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Abstract

Background: The shift in medical care toward prediction and prevention has led to the emergence of digital health care as a
valuable tool for managing health issues. Aiding long-term follow-up care for cancer survivors and contributing to improved
survival rates. However, potential barriersto mobile health usage, including age-related disparities and challengesin user retention
for commercial health apps, highlight the need to assess the impact of patients’ abilities and health status on the adoption of these
interventions.

Objective: This study aimsto investigate the app adherence and user experience of commercial health care apps among cancer
survivors using an extended technology acceptance model (TAM).

Methods: The study enrolled 264 cancer survivors. We collected survey results from May to August 2022 and app usage records
from the app companies. The survey questions were created based on the TAM.

Results: We categorized 264 participants into 3 clusters based on their app usage behavior: short use (n=77), medium use
(n=101), and long use (n=86). The mean usage days were 9 (SD 11) days, 58 (SD 20) days, and 84 (SD 176) days, respectively.
Analysis revealed significant differences in perceived usefulness (P=.01), interface satisfaction (P<.01), equity (P<.01), and
utility (P=.01) among the clusters. Structural equation modeling indicated that perceived ease-of-use significantly influenced
perceived usefulness (3=0.387, P<.01), and both perceived usefulness and attitude significantly affected behavioral intention and
actual usage.

Conclusions: This study showed the importance of positive user experience and clinician recommendations in facilitating the
effective usage of digital health care tools among cancer survivors and contributing to the evolving landscape of medical care.
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Introduction

Methods

Asthe paradigm of medical care has shifted toward prediction,
prevention, personalization, and participation, digital health
care has emerged as a promising tool for managing
health-related issues[1-3]. Digital health care has the potential
to become an effective aid for long-term foll ow-up care among
cancer survivors, contributing to increased survival rates [4-8].
While the evidence for the effectiveness of digital health care
has been accumulated through well-designed clinical studies,
there are potential barriers. Compared to 78% of cancer
survivorswho are aged 60 years or older, smartphone ownership
and internet usage are lower among older people [9-12]. Also,
users’ digital literacy, socioeconomic status, and user interface
(U1) of appsare hurdlesto successful digital health intervention
[13-17].

Though long-term use of health care apps has been linked to
better outcomes, many commercial health appsface challenges
in user retention [18,19]. To understand how we could make
patientsto use health care applications effectively, it isimportant
to identify the factorsinfluencing the user’s adoption of digital
interventions. The technology acceptance model (TAM)
provides a theoretical framework that identifies and measures
various factors influencing users' adoption and usage of digital
technology; it is a useful tool for understanding technology
acceptance [20,21]. Furthermore, accessibility, convenience,
and self-efficacy are key facilitators for adopting digital health
applications; thus, it is essential to examine the impact of the
ability of patients with cancer to use mobile technologies and
their health status on the usage of mobile health interventions
[5,22,23].

There have been many studies on the process of developing
apps for specific health problems, considering patients' needs
and user-centered design [24]. However, from the perspective
of older patientswith cancer who use conventional commercial
health management apps, this consideration is far from a
real-world situation. In addition, when recommending or
promoting commercial health apps to improve the quality of
life of patients with cancer, thereis alack of evidence on what
factors can make patients use them better and find them more
helpful [8,25].

Therefore, the objective of this study is to investigate the
association between user characteristics, user experience, and
the level of compliance with commercial smartphone health
apps among patients with cancer. We analyzed the relationship
between application usage logs and survey data to devise an
extended TAM model for effective elucidation of the
relationships among the variables that contribute to the actual

usage of the apps.

https://www.jmir.org/2024/1/e55176

Study Design

This study aimed to provide insights into the factors that affect
digital health care app acceptance and sustained use, proposing
an enhanced TAM. The survey included various categories such
as socioeconomic demographics (D), usua usage of
smartphones, health management (HM) habits, user experience
(app usability [Usg)]), interface satisfaction (1S), equity (Eq),
utility (Ut), enjoyment (Ej), active willingness to use the app
(AW), attitude toward usefulness (AU), information
management (IM), preference for human interaction (HI) via
app, willingness to continuous use (CU), preference of app
feature (PF), and external motivation given by researchers (ie,
attending physician of the study subject). The study enrolled
264 patients, part of a randomized controlled trial (RCT)
involving 960 cancer survivors (breast, colorectal, or lung
cancer), excluding a control group and accounting for a 20%
dropout rate, from a pool of patients who had used the app for
at least 6 months, aimed at assessing theimpact of mobile Health
apps on recovery. The description of the features of the 4 apps
used in the prospective RCT is provided in Multimedia
Appendix 1. And we employed structural equation modeling
(SEM) to test hypotheses regarding the influence of motivation,
perceived usefulness, and perceived ease of use on users
attitudes and behavioral intentions toward the app.

Questionnaire Design

The devel opment of the survey was based onthe TAM and prior
research exploring perceived ease-of-use and perceived
usefulness, commonly used in studies related to mobile health
care, smartphone adoption, and continuous usage intention. The
survey categories and items were selected based on previous
studies investigating the factors influencing the acceptance of
digital health care products and services [26-36]. The set of
variables and reference articles relating to each TAM variable,
category, and operational definition are shown in Table S1 in
Multimedia Appendix 1. The final survey categories were as
follows: D, use of smartphone, HM, Us, IS, Eq, Ut, Ej, AW,
AU, IM, HI, CU, PF, and motivation (M). The matching of each
category with TAM variables is shown in Figure Sl in
Multimedia Appendix 1.

The response formats for each survey item were measured
according to the nature of the questionnaire. These formats
included the 5-point Likert scale (1=strongly disagree to
5=strongly agree), yes or no responses, single-choice selections,
multiple-choice selections, and open-ended responses. The
survey was created as a web-based individual survey link and
sent to respondents on their devices (smartphones or PCs). For
acompl ete description of the survey, see Multimedia Appendix
1
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Enrollment Process

Among the 960 participants involved in a previous protocol
study, a control group of 240 individuals who did not use the
app was excluded [37-39]. During the recruitment period,
patients who presented for medical visits after aminimum of 6
months since the initiation of app usage were approached to
obtain research participation consent. The sample size for the
research participants was cal culated based on the survey sample
sizeformula[40]. With aconfidence level of 95% and amargin
of error of 5%, considering the population proportionsfor breast,
colorectal, and lung cancer (33%), the appropriate sample size
was determined to be 252 out of the total population of 720.
Additionally, hypothesistesting was conducted using Cronbach
o with a minimum acceptable value of .95, an expected value
of .97, a significance level of .05 (2-tailed), a power of 80%,
an expected dropout rate of 5%, and atotal of 90 survey items.

Figure 1. Flow diagram summarizing the enrolment process.

Former Study Participants
(n=960)

Park et a

The sample size calculator determined that a sample size of at
least 63 respondents was required to achieve valid reliability.

The survey was conducted from May 17, 2022, to August 26,
2022. A dropout rate of 20% was considered during patient
recruitment, and a total of 309 patients were available for
enrollment during the recruitment period. Among them, 17
(5.5%) patients who refused to participate in the survey were
excluded. After receiving the survey link, the participants were
requested to complete the survey within the designated research
period. Participants who failed to complete the survey within
1 week received a reminder, and those who did not finish it
within an additional week were deemed to have dropped out of
the study. Out of 292 (94.5%) participants who agreed to
participate in the survey, 28 (9.1%) did not complete it during
the study period and were excluded. The fina number of
participants who completed the survey was 264 (85.4%; Figure
1).

Experimental Group
(n=720)

Consented and Enrolled
(n=292)

Completeded Study
(n=264)

Data Collection

The app used in the study is commercially available and can be
downloaded from the Korean App Store. In the case of paid
apps, the research funds were used to cover the costs of using
the app [37-39]. The app usage data were collected from the
app development company, with the consent of the research
participants. Information collected included app access
timestamps and frequency of access.

https://www.jmir.org/2024/1/e55176

Excluded:

Control group (Did not use apps)
(n=240)

Excluded:
No visit schedule during the survey
period (n=411)
Did not consent (n=17)

Excluded:
Did not complete (n=28)

Data Analysis

Questionnaire Result Analysis

We used chi-square cross-analysisto calcul ate the P values for
survey items with binary responses. For survey items with
continuous variable responses, such as Likert scale responses,
we used the Wilcoxon rank sum test to calculate the p-values.
In both cases, we compared 2 groups at a time rather than
analyzing all 3 groups (short use, medium use, and long use)
simultaneously. The data analysis was performed using R
(version 4.3.0). For all survey items, excluding the responses
related to continuous variables and open-ended responses, the
responseswere coded using numerical valueswithout assigning
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any inherent meaning to the magnitude of the numbers. These
coded responses were then used for calculations as nominal
variables.

For binary survey responses (yes or no), we coded the 264
participants’ answers as follows: positive experiences as 1 and
negative experiences as 0. We then calculated the ratio of
positive responses within each category based on the total
number of questionsin that category. Participantswere grouped
as high or low within each category based on their scores
compared to the category average. If an individual’s scorein a
specific category exceeded the category average, they were
categorized as high; otherwise, they were classified as low.
Participants were labeled as positive or high if more than half
of their category groups were high; otherwise, they were
classified as negative or low.

Actual App Usage Data Analysis

The participants’ actual app usage datawere obtained using the
dates and times when the app was opened for each usage during
a period of 180 days. By counting the number of app access
days for each patient, 3 components were calculated for
K-means clustering: mean number of use, total term usage, and
number of app access days [41]. The mean number of use was
calculated as an average of app usage days based on the first
usage date of the app. Total term usage, measured in days, was
the difference between the dates of thefirst and last app access.
The number of app access days refers to the count of days a
patient accessed the app within the 180 days starting from their
initial access date.

Park et a

We classified patients into 3 clusters: short use, medium use,
and long use [42]. The short-use group comprised patients who
only used the app for 12 weeks during the intervention period.
The medium-use group comprised patients who used the app
for more than 12 weeks but did not use it persistently beyond
that period. The long-use group consisted of patients who used
the app continuously. The data analysis was performed using
Python (version 3.8.5; Python Software Foundation).

Structural Equation Modeling

Descriptive statistics and SEM using latent variable analysis
were performed using the Lavaan software (version 0.6-15;
Ghent University) in R (version 4.3.0; R Foundation for
Statistical Computing). As this study’s sample was from 264
patients, the sample size was adequate for model analysis[43].
A P valuelessthan .05 was considered statistically significant.
In our proposed model, we introduced a new node called
“Motivation” to the existing TAM [44] and hypothesized that
it could influence (perceived) usefulness, perceived ease-of -use,
and behavioral intention. Moreover, perceived usefulness was
changed to (perceived) usefulness, as the apps were
commercialy available and had already demonstrated their Ut.
The “Motivation” node represented how the participants felt
while participating in the clinical study using the app. The
schematic representation of the proposed theoretical model is
presented in Figure 2. Moreover, the comparative fit index,
Tucker-Lewisindex, root mean square error of approximation,
and standardi zed root mean square residual were used to identify
thefit of the theoretical model.

Figure 2. Enhanced TAM (technology acceptance model; tailored for a digital health care app).
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Therefore, through the SEM, we attempted to answer various
hypotheses as follows: motivation will positively affect
perceived usefulness and perceived ease of use. Moreover,
external variables will positively affect perceived usefulness
and perceived ease of use. The percelved ease-of-use of
application users will positively affect their (perceived)
usefulness, their attitude toward the application, and their
behavioral intention to continue using the application. The
(perceived) usefulness of application userswill positively affect
their attitude toward the application and their behavioral
intention to continue using the application. The attitude of
application users toward the application will positively affect
their behavioral intention to continue using the application.

https://www.jmir.org/2024/1/e55176

Finaly, the behavioral intention of application users will
positively affect their actual usage of the application.

Ethical Consider ations

This study was approved by the institutional review board of
Asan Medical Center, Korea (IRB 2021-1631) and adhered to
relevant ethical guidelines. Informed consent was obtained from
al participants before their involvement in the study, with
assurances of anonymity and confidentiality provided.
Participants were briefed on the study's objectives and how the
collected data would be used. Additionally, stringent measures
werein placeto protect the privacy and confidentiality of study
data, including secure storage within the hospital premises. Each
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participant received a US $7 gift voucher as compensation for
their time.

Results

Categorizing Patients According to Their App Usage
Behavior Using K-Means Clustering

We classified the participantsinto 3 clusters based on their app
usage behavior. The clusterswerelabeled S, M, or L (short use,
medium use, and long use, respectively) as shown in Figure 3.

Park et a

There were 77 short-use patients: the average of their mean
number of use was 9 (SD 11) days, the mean of total term of
use was 21 (SD 21) days, and the mean number of app access
dayswas 7 (SD 14) days. The means for the 101 medium-use
patients were 58 (SD 20) days for mean number of use, 144
(SD 36) days for total term of use, and 55 days for number of
app access days. Finaly, the 86 long-use patients had the
following means: 84 days for mean number of use, 176 days
for total term of use, and 154 days for number of app access

days.

Figure3. Resultsof K-meansclustering on sample (n=264). Results of K-means clustering for (a) 3 components: number of app-accessdays (use_days),
mean number of use (mean_usage), and total term of use (max_dd); (b) max_dd—mean_usage perspective; (c) max_dd-use_days perspective; and (d)

mean_usage-use _days perspective.
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Gender distribution significantly varied across groups (P=.02),
with a higher proportion of males in the short group (40.3%)
compared to the long group (19.8%). The median age ranged
from 54 to 57 years across groups (P=.08). Participants from
urban areas were more prevalent in the long group (60.5%),
while those from rural areas were less represented (P=.06).

https://www.jmir.org/2024/1/e55176

RenderX

Education levels differed significantly acrossthe group (P=.04),
where a higher proportion of individualsin the short group had
a more middle school graduate or lower compared to the
medium and long groups. Even though high school graduates
were fairly evenly distributed across the groups, university
graduates or higher were most prevalent in the medium group.
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Marital statusdid not differ significantly across groups P=.27).  in cancer type distribution across groups (P=.03). Clinical stage
App usage varied notably (P<.01), with higher usage of Noom  distribution showed no significant differences (P=.39), though
in the long group (52.3%), while Walkon and Second Doctor  stage 1 wasmost prevalent in all groups, particularly in thelong
were more common in the medium group (46.5% and 28.7%, group (66.3%). The details of the demographicsfor each group
respectively). Breast cancer wasthe most common cancer type, are available at Table 1.

especially inthelong group (51.2%), with significant differences

Table 1. Demographics of the participants in respect to their term use.

Variables Total (N=264) Short (n=77) Medium (n=101) Long (n=86) P value
Gender, n (%) 022
Male 78 (29.5) 31(40.3) 30(29.7) 17 (19.8)
Female 186 (70.5) 46 (59.7) 71(70.3) 69 (80.2)
Age (years), median (range) 54.0 (21-79) 57.0 (30-79) 54.0 (21-74) 54.5 (21-77) .08
Residence, n (%) .06
Urban 132 (50.0) 35 (45.5) 45 (44.6) 52 (60.5)
Rural 132 (50.0) 42 (54.5) 56 (55.4) 34(39.5)
Education, n (%) .04
Middle school graduate or lower 21(7.9) 11 (14.3) 5(5.0) 5(5.9)
High school graduate 87 (33.0) 27(35.1) 28(27.7) 32(37.2)
University graduate or higher 156 (59.1) 39 (50.6) 68 (67.3) 49 (56.9)
Marital status, n (%) .27
Married (having a spouse) 221 (83.7) 3(39 4 (4.0) 10 (11.6)
Never married 17 (6.4) 64 (83.1) 90 (89.1) 67 (77.9)
Other 26 (9.8) 10 (13.0) 7(6.9) 9(10.5)
Monthly household income (US $), n (%) 74
Less than 1150-2300 15 (5.7) 5(6.5) 5(5.0) 5(5.8)
2300-4600 106 (40.2) 31(40.3) 44 (43.6) 31(36.0)
4600 and above 132 (50.0) 36 (46.8) 49 (48.5) 47 (54.7)
Does not wish to answer 11 (4.2) 5(6.5) 3(3.0) 3(35)
Used app, n (%) <.01
Walkon 97 (36.7) 17 (22.1) 47 (46.5) 33(38.4)
Noom 81(30.7) 12 (15.6) 24(23.8) 45 (52.3)
Second Doctor 59 (22.3) 22(28.6) 29 (28.7) 8(9.3)
Efilcare 27(10.2) 26 (33.8) 1(1.0) 0(0)
Cancer type, n (%) .03
Breast cancer 114 (43.2) 22 (28.6) 48 (47.5) 44 (51.2)
Colon cancer 64 (24.2) 25(32.5) 26 (25.7) 13 (15.1)
Lung cancer 86 (32.6) 30(39.0) 27(26.7) 29(33.7)
Clinical stage (p-stage), n (%) .39
Stage 1 154 (58.3) 43 (55.8) 54 (53.5) 57 (66.3)
Stage 2 62 (23.5) 21(27.3) 24(23.8) 17 (19.8)
Stage 3 31(11.7) 10 (13.0) 13(12.9) 8(9.3)
Stage 4 17 (6.4) 3(3.9) 10 (9.9) 4(4.7)

#Theitalicized values represent statistically significant (P<.05) comparisons.
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Relationship Between App Usage and TAM Factors

Next, we conducted a comparative analysis using the survey
categories corresponding with the TAM structure variables. We
calculated the average positive response scores for each category
and classified individuals into high or low groups based on

Park et a

whether their scores were above or below the mean score,
respectively. Furthermore, we compared the proportions of the
short-use, medium-use, and long-use cluster groups between
the High and Low groups (Table 2). Moreover, the overall
survey response groups are availablein Table S2 in Multimedia
Appendix 1.

Table 2. Distribution of clustering groups by survey category according to the technology acceptance model (TAM) structure.

Technology acceptance model (TAM) structure (elements, questionnaire, Total Usage cluster category P value
and response result groups) (N=264)
Short (n=77) Medium Long (n=86)
(n=101)
Per ceived usefulness, n (%)
Utility 012
High 196 (74.2)  48(62.3) 78(77.2) 70 (81.4)
Low 68 (25.8) 29 (37.7) 23(22.8) 16 (18.6)
Enjoyment 54
High 120(45.5)  23(29.9) 45 (44.6) 52 (60.5)
Low 144(545)  54(70.1) 56 (55.4) 34(39.5)
Per ceived ease-of-use, n (%)
I nterface satisfaction <.01
High 197 (74.6)  45(58.4) 78(77.2) 73 (84.9)
Low 67 (25.4) 32 (41.6) 23(22.8) 13 (15.1)
Equity <.01
High 193(73.1)  44(57.1) 77 (76.2) 72(83.7)
Low 71(26.9) 33(42.9) 24(23.8) 14 (16.3)
Usability .01
High 183(69.3)  40(51.9) 75 (74.3) 68 (79.1)
Low 81(30.7) 37(48.1) 26 (25.7) 18 (20.9)
Attitude, n (%)
Activewillingness to use the app .92
High 115(43.6)  17(22.1) 46 (45.5) 52 (60.5)
Low 149 (56.4) 60 (77.9) 55 (54.5) 34(39.5)
Attitude towar d usefulness .10
High 189 (71.6) 45 (58.4) 75 (74.3) 69 (80.2)
Low 75 (28.4) 32 (41.6) 26 (25.7) 17 (19.8)
I nformation management .32
High 168(63.6)  41(53.2) 65 (64.4) 62 (72.1)
Low 9 (364)  36(46.8)  36(35.6)  24(27.9)
Human interaction .03
High 135(51.1)  34(44.2)  47(465)  54(62.8)
Low 129(48.9)  43(55.8) 54 (53.5) 32(37.2)

#Theitalicized values represent statistically significant (P<.05) comparisons.

The short-use clustering group exhibited higher proportions of

https://www.jmir.org/2024/1/e55176
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usefulness and perceived ease-of -use, except for Ej, significant
low respondents than the other groups in all categories. differences were observed among the cluster groups in all
Furthermore, among the categories corresponding to perceived  categories (Us: P=.01; IS: P<.01; E: P<.01; Ut: P=.01). The
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proportion of low respondents among the overal survey
participants was 55% in the Ej category. The P values for the
individual group comparisons between the high or low groups
and short-use or medium-use- or long-use cluster groups have
been provided in Table S3 in Multimedia Appendix 1.

Park et a

Structural Equation Modeling

For this extended TAM, the fit of data was favorable;
comparative fit index: 0.905, Tucker-Lewis index: 0.890, root
mean square error of approximation: 0.052, and standardized
root mean square residual: 0.071. The fina structura model
with estimated standardized coefficientsis presented in Figure
4, and the estimation results of the hypotheses are shown in
Table S4 in Multimedia Appendix 1.

Figure4. Resultsfrom structural equation modeling show the relevance among TAM (technology acceptance model) variables. Standardized estimates
of the relationships between variables are indicated by solid lines. Significant relationships are denoted by * (P<.05), ** (P<.01), and ***(P<.001), while
broken lines represent non-significant relationships. The solid lines represent observed significant relationships, confirming the hypothesized connections.
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|

The path from external variablesto (perceived) usefulness was
not statistically significant (3=—0.061, P=.272). However, there
was a significant and positive path from external variables to
perceived ease-of-use (3=0.464, P=.004). While there was a
significant path from motivation to (perceived) usefulness
(B=0.533, P=.003), the paths from motivation to perceived
ease-of-use (B=0.293, P=.401) and behaviora intention
(B=—0.197, P=.201) were not statistically significant. Perceived
ease-of-use significantly influenced (perceived) usefulness
(B=0.387, P<.01). Perceived usefulness, in turn, had asignificant
positive effect on attitude (B=.677, P=.02). Furthermore,
(perceived) usefulness had a significant positive effect on
behavioral intention (=0.612, P<.01). Attitude significantly
influenced behavioral intention (3=0.184, P<.01). Finally,
behavioral intention had a significant positive effect on actual
usage ($=0.618, P<.01).

Discussion

Principal Findings

We analyzed questionnaire responses and app usage log data
of patients with cancer who used a commercial smartphone
health care app as an intervention in a prospective RCT,
stratified users by whether they used the app faithfully or not,
and identified factors affecting app usage. When we grouped
patients using app usagelogs, we considered not only total usage
duration but also amount and access frequency, and the group
(S) who used the app the least actively showed a maximum
usage duration closeto 12 weeks, the original RCT intervention
period. Because the researchersdid not discourage or encourage
use after the 12-week intervention period, the above results
suggest that the study setting had a meaningful effect on the
continuation of app usage among the study subjects. Though

https://www.jmir.org/2024/1/e55176

we classified patients into 3 groups, “short use, medium use,
and long use,” this is meaningful because the groups do not
simply refer to the length of the maximum usage period but also
to whether they used the app actively and loyally (Table S2 in
Multimedia Appendix 1).

Theanalysisof the study population revealed notabl e differences
among participants grouped by the duration of health
intervention app usage. Gender distribution was significantly
different across groups, where females may be more inclined
to engage in prolonged use of health-related apps, potentially
reflecting greater health-seeking behavior or adherenceto digital
interventions among women [45]. Residence patterns showed
that participants from big cities were more likely to be in the
long group, possibly due to better accessto digital resources or
a higher level of digital literacy in urban areas. App usage
patterns varied considerably, with Noom being most popular
in the long-duration group, while Walkon and Second Doctor
were more common among those with medium-duration usage.
This variation in app preference may be related to the specific
features, usability, or perceived effectiveness of the apps,
influencing users commitment over time. Cancer type
distribution also differed significantly, with patientswith breast
cancer more likely to be in the long-duration group [46].

In the category with TAM variables, significant differences
among the cluster groups were observed in categories related
to perceived usefulness and perceived ease of use, except for
Ej. SEM results revealed that external variables significantly
influenced perceived ease of use but not perceived usefulness.
Motivation significantly influenced perceived usefulness but
did not significantly affect perceived ease of use or behavioral
intention. Perceived ease of use significantly influenced
perceived usefulness, which in turn significantly affected attitude
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and behavioral intention. Attitude significantly influenced
behavioral intention, which then had a significant positive effect
on actual usage.

Interpretation Within the Context of Wider Literature

Despite continuing skepticism about commercial smartphone
applications' effectiveness for HM, there is no doubt that
smartphone apps have the potential to drive improved health
through behavioral change by always being beside users [47].
Through this mixed methods study, we determined that the
factors influencing the consistent use of apps are not solely
dependent on user characteristics, such as age, gender, and
typica smartphone usage experience [48]. A physician's
recommendation, validated by an assessment tool and model,
can exert anotableinfluence as external motivation. Also, daily
smartphone use, athough unmodifiable, aids in detecting
non-compliance within high-risk groups using digital health
tools [49]. Perceptions of ease-of-use and usefulness
significantly influence app usage, highlighting the crucial role
of Ul design and app content in digital HM. The study
emphasizes the importance of doctors understanding digital
health apps for making effective recommendations. Proficiency
in smartphone use correlates with high perceived ease-of-use,
consistent with structural equation results. Further research is
needed to determine if familiarity with smartphone interaction
increases positive responses to notifications or messages.

Participant demographics such as age, gender, residence,
education, and income did not significantly correlate with app
usage experience. However, being female, below the median
age, and having an income exceeding US $4600 were key
characteristics of participantsinclined to use apps, aligning with
studies on app retention [50]. While smartphone ownership has
reduced digital inequality, our findings suggest that factors
associated with complex Ul vulnerability still influence app
usage.

Distinct differences were observed among the 3 groups
regarding usage duration across al 3 criteria. Analyzing TAM
factors in these groups revealed notable differencesin IS and
Eg. Us, Ut, AU, and HI also varied among the groups. Notably,
IS and Eq exhibited the most significant differences, with higher
percentages linked to increased app usage. This indicates that
low Us stemmed from the challenging user experience while
using the app. Previous studies have also indicated that a
user-friendly interface offering simplicity and automation
encouragesthe use of health care apps, particularly among older
patients [51-54]. Our findings align with these studies, as
patients who reported enjoying the app’'s interactions and
user-friendly interface were more prevalent in the group with
higher app usage.

Overall, the significant connections positively affected the other
variables. Except for the connections from external variables
to (perceived) usefulness, motivation to perceived ease-of-use,
and moativation to behaviora intention, the remaining
connections from the improved TAM exhibited the following
significant and positive paths. external variables to perceived
ease-of-use, motivation to (perceived) usefulness, perceived
ease-of-use to (perceived) usefulness, (perceived) usefulnessto
attitude, attitude to behaviord intention, and behavioral intention
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to actual usage. The presented findings align with existing
research on mobile services and portable electronic devices.
Kuo and Yen [55] investigated 3rd generation mobile
value-added services and found a positive and significant
rel ationship between perceived usefulness, behavioral intention,
and attitude. Similarly, Chen and Chen [56] demonstrated a
significant link between perceived ease-of-use and attitude
among travelers using global positioning system devices.

We can better understand how different aspects correlate with
the app's actual usage by closely examining the extended TAM
at a more granular level. In terms of demographic data, the
extended TAM reveded that female patients exhibited higher
levels of app engagement compared to males. Furthermore,
younger patients displayed more frequent and proficient app
usage. Thistrend alignswith previous research findings, which
have consistently highlighted the greater comfort and familiarity
that female and younger individuals have with maobile apps,
leading to prolonged usage [57,58]. This might be attributed to
the fact that women tend to use more health apps related to
fertility and pregnancy, indicating their opennessto other health
care apps as well [58]. Additionally, patients with higher
education and income level sexhibited el evated app usagerates.
Furthermore, individuals who reported more extensive
smartphone usagein their current or previous professional roles
were more inclined to use the app extensively. This association
can be attributed to the increased comfort and familiarity that
smartphone-familiar individuals have with maobile technol ogy.
Such users are more predisposed to engage with the app, asthey
already integrate smartphones more prominently into their daily
routines than those without a history of smartphone usein their
professional roles.

Digital interventionsfor clinical research are primarily designed
for research purposes, with acknowledged limitations when
using commercialized smartphone apps[59]. While some digital
therapeutics and HM apps demonstrate effects proven through
clinical studies, thereisalack of consistent indicators for app
use compliance, even in research apps. Results may differ
between clinical studiesand real-world scenarios, as participants
in clinical studies might not actively choose their application.
Recognizing patients more as consumers, clinician
recommendations play acrucial rolein app retention, boosting
confidence and adherence [60]. This underscores the potential
of clinician recommendations to enhance adherence to digital
health solutions.

Compared to other chronic diseases, the relationship between
the patient with cancer and oncologist (surgical oncologist) is
especialy important in the dynamic treatment process and
decision-making [61,62]. Previous research has attempted to
define the patient with cancer—physician relationship in various
ways [63]. Palmer Kelly et al [64] explained the patient with
cancer—physician relationship with attachment model, and an
appropriate attachment rel ationship between patientswith cancer
and physicians is associated with a better quality of life. Our
findings support the ideathat the patient-physician relationship
can influence app acceptance and serve as a potential factor for
increasing compliance with digital interventions. Physical
activity is encouraged to cope with anxiety and depression in
patients with cancer, and outdoor physical activity in patients
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with cancer can be promoted by organized activities [65,66].
Therefore, we can expect that if the use of digital interventions
isencouraged by hisor her oncologist (surgical oncologist), the
effect on the quality of life of patients could be further improved.

Strengths and Limitations

To our knowledge, this is the first study that integrated user
experience evaluation in commercial health care appsfor cancer
survivors, examining their adherence through usage log data
analysis. Moreover, thisisthe first study to use SEM to extend
the TAM to be well suited in a mobile health context. The
integration of these 2 approaches enables a comprehensive
understanding of the factors influencing the CU intention of
digital health care applications among patients with cancer,
including the effects of health status and demographics. Our
study provides insights into the key determinants of mobile
health care app usage among patients with cancer, emphasizing
therole of user experience, clinician recommendations, and the
potential to bridge digital health care inequalities.

The traditional TAM faces limitations in capturing recent
technological environment changes and fails to reflect the
diverse information acquisition paths for consumers [67,68].
The classical TAM s criticized for not accounting for users
voluntary choice of technology, particularly in the context of
HM appswhere users may not opt for the technol ogy voluntarily
[69]. In addition, since this study targeted only those who could
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use a smartphone, it was difficult to determine how
noncompliance with digital intervention is related to digital
inequality [70]. All the participants in this study were from
Korea, which could limit its generalizability. However, despite
the homogeneity of race and culture in Korea compared to
countries such as the United States, the characteristics of the
patients would not pose a significant generalizability problem.
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women having ayounger age of breast cancer onset. In addition,
breast cancer has adifferent peak onset age than colon and lung
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study's overall applicability.

Conclusions

This study highlights the critical factors influencing cancer
survivors adherence to commercia hedth care apps,
emphasizing the pivotal role of external motivation, particularly
physician recommendations. Key determinantsinclude perceived
ease-of-use and usefulness, highlighting the significance of
effective Ul design. SEM reveal s positive paths from motivation
to perceived usefulness and from perceived usefulnessto attitude
and behavioral intention, impacting actual app usage. These
findings stress the importance of positive user experience and
clinician recommendationsin facilitating the effective usage of
digital health caretoolsamong cancer survivorsand contributing
to the evolving landscape of medical care.

Thisresearch was supported by agrant (RS-2020-KH088470) from the Korea Health Technology R& D Project through the Korea
Health Industry Development Institute (KHIDI) and funded by the Ministry of Health & Welfare, Republic of Korea.

Data Availability

The anonymously processed dataset used in this study can be shared by the corresponding author upon reasonable request. Any
interested party should submit an appropriate proposal, analysis plan, and protocols for review and approval by the authors.
Subsequently, the materials will be submitted for approval to the institutional review board of Asan Medical Center (Seoul,
Republic of Korea). Once approved, the data will be made available.

Authors Contributions

Formal analysis, investigation, software, visualization, and writing of the original draft were performed by YP and YT. Data
curation and methodol ogy were handled by 1K and HL . Supervision and validation were conducted by JBL. Supervision wasalso
provided by JWL. Conceptualization, methodology, project administration, and writing of the original draft were conducted by
YL. All authors had full access to the data and had final responsibility for the decision to submit for publication. YP, YT, and
YL directly accessed and verified the data.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Additional tables and figures.
[DOCX File, 552 KB-Multimedia Appendix 1]

References

1. Marcolino MS, OliveiraJAQ, D'Agostino M, Ribeiro AL, Alkmim MBM, Novillo-Ortiz D. The impact of mHealth
interventions: systematic review of systematic reviews. IMIR Mhealth Uhealth. 2018;6(1):e23. [FREE Full text] [doi:
10.2196/mhealth.8873] [Medline: 29343463]

https://www.jmir.org/2024/1/e55176 JMed Internet Res 2024 | vol. 26 | €55176 | p. 10

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v26i1e55176_app1.docx&filename=49d613a1a123bb4783ddb0f735caeda8.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e55176_app1.docx&filename=49d613a1a123bb4783ddb0f735caeda8.docx
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Smart Healthcare Medical Device Technology/Standard Strategy Report. Seoul. Ministry of Food and Drug Safety (KR);
2018.

Sim K, Selvy M, Veziant J. Conceptual innovation: 4P medicine and 4P surgery. J Visc Surg. 2021;158(3S):S12-S17.
[doi: 10.1016/j.jviscsurg.2021.01.003] [Medline: 33714709]

Clauser SB, Wagner EH, Aiello Bowles EJ, Tuzzio L, Greene SM. Improving modern cancer care through information
technology. Am J Prev Med. 2011;40(5 Suppl 2):S198-S207. [FREE Full text] [doi: 10.1016/j.amepre.2011.01.014]
[Medline: 21521595]

Hopstaken JS, Verweij L, van Laarhoven CIJHM, Blijlevens NMA, Stommel MWJ, Hermens RPMG. Effect of digital care
platforms on quality of carefor oncological patients and barriers and facilitatorsfor their implementation: systematic review.
JMed Internet Res. 2021;23(9):€28869. [FREE Full text] [doi: 10.2196/28869] [Medline: 34559057]

Miller KD, NogueiraL, Devasia T, Mariotto AB, Yabroff KR, Jemal A, et a. Cancer treatment and survivorship statistics,
2022. CA Cancer J Clin. 2022;72(5):409-436. [FREE Full text] [doi: 10.3322/caac.21731] [Medline: 35736631]

Penedo FJ, Oswald LB, Kronenfeld JP, Garcia SF, CellaD, Yanez B. The increasing value of eHealth in the delivery of
patient-centred cancer care. Lancet Oncol. 2020;21(5):e240-e251. [FREE Full text] [doi: 10.1016/S1470-2045(20)30021-8]
[Medline: 32359500]

Roberts AL, Fisher A, Smith L, Heinrich M, Potts HWW. Digital health behaviour change interventions targeting physical
activity and diet in cancer survivors: a systematic review and meta-analysis. J Cancer Surviv. 2017;11(6):704-719. [FREE
Full text] [doi: 10.1007/s11764-017-0632-1] [Medline: 28779220]

Ageand Cancer Risk. US. National Cancer Institute; 2021. URL: https://www.cancer.gov/about-cancer/causes-prevention/
risk/age.[accessed [accessed 2022-11-09]

Tonorezos E, Devasia T, Mariotto AB, MollicaMA, Gallicchio L, Green P, et al. Prevalence of cancer survivorsin the
United States. J Natl Cancer Inst. 2024;116(11):1784-1790. [doi: 10.1093/jnci/djae135] [Medline: 39002121]
LaricchiaF. Share of adultsin the United States who owned a smartphone from 2015 to 2023, by age group. Statista. 2024.
URL : https://www.stati sta.com/stati stics/489255/percentage-of -us-smartphone-owners-by-age-group/ [accessed 2024-03-22]
Petrosyan A. Distribution of internet users worldwide as of February 2024, by age group. Statista. 2024. URL: https.//www.
stati sta.com/stati stics/272365/age-distribution-of -internet-users-worldwide/ [accessed 2024-06-27]

Boels AM, Rutten G, Zuithoff N, de Wit A, Vos R. Effectiveness of diabetes self-management education viaa smartphone
application in insulin treated type 2 diabetes patients - design of a randomised controlled trial (TRIGGER study'). BMC
Endocr Disord. 2018;18(1):74. [FREE Full text] [doi: 10.1186/s12902-018-0304-9] [Medline: 30348142]

Madrigal L, Escoffery C. Electronic health behaviors among US adults with chronic disease: cross-sectional survey. JMed
Internet Res. 2019;21(3):€11240. [FREE Full text] [doi: 10.2196/11240] [Medline: 30835242]

Onyeaka HK, Zambrano J, Longley RM, Celano CM, Naslund JA, Amonoo HL. Use of digital health tools for health
promotionin cancer survivors. Psychooncology. 2021;30(8):1302-1310. [FREE Full text] [doi: 10.1002/pon.5677] [Medline:
33742737)

Wilson J, Heinsch M, Betts D, Booth D, Kay-Lambkin F. Barriers and facilitators to the use of e-health by older adults: a
scoping review. BMC Public Health. 2021;21(1):1556. [FREE Full text] [doi: 10.1186/s12889-021-11623-w] [Medline:
34399716]

Global Diffusion of eHealth: Making Universal Health Coverage Achievable: Report of thethird Global Survey on eHealth.
Geneva. World Health Organization; 2016.

Clement I, Lorenz A, Ulm B, Plidschun A, Huber S. Implementing systematically collected user feedback to increase user
retention in a mobile app for self-management of low back pain: retrospective cohort study. IMIR Mhealth Uhealth.
2018;6(6):€10422. [doi: 10.2196/10422] [Medline: 29875088]

Coughlin JW, Martin LM, Zhao D, Goheer A, Woolf TB, Holzhauer K, et al. Electronic health record-based recruitment
and retention and mobile health app usage: multisite cohort study. J Med Internet Res. 2022;24(6):€34191. [FREE Full
text] [doi: 10.2196/34191] [Medline: 35687400]

Davis FD. User Acceptance of Information Systems: The Technology Acceptance Model (TAM). 1987. URL: https:/
[deepblue.lib.umich.edu/handle/2027.42/35547 [accessed 2024-11-13]

Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q.
1989;13(3):319. [doi: 10.2307/249008]

FernandesL G, Devan H, Fioratti |, Kamper SJ, Williams CM, Saragiotto BT. At my own pace, space, and place: asystematic
review of qualitative studies of enablers and barriers to telehealth interventions for people with chronic pain. Pain. Feb 01,
2022;163(2):e165-e181. [doi: 10.1097/].pain.0000000000002364] [Medline: 34433776]

Shabir H, D'CostaM, Mohiaddin Z, Moti Z, Rashid H, SadowskaD, et al. The barriers and facilitatorsto the use of lifestyle
apps. asystematic review of qualitative studies. Eur J Investig Health Psychol Educ. 2022;12(2):144-165. [FREE Full text]
[doi: 10.3390/€jihpe12020012] [Medline: 35200235]

Eliasen A, Abildtoft MK, Krogh NS, Rechnitzer C, Brok JS, Mathiasen R, et a. Smartphone app to self-monitor nausea
during pediatric chemotherapy treatment: user-centered design process. IMIR Mhealth Uhealth. 2020;8(7):€18564. [FREE
Full text] [doi: 10.2196/18564] [Medline: 32706744]

https://www.jmir.org/2024/1/e55176 JMed Internet Res 2024 | vol. 26 | €55176 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jviscsurg.2021.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33714709&dopt=Abstract
https://europepmc.org/abstract/MED/21521595
http://dx.doi.org/10.1016/j.amepre.2011.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521595&dopt=Abstract
https://www.jmir.org/2021/9/e28869/
http://dx.doi.org/10.2196/28869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34559057&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.3322/caac.21731
http://dx.doi.org/10.3322/caac.21731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35736631&dopt=Abstract
https://europepmc.org/abstract/MED/32359500
http://dx.doi.org/10.1016/S1470-2045(20)30021-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32359500&dopt=Abstract
https://europepmc.org/abstract/MED/28779220
https://europepmc.org/abstract/MED/28779220
http://dx.doi.org/10.1007/s11764-017-0632-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28779220&dopt=Abstract
https://www.cancer.gov/about-cancer/causes-prevention/risk/age.[accessed
https://www.cancer.gov/about-cancer/causes-prevention/risk/age.[accessed
http://dx.doi.org/10.1093/jnci/djae135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39002121&dopt=Abstract
https://www.statista.com/statistics/489255/percentage-of-us-smartphone-owners-by-age-group/
https://www.statista.com/statistics/272365/age-distribution-of-internet-users-worldwide/
https://www.statista.com/statistics/272365/age-distribution-of-internet-users-worldwide/
https://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-018-0304-9
http://dx.doi.org/10.1186/s12902-018-0304-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348142&dopt=Abstract
https://www.jmir.org/2019/3/e11240/
http://dx.doi.org/10.2196/11240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30835242&dopt=Abstract
https://europepmc.org/abstract/MED/33742737
http://dx.doi.org/10.1002/pon.5677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33742737&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11623-w
http://dx.doi.org/10.1186/s12889-021-11623-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34399716&dopt=Abstract
http://dx.doi.org/10.2196/10422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29875088&dopt=Abstract
https://www.jmir.org/2022/6/e34191/
https://www.jmir.org/2022/6/e34191/
http://dx.doi.org/10.2196/34191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35687400&dopt=Abstract
https://deepblue.lib.umich.edu/handle/2027.42/35547
https://deepblue.lib.umich.edu/handle/2027.42/35547
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.1097/j.pain.0000000000002364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34433776&dopt=Abstract
https://www.mdpi.com/resolver?pii=ejihpe12020012
http://dx.doi.org/10.3390/ejihpe12020012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35200235&dopt=Abstract
https://mhealth.jmir.org/2020/7/e18564/
https://mhealth.jmir.org/2020/7/e18564/
http://dx.doi.org/10.2196/18564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706744&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

25. Srivastava R. Role of smartphone devices in precision oncology. J Cancer Res Clin Oncol. 2023;149(1):393-400. [doi:
10.1007/s00432-022-04413-3] [Medline: 36253632]

26. Cimperman M, Makovec Brenci¢ M, Trkman P. Analyzing ol der users home tel ehealth services acceptance behavior-applying
an extended UTAUT model. Int JMed Inform. 2016;90:22-31. [doi: 10.1016/j.ijmedinf.2016.03.002] [Medline: 27103194]

27. Jang HJ, Noh GY. The effect of health consciousness and playfulness on intention to use tangible fitness game: extended
TAM. JKorea Contents Assoc. 2017;17(1):1-11. [doi: 10.5392/jkca.2017.17.01.001]

28. Park D, Choi J, Kim D. The influence of health apps efficacy, satisfaction and continued use intention on wearable device
adoption: a convergence perspective. J Digit Converg. 2015;13(7):137-145. [doi: 10.14400/jdc.2015.13.7.137]

29. KiYS, Ahn SM, Cho MG, Choi B. An analysis on affecting factors of healthcare applications continuous usage intention
and their relationships. J Soc e-Bus Stud. 2019;24:49-89. [doi: 10.7838/jsebs.2019.24.1.049]

30. KimSS, RyuS. Structural relationships among factorsto adoption of telehealth service. AsiaPac JInf Syst. 2011;21(3):71-96.

31. KimYW, Han S, Kim KS. Determinants of intention to use digital healthcare service of middle and older users. Inf Soc
Media. 2018;19(3):1-23. [doi: 10.52558/ism.2018.12.19.3.1]

32. LeeM, LeeH,KimY, KimJ, Cho M, Jang J, et al. Mobile app-based health promotion programs: a systematic review of
theliterature. Int JEnviron Res Public Health. 2018;15(12):2838. [ FREE Full text] [doi: 10.3390/ijerph15122838] [Medline:
30551555]

33. Gao,LiH,LuoY.Anempirical study of wearable technology acceptance in healthcare. Ind Manage Data Syst.
2015;115(9):1704-1723. [doi: 10.1108/IM DS-03-2015-0087]

34. Baek M, Choi H, Lee H. Age-specific acceptance intention over wearable smart healthcare device. Korean Acad Assoc
Bus Admin. 2015;28(12):3171-31809. [doi: 10.18032/kaaba.2015.28.12.3171]

35. Lee OH, Ham SW. A study on influence factors of mobile healthcare service using structural equation modeling. J Korea
Acad Ind Cooperation Soc. 2017;18(3):418-427. [doi: 10.5762/KA1S.2017.18.3.418 ISSN 1975-4701]

36. Wilson EV, Lankton NK. Modeling patients acceptance of provider-delivered e-health. JAm Med Inform Assoc.
2004;11(4):241-248. [FREE Full text] [doi: 10.1197/jamia.M 1475] [Medline: 15064290]

37. Baek SY,LeeSB, LeeY, Chung S, Choi CM, Lee HJ, et al. Effects of mabile healthcare applications on the lifestyle of
patients with breast cancer: a protocol for arandomized clinical trial. J Breast Cancer. 2022;25(5):425-435. [FREE Full
text] [doi: 10.4048/jbc.2022.25.e42] [Medline: 36314766]

38. KimYl, Park1J, Kim CW, Yoon YS, Lim SB, Yu CS, et a. Lifestyle interventions after colorectal cancer surgery using a
mobile digital device: a study protocol for arandomized controlled trial. Medicine (Baltimore). 2022;101(41):e31264.
[FREE Full text] [doi: 10.1097/M D.0000000000031264] [Medline: 36254015]

39. LeeJH, Jeong JH, Ji W, LeeHJ, LeeY, Jo MW, et al. Comparative effectiveness of smartphone healthcare applications
for improving quality of lifein lung cancer patients: study protocol. BMC Pulm Med. 2022;22(1):175. [FREE Full text]
[doi: 10.1186/s12890-022-01970-8] [Medline: 35501757]

40. SurveyMonkey. Calculating the Number of Respondents You Need. SurveyMonkey. 2023. URL: https:/tinyurl.com/
2ms32rm8 [accessed 2023-05-22]

41. KimJ, Lim S, MinYH, ShinY, Lee B, Sohn G, et a. Depression screening using daily mental-health ratings from a
smartphone application for breast cancer patients. JMed Internet Res. 2016;18(8):e216. [FREE Full text] [doi:
10.2196/jmir.5598] [Medline: 27492880]

42. Steinley D. K-means clustering: a half-century synthesis. Br JMath Stat Psychol. 2006;59(Pt 1):1-34. [doi:
10.1348/000711005X 48266] [Medline: 16709277]

43. Little TD. Longitudinal Structural Equation Modeling. New York. The Guilford Press; 2013.

44. DavisFD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Manage Sci. 1989;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

45. Fidan E, Celik S. Factors affecting medical healthcare-seeking behaviours of female patients according to their stage of
being diagnosed with breast cancer. Eur J Cancer Care (Engl). 2021;30(5):€13436. [doi: 10.1111/ecc.13436] [Medline:
33694269]

46. KongLX, Zhao YH, Feng ZL, Liu TT. Personalized and continuous care intervention affects rehabilitation, living quality,
and negative emotions of patients with breast cancer. World J Psychiatry. 2024;14(6):876-883. [FREE Full text] [doi:
10.5498/wjp.v14.i6.876] [Medline: 38984338]

47. Apolinario-Hagen J, Menzel M, Hennemann S, Salewski C. Acceptance of mobile health apps for disease management
among people with multiple sclerosis: web-based survey study. IMIR Form Res. 2018;2(2):e11977. [FREE Full text] [doi:
10.2196/11977] [Medline: 30684408]

48. NunesA, Limpo T, Castro SL. Acceptance of mobile health applications: examining key determinants and moderators.
Front Psychol. 2019;10:2791. [FREE Full text] [doi: 10.3389/fpsyq.2019.02791] [Medline: 31920836]

49. Rosenlund M, Kinnunen UM, Saranto K. The use of digital health services among patients and citizens living at home:
scoping review. JMed Internet Res. 2023;25:e44711. [FREE Full text] [doi: 10.2196/44711] [Medline: 36972122]

50. Rising CJ, Jensen RE, Moser RP, Oh A. Characterizing the US population by patterns of mobile health use for health and
behavioral tracking: analysis of the national cancer institute's health information national trends survey data. JMed I nternet
Res. 2020;22(5):€16299. [FREE Full text] [doi: 10.2196/16299] [Medline: 32406865]

https://www.jmir.org/2024/1/e55176 JMed Internet Res 2024 | vol. 26 | 55176 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00432-022-04413-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36253632&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27103194&dopt=Abstract
http://dx.doi.org/10.5392/jkca.2017.17.01.001
http://dx.doi.org/10.14400/jdc.2015.13.7.137
http://dx.doi.org/10.7838/jsebs.2019.24.1.049
http://dx.doi.org/10.52558/ism.2018.12.19.3.1
https://www.mdpi.com/resolver?pii=ijerph15122838
http://dx.doi.org/10.3390/ijerph15122838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30551555&dopt=Abstract
http://dx.doi.org/10.1108/IMDS-03-2015-0087
http://dx.doi.org/10.18032/kaaba.2015.28.12.3171
http://dx.doi.org/10.5762/KAIS.2017.18.3.418 ISSN 1975-4701
https://europepmc.org/abstract/MED/15064290
http://dx.doi.org/10.1197/jamia.M1475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15064290&dopt=Abstract
https://europepmc.org/abstract/MED/36314766
https://europepmc.org/abstract/MED/36314766
http://dx.doi.org/10.4048/jbc.2022.25.e42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36314766&dopt=Abstract
https://europepmc.org/abstract/MED/36254015
http://dx.doi.org/10.1097/MD.0000000000031264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36254015&dopt=Abstract
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-022-01970-8
http://dx.doi.org/10.1186/s12890-022-01970-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35501757&dopt=Abstract
https://tinyurl.com/2ms32rm8
https://tinyurl.com/2ms32rm8
https://www.jmir.org/2016/8/e216/
http://dx.doi.org/10.2196/jmir.5598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27492880&dopt=Abstract
http://dx.doi.org/10.1348/000711005X48266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16709277&dopt=Abstract
http://dx.doi.org/10.1287/mnsc.35.8.982
http://dx.doi.org/10.1111/ecc.13436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33694269&dopt=Abstract
https://www.wjgnet.com/2220-3206/full/v14/i6/876.htm
http://dx.doi.org/10.5498/wjp.v14.i6.876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38984338&dopt=Abstract
https://formative.jmir.org/2018/2/e11977/
http://dx.doi.org/10.2196/11977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684408&dopt=Abstract
https://europepmc.org/abstract/MED/31920836
http://dx.doi.org/10.3389/fpsyg.2019.02791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31920836&dopt=Abstract
https://www.jmir.org/2023//e44711/
http://dx.doi.org/10.2196/44711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36972122&dopt=Abstract
https://www.jmir.org/2020/5/e16299/
http://dx.doi.org/10.2196/16299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32406865&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

van den Berg N, Schumann M, Kraft K, Hoffmann W. Telemedicine and telecare for older patients--a systematic review.
Maturitas. 2012;73(2):94-114. [doi: 10.1016/j.maturitas.2012.06.010] [Medline: 22809497]

Arnhold M, Quade M, Kirch W. Mobile applicationsfor diabetics: asystematic review and expert-based usability evaluation
considering the special requirements of diabetes patientsage 50 yearsor older. JMed Internet Res. 2014;16(4):e104. [FREE
Full text] [doi: 10.2196/jmir.2968] [Medline: 24718852]

Liew MS, Zhang J, See J, Ong Y L. Usability challenges for health and wellness mobile apps: mixed-methods study among
mHealth expertsand consumers. IMIR Mhealth Uhealth. 2019;7(1):€12160. [FREE Full text] [doi: 10.2196/12160] [Medline:
30698528]

Foster M, Xiong W, Quintiliani L, Hartmann CW, Gaehde S. Preferences of older adult veterans with heart failure for
engaging with mobile health technology to support self-care: qualitative interview study among patients with heart failure
and content analysis. IMIR Form Res. 2022;6(12):e41317. [FREE Full text] [doi: 10.2196/41317] [Medline: 36538348]
Kuo YF, Yen SN. Towards an understanding of the behavioral intention to use 3G mobile value-added services. Comput
Hum Behav. 2009;25(1):103-110. [doi: 10.1016/j.chb.2008.07.007]

Chen CF, Chen PC. Applying the TAM to travelers' usage intentions of GPS devices. Expert Syst App. 2011;38(5):6217-6221.
[doi: 10.1016/j.eswa.2010.11.047]

Chowdhury Sz, Stevens S, Wu C, Woodward C, Andrews T, Ashall-Payne L, et al. An age-old problem or an old-age
problem? A UK survey of attitudes, historical use and recommendations by healthcare professional sto use healthcare apps.
BMC Geriatr. 2023;23(1):110. [FREE Full text] [doi: 10.1186/s12877-023-03772-x] [Medline: 36823564]

Paradis S, Roussel J, Bosson JL, Kern JB. Use of smartphone health apps among patients aged 18 to 69 yearsin primary
care: population-based cross-sectional survey. IMIR Form Res. 2022;6(6):€34882. [FREE Full text] [doi: 10.2196/34882]
[Medline: 35708744]

Sezgin E. Can we use commercial mobile appsinstead of research mobile appsin healthcare research? Front Public Health.
2021;9:685439. [FREE Full text] [doi: 10.3389/f pubh.2021.685439] [Medline: 34368058]

Kang SH, Baek H, Cho J, Kim S, Hwang H, Lee W, et al. Management of cardiovascular disease using an mHealth tool:
arandomized clinical trial. NPJDigit Med. 2021;4(1):165. [FREE Full text] [doi: 10.1038/s41746-021-00535-z] [Medline:
34862449]

Leighl NB, Butow PN, Tattersall MHN. Treatment decision aids in advanced cancer: when the goal is not cure and the
answer is not clear. J Clin Oncol. 2004;22(9):1759-1762. [doi: 10.1200/JC0O.2004.02.166] [Medline: 15118002]

KimY, Winner M, Page A, Tisnado DM, Martinez KA, Buettner S, et al. Patient perceptions regarding the likelihood of
cure after surgical resection of lung and colorectal cancer. Cancer. 2015;121(20):3564-3573. [FREE Full text] [doi:
10.1002/cncr.29530] [Medline: 26094729]

Palmer Kelly E, Agne JL, Hyer M, Meara A, Olsen G, Pawlik TM. A systematic review of the methods utilised to measure
the relationship between cancer patients and oncologists: implications for future research and practice. Eur J Cancer Care
(Engl). 2019;28(3):€12981. [doi: 10.1111/ecc.12981] [Medline: 30561074]

Palmer Kelly E, Tsilimigras DI, Hyer IM, Pawlik TM. Understanding the use of attachment theory applied to the
patient-provider relationship in cancer care: recommendations for future research and clinical practice. Surg Oncol.
2019;31:101-110. [doi: 10.1016/j.suronc.2019.10.007] [Medline: 31622916]

Andersen BL, Lacchetti C, Ashing K, Berek JS, Berman BS, Bolte S, et al. Management of anxiety and depression in adult
survivors of cancer: ASCO guideline update. JClin Oncol. 2023;41(18):3426-3453. [doi: 10.1200/JC0O.23.00293] [Medline:
37075262]

Lesser |A, Nienhuis CP, Belanger L. Active by nature: exploring cancer survivors exercise barriers, facilitators, preferences,
and psychosocial benefits of engaging in outdoor physical activity. Support Care Cancer. 2021;29(7):4095-4103. [FREE
Full text] [doi: 10.1007/s00520-020-05938-4] [Medline: 33404811]

Nadal C, SasC, Doherty G. Technology acceptancein maobile health: scoping review of definitions, models, and measurement.
JMed Internet Res. 2020;22(7):e17256. [FREE Full text] [doi: 10.2196/17256] [Medline: 32628122]

Rahimi B, Nadri H, Lotfnezhad Afshar H, Timpka T. A systematic review of the technology acceptance model in health
informatics. Appl Clin Inform. 2018;9(3):604-634. [FREE Full text] [doi: 10.1055/s-0038-1668091] [Medline: 30112741]
Holden RJ, Karsh BT. The technology acceptance model: its past and its future in health care. J Biomed Inform.
2010;43(1):159-172. [FREE Full text] [doi: 10.1016/j.jbi.2009.07.002] [Medline: 19615467]

Cao L, Chongsuvivatwong V, McNeil EB. The sociodemographic digital divide in mobile health app use among clients at
outpatient departments in inner Mongolia, China: cross-sectional survey study. IMIR Hum Factors. 2022;9(2):€36962.
[FREE Full text] [doi: 10.2196/36962] [Medline: 35587367]

Demicheli R, Retsky MW, Hrushesky WJM, Baum M, Gukas ID, Jatoi |. Racial disparitiesin breast cancer outcome:
insightsinto host-tumor interactions. Cancer. 2007;110(9):1880-1888. [ FREE Full text] [doi: 10.1002/cncr.22998] [Medline:
17876835]

Stapleton SM, Oseni TO, Bababekov Y J, Hung Y C, Chang DC. Race/ethnicity and age distribution of breast cancer diagnosis
in the United States. JAMA Surg. 2018;153(6):594-595. [ FREE Full text] [doi: 10.1001/jamasurg.2018.0035] [Medline:
29516087]

https://www.jmir.org/2024/1/e55176 JMed Internet Res 2024 | vol. 26 | €55176 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.maturitas.2012.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22809497&dopt=Abstract
https://www.jmir.org/2014/4/e104/
https://www.jmir.org/2014/4/e104/
http://dx.doi.org/10.2196/jmir.2968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24718852&dopt=Abstract
https://mhealth.jmir.org/2019/1/e12160/
http://dx.doi.org/10.2196/12160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30698528&dopt=Abstract
https://formative.jmir.org/2022/12/e41317/
http://dx.doi.org/10.2196/41317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36538348&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2008.07.007
http://dx.doi.org/10.1016/j.eswa.2010.11.047
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-023-03772-x
http://dx.doi.org/10.1186/s12877-023-03772-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36823564&dopt=Abstract
https://formative.jmir.org/2022/6/e34882/
http://dx.doi.org/10.2196/34882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35708744&dopt=Abstract
https://europepmc.org/abstract/MED/34368058
http://dx.doi.org/10.3389/fpubh.2021.685439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34368058&dopt=Abstract
https://doi.org/10.1038/s41746-021-00535-z
http://dx.doi.org/10.1038/s41746-021-00535-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34862449&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2004.02.166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15118002&dopt=Abstract
https://europepmc.org/abstract/MED/26094729
http://dx.doi.org/10.1002/cncr.29530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26094729&dopt=Abstract
http://dx.doi.org/10.1111/ecc.12981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30561074&dopt=Abstract
http://dx.doi.org/10.1016/j.suronc.2019.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31622916&dopt=Abstract
http://dx.doi.org/10.1200/JCO.23.00293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37075262&dopt=Abstract
https://europepmc.org/abstract/MED/33404811
https://europepmc.org/abstract/MED/33404811
http://dx.doi.org/10.1007/s00520-020-05938-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33404811&dopt=Abstract
https://www.jmir.org/2020/7/e17256/
http://dx.doi.org/10.2196/17256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628122&dopt=Abstract
https://europepmc.org/abstract/MED/30112741
http://dx.doi.org/10.1055/s-0038-1668091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30112741&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(09)00096-3
http://dx.doi.org/10.1016/j.jbi.2009.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19615467&dopt=Abstract
https://humanfactors.jmir.org/2022/2/e36962/
http://dx.doi.org/10.2196/36962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35587367&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/cncr.22998
http://dx.doi.org/10.1002/cncr.22998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17876835&dopt=Abstract
https://europepmc.org/abstract/MED/29516087
http://dx.doi.org/10.1001/jamasurg.2018.0035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29516087&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

Abbreviations

AU: attitude toward usefulness
AW: active willingness to use the app
CU: continuous use

D: demographics
Ej: enjoyment
Eq: equity

HI: human interaction

HM: health management

IM: information management

IS: interface satisfaction

M: motivation

PF: preference of app feature
RCT: randomized controlled trial
SEM: structural equation modeling
TAM: technology acceptance model
Ul: user interface

Us: usability

Ut: utility
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