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Abstract

Background: In recent years, the use of mobile health (mHealth) apps to manage chronic diseases has increased significantly.
Although mHealth apps have many benefits, their acceptance is still low in certain areas and groups. Most mHealth acceptance
studies are based on technology acceptance models. In particular, the Unified Theory of Acceptance and Use of Technology 2
(UTAUT2) model was developed to predict technology acceptance in a consumer context. However, to date, only a few studies
have used the UTAUT2 model to predict mHealth acceptance and confirm its suitability for the health sector. Thus, it is unclear
whether the UTAUT2 model is suitable for predicting mHealth acceptance and whether essential variables for a health-related
context are missing.

Objective: This study aimsto validate the suitability of UTAUT2 for predicting mHealth acceptance.

Methods: Inthisstudy, diabeteswas used as an example as mHealth apps are asignificant element of diabetes self-management.
In addition, diabetes is one of the most common chronic diseases affecting young and older people worldwide. An explorative
literature review and guided interviews with 11 mHealth or technology acceptance experts and 8 mHealth usersin Austria and
Germany were triangul ated to identify all relevant constructs for predicting mHealth acceptance. The interview participants were
recruited by purposive sampling until theoretical saturation was reached. Data were analyzed using structured content analysis
based on inductive and deductive approaches.

Results: Thisstudy was able to confirm the relevance of al exogenous UTAUT2 constructs. However, it reveal ed two additional
constructs that may also need to be considered to better predict mHealth acceptance: trust and perceived disease threat.

Conclusions: This study showed that the UTAUT2 model is suitable for predicting mHealth acceptance. However, the model
should be extended to include 2 additional constructs for use in the mHealth context.

(IMIR Hum Factors 2022;9(1):€34918) doi: 10.2196/34918
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Introduction

Background

Mobile health (mHealth) apps are essential for effective
self-management of chronic diseases such as diabetes[1,2]. In
this context, mHealth describes mHealth technologies such as
diabetes apps [3] and continuous glucose monitoring (CGM)
systems [4] to support diabetes self-management and patient
health [5-11]. The use of mHedth apps for diabetes
self-management leads to more frequent monitoring of blood
glucose levels and lower long-term glucose levels [12].
However, many patients do not use mHealth apps as they do
not see the necessity or are satisfied with their current
management [13]. Despite the potential and relevance of
mHealth apps in chronic disease management, they are still
used insufficiently [14].

An important aspect that determines the use of mHealth apps
istheir acceptance [15,16]: “ User acceptance can be defined as
the demonstrable willingness within a user group to employ
information technology for the tasks it is designed to support”
[17]. However, the acceptance of mHealth appsis till low in
certain areas and groups [5,18-23]. For example, for type 2
diabetes, the acceptance of mHealth appsislow [12,24].

User acceptance often determines the success or failure of
technical apps [25]. For predicting the acceptance of mHealth
users, technology acceptance models are used [16,25]. These
models are essential as they combine various theories from
psychology and sociology to explain and predict technology
acceptance and use [26].

We used diabetes as an example to investigate this issue as
mHealth apps are a dignificant element of diabetes
self-management [2,4,7].

In addition, diabetes is one of the most common chronic
diseases, affecting approximately 463 million peopleworldwide
between the ages of 20 and 79 yearsin 2019 [27]. Most patients
(approximately 90%) havetype 2 diabetes[27], where effective
self-management can have a significant impact on improving
patient health [5,6].

Many mHealth apps such as smartphone apps, blood glucose
sensors (CGM), and others are used by patientswith type 1 and
type 2 diabetes in their self-management.

Therefore, we wanted to investigate the following research
question in the field of mHealth self-management in diabetes:
isthe Unified Theory of Acceptance and Use of Technology 2
(UTAUT?2) model suitable for predicting mHealth acceptance
using diabetes as an example?

If the UTAUT2 model was better adapted to the needs of
mHealth acceptance, the reasonsfor use or rejection of mHealth
apps could thus be better predicted and more easily taken into
account in new developments. Thiswould helpincreasethe use
of mHealth self-management apps among people who are
chronically ill, thereby improving their health.

https://humanfactors.jmir.org/2022/1/€34918
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Theoretical Background

In health informatics, the Technology Acceptance Model
(TAM), UTAUT, and UTAUT2 have proven to be suitable
modelsfor acceptance research [28-30]. These models consider
constructsthat influence the acceptance of technology to predict
itsuse[28].

The TAM was developed in the late 1980s and provided the
basis for further technology acceptance models [16,25]. It
focuses on understanding why users accept or reject information
technology (IT) systems and how their design influences
acceptance [25]. The TAM hypothesizes that perceived
usefulness and perceived ease of use are essentia for the attitude
toward using, which isadominant factor of behavioral intention
to use and can be interpreted as technology acceptance
[25,28,31].

In 2003, the UTAUT model was published to present a unified
model that synthesizesthe diversity of acceptance models[16].
The basis of the UTAUT model isthe analysis and comparison
of 8 technology acceptance models (eg, Theory of Planned
Behavior, TAM, and Innovation Diffusion Theory [16]). The
UTAUT model aims to evaluate the likelihood of success of
new technol ogies and understand the critical acceptancefactors
to proactively define measures to ensure that systems are
accepted and used [16]. It uses the four central constructs of
performance expectancy, effort expectancy, social influence,
and facilitating conditions, moderated by gender, age,
experience, and voluntariness of use, as direct determinants of
behavioral intention and use behavior [16].

To date, mHealth acceptance studies have mainly used the TAM
[32-35] and UTAUT [19,36,37] model or combinations of both
[38,39]. Although the TAM was developed to predict the
acceptance of IT systems [25], the UTAUT model focused on
behavioral intention and technology use in organizational
contexts [16].

In contrast, the focus of the UTAUT2 model, which was
developed as an extension of the UTAUT model, is to predict
technology acceptancein consumer use contexts[26]. Therefore,
additional constructs such as hedonic motivation, price value,
and habit were added [26].

Figure 1 shows the UTAUT2 model developed by Venkatesh
et a [26], with its exogenous constructs (colored boxes) of
performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, price value, and
habit. It also shows the rel ationships between these exogenous
constructs and the endogenous constructs of behavioral intention
and use behavior [26]. Some of these relationships are
moderated by age, gender, and experience [26].

As this study focuses on the suitability of the UTAUT2 model
for predicting mHealth acceptance, Textbox 1 shows the
definitions of the exogenous UTAUT2 constructs only, adapted
from the study by Venkatesh et al [26].

JMIR Hum Factors 2022 | vol. 9 | iss. 1| e€34918 | p. 2
(page number not for citation purposes)


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

JMIR HUMAN FACTORS Schretzlmaier et &

Figure 1. The Unified Theory of Acceptance and Use of Technology 2 model, adapted from a study by Venkatesh et al [26].
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Textbox 1. Exogenous Unified Theory of Acceptance and Use of Technology 2 constructs adapted from a study by Venkatesh et al [26].

Per for mance expectancy

«  “Degreeto which using atechnology will provide benefits to consumers in performing certain activities’ [26]

Effort expectancy

« “Degree of ease associated with consumers’ use of technology” [26]

Social influence

«  “Extent to which consumers perceive that important others (e.g. family and friends) believe they should use a particular technology” [26]

Facilitating conditions

«  “Refer to consumers’ perceptions of the resources and support available to perform a behavior” [26]

Hedonic motivation

o “Thefun or pleasure derived from using a technology” [26]

Pricevalue
. “Consumers’ cognitive tradeoff between the perceived benefits of the applications and the monetary cost for using them” [26]
Habit

«  “The extent to which people tend to perform behaviors automatically because of learning” [26]
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Therefore, the UTAUT2 model seems appropriate specifically
for mHealth technologies as it focuses on individuals and their
needs [26,40]. Thisis visible, for example, in the construct of
hedonic motivation, which has been described in some scientific
articles as particularly important for consumers of a product or
technology [26,41,42].

However, to date, only afew mHealth acceptance studies have
used the UTAUTZ2 model, and out of the studies using it, some
showed that primarily health-related factors such as health
conditions, health consciousness, and health concerns are
missing from the technology acceptance model [41,43,44].
These are particularly relevant for patients with chronic diseases
who are using mHealth apps. In this context, mHeath
acceptance may depend not only on fun or habit but also on the
perceived threat of disease and perceived data security [18,19].
However, these aspects are not covered in the UTAUT2 model.

Methods

We followed the 32-item COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist [45].

Figure 2. Research design. mHealth: mobile health.

Step 1: Explorative
literature review

Step 2: Guided interviews
with mHealth or technology
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Design

We used a qualitative research design and triangulated an
explorative literature review with guided interviews. The
objective was to identify the main categories of mHealth
acceptancein the field of diabetes self-management.

The research design used, as shown in Figure 2, comprises 4
main steps (step 1 to step 4) built on each other. Inthefirst step
(step 1), weidentified relevant categories from the explorative
literature review for the initial category system. In the second
step (step 2), we conducted guided interviews with mHealth or
technology acceptance experts, followed by the third step (step
3), where we conducted guided interviews with mHealth users.
Guided interviews and literature review served to assess the
existing exogenous UTAUT2 constructs in a heath-related
context and identify possible additional categories. In the last
step (step 4) of the research process, we used qualitative methods
triangulation to capture and compare all identified categories
from the previous research steps (step 1 to step 3) and finaly
confirmed or rejected them.

Step 3: Guided interviews
with mHealth users

acceptance experts

Step 1.1: Recruitment

582 scientific articles

Step 2.1: Recruitment

11 mHealth or technology
acceptance experts

Step 1.2: Data collection

Detailed review
and screening

Step 3.1: Recruitment

8 mHealth users

Step 2.2: Data collection

Guided interviews

Step 1.3: Data analysis

Structured content analysis

Step 3.2: Data collection

Guided interviews

Deductive
categories

Step 2.3: Data analysis

Structured content analysis

Inductive
categories

Step 4: Qualitative methods triangulation

Capture all categories

Triangulation of categories

Step 3.3: Data analysis

Structured content analysis

Inductive
categories
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Explorative Literature Review (Step 1)

Recruitment (Step 1.1)

Between March and November 2020, we conducted an
explorative literature review in the MEDLINE database
following systematic criteria. We used the keywords diabetes
and diabetes mellitusfor the concept of diabetes. For the concept
of mHealth apps, we used the keywords mohile health apps,
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mobile health applications, mobile health units, and mobile
apps. For the concept of technology acceptance, we used the
keywords acceptance, UTAUT, and UTAUTZ2. In total, we
identified 582 scientific articles using different search queries.

Data Collection (Step 1.2)

The explorative literature review aimed to identify relevant
scientific articles from the mHealth and technol ogy acceptance
field to develop the initial category system based on the
UTAUT2 model and additional categories using diabetes as an
example. On the basis of the identified scientific articles, we

Figure 3. Explorative literature review—the screening process.
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conducted a screening process, which is described in Figure 3.
In the screening process, we first checked thetitles and then the
abstracts of all scientific articles and compared them with the
research question. Inthese 2 steps, of the 582 scientific articles,
wefiltered out 486 (83.5%) scientific articles that did not meet
theinclusion criteria, and for the remaining 96 (16.5%) scientific
articles, we conducted a full-text analysis and compared the
content of the methods, results, and conclusions sections with
theresearch question. Approximately 5.8% (34/582) of scientific
articles met the inclusion criteria.

Articles excluded:

Y

(N=582)

Y

Abstracts screened:

(n=430) titles did not fit the
research question

Articles excluded:

(n=152)

Screening

Y

Full texts screened:

A 4

(n=56) abstracts did not fit
the research question

Articles excluded:

(n=96)

Articles included:
(n=34)

Included ]

P

Data Analysis (Step 1.3)

We conducted data analysis sequentially for each research step
(step 1 to step 3). MAXQDA 2020 (release 20.4.0; VERBI
GmbH) was used for transcribing and coding the qualitative
data. We conducted a structured content analysis using inductive
and deductive approaches, following the research question to
analyzethe qualitative material according to Kuckartz [46]. We
developed, used, and continuously updated a codebook
containing relevant information (eg, detailed code description
and inclusion and exclusion criteria) to ensure the high quality
of the coding process [47]. Throughout the complete data
analysis process (step 1.3, step 2.3, and step 3.3), we used the
method of peer debriefing, in which we critically discussed the
collected data and the results derived from that data, aswell as
the related analysis processes with an experienced research
expert [48]. In particular, unclear passages in the qualitative
data were reviewed according to the four eyes principle and

https://humanfactors.jmir.org/2022/1/€34918

Y

(n=62) full texts did not fit
the research question

discussed during meetings with the coauthors to find a shared
consensus.

We started the data analysis by coding the scientific articles
from the explorative literature review (step 1). In the first
deductive step, we defined categories based on exogenous
UTAUT?2 constructs to develop the initial category system. In
the second step, we coded 34 scientific articles based on
predefined categories and assigned all the rel evant text segments
to the corresponding categories. In the third step, weinductively
defined and added missing categories to the category system
based on the material.
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Guided Interviews With mHealth or Technology
Acceptance Experts (Step 2)

Recruitment (Step 2.1)

We conducted guided interviews between December 2020 and
March 2021 with 11 mHealth or technol ogy acceptance experts
(9, 82% men and 2, 18% women) from Germany and Austria.
We identified the experts based on their publications and
institute websites. Each of the experts held, at minimum, aPhD
degree and had worked in the research area of mHealth or
technology acceptance for =3 years. We used purposive
sampling to select the expertsfrom universitiesin Germany and
Austria. After the 11 interviews, theoretical saturation was
reached.

Data Collection (Step 2.2)

On the basis of the results of the explorative literature review
(step 1) and the research question, we developed individual
theory-based interview guides with open-ended questions for
the interviews with mHealth or technology acceptance experts
(step 2) and mHealth users (step 3). We tested and improved
the interview guides before the official interviews. The
researcher (PS) who conducted the interviews was trained in
qualitative research methods and had a positive interest in
mHealth apps. There was no personal relationship between the
researcher and the interview candidates. The interviews took
place only between the researcher and the interview candidate
on the web (web conference) or by telephone. Both the

Schretzimaier et al

researcher and interview candidate were at homeor intheir own
office during the interview; therefore, no one else was present.
Before the interview started, there was a short introduction of
the researcher, the research topic, and the data privacy
guidelines. All interviews were conducted in German, audio
recorded by an external audio recording device, and lasted
between 20 and 45 minutes. After we finished the interviews,
we offered the participants the opportunity to ask questions,
which helped improve the interview guides. We took notes on
the interview atmosphere and comments from outside the
interview. We did not repeat any interviews, and there were no
dropouts.

We started the guided interviews with mHealth or technology
acceptance experts (step 2). The interviews aimed to assess the
existing exogenous UTAUT2 constructs in a health-related
context and identify additional relevant categories. Therefore,
in thefirst part of the interviews, we asked questions about the
general factorsinfluencing the acceptance and sustained use of
mHealth apps from an expert perspective: which factors
significantly affect the acceptance and long-term use of mHealth
self-management apps? In the second part of the interviews,
wefocused on the UTAUT2 model, specifically on the essential
constructs and constructs that should be added based on the
experts feedback: which constructs should be supplemented to
the UTAUT2 model concerning acceptance investigations of
mHealth self-management apps? (Table 1). For thisreason, we
adopted an unprompted approach with open-ended questions.

Table 1. Main topics of the guided interviews with mHealth? or technology acceptance experts (n=11) and mHealth users (n=8).

mHealth or technology acceptance experts

mHealth users

General

Factorsinfluencing the acceptance and long-term use of mHealth self-
management apps

Advantages and disadvantages associated with the use of mHealth
self-management apps

Reasons leading to use or nonuse of mHealth self-management apps
Specific

UTAUTZ2® variables have the most si gnificant influence on the accep-

tance and use

Variablesthat should be added to the UTAUT2 model to describe the
acceptance of mHealth self-management apps

Factorsinfluencing the (long-term) use of mHealth self-management apps

Advantages and disadvantages associated with the use of mHealth self-
management apps

Reasons leading to use or nonuse of mHealth self-management apps

Expectations, barriers, and emotionsrelated to the use of the mHealth self-
management app over time

Relevance of the mHealth self-management app in daily life

@mHealth: mobile health.
bUTAUT2: Unified Theory of Acceptance and Use of Technology 2.

Data Analysis (Step 2.3)

In contrast to the data analysis of the explorative literature
review (step 1.3), the analysis of the guided interviews (step
2.3 and step 3.3) was not conducted at the end of the entire data
collection phase but continuously after each interview. This
iteration process helped us identify the point of theoretical
saturation; that is, the point at which we were no longer ableto
identify new categories [48].

In the first step, we continued the data analysis by transcribing
the guided interviews with mHealth or technology acceptance

https://humanfactors.jmir.org/2022/1/€34918

experts verbatim. We did not return the interview transcripts to
the participants. In the second step, we coded each interview
based on the differentiated category system containing the
deductive and inductive categories, which resulted from the
explorative literature review (step 1.3). In the third step, we
inductively defined and added missing categoriesto the category
system based on the material until saturation was reached.
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Guided Interviews With mHealth Users (Step 3)

Recruitment (Step 3.1)

Between March and May 2021, we conducted guided interviews
with 8 mHealth users (5, 63% men and 3, 38% women) from
Germany and Austria. The age distribution of the participants
ranged from 20 to 75 years. We included patients with type 1
and type 2 diabetes and parents caring for children with type 1
diabetes, as the requirements and needs for mHealth apps are
comparable, and the apps do not specifically address only one

Table 2. Sociodemographic data of recruited mHealth® users.

Schretzimaier et al

user group. We only included participants using an mHealth
app (diabetes app and CGM system) for at least 3 months.

We identified mHeath users through gatekeepers in
organi zations such as diabetes associations and diabetes self-help
groups, who asked suitable persons to participate in the study.
In addition, we published a call for participation in the study
on socia media. We used purposive sampling to recruit patients
of different ages, genders, and socioeconomic backgrounds to
ensure awidediversity (Table 2). After 8 interviews, theoretical
saturation was reached.

User  Age(years) Gender Education Residence Type of diabetes Duration of mHealth app use
1 75 Female PhD Austria Type 2 4 months

2 33 Female Vocational qualification Germany Typel 4years

3 52 Male PhD Austria Type 2 6 months

4 20 Female Vocational qualification Germany Typel 2 years

5 40 Male PhD Austria Father of type 1 diabetes child 4 years

6 22 Male Student Germany Typel 3years

7 23 Male Student Austria Typel 6 years

8 60 Male Master's Austria Type 2 4 months

3mHealth: mobile health.

Data Collection (Step 3.2)

After we completed all the interviews with mHealth or
technology acceptance experts (step 2), we continued the
interviews with mHealth users (step 3). The interviews aso
aimed to confirm the existing exogenous UTAUT2 constructs
and identify additional relevant categories based on mHealth
users perspectives. The first part of the interviews focused on
the used mHealth app and the reasons for choosing and using
it: which features or functions are essential to you so that you
use diabetes mHealth self-management apps in the long term?
In the second part of the interviews, we focused on the users
experience with the mHealth app: when you first started to use
diabetes mHealth self-management apps, what expectationsdid
you have? (Table 1). For this purpose, we used the user
experience (UX) curve method [49], which visualized the UX
throughout use. We drew the UX curve by sharing the screen
with the mHealth users who joined the interviews on the web.
This was not possible if the interview was conducted via
telephone. In those cases, we only asked questions on UX
without visualization using the UX curve method.

Data Analysis (Step 3.3)

To anayze the datafrom the mHeal th user interviews (step 3.3),
we performed the same analysis steps as for the analysis of the
mHealth or technology acceptance expert interviews (step 2.3).
However, for coding the mHealth user interviews, we used the
aready differentiated category system that included inductive
categories from the interviews with mHealth or technology
acceptance experts (step 2.3). Approximately 2 weeks after the
coding of al material from step 1 to step 3 was completed, we
reviewed the final category system and the coded segments to

https://humanfactors.jmir.org/2022/1/€34918

ensurethereliability (intrarater reliability) of the analyzed data
[50Q]. Identical or similar categories were combined.

Qualitative M ethods Triangulation (Step 4)

We used qualitative methods triangulation [51,52] to combine
the different perspectives from the explorative literature review
(step 1) and the guided interviews (step 2 and step 3) to
investigate the research question, thereby increasing confidence
in the results and their validity [48,52]. For this purpose, we
captured and compared all identified categories from the 3
research steps (step 1 to step 3) to determine the relevant
categories to answer the research question. We considered
categoriesthat weidentified in at least two of the threeresearch
steps (step 1 to step 3) to be particularly important for extending
the UTAUT2 model.

Results

Overview

We conducted a qualitative methods triangulation study
comprising an explorative literature review (step 1) and guided
interviews with 11 mHealth or technology acceptance experts
(step 2) and 8 mHealth users (step 3). Using diabetes as an
example, we investigated whether the UTAUT2 model is
suitable for predicting mHealth acceptance. Thus, we analyzed
the material from the explorative literature review (step 1) and
the guided interviews (step 2 and step 3) using structured content
analysisand then combined the results using qualitative methods
triangulation (step 4), as shown in Figure 4.

In our qualitative methods triangulation study, we were able to
confirm the relevance of all exogenous UTAUT2 constructsin

JMIR Hum Factors 2022 | vol. 9 | iss. 1| 34918 | p. 7
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

predicting mHealth acceptance using diabetes as an example.
In addition, we were able to identify another three categories
that are not part of the UTAUT2 model: trust, perceived disease
threat, and personal innovativeness.

Schretzimaier et al

Interview quotestrand ated verbatim are shown in the following
sections to support our results.

Figure 4. Summary of combined categories (colored boxes) identified from explorative literature review and guided interviews (gray boxes). The
figures between gray and colored boxes indicate the number of coded segments assigned to each category. Categories are arranged in decreasing order
according to the sum of coded segments from both sources. mHealth: mobile health.

Explorative
literature review

Interviews with
mHealth users

Confirmation of Exogenous UTAUT2 Constructs

Overview

According to most (9/11, 82%) of the mHealth or technology
acceptance expertsinterviewed, the UTAUT2 model issuitable
for acceptance studies, especially in areas where motivation and
continuous and voluntary use are essential. For example, this
applies to mHealth self-management in diabetes:

...inmy opinion, it can be used well for all thingsthat
are based on voluntarinessin the broadest sense...that
means especially with health apps that are not
compulsory...evenif the doctor prescribes methe app
free of charge that does not mean that | will useit for
the next weeks and months... [Expert 3, mal€]

Therefore, as a first essential part of our study, we wanted to
confirm that the exogenous UTAUT2 constructs are suitable
for predicting mHealth acceptance using diabetes asan example.
We summarized the main results of the structured content
analysis focusing on the exogenous UTAUT2 constructs to
present their relevance in the following sections.

https://humanfactors.jmir.org/2022/1/€34918
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Facilitating Conditions

We were able to confirm the importance of facilitating
conditions in diabetes mHeath self-management. In the
explorative literature review, we identified several scientific
articles that pointed out the rel evance of facilitating conditions
in mHealth self-management [5,18,21,53-58]. In particular, the
authors highlighted technical support, support from the mHealth
app itself, and health care professionals as the essential aspects
of facilitating conditions for mHealth apps. We were also able
to identify those aspects in the guided interviews, as shown in
the extracts in the following section.

According to al (8/8, 100%) of the mHealth users surveyed,
good technical support, especialy if there are any problems,
and support from their medical physician are essential for
accepting mHealth apps:

..it is crucial to me in any case, especially with
technical problems when the sensor, the mechanism
is broken, that you are told how to place it or that
you can easily contact the support...In any case, it is
vital to me that the doctors can get a good picture
and simply that the disease is kept under control.
[User 7, male, type 1 diabetes]
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Some (4/11, 36%) of the mHealth or technology acceptance
experts confirmed that support from medical physicians is an
essential factor for the long-term use of mHealth
self-management apps:

...many people also want to have some kind of
connection with their doctor. The app is used or
recommended by the doctor, or the doctor can be
contacted if there are any questions. So this is not
just pure self-help, but there is some connection with
the healthcare systemor with health service... [Expert
9, female]

Of course, the support from the mHealth app itself is aso
essential for its use. Some (3/8, 38%) of the mHealth users
consider adecent help function (eg, frequently asked questions
and video tutorials) that facilitates the use of the mHealth
self-management app to be an essential feature:

...with pictures and text, there are even videos...every
time you put a new sensor...you get an explanation
how to doit... [User 4, female, type 1 diabetes]

Performance Expectancy

We were aso able to confirm the importance of performance
expectancy in diabetes mHeal th self-management. On the basis
of the explorative literature review, we identified several
scientific articles that showed the importance of performance
expectancy in the context of mHealth self-management
[18,21,22,55,59-61]. In particular, the authors highlighted the
benefits gained for disease management as a relevant aspect of
mHealth apps. We were also able to identify this aspect of
performance expectancy in the guided interviews, as shown in
the following sections.

Most (7/8, 88%) of the mHealth (CGM system) users started
using the technology because of clear expectationsthat it would
improvetheir lives. The mHealth app makes daily management
of the disease easier and gives users back a piece of everyday
life asit provides an accessible overview of the relevant blood
glucose values, which has a positive effect on acceptance:

...we switched to it because it is simply a completely
different dimension in diabetes management. You can
not compare that with regular blood
measurements...with this technology, diabetes is just
much easier to handle. You can go about your daily
life... [User 5, male, father of type 1 diabetes child]

Compared with traditional blood glucose monitoring, half (4/8,
50%) of the surveyed mHealth (CGM system) users considered
setting alarms and reminders in urgent situations to be one of
the most crucial functions of the mHealth app, thusincreasing
its acceptance:

...definitely the alarms. | have an Apple Watch that
is also compatible with the system. It gives me
messages...when | am hypoglycemic when there are
any disorders. What | also find to be a significant
advantage is sharing the app with other people. So
my partner also hasit on his cell phone and sees or
gets messages when | am hypoglycemic and can no
longer react... [User 4, female, type 1 diabetes]
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This also reflects the statements of all (11/11, 100%) of the
mHealth or technology acceptance experts. The essential factors
for long-term use of mHealth self-management apps are the
perceived benefits and advantages that must be visible to the
patients, especially the freedom gained and the flexibility in
self-management of the disease:

...S0 people have to see that they have a benefit
somehow. So over a longer period, they also use it
consistently in everyday life...that is the case with
chronic diseases, where it is a long-term problem,
and you have to make people aware of the benefits of
thisapp for the long term. It must be useful... [Expert
9, female]

Effort Expectancy

We were also able to confirm the importance of effort
expectancy in diabetes mHealth self-management. In the
explorative literature review, we were able to identify several
scientific articles that showed the importance of effort
expectancy in the context of mHeath self-management
[5,18,21,40,53,55,57,59,61,62]. In particular, the authors
highlighted convenience, simplicity, and usability as relevant
aspects associ ated with the acceptance and use of mHealth apps.
As shown in the extracts given in the following section, we
were also able to identify those aspects of effort expectancy in
the guided interviews.

Usabhility and simplicity of use without physical impairment
weredeemed to be essentid criteriafor long-term use of diabetes
mHealth self-management apps by all (8/8, 100%) of the
mHealth users. A relevant aspect that half (4/8, 50%) of the
surveyed mHealth (CGM system) users highlighted is that
drawing blood is not necessary for the glucose measurements,
whichisagreat relief in everyday life and improves acceptance:

..itisjust a lot easier than when you have to go to
the break room at work all the time and prick your
finger...take your cell phone, hold it up to the sensor,
and it shows you the sugar right away...it is just a
significant relief, and you have everything in
there...you do not have to keep a diary anymore. You
have everything in the app. Everythingisthere... [User
2, female, type 1 diabetes)

Inall (11/11, 100%) of the mHealth or technology acceptance
experts’ point of view, the decisive factors for the long-term
use of mHealth apps are their user-friendliness and the fact that
they require less effort, are easy to use, and produce better
outcomes than conventional solutions:

...especially the usability plays a decisive role...
[Expert 6, male]

Social Influence

Wewere also ableto confirm theimportance of social influence
in diabetes mHealth self-management. On the basis of the
explorative literature review, we identified several scientific
articles that showed the importance of socia influence in the
context of mHealth self-management [5,18,20-22,36,40,
53,57,59,63]. In particular, the authors highlighted the
importance of recommendations from physicians, medical
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professionals, family members, and friends for the use of
mHealth apps. We were also able to identify those aspects in
the guided interviews, as shown in the extracts in the following
sections.

On the basis of feedback from all (8/8, 100%) of the mHealth
users, the primary influence to use an mHealth app for disease
management is driven by heath care providers such as
diabetologists, diabetes outpatient clinics, and physicians. If the
personal environment is generally very positive about the
mHealth app, acceptance is encouraged:

..l was only really made aware of this by my
diabetologist. So through her, | got to know that,
before | did not know that either... [User 2, female,
type 1 diabetes]

In addition, many (8/11, 73%) of the mHealth or technology
acceptance experts see significant influence from health care
providersfor the first and long-term use of mHealth apps. Most
(9/11, 82%) of the mHealth or technology acceptance experts
also see some influence from the media and closer personal
environment, which positively influences acceptance:

...s0 the recommendation by a doctor, by friends,
relatives or other persons involved is fundamental...
[Expert 9, femal€]

Hedonic Motivation

We were also able to confirm the importance of hedonic
motivation in diabetes mHeal th self-management. On the basis
of the explorative literature review, we were able to identify
several scientific articlesthat showed the importance of hedonic
motivation in the context of mHeath self-management
[18,22,56,59,62]. In particular, the authors emphasized the
importance of emotional support for adherence, motivation
through goal setting, and playful elements (ie, gamification) for
the sustained use of mHealth apps. Wewere al so abletoidentify
those aspectsin the guided interviews, as shown in the extracts
given in the following section.

All (8/8, 100%) of the mHealth usersreported positive emotions,
such as the joy of having an app that helps them manage their
disease. Some (5/8, 63%) of the mHealth users associate the
use of the app with fun, which leads them to check blood glucose
much more frequently, for example, which contributed to
increasing the acceptance of the mHealth app:

.first of all, joy, because it is a significant relief...
[User 2, female, type 1 diabetes)

...you have something new,...you want to useit all the
timealthoughitisamedical application...| measured
blood sugar fifty times a day...just to see how coal it
is... [User 6, male, type 1 diabetes]
In addition, most (9/11, 82%) of the mHealth or technology
acceptance experts consider fun, such as through gamification
aspects and positive feedback during use, to bevital motivating
factors for ensuring that mHealth apps are used for the long
term:

...hedonic motivation plays a role—of course, itisa
decisive factor in whether you use it or not...I also
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enjoy it...I find gamification exciting, i.e., increasing
motivation through such playful elements... [Expert
5, male]

Price Value

We were a so able to confirm the importance of price valuein
diabetes mHealth self-management; however, we d so identified
2 levels. On the basis of the explorative literature review, we
discovered that depending on the user group (eg, older patients)
or the mHealth app (eg, sensors with higher costs), price value
played a significant role [18,61,63]. In contrast, the price was
not relevant for less expensive mHeal th apps such as smartphone
apps[22,53,59]. We were also able to identify those aspectsin
the guided interviews, as shown in the extracts given in the
following section.

Approximately al (7/8, 88%) of the mHealth users assigned a
rather subordinate role to the price, especialy for mHealth
smartphone apps. Their focus was on the gain in convenience
and quality of life. Health insurance companies usually cover
the costs of the considerably more expensive CGM systems.
However, the mHealth users agreed that even an appropriate
copayment would not affect the use and acceptance of the
system:

...s0 | do not haveto pay anything for the smartphone
app. | just need to pay for the sensors. So that isthirty
euros a quarter, which isnothing. Evenif the app had
to be paid for, it depends on how much, of course...|
would definitely pay...becauseit isa significant relief
and would be worth it to me... [User 2, female, type
1 diabetes)

If the price of an mHealth self-management app is within a
reasonable range, most (9/11, 82%) of the mHealth or
technol ogy acceptance experts consider it to have no significant
role. However, if the priceistoo high, it will affect acceptance,
and people will not start or continue using the mHealth app:

...the price is often unimportant because the things

areeither freeor paid for by the health insurance—so,

in the very rarest cases, | have to spend a large

amount of money for a specific application... [Expert

3, male]
Habit
Wewere al so able to confirm theimportance of habit in diabetes
mHealth self-management. On the basis of our explorative
literature review, we identified several scientific articles that
showed relevant aspects of habit in the context of mHealth
self-management [53,59,62,64]. The authors emphasized the
strong influence of habit on the expected outcome and the
importance of continuous use because of regular patterns and
routines. We were also able to identify those aspects in the
guided interviews, as shown in the extracts given in the
following section.

Approximately al (7/8, 88%) of the mHealth users stated that
the mHealth app has taken an important placein their everyday
life and has become a habit, improving their disease
management:
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...important place in my life. Compared to before,
now with the app | test, | think, almost fifteen times
more than before. It is already routine...| test much
more than before with a standard test device... [User
2, female, type 1 diabetes)

In addition, approximately half (5/11, 45%) of the mHealth or
technology acceptance experts confirmed that integrating the
mHealth app into daily routinesis essential for sustained use:

Schretzimaier et al

...the habit is, of course, what drives you in the end,
to do the same thing over and over again... [Expert
4, male]

Additional Constructs

However, the analysis showed that additional constructs, as
shown in Textbox 2, may also need to be considered to predict
the user acceptance of mHeath self-management apps in
diabetes.

Textbox 2. Newly proposed and confirmed constructs for the acceptance of mobile health self-management in diabetes.

Trust

Per ceived disease threat

« Degreeof trust in the data collected by the mobile health app concerning data security, privacy, quality, and processing

o Degree of patients’ awareness of risks and limitations to health and well-being related to diabetes

Newly Proposed and Confirmed Construct: Trust

We identified the construct trust in several placesin this study,
showing its relevance to the field of mHealth self-management
in diabetes. Trust can be defined asbelief or confidencein other
people or things [65]. We used the term trust to combine aspects
such as data security, privacy, anonymity, and information
quality. This approach isin line with a recent study on public
trust in the health care system, in which the authorsinvestigated
various aspects that influence trust to understand the construct
better [66]. On the basis of the explorative literature review, we
identified several scientific articles that highlighted the
importance and relevant aspects of trust in the context of
mHealth self-management [18,21,22,40,59,65,67]. The authors
emphasized the positive influence of trust asacrucial aspect in
predicting acceptance and intention to use IT. We could also
identify these aspectsin the guided interviews, as shown in the
extracts given in the following section.

Data protection and privacy were considered essential features
of mHealth self-management apps by half (4/8, 50%) of the
surveyed mHealth users. Problems with insufficient data
protection and privacy can lead to low acceptance and
termination of use:

...possibly lead to the fact that | stop...if | have the
feeling my privacy is not maintained... [User 1,
female, type 2 diabetes]

In addition, from the perspective of most (10/11, 91%) of the
mHealth or technology acceptance experts, data protection, data
security, and privacy are central prerequisitesfor the acceptance
and long-term use of mHealth apps. Specificaly, the handling
of data by third parties, such as service providers, has a
significant influence on the use decision of mHealth apps:

..you also have to trust the app provider or
manufacturer...if there is even the dightest risk that
personal data is sold, and not anonymized at
best...thisdoes not increasetrust, and the application
probably will not be used... [Expert 5, mal€]

Thus, according to more than half (7/11, 64%) of the surveyed
mHealth or technology acceptance experts, it is not only about
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technical parameters of the mHealth app, such as data security.
They increasingly see subjective factors such as trust in the
service and service provider asrelevant for mHealth acceptance:

...data protection isonly one aspect...it isreally about
trust...[ Expert 5, mal€]

As the construct trust is not part of the UTAUT2 model but
essential for accepting and using mHealth self-management
apps, some (5/11, 45%) of the mHealth or technol ogy acceptance
experts recommended adding it:

...something like the trust that the data is not being
misused...it is such a central aspect...because trust
is, at least in Germany and | also think in Austria...a
central component of consumer health |IT
applications. [Expert 5, mal€]
Therefore, we were able to confirm the importance of trust for
mHealth self-management in diabetes.

Newly Proposed and Confirmed Construct: Perceived
Disease Threat

Inthis study, weidentified the construct perceived disease threat
in several places. The Health Belief Modd first defined the
construct of perceived diseasethreat [68,69]. The Health Belief
Model refersto avoiding and preventing illness through specific
health actions [70]. In this study, we used the construct of
perceived disease threat to assess patients’ awareness of risks
and limitationsto health and well-being associated with diabetes
[70]. On the basis of our explorative literature review, we
identified several scientific articlesthat highlight theimportance
and relevant aspects of perceived disease threat in the context
of mHealth self-management [19,21,34,40,71]. In particular,
the authors highlighted that patient awareness of the risks
associated with chronic diseases could help to improve the
acceptance of mHealth self-management apps. We were aso
ableto identify those aspectsin the guided interviews, as shown
in the extracts given in the following section.

Many (5/8, 63%) of the mHealth users mentioned that they
started to useaCGM system because of the negative impact on
their blood glucose level swhen they partially stopped using the
conventional measurement because of the perceived
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inconvenience of pricking their finger. In addition, the CGM
system protects against dangerous situations such as nighttime
hypoglycemia, which they highlighted to be essential for
acceptance:

...the pricking was highly burdensome to me, so |
partly stopped doing it, which was not really
beneficial for devel oping blood glucoselevels... [User
3, male, type 2 diabetes]

...you never know what happens at night when you
do not wake up when you have hypoglycemia, and if
| didn’'t have the system, quite different things could
happen... [User 4, female, type 1 diabetes]

According to more than half (6/11, 55%) of the surveyed
mHealth or technology acceptance experts, people who
experience a disease and perceive it as arisk are more open to
alternatives such asmHealth appsthat promise positive benefits,
which increases their acceptance:

...the patients' current state of health and suffering
are essential...someone who has to ensure very
extensive self-management is much more open-minded
than someone who only has to collect or document
data once a day or once aweek... [Expert 10, femal€]

Therefore, according to some (3/11, 27%) of the mHealth or
technology acceptance experts, the UTAUT2 model should be
extended with variables related to the disease state and the
perceived disease threat:

..l 'would include disease-related variables...for
example, chronic diseases...something like a perceived
threat. [Expert 9, femal €]

Therefore, we were able to confirm the importance of the
perceived disease threat for mHealth self-management in
diabetes.

Newly Proposed but Not Confirmed Construct: Personal
I nnovativeness

We were able to identify the construct of personal
innovativeness only in the explorative literature review and the
interviews with mHealth or technology acceptance experts but
not with mHealth users. On the basis of the explorative literature
review, we identified only 2 articles that highlighted the
importance of personal innovativenessin the context of mHealth
self-management [59,60]. The authors described personal
innovativeness asthe ability of aperson to be opento new ideas
and make innovative decisions [60]. As shown in the extract
giveninthefollowing section, we were also ableto identify the
described aspect in the interviews with mHealth or technology
acceptance experts.

Most (8/11, 73%) of the mHealth or technology acceptance
experts see technology-savvy people and people who want to
control their data as being particularly open to accepting and
using mHealth apps:

...especially technically-sawy patients, as well as
patients who do not want to travel to the hospital
threetimes aweek to record a certain value... [Expert
6, mal€e]
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However, the construct isaready part of the moderating effects
of hedonic motivation on behavioral intention in the UTAUT2
model because of the associated differencesin users willingness
to innovate [26]. Therefore, we were not able to confirm the
importance of personal innovativeness as an additional construct
for mHealth self-management in diabetes.

Discussion

Principal Findings

In this qualitative methods triangulation study, we used different
perspectives to investigate whether the UTAUT2 modd is
suitablefor predicting mHealth acceptance using diabetesasan
example. Our results showed that we were able to confirm all
exogenous UTAUT2 constructs. However, we verified that 2
essential constructsare missinginthe UTAUT2 model to predict
mHealth acceptance. We determined the constructs of trust and
perceived disease threat to be relevant in this context. In
contrast, the construct personal innovativeness, which we also
identified, seemed less relevant for mHealth users, as we did
not find indicatorsin theinterviews. Furthermore, the construct
personal innovativenessis already considered in the UTAUT2
model; therefore, it is unnecessary to add it as a separate
construct.

Strengthsand Limitations

We used a qualitative research method with its open approach
to investigate the subject area.

The triangulation of explorative literature review (step 1) and
guided interviews with mHealth or technology acceptance
experts (step 2) and mHealth users (step 3) allowed usto identify
relevant aspectsinfluencing mHeal th acceptance from different
perspectives.

Using the method of structured content analysis combined with
qualitative methods triangulation allowed us to confirm all
relevant categories. In addition, we were able to identify less
relevant categories, therefore, those categories are not required
to be added to the UTAUT2 model. As expected, the systematic
combination of the different methods proved successful, aswe
were able to confirm all exogenous UTAUT2 constructs and
identify new categories quite clearly. The results have confirmed
each other and can, therefore, be considered reliable.

We chose diabetes as an example as it is one of the most
common chronic diseases for which mHealth apps are an
essential element of self-management. Owing to the broad
spectrum of patients with diabetes and available mHealth apps,
the qualitative results al so seem to be generalizable to mHealth
apps for other chronic diseases.

We systematically selected different interview participants and
triangulated different sources of information. We also followed
the principle of theoretical saturation and are, therefore,
confident that we have captured all relevant aspects. However,
as the selection of mHealth users focused on active users, there
might have been some selection bias.

Although theinterviewswere only conducted with people from
Austriaand Germany using diabetes as an example, we consider
that the qualitative methods triangulation study results also
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apply to countries with comparable health care systems,
technical  infrastructure, socioeconomic and cultural
backgrounds, and other chronic diseases where mHealth
self-management apps are used because of the multicenter study
design.

A risk when conducting interviews is that people’s responses
may beinfluenced by social desirability. Wetried to reducethis
risk by creating a trustful and open interview atmosphere in
which only the interviewer and the interview candidate were
present.

Although we have adhered to the quality criteria of qualitative
research concerning objectivity, reliability, and validity by
applying neutrality in dataanalysis, rule guidancein theresearch
process, peer debriefing, and method triangulation, explorative
studies are associated with certain limitations such as
generalizability. Therefore, we plan to verify the results within
the framework of a quantitative follow-up study.

Comparison With Prior Work

To date, there have not been many studies that have used the
UTAUT2 mode to predictc mHedth acceptance
[41,43,44,60,62,64]. In addition, only a few of these studies
have explicitly highlighted the suitability of the UTAUT2 model
in this context [43,60,64]. With our qualitative methods
triangulation study, we were al so able to confirm the suitability
of the UTAUT2 model for predicting mHealth acceptance.

In our results, we showed that the four exogenous UTAUT
constructs of facilitating conditions, performance expectancy,
effort expectancy, and social influence are relevant to the
acceptance of mHealth in diabetes, which is consistent with
previous mHealth studies[19,36,37,41].

Wewere also ableto verify the rel evance of the three additional
exogenous UTAUT2 constructs: hedonic motivation, price
value, and habit. In particular, hedonic motivation and habit
were highlighted to be essential for the acceptance and long-term
use of mHealth self-management appsin diabetes. Intheir study,
the authors pointed out the importance of both constructs for
mHealth acceptance [64].
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Our results showed that the price of an mHealth
self-management app is considered less relevant by mHealth or
technology acceptance experts and mHealth users, who focus
more on the benefits of the app. This observation is consistent
with the findings from previous studies, where the authors
showed that price value does not influence mHealth acceptance
[43,59].

In addition to the exogenous UTAUT2 constructs, weidentified
three relevant constructs: trust, perceived disease threat, and
personal innovativeness. The relevance of trust and perceived
diseasethreat were highlighted in our results as essential aspects
for mHealth acceptance in diabetes. This observation aligns
with previous studieswhere the authors described the rel evance
of trust in adopting different eHealth services by extending the
TAM and UTAUT model [65,67].

The relevance of the construct perceived disease threat was
also confirmed by several studies where the authors used the
TAM and UTAUT mode to investigate the acceptance and
adoption of mHealth appsin patients with chronic diseases such
as hypertension and diabetes [19,21,34,71].

However, our results showed that the construct of personal
innovativeness turned out to be less relevant. This observation
is consistent with the origina UTAUT2 study in which the
authors described the construct personal innovativeness as an
implicit moderating effect of the construct hedonic motivation
on behavioral intention [26].

Conclusions

In summary, our study showed that the UTAUT2 model is
suitable for predicting mHealth acceptance, as shown in the
field of mHealth for diabetes. However, we also showed that
the additional constructs of trust and perceived disease threat
are required to comprehensively examine mHealth acceptance
in this context.

We see great potential for an extended UTAUT2 model that
focuses on additional mHealth predictors. Further research is
needed to determine whether the newly identified constructs
also apply to other mHealth apps and clinical settings.
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