89%), daily physical activity monitoring (82%), keeping track of treadmill-measured
walking distance (79%), help with smoking cessation (65%).
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Conclusions: Smartphone ownership is associated with younger age and a higher educational
level in patients with intermittent claudication. This study provides a framework of end-user pref-
erences regarding desired features to guide the development of an app to potentiate health out-
comes of intermittent claudication treatment.
INTRODUCTION

Peripheral arterial disease (PAD) of the lower ex-

tremities is a chronic disease caused by atheroscle-

rosis and afflicts over 200 million people

worldwide.1 Intermittent claudication (IC) is the

most common symptomatic manifestation of lower

extremity PAD. Current guidelines advise super-

vised exercise therapy (SET) as a primary treatment

for IC.2 Through SET sessions, consisting of walking

to near-maximum pain, IC patients gradually in-

crease walking function and thereby quality of

life.3 Additionally, treatment guidelines focus on

secondary prevention methods modifying known

risk factors of cardiovascular complications or death;

smoking cessation, improvement of daily life phys-

ical activity, and the adoption of a healthy diet.2

In the Netherlands, SET is provided by specialized

physical therapists (PTs) who offer both symptom-

atic treatment as well as facilitation of improvement

of lifestyle factors through the use of motivational

interviewing techniques. However, these face-to-

face clinical consultations alone may be insufficient

to convey the amount of information and support

that is necessary to counsel and motivate patients

to achieve a durable change in behavior.4 The emer-

gence of new information and communication tech-

nology provides novel ways of delivering health

care; termed ‘‘eHealth.’’5 Mobile health (mHealth),

a segment of eHealth, represents the use of mobile

computing and communication technologies such

as mobile phones in health care.4 Modern smart-

phones provide Internet access, video, audio, social

media and can utilize built-in or wearable measure-

ment devices such as accelerometers or global posi-

tioning systems (GPSs), aggregating data on a

patient’s health behavior, including daily physical

activity. Collection and subsequent incorporation

of these data in modern mHealth solutions permits

the provision of interactive interventions, individu-

alized to the specific patient’s individual characteris-

tics and context. Furthermore, with objective

information on patients’ daily health behavior PTs

can better tailor lifestyle counseling and SET

sessions.

Smartphone applications, or ‘‘apps’’, have a po-

tential to induce a meaningful change in health

behavior. Unsurprisingly, apps aimed at improving

self-management and health promotion are
Downloaded for Anonymous User (n/a) at Maastricht Uni
2021. For personal use only. No other uses without perm
becoming increasingly popular. Yet, while a multi-

tude of health-related smartphone apps are

commercially available, most lack an evidence and

theory base,4 whereas neither clinicians nor patients

were involved in their development.6 Furthermore,

the target audience is relatively young and healthy.

To our knowledge, smartphone penetration and app

use in the PAD or IC population have never been

assessed, while the general characteristics of PAD

patients (older age, limited educational attainment,

and high cardiovascular risk) are associated with

lower digital connectedness.7 Thereby it is un-

known whether smartphone apps have sufficient

reach in this patient category. It is important to

involve the end users in the design process of a

smartphone application in health care to better

match the patient’s needs and expectations and

potentiate effectiveness.8,9 Developers will benefit

from information on patient and PT preferences

regarding desired app features for specific patient

populations.

The goal of this study was to assess the feasi-

bility of mHealth for patients with PAD by deter-

mining smartphone and app usage in the IC

population in the Netherlands. Furthermore, we

aimed to assess preferences regarding app content

of both IC patients and PTs. The results of the

study will provide a publicly accessible framework

to aid in the development of future mHealth life-

style interventions.
MATERIAL AND METHODS
Design, Setting, and Participants
The smartphone penetration among IC patients and

PTs, as well as preferred app components were

assessed by collecting quantitative data using 2

questionnaires in a cross-sectional, closed survey.

Eligible participants were IC patients currently un-

der SET treatment and PTs affiliated with Claudica-

tioNet. This is a Dutch network of PTs specialized in

SET and was chosen to ensure a nation-wide reach

of the survey with the possibility of quickly estab-

lishing a large sample size. ClaudicatioNet guaran-

tees quality of care through mandatory training

courses in practice guidelines,10 motivational inter-

viewing skills, and a minimum of 15 hr per year in

other IC-relevant topics.11 Owing to these schooling
versity from ClinicalKey.com by Elsevier on December 23, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.
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requirements, paired with a quality monitoring sys-

tem using automated data extraction from elec-

tronic health records, ClaudicatioNet PTs offer a

standardized SET program. This typically entails 3

months of 2e3 weekly, 30-min, sessions of super-

vised (treadmill) exercise and lifestyle counseling,

In the following months, treatment frequency grad-

ually drops as a means to promote self-management

leading to a self-reliant patient. Standardization and

contents of conservative IC treatment in the

Netherlands have been described in more detail

elsewhere.12

Two online questionnaires were sent to a closed

population of 1,514 PTs throughout the

Netherlands. By using an integral email system, it

was guaranteed that only certified ClaudicatioNet

therapists received the questionnaire. They were

subsequently invited to complete one version of

the survey themselves and administer a similar

second copy to all their patients receiving SET for

IC in the following 4 weeks. This study design

was chosen to maximize the number of exposed

IC patients and therapists throughout the

Netherlands, including patients referred by general

practitioners. The survey was voluntary for both

patients and PTs, and no incentives were offered

to participants. Responses, collected between

November 10, 2015 and December 11, 2015,

were anonymous without identifiable data. The

study was approved by the Medical Ethical Com-

mittee of the Catharina Hospital.
Questionnaire
The survey was an online, web-based question-

naire, assembled with Google Forms (Google Inc.,

Mountain View, CA). The design of the question-

naire was largely based on the results of a systematic

review and scientific statement by Burke et al.4 A

primordial version was discussed and adapted by a

team consisting of a vascular surgeon, a PT, and 2

vascular surgery PhD candidates (medical doctors).

The improved version was pilot tested in the same

team to adjust for any errors. The final patient ques-

tionnaire included 4 pageswith a total of 8 questions

(in Dutch). The first questions determined sociode-

mographic information (age, gender, and highest

educational level). Subsequently, mobile phone

and smartphone ownership were established. The

remainder of the patient questionnaire was condi-

tionally displayed based on whether participants

owned a smartphone. Two questions inquired about

the smartphone operating system and number of

lifetime app downloads of patients. Finally, partici-

pants were asked to indicate which components of
Downloaded for Anonymous User (n/a) at Maastricht University 
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a potential smartphone app they found interesting

in a closed questionwithmultiple answers including

an open ‘‘other’’ option. The components were

formulated based on the scientific statement from

the American Heart Association4 and through dis-

cussion by the research team and ClaudicatioNet

management. The display order of answers to this

final question was randomized to prevent bias. The

PT questionnaire was similar, except the ‘‘highest

educational level question’’ was excluded. An En-

glish translation of the survey is available in

Appendix 1 in the supplementary material.

Respondents were able to modify their answers

throughout the questionnaire, made possible by a

‘‘back’’ button. A printable version of the patient

questionnaire was available for therapists if

preferred.
Statistical Analysis
The online survey was administered through Goo-

gle Forms (Google Inc., Mountain View, CA). Re-

sults were analyzed using SPSS version 22.0

(IBM Inc., Armonk, NY). Data were screened to

ensure that all forms were completed correctly.

When this was not the case (i.e., incomplete

response on key elements), the questionnaire was

excluded from analysis. Categorical variables

were expressed as numbers with percentages and

continuous variables as means with standard devi-

ation (SD). Pearson’s chi-squared test was used to

detect differences between proportions, applying

a statistical significance level of P < 0.05. Binary

logistic regression analysis, using the enter

method, was used to explore the adjusted associa-

tion between age, gender, and attained educational

level, and smartphone use. A P value of <0.2 was

used in univariable analysis to select variables for

multivariable analysis. The results were expressed

as odds ratios with corresponding 95% confidence

intervals. Results were presented according to the

Checklist for Reporting Results of Internet E-Sur-

veys13 and a similar checklist for reporting survey

research formulated by Bennett et al.14
RESULTS
Overview
Of 1,514 PTs thatwere contacted, 617 completed the

web survey (40.8% response rate). Data from a total

of 488 IC patients receiving treatment at that time

were collected via their PTs. Two (0.03%) therapist

forms and 5 (0.1%) patient forms were excluded

due to incomplete responses on smartphone
from ClinicalKey.com by Elsevier on December 23, 
Copyright ©2021. Elsevier Inc. All rights reserved.



Table I. Characteristics and smartphone

ownership of patients with IC (n ¼ 483) and their

PTs (n ¼ 615)

Characteristics Value

Patients

Age, y, mean (SD) 69.9 (9.4) (n ¼ 469)

Gender, n male (%) 271 (56.5) (n ¼ 480)

Educational attainment, n (%)

(n ¼ 480)

None 4 (0.8)

Elementary school 47(9.8)

Secondary education 148 (30.8)

Lower vocational education 132 (27.5)

Intermediate vocational

education

65 (13.5)

Higher vocational education 67 (14)

University degree 17 (3.5)

Owns a mobile phone, n (%) 413 (85.9) (n ¼ 481)

Owns a smartphone, n (%) 196 (40.6)

Physical therapists

Age, y, mean (SD)a 43.7 (12.1) (n ¼ 607)

Gender, n male (%)a 265 (43.1)

Owns a mobile phone, n (%) 611 (99.3)

Owns a smartphone, n (%) 584 (95)

SD, standard deviation; n, number; y, years.
aThe mean age of all ClaudicatioNet therapists is 44 ± 12 years

where 45% is male (data based on a total of 1,426 therapists).

Table II. Operating system and app downloads

amongst IC patients and PTs owning a

smartphone

Characteristics Patients (n ¼ 196)
Physical therapists
(n ¼ 584)

Smartphone operating system, n (%)

Google Android 125 (63.8) 305 (52.2)

Apple iOS 56 (28.6) 264 (45.2)

Windows Phone 10 (5.1) 10 (1.7)

Other 5 (2.6) 5 (0.9)

App downloads, n (%)

None 54 (27.6) 14 (2.4)

1e5 112 (57.1) 108 (18.5)

More than 5 30 (15.3) 462 (79.1)

252 van den Houten et al. Annals of Vascular Surgery
ownership, resulting in 615 therapist forms and 483

patient forms eligible for analysis. Participant char-

acteristics are summarized in Table I.
Smartphone Ownership and App

Downloads
Table II shows the results regarding app downloads

and smartphone operating systems. Overall, 196

(40.6%) patients owned a smartphone, of which

112 (57.1%) downloaded 1e5 apps and 30

(15.3%) downloaded >5 apps. In contrast, 54

(27.6%) never downloaded an app previously.

With respect to gender, 43.9% (119/271) of male

patients and 35.9% (75/176) of female patients

owned a smartphone (P ¼ 0.076). Smartphone

ownership rates declined with increasing age

(Fig. 1). Lower age was associated with higher odds

of owning a smartphone, as was a high educational

level (higher vocational education or a university

degree, Table III). An association between smart-

phone ownership and gender was not present.

Smartphone ownership was common among PTs;

584/615 (95%) owned a smartphone, whereas only

14/584 (2.4%) had never downloaded an app

previously.
Downloaded for Anonymous User (n/a) at Maastricht Uni
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User Preferences regarding App Features
The preferred components of an app of both thera-

pists and patients are presented in Figure 2. The

most preferred components for patients in posses-

sion of a smartphone included keeping track of

treadmill-measured walking distances (71%, 151/

196), GPS tracking of walks (50%, 97/196), daily

physical activity tracking (49%, 95/196), and edu-

cation on PAD (42%, 82/196). Connecting with

peers (6.6%, 13/196) and supporting medication

adherence (8.2%, 16/196) were least preferred

amongst PAD patients. Although not a formal sur-

vey question, 7 patients (3.6%) indicated in the

free-text field that they had no interest in any of

the suggested features. PTs were mostly interested

in GPS tracking of walks (89%, 520/584), daily

physical activity tracking (82%, 481/584), keeping

track of treadmill-measured walking distance

(79%, 460/584), smoking cessation (65%, 377/

584), and providing information on a healthy life-

style (62%, 359/584).
DISCUSSION

This study investigated the smartphone penetration

among end users of mHealth interventions in pa-

tients with IC. The results show that 41% of

responding patients with IC owned a smartphone.

In general, these owners were younger and had a

higher educational level compared to nonowners.

The survey responses in this study also provide

insight into user preferences regarding potential

app features. Both patients and therapists shared

an interest in features that facilitate keeping track

of walking distance limitations, GPS tracking of

walks, and tracking daily physical activity. In gen-

eral, PTs displayed more interest in app features
versity from ClinicalKey.com by Elsevier on December 23, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 1. Smartphone ownership per age category in patients with intermittent claudication (n ¼ 469).

Table III. Determinants of smartphone

ownership versus nonownership among patients

Independent determinant OR (95% CI) P value

Higher educational

attainmenta
2.46 (1.41e4.27) 0.001

Age categories

�54 21.27 (6.82e66.30) 0.000

55e64 4.76 (2.52e9.00) 0.000

65e74 2.58 (1.54e4.33) 0.000

�75 Reference

CI, confidence interval; OR, odds ratio.
aIndicating higher vocational education or a university degree.
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compared to patients. This was especially apparent

for patient education, information on a healthy life-

style, and support with smoking cessation.

Less than half of the IC population owns a smart-

phone, based on the large sample of patients in the

current study. Similar rates have been reported for

corresponding age categories in the general popula-

tion,7 although these rates have been rapidly

increasing over the past years.15 In the present

study, smartphone owners were younger and had

higher educational attainment compared to

nonowners, characteristics that are both known

to be inversely associated with cardiovascular

risk. Accordingly, Fox et al.7 found that digital

connectedness was associated with more

favorable cardiovascular disease risk profiles. Thus,

smartphone-based interventions may predomi-

nantly reach PAD subpopulations with a relatively

favorable prognosis.16 Developers of mHealth inter-

ventions should strive to involve patients without

access to the appropriate technology, as this partic-

ular subgroup may be most in need. Wearable
Downloaded for Anonymous User (n/a) at Maastricht University 
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activity trackers have rapidly been gaining popu-

larity in the recent years and may be used in this re-

gard. Furthermore, integration of mHealth with SET

programs, performed by PTs trained in motivational

interviewing, may provide the necessary guidance

for these generally older, less educated, IC patients.

Indeed, the deployment of mHealth in tandem with

existing in-person counseling efforts has been sug-

gested to potentiate effectiveness.17,18 Rates of

smartphone ownership and lifetime app downloads

among PTs were high, implying their capability of

supporting patients in the use of mHealth.

The content preferences regarding potential app

features provided by the current survey give devel-

opers the means to better tailor their product to the

needs of the intended population. Involvement of

these end users in the development process is

pivotal for achieving user engagement,9 which is

an important determinant of effectiveness.19 Yet,

most available medical apps aimed at patients with

vascular disease lack medical professional involve-

ment in their design and content.6 Previous pub-

lished research regarding cardiovascular disease

patients’ or clinicians’ preferences on mHealth con-

tent is sparse. Rabin and Bock20 reported a particular

interest in automatic physical activity tracking with

feedback on goal accomplishment among sedentary

adults. Likewise, PTs and IC patients in the current

study regarded features linked to daily physical ac-

tivity important; including measurement of ambu-

lant activity and tracking walks through GPS.

Conway et al.21 reported a notable lack of enthu-

siasm for social media integration in apps amongst

diabetes patients. Similarly, participants of the pre-

sent study showed little interest in the ability to con-

nect with their peers trough mHealth apps. The use

of these results, plus the novel insights obtained by
from ClinicalKey.com by Elsevier on December 23, 
Copyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 2. Preferred smartphone app components of patients (n ¼ 196) and physical therapists (n ¼ 584) who own a

smartphone.

254 van den Houten et al. Annals of Vascular Surgery
the present study, may increase usability and

thereby effectiveness.

Consideration of user preference alone does not

guarantee that an mHealth application will be

effective. Indeed, Heffner et al.22 found that popu-

larity of an app feature does not necessarily go

hand-in-hand with effectiveness. For instance, pa-

tient education and support with smoking cessa-

tion are important treatment goals in SET

programs. Likewise, a considerable portion of PTs

in our study showed interest in these features.

Interestingly, only a small proportion of patients

in our study would appreciate information on a

healthy lifestyle or help with smoking cessation

through an app. Notably, previous mHealth inter-

ventions providing smoking cessation support

have shown benefits of a magnitude comparable

to the effect of interventions such as nicotine

replacement therapies.8 Evidently, a promising

theory or evidence base for a smartphone app is

not necessarily met with patients’ predilection for

using it. Nonetheless, apart from the patients’
Downloaded for Anonymous User (n/a) at Maastricht Uni
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and clinicians’ preferences presented by this sur-

vey, developers should heed best practice recom-

mendations backed by evidence or behavioral

change theory to potentiate effectiveness.
Strengths and Limitations
To our knowledge, this is the first study exploring

both smartphone ownership and mHealth content

preferences of PAD patients and their treating

PTs. A challenge for future research remains to

determine if the results of the survey hold true in

clinical practice and translate into real-world effec-

tiveness. Several strengths and weaknesses may

apply. A large sample was obtained despite a rela-

tively short (1 month) response collection dura-

tion. Unfortunately, the number of patients

approached by their PT for completion of the ques-

tionnaire is unknown. Therefore, an exact patient

response rate cannot be determined. A main limi-

tation of the study thereby lies in the uncertainty

regarding the validity of extrapolating the results
versity from ClinicalKey.com by Elsevier on December 23, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.
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to the IC population as a whole. In 2015, a Claudi-

catioNet PT saw approximately 2e3 individual IC

patients for at least one treatment session per

month (this study’s duration). Since 617 PTs

responded, they in turn could potentially

reach 1,234e1,851 patients. Thus, with 488 pa-

tient respondents, a response rate of 26% (488/

1,851) to 40% (488/1,234) was possible. Such

low response rates are not uncommon for elec-

tronic surveys but do warrant careful formulation

of the conclusions.12

Furthermore, selection bias is a known problem

for electronic surveys. We aimed to reduce this risk

by presenting the PTs with different modes of

administering the questionnaire to their patients,

including a printed version. Thus, the survey was

not exclusively available for patients with access

to the appropriate technology. Nonetheless, it

may be possible that PTs only asked patients with

a smartphone to complete the survey. The repre-

sentativeness of the sample may thus be compro-

mised resulting in an overestimation of

smartphone penetration rates. To minimize this

risk of selection bias, the text that accompanied

the survey stated an explicit request to the PTs to

include all patients irrespective of smartphone

ownership. Furthermore, the questionnaires con-

tained no enquiries on patient characteristics

such as medical history, comorbidity, and disease

severity (treadmill-measured walking distance

and ankle-brachial index). Moreover, IP addresses

were not collected so there was no way of checking

for duplicates among responding PTs. As the

outcome of this survey yields no potential benefit

nor detriment for an individual therapist, this risk

is probably minimal.
CONCLUSIONS

A smartphone app aimed at improving health

behavior has the potential to reach a substantial

proportion of PAD patients. Smartphone owner-

ship is associated with younger age and higher

attained educational level; characteristics that

carry a relatively favorable cardiovascular risk. De-

velopers and researchers should strive to find solu-

tions for patients without access to the appropriate

technology in the design and implementation of

mHealth, as this particular subpopulation may be

most in need. The current study provides a frame-

work of end-user preferences regarding desired

app features and can help guide the development

of future mHealth interventions aimed at patients

with IC.
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