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Abstract

Background: Limited communication and care coordination following discharge from hospitals may contribute to surgical
complications. Smartphone apps offer a novel mechanism for communication and care coordination. However, factors which
may affect patient app use in a postoperative, at-home setting are poorly understood.

Objective: The objectives of this study were to (1) gauge interest in smartphone app use among patients after colorectal surgery
and (2) better understand factors affecting patient app use in a postoperative, at-home setting.

Methods: A prospective feasibility study was performed at a hospital that principally serves low socioeconomic status patients.
After colorectal surgery, patients were enrolled and given a smartphone app, which uses previously validated content to provide
symptom-based recommendations. Patients were instructed to use the app daily for 14 days after discharge. Demographics and
usability data were collected at enrollment. Usability was measured with the System Usability Scale (SUS). At follow-up, the
SUS was repeated and patients underwent a structured interview covering ease of use, willingness to use, and utility of use. Two
members of the research team independently reviewed the field notes from follow-up interviews and extracted the most consistent
themes. Chart and app log reviews identified clinical endpoints.

Results: We screened 115 patients, enrolled 20 patients (17.4%), and completed follow-up interviews with 17 patients (85%).
Reasons for nonenrollment included: failure to meet inclusion criteria (47/115, 40.9%), declined to participate (26/115, 22.6%),
and other reasons (22/115, 19.1%). There was no difference in patient ratings between usability at first-use and after extended
use, with SUS scores greater than the 95th percentile at both time points. Despite high usability ratings, 6/20 (30%) of patients
never used the app at home after hospital discharge and 2/20 (10%) only used the app once. Interviews revealed three themes
related to app use: (1) patient-related barriers could prevent use even though the app had high usability scores; (2) patients viewed
the app as a second opinion, rather than a primary source of information; and (3) many patients viewed the app as an external
burden.

Conclusions: Use patterns in this study, and response rates after prompts to contact the operative team, suggest that apps need
to be highly engaging to be adopted by patients. The growing penetration of smartphones and the proliferation of app-based
interventions are unlikely to improve care coordination and communication, unless apps address the barriers and patient perceptions
identified in this study. This study shows that high usability alone is not sufficient to motivate patients to use smartphone apps
in the postoperative period.
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Introduction

Surgical complications, particularly after colorectal surgery [1],
result in increased resource utilization, readmissions, and lower
patient satisfaction [2-7]. Unplanned readmissions are especially
problematic, leading to increased mortality [8] and an estimated
cost of US $17.4 billion dollars annually for Medicare alone
[9]. Expedited care and enhanced recovery pathways have led
to shorter hospital stays than with traditional care for a variety
of surgeries [10-14], but this allows less time for healthcare
providers to monitor for complications and educate patients.
Despite moves toward earlier discharges, there is increasing
pressure from public and private payers to reduce readmissions
for an expanding number of admission diagnoses [15,16]. The
transition from in-hospital care to home care, and the
management of home care, are increasingly recognized as
important factors that can influence the rate of readmissions
[17]. Early recognition of complications may allow outpatient
management in some cases. In this setting, tools that promote
postdischarge self-care and early recognition of complications
are particularly appealing.

Mobile health (mHealth) tools offer the potential to improve
postdischarge care. Rapid advances in communication and
computer technologies during the last few decades have allowed
for the development of healthcare tools based on mobile
computers and communication devices, which have the potential
to influence many facets of healthcare [18]. Smartphones are
increasingly common, with 64% of the US population owning
a smartphone, and 62% of smartphone owners report getting
information about a health condition on their device [19].
Together, software stores for the two most popular mobile
platforms, Apple Inc’s iOS and Google Inc’s Android, offer
over 100,000 health-related apps [20], but many of these tools
lack a solid evidence base for their use [21-24].

mHealth interventions, consisting of both mHealth tools and
the surrounding systems that provide and support them, have
shown benefits in the management of some chronic health
conditions [25]. For example, mHealth apps have been
successfully utilized in outpatient clinics to improve blood
glucose control in diabetics, and improve patient outcomes
[26,27]. The use of apps for patient follow-up in human
immunodeficiency virus/acquired immune deficiency syndrome
and tuberculosis clinics has the potential to reduce the number
of patient visits, thereby reducing the burden on the health care
system [28]. Additionally, mHealth apps have proven successful
in patient education to promote physical activity and healthy
diets [29,30]. The above studies suggest a possible role for the
use of mHealth interventions in perioperative care; however,
studies regarding the use of mHealth apps in surgical settings
remain limited. A recent study by Sanger et al [31] assessed
patient perceptions of mHealth apps for postoperative wound
monitoring, and found that patients believed mHealth tools
would be useful for wound monitoring and that these tools could

improve follow-up, communication, and triage. Another study
by Semple et al [32] demonstrated the feasibility of using an
mHealth app for monitoring patient ratings of the quality of
their recovery. Despite these recent studies, the factors that
affect the use and utility of mHealth interventions in the
postoperative period remain unknown.

Methods

We performed a descriptive feasibility study in which we used
semistructured interviews, a standard technology usability score,
chart review, and app use metrics to assess patient perceptions
and use of a postoperative symptom-tracking smartphone app.
Institutional Review Board approval was obtained prior to
beginning the study and written informed consent was obtained
from all subjects at enrollment.

Mobile Health App
The mHealth app used in this study was developed by an
industry partner (Seamless Mobile Health, Inc) and is based on
an algorithm previously developed by our group, based on a
systemic review and meta-analysis [33]. The app was designed
to function on three mobile operating systems including Android
(version 2.0 and newer, Google Inc, Mountain View, CA), iOS
(version 4.0 and newer, Apple Inc, Cupertino, CA) and
Blackberry OS (version 10.2.1 and newer, Blackberry Ltd,
Waterloo, ON). The app is intended for daily postoperative
self-reporting by patients, and the main functionality is a
symptom tracker which asks a series of questions about
symptoms that can be warning signs after colorectal surgery.
The symptom tracker also allows the patient to take a picture
of their surgical wound and record their temperature each day.
The app delivers an on-screen reminder to patients that they
need to fill out the questions if they have not already done so
by a set time of day. After answering all questions (the
photograph and temperature features can be skipped), the app
automatically gives patients one of three responses: (1) no
issues, continue current care; (2) concerning issues, call
surgical team; or (3) emergently concerning issues, go to
emergency room (ER).

The wording of both the questions and responses was developed
through an iterative design process and literacy evaluation was
performed to develop an after-hospital care plan based on the
same algorithm. Goals of this process were to make the
after-hospital care plan accessible and patient-centered, while
improving communication and patient knowledge. Although
the design process included patient interviews, formal validation
of the app (and the after-hospital care plan on which it was
based) with regard to these design goals was not performed.

In this study, patient responses were encrypted and then
automatically uploaded to a secure, encrypted online portal.
Responses that could not be immediately uploaded due to the
lack of an Internet connection were cached on the patient’s
device and uploaded once a connection was available. Patients
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were instructed that members of the treatment team would not
be notified of any issues reported through the app, and that
patients needed to respond to app cues as they felt appropriate.
Upgrades to the app were made throughout the study period to
correct technical issues, but the overall app design, questions
given to patients, and algorithm remained constant throughout
the study.

Subjects and Setting
This study was conducted at Ben Taub Hospital, a large urban
county hospital in Houston, TX which principally serves patients
with low socioeconomic status. We recruited postoperative adult
patients who had undergone colorectal surgery for both
traumatic and nontraumatic causes, during the admission in
which they were identified. Inclusion criteria included: English
or Spanish as the primary language, ability to obtain a mobile
device capable of running the app, and capacity to consent for
self. Exclusion criteria included: pregnancy; incarceration; and
desire by the primary team to not have the patient participate
due to medical complexity, enterocutaneous fistula, or length
of stay. Spanish-speaking patients were not included until a
Spanish language version of the app became available 5 months
after the study began. Enrollment, teaching, and follow-up for
Spanish speaking patients was performed via an interpreter.
Patients who did not have a phone but wanted a family member
or friend to fill out the app were allowed to participate.

After identification by twice-weekly inpatient census review,
patients were introduced to the study by members of the
treatment team using a standardized script. In order to protect
patient privacy, only patients desiring to hear more about the
study were approached by a member of the study team. Informed
consent was obtained and each patient went through a brief,
standardized orientation with the app, led by the same member
of the research team. Patients were shown how to use the app
on a device used in the study and were asked to perform a
teach-back on their own device. Patients were then instructed
to use the device daily for at least two weeks after discharge.
Patients who were enrolled and completed follow-up, regardless
of how often they used the app, were given US $10 as
compensation for participation.

Data Collection
At the time of study enrollment, patients completed a brief
demographic survey. Immediately after performing the
teach-back of the app on their device, patients were asked to
rate the app using the System Usability Scale (SUS). The SUS
is a validated, 10-item Likert scale survey that assesses the
usability of technological tools and generates a composite score
with a maximum of 100 points [34,35].

Follow-up with patients occurred at either the routine
postoperative clinic visit (typically 2-3 weeks after discharge)
or by phone if we were unable to meet with patients in a clinic.
If we could not contact patients on our initial attempt, we made
two additional attempts and left phone messages when possible.
At follow-up, we performed a semistructured interview
(Interview Guide found in Multimedia Appendix 1) which asked
both direct and open-ended questions related to app use. In
addition to the semistructured interview, the SUS was repeated

at the time of follow-up. Interviews were conducted by a single
investigator. For patients who reported not using the app, we
did not use the interview guide and instead focused solely on
reasons for not using the app. Interviews were conducted with
family members that were present, if they accompanied the
patient to the clinic visit. Detailed field notes of the interviews
were collected, and data was delimited at the time of collection,
with direct quotations of informative responses recorded.
Audio/visual recordings and interview durations were not
collected. The authors met after each set of 5 interviews to
review the data and determine if data saturation had been
achieved. Field notes were not reviewed by study participants
and participants were not asked to provide feedback on the
findings of this study.

At 30 days after discharge, we reviewed patients’ charts to look
for phone calls related to the surgical intervention, ER visits,
and readmissions. Using the online portal, we collected the total
number of times each patient used the app, responses to all
questions in the tracker, and the recommendation given to the
patient each time they used the app.

Data Analysis
Two members of the research team independently reviewed the
field notes from follow-up interviews and extracted the most
consistent themes. To facilitate theme extraction, patient
responses were stratified based on the number of times the
patient had used the app after discharge. All members of the
team were then given the field notes, as well as the themes
suggested by the two initial reviewers, and modifications were
made to the themes (as deemed appropriate by group consensus).
Descriptive statistics for the use metrics, SUS, and demographic
surveys were calculated using Stata 13.1 (StataCorp LP, College
Station, TX).

Results

Subjects
Over a 1-year time period (December 15, 2013 to December
15, 2014), we screened a total of 115 patients (Figure 1). We
identified a total of 68 patients who were eligible for
participation, however the treating team was unable to introduce
the study to 17 patients. The majority of patients that did not
meet inclusion criteria either did not have a suitable device
(n=20) or spoke a language not supported by the app at the time
of screening (n=13). Of the remaining 51 patients approached
by the treatment team, 26 declined to participate and 25 wanted
to be enrolled. Of those 25 patients, 2 were unable to have their
devices brought to the hospital and 3 had devices that were
incompatible with the app. This left a pool of 20 patients who
were able to receive the app. Demographics for these 20 patients
are shown in Table 1. We were unable to contact 3 patients for
follow-up interviews, but app use metrics and data from the
30-day chart review were available for all 20 patients. Among
the 17 patients for whom we did complete follow-up, 2 reported
not using the app, resulting in an abbreviated interview in which
only reasons for nonuse were discussed. There was a total of
15 patients for whom the semistructured interview was
completed and the follow-up SUS was collected.
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Table 1. Patient demographics.

Number >1 useNumber =0 or 1 usesCharacteristics

128All Patients

Gender

93Male

35Female

Age (years)

3329 or younger

5330-44

4245-64

Marital status

54Single

54Married and/or living with a partner

20Separated/divorced

Race/ethnicity

32White

43Black, African-American, African-Caribbean, African, or nonwhite
Hispanic or Latino

43Hispanic or Latino - white

10Other

Residents in house

21Lives alone

52Two people

55Three or more people in household

Schooling

21No formal educational credential

13High school diploma or equivalent

72Some college or trade school, no degree

22College graduate (bachelor’s degree)

Employment

65Working full-time or part-time

62Unemployed or laid off

01Disabled, not able to work

Income

42<US $20,000/year

75US $20,000-$59,999/year

11>US $60,000/year

Analysis of this data revealed three themes: usability and actual
use, the app as a second opinion, and internal versus external
motivation.
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Figure 1. Patient screening and enrollment.

Usability and Barriers to Actual Use
The majority of patients gave the app high quantitative ratings
for usability. Interviews and use metrics revealed a more mixed
assessment of usability and lower-than-desired use. Immediately
after initial use, patients gave the app a median SUS score of
95 (interquartile range [IQR] 86-98). Among patients who
reported using the app at least once after discharge, the median
SUS score was 95 (IQR 83-98) at the time of follow-up.

Ten of 15 patients (67%) reported that the app fit into their
day-to-day routine easily and did not take very much time.
Statements included:

Didn't have to fit in, only took a couple seconds.

It's fine because I'm done with my morning routine
and haven't started my lunchtime routine yet.

Whenever I had time I just did it.

A week after I got out, the grenade [surgical drain]
had doubled its drainage, so I used it at the
fairgrounds [patient was attending a rodeo when he
noticed increased drainage].

Four of 15 patients (27%) felt that the app did not fit in well
because the reminder came at the wrong time, or they simply
forgot to fill it out. These patients did not remember that the
time of the reminder could be changed, with one respondent
stating, “If the reminder was in the evening, it would have been
better.”

Finally, one patient (1/15, 7%) felt that the app fit into his
routine better on some days than others, stating, “It fit in OK,
just some days were good, some were bad [and on bad days]
the app was just not happening.”

Despite high usability ratings and perceptions that the app fit
into their daily routines, the majority of patients did not use the
app daily after discharge, as instructed. Use metrics collected
in the online portal showed that six patients (6/20, 30%) did not
use the app at all and two patients (2/20, 10%) only used it once.
Twelve patients (12/20, 60%) used the app more than once,
with a median of 7 times (IQR 6-31.5). Four of these patients
used the app more than 25 times. During the interview, two
patients with zero recorded uses in the portal reported that they
had used the app, with one stating that her Internet connection
had malfunctioned. Use metrics are summarized in Table 2. Of
the three patients who could not be reached for follow-up, two
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had no record of app use and one had used the app eight times.
A summary of the number of patients who used the app and
responded for follow-up is given in Table 3.

During interviews, when asked if they had any problems while
using the app, 8 of 15 patients (53%) responded affirmatively.
The problems patients reported were variable, but fell into three
broad categories: (1) app issues or technical problems with the
app (bugs), including, “started becoming buggy on me […]
reset itself when I was in the middle of answering questions”
and, “every time I tried to use it, I'd forget about the picture,
and when the picture wouldn't go through I'd say, ‘oh, God’ and
give up.”; (2) patient/user issues, such as not answering a
question before attempting to move to the next question because
the patient was, “speeding through it,” and difficulty entering

the app directly from the notification/reminder; and (3) system
issues or problems with how the app fit into self-care and the
care system, including difficulty with an Internet connection (
“just my Internet was tripping”), feeling unable to take a wound
photograph because a surgical dressing was in place (“because
I was already bandaged up”), and inability to reach a physician
by phone when told to call.

The clinical impact of low use can be seen in ER visits by
patients enrolled in this study. Eight of 20 patients (40%) had
unplanned ER visits within 30 days of discharge. Of those 8
patients, 5 (63%) presented with symptoms that could have been
addressed by the app. On the day of their ER visit, none of the
5 patients used the app to check their symptoms.

Table 2. Number of app uses and surgical diagnoses.

Number of patientsNumber of times app used

TotalAppendicitisInflammatory bowel diseaseDiverticulitisCancerTrauma

6--1b3a20

2----21

8111-52-10

4--13->25

aTwo of these patients did not receive the app on their own device but had a child with a mobile device on which the app was installed. The third patient
had no recorded uses in the portal, but reported having problems with her Internet connection, and stated that she used the app three times.
bThis patient reported using the app 2-3 times, and he denied problems with his Internet connection.

Table 3. Number of patients who used the app and responded to follow-up.

PercentageNumber of patientsCategory

100%20Enrolled

85%17Completed follow-up

80%16>1 use reported by patient

70%14>1 use recorded by portal

75%15Completed follow-up and reported use

App as a Second Opinion
The second theme relates to patients’ perceptions of the role
the app had in their postoperative care and how they responded
to recommendations given by the app. While the first theme
relates to barriers to using the app, this theme relates to barriers
to clinical effect. Patients felt that the app served as a second
opinion or accessory source of information rather than a primary
source of information, and thus did not always follow
recommendations given by the app. Some patients struggled
with how to properly input data and respond to recommendations
based on unclear data, but used their own judgment to make
decisions about when to seek help. Patients also frequently
skipped the two data fields (wound photograph and temperature)
with options to be skipped, lowering the amount of clinically
actionable data that was collected.

Overall, patients reported that they trusted the recommendations
given by the app. When asked directly, 11 of 15 patients (73%)
reported that they trusted the recommendations, 3 patients (20%)

reported that they did not trust the recommendations, and 1
patient (7%) was unsure. Patients trusted the app for different
reasons:

Yes, because it was stuff that I didn't know that I
thought was right.

When the app tells you you need to call, you do what
it says. It was kinda a second opinion you know.

I felt that it would tell me what to do if I needed to.

Yes, because it said I was on the red team.

Yes I do because it helped me a lot.

Kinda a little security thing, if anything going on,
tells you who to contact.

Despite reporting that they trusted the app, many patients did
not follow the recommendations given. Ten of the 16 patients
(63%) who used the app received a recommendation to call the
surgical team, but only 4 of those 10 (40%) called when
prompted. Patients who did not follow the recommendation
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could be split into three categories. Two patients simply felt
they knew better than the app and made statements such as, “I
thought I knew better.”

Three patients were unsure of the significance of their symptoms
and decided to see how they changed over time. In one instance,
a colorblind patient who thought his wound might be red stated,
“I wasn't hurting in any way and my daughter wasn't absolutely
sure it was red.” A single patient reported wound drainage,
which prompted a recommendation to call, but the patient had
just been seen in the ER and evaluated for the same symptom
so she decided not to call.

In contrast, the four patients who did call when prompted did
so either because they were unsure and wanted extra
information, or because they felt obligated, with one patient
stating, “I had to do something.”

Patients took photographs of their wounds a median of 0% (IQR
0-54) of the time. Patients reported two main reasons for not
taking wound photographs. Three of 15 patients (20%) reported
that it was not convenient to take down their dressing to take a
photograph if they were filling out the app at a different time
than when they changed their wound dressing. An additional
three patients reported that they did not feel comfortable viewing
their wound:

I hated looking at it, most of the time I took pictures
with the wound covered.

I dunno, I'm just, I think because of the ostomy bag,
I'm a little timid about taking photos.

An additional two patients (2/15, 13%) felt that it was difficult
to appropriately position themselves for the photograph. One
patient (1/15, 7%) did not take pictures because the app crashed
when he tried to take a picture, one was not motivated to take
pictures, and one felt that it was not important because the topic
was not repeatedly stressed during his educational orientation.

Patients recorded their temperature more frequently, with a
median of 50% (IQR 14-90) of the time. In most instances that
patients did not record their temperature, they reported not
having a thermometer at home. Of note, some patients recorded
a temperature even when they did not have a thermometer and
one patient stated that, “I kinda fibbed” and did not actually
measure his temperature because, “I don’t know, I didn’t feel
sick.”

Internal Versus External Motivation
The third theme relates to patients’ motivations to use the app.
Seven of the 15 patients (47%) reported being able to fill out
the app every day, while 8 stated that they could not. Patients
gave a variety of reasons to use or not use the app, summarized
in Table 4. In general, patients who used the app daily had
internal motivators such as feeling connected to the app in some
way or believing that the app benefited them in some way. Three
of the 4 patients who used the app more than 25 times had
undergone surgery for cancer. Table 2 shows the reasons patients
underwent surgery divided by number of uses. Patients who
used the app less frequently viewed the app as an external
burden, which they would not use in the face of barriers.

Table 4. Reasons for using/not using the app.

Relevant quotes

Reasons for daily use

“Because asked about my symptoms.”Patients felt app was personal

“Because it said I was on the red team.”

“Kinda a little security thing, if anything going on, tells you who to contact.”Provided sense of security

“Good for me because when I check everything it tells me everything is ok.”

“I like it because maybe this way you can get some more information.”Felt that it would benefit research study

“A lot of times when I got bored.”Boredom

Reasons to not use daily

“Just running up and down.”Time constraints

“I was too busy.”

“Due to my surgery, I was in a lot of pain.”Postoperative pain

“Too tired.”Fatigue

“Didn’t feel like doing it.”

“Probably cause I forgot. I could swear I'd done it that day, then noticed the calendar wasn't filled
out one day when I did it.”

Memory

No specific quotesTechnical issues

Discussion

mHealth interventions such as smartphone apps have the
potential to revolutionize care coordination and communication,

but limited data exist on their use in perioperative settings [18].
We found that most enrolled patients could use a postoperative
symptom-tracking app and believed that it was easy to use, but
a significant number did not actually use the app. Our results

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 2 | e11 | p. 7http://mhealth.jmir.org/2017/2/e11/
(page number not for citation purposes)

Scott et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


indicate that mHealth interventions must be designed to account
for a variety of patient factors that can impact use, and we have
extended previous work by exploring these factors in the
postoperative, at-home setting using a qualitative descriptive
approach. These factors can be understood using the integrative
model of behavioral prediction, and analyzing our results using
this framework has provided several important lessons which
we feel are important for developing apps targeted at
postoperative patients. Ultimately, we believe that mHealth
apps should be designed with patient beliefs and attitudes in
mind, and those apps should use validated content and content
delivery methods that can improve patient trust, activation, and
use of the intervention.

A recent study by Sanger et al [31] suggested that mHealth apps
designed to improve management of postdischarge
complications need to enhance knowledge, self-efficacy, and
communication. The same authors have recommended that
postacute care apps should meet accessibility, usability, and
security needs, encourage patient-centeredness, facilitate more
and better communication, and facilitate personalized
management [36]. Our study expands the understanding of how
some of these factors may influence app use, by interviewing
patients who had used a postoperative care app. The content in
the app used in this study was designed with the goals of
improving knowledge and communication with a high degree
of patient centeredness, but was not formally validated in these
domains. As such, suboptimal patient engagement in this study
may be secondary to inadequacy in these previously suggested
domains, or due to failure of the intervention to address other
modulators of engagement such as patient attitudes and
perceived norms.

Our study has some similarities to a recent study by Semple et
al [32], but also had several differences. While both studies
assessed the feasibility of using a patient-centered app in the
postoperative period, we focused on factors that impact use.
The significantly lower use rates found in our study likely stem
from multiple factors. First, patients participating in our study
were initially approached in the postoperative period, whereas
patient in the Semple et al study were enrolled in the
preoperative period. However, a large number of patients in our
study were undergoing surgery for trauma or nonelective
indications and therefore could not be enrolled in the
preoperative period. In our study, patients were given the app
at the time of enrollment rather than at a subsequent time point.
Second, patients in our study were expected to provide their
own device rather than using a device provided by the research
team. The novelty of a free device may have led patients in the
Semple et al study to use the app at an increased rate, which
may not continue after patients stop recognizing the free device
as a reward. Data from Liu et al [37] suggest that a one-time
reward may improve initial engagement but that this engagement
will not be sustained. Third, patients in the Semple et al study
were given an educational booklet to guide their use of the app,
while patients in our study were instructed to use the app’s Help
section if they had questions. Finally, the patient population
likely differed significantly between the two studies. Our study
took place at a large public hospital, which principally serves
low socioeconomic status patients, and was not limited to

English speakers. These differences are consistent with the
reality that that mHealth interventions are not composed solely
of smartphone apps or other tools, but also of the systems that
provide and support them. Factors such as the timing and method
of app distribution, the intensity of education surrounding the
app, and even the app’s integration in the care pathway can all
impact patient use because they affect attitudes and perceptions
toward app use, as well as a patient’s perception of their control
over the app. These latter factors likely have a significant impact
on patient engagement and must be accounted for when
comparing interventions.

This study is notable for a low recruitment rate, reflective of its
pragmatic design. The three largest groups of patients who were
screened but not enrolled were patients who did not wish to
participate in the study (26/115, 22.6%), patients who did not
have a suitable device (20/115, 17.4%), and patients who were
not introduced to the study by the treating team (17/115, 14.8%).
Failure of the treating team to introduce the intervention
indicates the need to target treating teams with training on any
new intervention, to address concerns by the treating team about
the intervention’s limitations and integration in the current work
flow, and to design interventions that integrate well in current
workflows [38,39]. Limitations in device availability should
diminish with increasing use of smartphones, but participation
can also be increased by expanding the number of platforms on
which a given mHealth app can run, or providing suitable
devices to patients when needed. This study focused on app use
after enrollment rather than barriers to recruitment, meaning it
has limited ability to define strategies to improve patients’
desires to enroll in mHealth interventions. A recent review from
O’Connor [40], however, suggests that perceived quality of the
intervention, the approach to recruitment, patient personal lives
and values, and patients’ personal agency and motivations can
all impact recruitment to mHealth studies. The findings in this
study can be understood using the integrative model of
behavioral prediction, which is the latest formulation of the
reasoned action approach, that includes the theory of reasoned
action and the theory of planned behavior [41]. In the context
of a postdischarge mHealth app, the integrative model suggests
that patient use of the app and responses to the app cues
(behavior) are driven by the patient’s intention to use the app
and respond appropriately (moderated by their actual control
over doing so). The patient’s intention to use the app is based
on their attitude toward use, their perception of whether or not
use is normal, and their perception of their own ability to use
the app. Underlying these factors are the patient’s beliefs about
using the app, beliefs about whether or not app use is normal,
and their beliefs about their ability to use the app. Comments
from participants in the current study emphasize the importance
of moving mHealth apps from novelty features to expected
norms of clinical care.

The three themes found in our study can all be considered, using
the integrative model as a framework. The first theme we
encountered related to patients’ app use rates in the setting of
high usability ratings. High quantitative usability ratings are
likely consistent with high perceived control; patients who
indicate high usability likely feel that they have the capacity to
use the app. Reasons for use/nonuse can then be attributed to
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attitudes toward use (eg, a patient in pain may not want to use
the app because they feel that it is a burden), perceived norms
(eg, a patient calls when prompted because they feel that is the
correct action), or actual control (eg, a patient having technical
issues does not use the app). The second theme was viewing
the app as a second opinion, which stems largely from
behavioral and normative beliefs. Patients who described the
advice given by the app as authoritative, or who stated that
responding to the app was the correct behavior, also reported
calling when prompted. Patients who reported feeling that they
knew better than the app were unlikely to respond as directed.
The third theme was internal versus external motivation, which
fits with the concept of behavioral beliefs. Patients who had
internal motivation to use the app (eg, patients with an oncologic
diagnosis) or believed that it would be beneficial (eg, patients
who reported that it provided them a sense of security) reported
higher use, consistent with use being driven by a favorable
attitude toward use.

Lessons Learned
We believe that there are several lessons to be learned about
mHealth intervention design and implementation. These lessons
are applicable to academicians, clinicians, and software
developers alike.

First, mHealth interventions should be designed with
consideration of patient views on the intervention’s level of
authority or their trust in the intervention. In this study, viewing
the app as authoritative was associated with following directions
provided by the app, but multiple patients reported not viewing
the app as authoritative. This study did not attempt to assess
elements which influence patient views on an intervention’s
authority, but there are likely multiple factors involved.
O’Connor et al [40] suggests that a lack of trust in the
information included in a digital healthcare intervention, and
the lack of a clinic endorsement and support of the intervention,
may pose barriers to patient engagement. For interventions with
poor quality content or in cases where patients are not informed
of the content’s source, we theorize that patient trust will be
lower than for interventions with high quality content that is
presented with a clinician’s endorsement of its accuracy, or an
explanation of its empiric basis. Commercially available apps
related to asthma, cardiovascular disease, breast cancer, pain
management, headaches, eating disorders, and a variety of other
topics consistently lack an appropriate empirical basis
[21-23,42-44]. Evidence-based content may improve trust in
an intervention and thus drive engagement, but only if the patient
is informed of the content’s origin. In this study, patients did
not universally view the app as authoritative despite the
empirical grounding of the content, but no specific effort was
made to inform patients of the content’s origin. We believe
mHealth content should be empirically grounded and that
mHealth interventions should be designed to inform patients of
that empiric basis.

Second, postoperative mHealth interventions need to be adaptive
to specific patient attitudes, concerns, and perceptions that may
arise in the postoperative period. For example, multiple patients
reported feeling uncomfortable viewing their wounds, stating
that they did not like the appearance of their wounds. This

discomfort appears to have decreased appropriate use of the
app’s wound photo functions. One patient reported
photographing their wound without first removing the bandage,
indicating that discomfort with the wound rather than the
inconvenience of taking the photograph likely hinders use of
this function for some patients. Use of both the app and this
specific function may have improved for these patients if the
intervention had assessed comfort with the appearance of
postoperative wounds, and provided patients who expressed
discomfort with reassurance regarding the appearance of wounds
and the normalcy of feeling uncomfortable when viewing such
wounds. Similarly, patients who are internally motivated to
recover from surgery may need minimal reinforcement to use
any additional tools offered, but patients who have lower internal
motivation for surgical recovery may view the app as an external
burden, and might need further assurances of how the app can
benefit them. The majority of our heaviest users had oncological
diagnoses, suggesting that the degree of concern with potential
outcomes may modulate use in this setting. Future work in
postoperative care apps should further explore factors specific
to this setting (eg, presence of wounds, concerns about surgical
outcomes) and how they modulate engagement via mHealth
interventions. Richer understanding of the interplay between
such factors will allow for the creation of interventions that
address individual concerns in a way that promotes engagement.

Third, while usability is important, perceptions of convenience
within one’s routine are equally important. Multiple patients
stated that they felt too busy to use the app or that they could
not use it when they felt sick. These statements may be allusions
to the perception that an app is inconvenient or too distinct from
what one does during a routine day. A study by Anderson et al
[45] revealed patient preferences to have customizable settings
including different tactile, visual, and auditory alarm choices
to serve as reminders for app use. Passive data collection (ie,
taking pictures) may also be preferable to active data collection
that requires manual entry of information (ie, typing
information), as this option reduces the effort required and time
spent on app use [46]. Incorporating these features into future
app development may improve the convenience of app use by
integrating use into daily routines and making periods of app
use shorter.

Finally, comparing our results with the available literature, we
believe that implementation is critical. mHealth apps alone
should not be viewed as mHealth interventions, but rather as a
component of mHealth interventions. App use was lower in our
study than when patients were given an app preoperatively [32],
indicating that preoperative introduction of mHealth
interventions is superior, but may not be feasible in an acute-care
setting. Likewise, intensive education surrounding the app and
distribution of educational materials with the app may improve
engagement, but may be difficult to achieve in some clinical
settings. We believe that optimal outcomes can only be realized
when both the app and surrounding intervention target patient
beliefs and attitudes, which affect patient intentions and
ultimately behavior.
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Limitations
This study provides insights into factors that can affect patient
engagement via mHealth interventions in the postoperative
period, but has some limitations. First, the intervention was
offered only in the postoperative period, which resulted in a
significant number of patients not having phones available,
thereby limiting participation. Second, we only interviewed
patients who chose to participate, which limits our conclusions
about reasons patients might refuse to use mHealth apps. Third,
multiple patients responded to structured interview questions
in ways that were inconsistent with their actual use of the app.
These responses raise the possibility that patients were
attempting to rationalize their behavior or appease the
interviewer rather than convey their true impressions of the app.
Interview data obtained in this study are inadequate to determine
the intent of patient responses. Fourth, we did not assess all of
the concepts included in the integrative model (eg, intention),
which partially limits our ability to analyze our data using this
model. Fifth, the app used in this study has not been validated
with regard to its ability to communicate or enhance knowledge,
or with regard to its usability (beyond the SUS), limiting the
assessment of how these factors may have influenced use.
Finally, this was a feasibility study with a small sample size

and limited power to infer quantitative differences between
patients who used the app frequently and those who used the
app infrequently. Despite these limitations, we believe that this
study does provide novel insights into factors which influence
app use, and thus can benefit clinical scientists and app
developers. Similarly, this study was pragmatic, focusing on an
intervention that could be provided in a postoperative setting,
making our findings clinically important.

Conclusions
mHealth interventions have the potential to improve care
coordination and communication after surgery. In this study,
patients thought that an mHealth app that tracked symptoms
after colorectal surgery was highly usable, yet actual use fell
short of goals. Multiple factors appear to influence app use in
this setting, including patients’ opinions of the app’s benefit
and authority, the source of patients’ motivations, and patients’
perceptions of the relative importance of using the app. The
integrative model of behavioral prediction provides a framework
for understanding these factors and can provide insight into how
to develop and test future mHealth interventions. Our future
work will use the lessons we have learned in this study to
optimize patient engagement via perioperative mHealth
interventions.

Authors' Contributions
Dr Naik, Dr Berger, and Dr Suliburk provided critical aspects of study vision and design. Dr Naik, Dr Berger, Dr Suliburk, and
Dr Alore critically revised the paper for intellectual content. Dr Scott is the first author of the manuscript, contributed to data
collection and analysis, and was the primary drafter of the manuscript, tables, and figure. Dr Scott and Dr Naik performed the
initial analysis of qualitative data and Dr Berger and Dr Suliburk jointly resolved any discrepancies. All authors give final approval
for the version to be published.

Conflicts of Interest
Dr Scott holds a trainee grant from the Cancer Prevention and Research Institute of Texas (RP140102). Dr Suliburk holds a
Gordon and Betty Moore Foundation Early-Career Investigator Award (#4603). Dr Naik receives support from a VA Health
Services Research and Development Center of Innovation grant (CIN 13-413). This study was sponsored by Seamless Mobile
Health, Inc. Sponsorship was limited to access to app, patient compensation, and the cost of a mobile hot-spot used to allow
patients to download the app. The authors retained full editorial rights and have no other commercial interest with the sponsor.
The Department of Veterans Health was not a performance site for this study and was not involved with any research activities
associated with the commercial sponsor.

Multimedia Appendix 1
Semistructured interview guide.

[PDF File (Adobe PDF File), 35KB-Multimedia Appendix 1]

References

1. Merkow RP, Ju MH, Chung JW, Hall BL, Cohen ME, Williams MV, et al. Underlying reasons associated with hospital
readmission following surgery in the United States. JAMA 2015 Feb 3;313(5):483-495. [doi: 10.1001/jama.2014.18614]
[Medline: 25647204]

2. Lawson EH, Hall BL, Louie R, Ettner SL, Zingmond DS, Han L, et al. Association between occurrence of a postoperative
complication and readmission: implications for quality improvement and cost savings. Ann Surg 2013 Jul;258(1):10-18.
[doi: 10.1097/SLA.0b013e31828e3ac3] [Medline: 23579579]

3. Vonlanthen R, Slankamenac K, Breitenstein S, Puhan MA, Muller MK, Hahnloser D, et al. The impact of complications
on costs of major surgical procedures: a cost analysis of 1200 patients. Ann Surg 2011 Dec;254(6):907-913. [doi:
10.1097/SLA.0b013e31821d4a43] [Medline: 21562405]

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 2 | e11 | p. 10http://mhealth.jmir.org/2017/2/e11/
(page number not for citation purposes)

Scott et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v5i2e11_app1.pdf&filename=9206c3a82648e6546a9a3a0112099289.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i2e11_app1.pdf&filename=9206c3a82648e6546a9a3a0112099289.pdf
http://dx.doi.org/10.1001/jama.2014.18614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25647204&dopt=Abstract
http://dx.doi.org/10.1097/SLA.0b013e31828e3ac3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23579579&dopt=Abstract
http://dx.doi.org/10.1097/SLA.0b013e31821d4a43
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21562405&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Dimick JB, Chen SL, Taheri PA, Henderson WG, Khuri SF, Campbell DA. Hospital costs associated with surgical
complications: a report from the private-sector National Surgical Quality Improvement Program. J Am Coll Surg 2004
Oct;199(4):531-537. [doi: 10.1016/j.jamcollsurg.2004.05.276] [Medline: 15454134]

5. Myles PS, Williams DL, Hendrata M, Anderson H, Weeks AM. Patient satisfaction after anaesthesia and surgery: results
of a prospective survey of 10,811 patients. Br J Anaesth 2000 Jan;84(1):6-10 [FREE Full text] [Medline: 10740539]

6. Kassin MT, Owen RM, Perez SD, Leeds I, Cox JC, Schnier K, et al. Risk factors for 30-day hospital readmission among
general surgery patients. J Am Coll Surg 2012 Sep;215(3):322-330 [FREE Full text] [doi: 10.1016/j.jamcollsurg.2012.05.024]
[Medline: 22726893]

7. Regenbogen SE, Veenstra CM, Hawley ST, Banerjee M, Ward KC, Kato I, et al. The personal financial burden of
complications after colorectal cancer surgery. Cancer 2014 Oct 1;120(19):3074-3081 [FREE Full text] [doi:
10.1002/cncr.28812] [Medline: 24889014]

8. Greenblatt DY, Weber SM, O'Connor ES, LoConte NK, Liou J, Smith MA. Readmission after colectomy for cancer predicts
one-year mortality. Ann Surg 2010 Apr;251(4):659-669 [FREE Full text] [doi: 10.1097/SLA.0b013e3181d3d27c] [Medline:
20224370]

9. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the Medicare fee-for-service program. N
Engl J Med 2009 Apr 2;360(14):1418-1428. [doi: 10.1056/NEJMsa0803563] [Medline: 19339721]

10. Spanjersberg WR, Reurings J, Keus F, van Laarhoven CJ. Fast track surgery versus conventional recovery strategies for
colorectal surgery. Cochrane Database Syst Rev 2011(2):CD007635. [doi: 10.1002/14651858.CD007635.pub2] [Medline:
21328298]

11. Zhuang C, Ye X, Zhang X, Chen B, Yu Z. Enhanced recovery after surgery programs versus traditional care for colorectal
surgery: a meta-analysis of randomized controlled trials. Dis Colon Rectum 2013 May;56(5):667-678. [doi:
10.1097/DCR.0b013e3182812842] [Medline: 23575408]

12. Thiele RH, Rea KM, Turrentine FE, Friel CM, Hassinger TE, McMurry TL, et al. Standardization of care: impact of an
enhanced recovery protocol on length of stay, complications, and direct costs after colorectal surgery. J Am Coll Surg 2015
Apr;220(4):430-443. [doi: 10.1016/j.jamcollsurg.2014.12.042] [Medline: 25797725]

13. Putnam LR, Levy SM, Johnson E, Williams K, Taylor K, Kao LS, et al. Impact of a 24-hour discharge pathway on outcomes
of pediatric appendectomy. Surgery 2014 Aug;156(2):455-461. [doi: 10.1016/j.surg.2014.03.030] [Medline: 24962193]

14. Khavanin N, Mlodinow A, Kim JY, Ver Halen JP, Antony AK, Samant S. Assessing safety and outcomes in outpatient
versus inpatient thyroidectomy using the NSQIP: a propensity score matched analysis of 16,370 patients. Ann Surg Oncol
2015 Feb;22(2):429-436. [doi: 10.1245/s10434-014-3785-4] [Medline: 24841353]

15. Berenson RA, Paulus RA, Kalman NS. Medicare's readmissions-reduction program--a positive alternative. N Engl J Med
2012 Apr 12;366(15):1364-1366. [doi: 10.1056/NEJMp1201268] [Medline: 22455754]

16. Centers for MedicareMedicaid Services (CMS)‚ HHS. Medicare program; hospital inpatient prospective payment systems
for acute care hospitals and the long-term care hospital prospective payment system and fiscal year 2015 rates; quality
reporting requirements for specific providers; reasonable compensation equivalents for physician services in excluded
hospitals and certain teaching hospitals; provider administrative appeals and judicial review; enforcement provisions for
organ transplant centers; and electronic health record (EHR) incentive program. Final rule. Fed Regist 2014 Aug
22;79(163):49853-50536 [FREE Full text] [Medline: 25167590]

17. Markley J, Andow V, Sabharwal K, Wang Z, Fennell E, Dusek R. A project to reengineer discharges reduces 30-day
readmission rates. Am J Nurs 2013 Jul;113(7):55-64. [doi: 10.1097/01.NAJ.0000431922.47547.eb] [Medline: 23803934]

18. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, et al. The effectiveness of mobile-health technologies to improve
health care service delivery processes: a systematic review and meta-analysis. PLoS Med 2013 Jan;10(1):e1001363 [FREE
Full text] [doi: 10.1371/journal.pmed.1001363] [Medline: 23458994]

19. Smith A. Pew Research Center. 2015 Apr 1. U.S. smartphone use in 2015 URL: http://www.pewinternet.org/2015/04/01/
us-smartphone-use-in-2015/ [accessed 2016-09-27] [WebCite Cache ID 6krpitPAc]

20. Jahns R. mHealth app developer economics. 2014 May 6. URL: http://research2guidance.com/r2g/
research2guidance-mHealth-App-Developer-Economics-2014.pdf [accessed 2016-09-28] [WebCite Cache ID 6krpzNHaL]

21. Huckvale K, Morrison C, Ouyang J, Ghaghda A, Car J. The evolution of mobile apps for asthma: an updated systematic
assessment of content and tools. BMC Med 2015 Mar;13:58 [FREE Full text] [doi: 10.1186/s12916-015-0303-x] [Medline:
25857569]

22. Neubeck L, Lowres N, Benjamin EJ, Freedman SB, Coorey G, Redfern J. The mobile revolution--using smartphone apps
to prevent cardiovascular disease. Nat Rev Cardiol 2015 Jun;12(6):350-360. [doi: 10.1038/nrcardio.2015.34] [Medline:
25801714]

23. Mobasheri MH, Johnston M, King D, Leff D, Thiruchelvam P, Darzi A. Smartphone breast applications - what's the
evidence? Breast 2014 Oct;23(5):683-689. [doi: 10.1016/j.breast.2014.07.006] [Medline: 25153432]

24. Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to promote physical activity among adults: a
review and content analysis. Int J Behav Nutr Phys Act 2014;11:97 [FREE Full text] [doi: 10.1186/s12966-014-0097-9]
[Medline: 25059981]

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 2 | e11 | p. 11http://mhealth.jmir.org/2017/2/e11/
(page number not for citation purposes)

Scott et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jamcollsurg.2004.05.276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15454134&dopt=Abstract
http://bja.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10740539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10740539&dopt=Abstract
http://europepmc.org/abstract/MED/22726893
http://dx.doi.org/10.1016/j.jamcollsurg.2012.05.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22726893&dopt=Abstract
http://dx.doi.org/10.1002/cncr.28812
http://dx.doi.org/10.1002/cncr.28812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24889014&dopt=Abstract
http://europepmc.org/abstract/MED/20224370
http://dx.doi.org/10.1097/SLA.0b013e3181d3d27c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20224370&dopt=Abstract
http://dx.doi.org/10.1056/NEJMsa0803563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19339721&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007635.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21328298&dopt=Abstract
http://dx.doi.org/10.1097/DCR.0b013e3182812842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23575408&dopt=Abstract
http://dx.doi.org/10.1016/j.jamcollsurg.2014.12.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25797725&dopt=Abstract
http://dx.doi.org/10.1016/j.surg.2014.03.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24962193&dopt=Abstract
http://dx.doi.org/10.1245/s10434-014-3785-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24841353&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1201268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22455754&dopt=Abstract
http://www.gpo.gov/fdsys/pkg/FR-2014-08-22/pdf/2014-18545.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25167590&dopt=Abstract
http://dx.doi.org/10.1097/01.NAJ.0000431922.47547.eb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23803934&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001363
http://dx.plos.org/10.1371/journal.pmed.1001363
http://dx.doi.org/10.1371/journal.pmed.1001363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23458994&dopt=Abstract
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.webcitation.org/

                                            6krpitPAc
http://research2guidance.com/r2g/research2guidance-mHealth-App-Developer-Economics-2014.pdf
http://research2guidance.com/r2g/research2guidance-mHealth-App-Developer-Economics-2014.pdf
http://www.webcitation.org/

                                            6krpzNHaL
http://www.biomedcentral.com/1741-7015/13/58
http://dx.doi.org/10.1186/s12916-015-0303-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25857569&dopt=Abstract
http://dx.doi.org/10.1038/nrcardio.2015.34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25801714&dopt=Abstract
http://dx.doi.org/10.1016/j.breast.2014.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25153432&dopt=Abstract
http://www.ijbnpa.org/content/11//97
http://dx.doi.org/10.1186/s12966-014-0097-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25059981&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015 Feb 24;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

26. Breland JY, Yeh VM, Yu J. Adherence to evidence-based guidelines among diabetes self-management apps. Transl Behav
Med 2013 Sep;3(3):277-286 [FREE Full text] [doi: 10.1007/s13142-013-0205-4] [Medline: 24073179]

27. Cui M, Wu X, Mao J, Wang X, Nie M. T2DM self-management via smartphone applications: A systematic review and
meta-analysis. PLoS One 2016 Nov;11(11) [FREE Full text] [doi: 10.1371/journal.pone.0166718]

28. Devi BR, Syed-Abdul S, Kumar A, Iqbal U, Nguyen P, Li YJ, et al. mHealth: an updated systematic review with a focus
on HIV/AIDS and tuberculosis long term management using mobile phones. Comput Methods Programs Biomed 2015
Nov;122(2):257-265. [doi: 10.1016/j.cmpb.2015.08.003] [Medline: 26304621]

29. Hartin PJ, Nugent CD, McClean SI, Cleland I, Tschanz JT, Clark CJ, et al. The empowering role of mobile apps in behavior
change interventions: The Gray Matters randomized controlled trial. JMIR Mhealth Uhealth 2016 Aug 02;4(3):e93 [FREE
Full text] [doi: 10.2196/mhealth.4878] [Medline: 27485822]

30. Müller AM, Alley S, Schoeppe S, Vandelanotte C. The effectiveness of e-& mHealth interventions to promote physical
activity and healthy diets in developing countries: A systematic review. Int J Behav Nutr Phys Act 2016 Oct 10;13(1):109
[FREE Full text] [doi: 10.1186/s12966-016-0434-2] [Medline: 27724911]

31. Sanger PC, Hartzler A, Han SM, Armstrong CA, Stewart MR, Lordon RJ, et al. Patient perspectives on post-discharge
surgical site infections: towards a patient-centered mobile health solution. PLoS One 2014 Dec;9(12):e114016 [FREE Full
text] [doi: 10.1371/journal.pone.0114016] [Medline: 25436912]

32. Semple JL, Sharpe S, Murnaghan ML, Theodoropoulos J, Metcalfe KA. Using a mobile app for monitoring post-operative
quality of recovery of patients at home: a feasibility study. JMIR Mhealth Uhealth 2015 Feb;3(1):e18 [FREE Full text]
[doi: 10.2196/mhealth.3929] [Medline: 25679749]

33. Li LT, Mills WL, Gutierrez AM, Herman LI, Berger DH, Naik AD. A patient-centered early warning system to prevent
readmission after colorectal surgery: a national consensus using the Delphi method. J Am Coll Surg 2013 Feb;216(2):210-6.e6.
[doi: 10.1016/j.jamcollsurg.2012.10.011] [Medline: 23195203]

34. Brooke J. J Usability Stud.: J Usability Stud; 2013. SUS: A retrospective URL: http://uxpajournal.org/sus-a-retrospective/
[accessed 2016-09-29] [WebCite Cache ID 6kt0tvLM6]

35. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Hum Comput Interact 2008
Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]

36. Sanger P, Hartzler A, Lober WB, Evans HL, Pratt W. Design considerations for post-acute care mHealth: patient perspectives.
AMIA Annu Symp Proc 2014;2014:1920-1929 [FREE Full text] [Medline: 25954465]

37. Liu S, Hodgson C, Zbib AM, Payne AY, Nolan RP. The effectiveness of loyalty rewards to promote the use of an
Internet-based heart health program. J Med Internet Res 2014 Jul;16(7):e163 [FREE Full text] [doi: 10.2196/jmir.3458]
[Medline: 24989982]

38. Rasmussen BS, Jensen L, Froekjaer J, Kidholm K, Kensing F, Yderstraede K. A qualitative study of the key factors in
implementing telemedical monitoring of diabetic foot ulcer patients. Int J Med Inform 2015 Oct;84(10):799-807. [doi:
10.1016/j.ijmedinf.2015.05.012] [Medline: 26093794]

39. Jimbo M, Shultz CG, Nease DE, Fetters MD, Power D, Ruffin MT. Perceived barriers and facilitators of using a Web-based
interactive decision aid for colorectal cancer screening in community practice settings: findings from focus groups with
primary care clinicians and medical office staff. J Med Internet Res 2013 Dec 18;15(12):e286 [FREE Full text] [doi:
10.2196/jmir.2914] [Medline: 24351420]

40. O'Connor S, Hanlon P, O'Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak 2016 Sep 15;16(1):120 [FREE Full text] [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

41. Fishbein M. A reasoned action approach to health promotion. Med Decis Making 2008 Nov;28(6):834-844 [FREE Full
text] [doi: 10.1177/0272989X08326092] [Medline: 19015289]

42. de la Vega R, Miró J. mHealth: a strategic field without a solid scientific soul. A systematic review of pain-related apps.
PLoS One 2014 Jul;9(7):e101312 [FREE Full text] [doi: 10.1371/journal.pone.0101312] [Medline: 24999983]

43. Hundert AS, Huguet A, McGrath PJ, Stinson JN, Wheaton M. Commercially available mobile phone headache diary apps:
a systematic review. JMIR Mhealth Uhealth 2014 Aug;2(3):e36 [FREE Full text] [doi: 10.2196/mhealth.3452] [Medline:
25138438]

44. Fairburn CG, Rothwell ER. Apps and eating disorders: A systematic clinical appraisal. Int J Eat Disord 2015
Nov;48(7):1038-1046 [FREE Full text] [doi: 10.1002/eat.22398] [Medline: 25728705]

45. Anderson K, Burford O, Emmerton L. Mobile health apps to facilitate self-care: a qualitative study of user experiences.
PLoS One 2016 May;11(5) [FREE Full text] [doi: 10.1371/journal.pone.0156164]

46. Cohen DJ, Keller SR, Hayes GR, Dorr DA, Ash JS, Sittig DF. Developing a model for understanding patient collection of
observations of daily living: A qualitative meta-synthesis of the Project HealthDesign Program. Pers Ubiquitous Comput
2015 Jan 1;19(1):91-102 [FREE Full text] [doi: 10.1007/s00779-014-0804-1] [Medline: 26949381]

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 2 | e11 | p. 12http://mhealth.jmir.org/2017/2/e11/
(page number not for citation purposes)

Scott et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://europepmc.org/abstract/MED/24073179
http://dx.doi.org/10.1007/s13142-013-0205-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073179&dopt=Abstract
http://dx.doi.org.ezproxyhost.library.tmc.edu/10.1371/journal.pone.0166718
http://dx.doi.org/10.1371/journal.pone.0166718
http://dx.doi.org/10.1016/j.cmpb.2015.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26304621&dopt=Abstract
http://mhealth.jmir.org/2016/3/e93/
http://mhealth.jmir.org/2016/3/e93/
http://dx.doi.org/10.2196/mhealth.4878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27485822&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0434-2
http://dx.doi.org/10.1186/s12966-016-0434-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27724911&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0114016
http://dx.plos.org/10.1371/journal.pone.0114016
http://dx.doi.org/10.1371/journal.pone.0114016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25436912&dopt=Abstract
http://mhealth.jmir.org/2015/1/e18/
http://dx.doi.org/10.2196/mhealth.3929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25679749&dopt=Abstract
http://dx.doi.org/10.1016/j.jamcollsurg.2012.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23195203&dopt=Abstract
http://uxpajournal.org/sus-a-retrospective/
http://www.webcitation.org/

                                            6kt0tvLM6
http://dx.doi.org/10.1080/10447310802205776
http://europepmc.org/abstract/MED/25954465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25954465&dopt=Abstract
http://www.jmir.org/2014/7/e163/
http://dx.doi.org/10.2196/jmir.3458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24989982&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26093794&dopt=Abstract
http://www.jmir.org/2013/12/e286/
http://dx.doi.org/10.2196/jmir.2914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24351420&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0359-3
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
http://europepmc.org/abstract/MED/19015289
http://europepmc.org/abstract/MED/19015289
http://dx.doi.org/10.1177/0272989X08326092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19015289&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0101312
http://dx.doi.org/10.1371/journal.pone.0101312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24999983&dopt=Abstract
http://mhealth.jmir.org/2014/3/e36/
http://dx.doi.org/10.2196/mhealth.3452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25138438&dopt=Abstract
http://europepmc.org/abstract/MED/25728705
http://dx.doi.org/10.1002/eat.22398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25728705&dopt=Abstract
http://dx.doi.org.ezproxyhost.library.tmc.edu/10.1371/journal.pone.0156164
http://dx.doi.org/10.1371/journal.pone.0156164
http://europepmc.org/abstract/MED/26949381
http://dx.doi.org/10.1007/s00779-014-0804-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26949381&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
ER: emergency room
IQR: interquartile range
mHealth: mobile health
SUS: System Usability Scale
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