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Abstract

Aim: Telemonitoring apps are increasingly prescribed as part of self-management for patients with Chronic
Obstructive Pulmonary Disease (COPD), yet patients still make minimal use of these apps. This research
investigates explanatory factors associated with the behavioral intention to use and actual use of COPD
telemonitoring apps among users and non-users.

Methods: A cross-sectional study was conducted among 200 COPD patients from two Dutch hospitals.
Eligible participants (= 18 years, diagnosed with COPD, = 2 outpatient pulmonology visits in 2023) were
identified through the electronic health record and invited by mail. Participants completed a self-
administered questionnaire assessing demographics, disease severity, literacy, facilitating conditions, and
app-related factors, based on the Unified Theory of Acceptance and Use of Technology 2 (UTAUTZ2), the
Technology Acceptance Model (TAM), and the Reasoned Action Approach (RAA). Behavioral intention was
analyzed using hierarchical multiple regression, and use was analyzed using binomial logistic regression.
Results: Intention was explained by performance expectancy (coefficient = 0.760, p < 0.001), self-efficacy
(coefficient = 0.207, p = 0.009), and alignment with personal norms and values (coefficient = 0.163, p =
0.006). Use was explained by self-efficacy (OR = 1.992, p = 0.023), social influence (OR = 1.642, p = 0.039),
personalization (OR = 0.628, p = 0.039), and intention to use (OR = 3.459, p < 0.001). App users showed
significantly higher digital literacy, performance expectancy, and fewer symptoms compared to non-users.
Users also experienced significantly higher importance of social influence and alignment with norms and
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values than non-users. Demographic variables and disease severity were no significant predictors of
behavioral intention and use.

Conclusions: Optimizing the app and the supportive role of the healthcare professional, enhancing digital
and health literacy, and hybrid care ensures that patients can benefit from both traditional care and the
advantages of remote monitoring.
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Introduction

Digital health technologies are increasingly integrated in healthcare to enhance patient participation and
self-management, improve efficiency and care delivery, and promote information and (preventive)
treatment [1]. This also includes chronic disease management, such as management of Chronic Obstructive
Pulmonary Disease (COPD) [2, 3]. COPD is a progressive, incurable lung disease characterized by symptoms
like breathlessness, chronic cough, fatigue, and decreased exercise capacity [4], representing the third
leading cause of death worldwide [5]. However, treatment is possible, particularly during the earlier stages
of the disease [6]. Because worsening of symptoms or exacerbations are unpredictable and show
considerable variability in terms of frequency, treatment is focused on preventing deterioration and
exacerbations, managing symptoms, and relieving the overall disease burden [4].

Self-management is essential in COPD care [7-10] and refers to “the individual’s ability to manage the
symptoms, treatment, physical and psychosocial consequences, and lifestyle changes inherent in living with
a chronic condition” [11]. Telemonitoring apps are increasingly used as part of COPD self-management,
allowing patients to monitor their health data from home with a measurement device or an app [12]. In the
European Union, telemonitoring apps are considered medical devices as they are prescribed and
implemented into the medical care trajectory under the supervision of a healthcare professional [13]. Here,
the healthcare professional receives a signal from the telemonitoring system when the patient’s condition is
deteriorating. This allows healthcare professionals to monitor a larger population and intervene at the right
time, potentially preventing hospital admissions and improving quality of life [8, 14]. Besides,
telemonitoring offers patients more insight into their health and enables timely information, such as
educational lessons on coping with their disease or self-management guidance for patients to take action
when deteriorating. Given these benefits, the use of telemonitoring apps is recommended.

However, despite its benefits and growing importance in routine COPD care, COPD patients still make
minimal use of these apps [15, 16], whilst they are a vulnerable patient population (individuals with a low
socio-economic position (SEP), a higher disease burden and additional barriers to the adoption of digital
health technology). The primary objective of this study is therefore to identify the factors explaining the
behavioral intention and use of telemonitoring apps among COPD patients, and the support desirable to
facilitate this use.

Telemonitoring app use could be explained by theoretical models focused on technology adoption, such
as the Unified Theory of Acceptance and Use of Technology 2 (UTAUTZ2) and the Technology Acceptance
Model (TAM) [14]. The UTAUT?2 states that performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, price value, and habit determine behavioral intention and
technology adoption [17], whereas TAM states that technology acceptance is determined by perceived
usefulness and perceived ease of use [18]. Here, adoption-related factors of TAM and UTAUT?2 also overlap
with social cognitive factors from more general behavioral explanatory models, such as the Reasoned
Action Approach (RAA). In the RAA, background factors determine beliefs, which in turn determine the
attitude, perceived norm, and perceived behavioral control, influencing the behavioral intention and use
[19]. Herewith, the behavioral intention leading to behavior conforms with UTAUT2 and TAM, as well as the
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concept of attitude (TAM) and social background factors (UTAUTZ2). These models thus provide a
framework of the factors that are important in technology use and an indication of the factors that might be
important for telemonitoring app adoption.

Moreover, several factors are found to influence mHealth use for COPD in previous studies [8, 14].
Facilitative factors are improved self-management, improved disease understanding and management, a
positive attitude toward mHealth, contact with healthcare professionals, feedback on self-management
behavior, perceived ease of use, and mHealth safety. Barriers to using mHealth apps for self-management
are patients’ preference for personal contact, a lack of digital and health literacy, poor infrastructure (e.g.,
possession of a mobile device), and avoidance of confrontation with their illness. Adoption is also expected
to be influenced by demographic factors, as individuals with a low SEP have an increased risk of chronic
diseases such as COPD [9], while often facing barriers to accessing and using digital healthcare, including
low health literacy skills [20, 21], decreased access to digital infrastructure, and decreased digital skills
[22]. As a result, people with a low SEP are less likely to use digital health services [12]. Nonetheless, prior
research has mainly focused on qualitative insights, by which a knowledge gap remains regarding
quantitative studies that systematically examine the determinants of the behavioral intention and use of
telemonitoring apps among the vulnerable COPD population.

To explore these factors, the first step is to examine differences between users and non-users of
telemonitoring apps in terms of demographics, literacy levels, and health status. Building on previous
studies [14, 23-25] and theoretical models (UTAUTZ2, TAM, and RAA), a list of variables has been
established that are expected to influence the use of telemonitoring apps. Identifying the determinants of
behavioral intention and use is essential for increasing the usage of telemonitoring apps and supporting
patients where needed. The theoretical model is shown in Figure 1.

Background factors Facilitating conditions
N . * Support
Demographic details * Self-efficacy
* Gender « Social influence
* Age ) e |nfrastructure = Intention to use a
* Educational background | " telemonitoring app
Disease severity App-related factors
* Moment of COPD diagnosis = Performar:_ce SRIHEERE)
. Hospitaﬁz?tions : ggrs'u?l?c:l)epnotigﬁ:ysyswm
: E}((:agerbatlons * Norms and values o
* Read aloud function
= Easy language
: Literacy - Ima;eryg 8 » Use of a telemonitoring app
* Health literacy e Personalization
* Digital literacy * Login
¢ Different language
¢ Ease of use
L]

Scientific validity

Figure 1. Theoretical model explaining the behavioral (intention to) use of telemonitoring apps.

Materials and methods
Study design

A cross-sectional quantitative study was performed. We obtained ethical approval from a Medical Ethics
Committee (see ‘Declarations’ section). Data collection took place through a paper-based survey at two
major teaching hospitals in the Netherlands: the Canisius Wilhelmina Hospital (CWZ) in Nijmegen and the
Zuyderland Medical Center (ZU) in Heerlen.

Participants and required sample size

We identified all patients aged over 18 years with a COPD diagnosis and at least 2 outpatient clinic contacts
with the pulmonologist in 2023 through the electronic health records of the hospitals (871 patients at CWZ
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and 3,416 patients at ZU). We excluded patients not residing in the Netherlands. Table 1 shows an overview
of the study population.

Table 1. Overview of the study population (COPD patients, CWZ & ZU hospitals, Netherlands, 2024).

Hospital Study population Users Non-users

ZU n=3,416 n =115 (3.4%) n =3,301 (96.6%)
Ccwz n =871 n =213 (24.5%) n =658 (75.5%)
Total N = 4,287 (100%) n =328 (7.7%) n = 3,959 (92.3%)

Since hierarchical multiple regression was the primary analysis method for this study, an a priori
power analysis was conducted for the full regression model including 25 predictors (16 in block 1 and 9 in
block 2). A minimum sample size of 151 participants was required (a = 0.05, power = 0.80). This calculation
was performed using Daniel Soper’s a priori sample size calculator for multiple regression [26]. Assuming a
25% response rate, a total of 604 COPD patients needed to be invited to participate in the study (302
patients per hospital). To enable comparison between users and non-users, the sampling strategy aimed at
an equal number of users and non-users. At CWZ, this was possible: we mailed 151 users (70.9% of the
CWZ users, 50% of the CWZ sample) and 151 non-users (22.9% of the CWZ non-users, 50% of the CWZ
sample). At ZU, the number of users was substantially lower. Therefore, all 115 users (100% of ZU users,
38.1% of the ZU sample) were written to, supplemented by 187 non-users (5.7% of the ZU non-users,
61.9% of the ZU sample). Accordingly, we assigned random numbers to the patients in the Excel software
(by using the ASELECT function) and selected the required number of participants top-down.

Questionnaire
Telemonitoring app definition

In the questionnaire, we defined a telemonitoring app as an app on a smartphone or tablet in which the
user (i.e., the COPD patient) answers questions about their COPD (e.g., symptom severity) and uploads
biomedical data (e.g., blood saturation). A telemonitoring app may contain educational, self-management,
communication (e.g., direct contact with a health care provider, the possibility to ask clarifying questions, or
receiving appropriate advice), and self-learning components (e.g., online lessons on exacerbations and
exercises). In this study, we assessed the general use of telemonitoring apps, but it is important to note that
the Thuismeten app (developed by Luscii Healthtech B.V., Amsterdam, the Netherlands) is the only
prescribed medical device at both hospitals. This app has been implemented in the majority of hospitals
across the Netherlands, making it the most widely adopted app for COPD telemonitoring [27].

Personal characteristics

The questionnaire (Supplementary material 1) included demographic variables, digital and health literacy,
and self-assessed disease severity (i.e., moment of COPD diagnosis, number of hospitalizations and
exacerbations in the last year, and the Clinical COPD Questionnaire (CCQ)). The variables were derived from
validated constructs within UTAUT2, TAM, and RAA and were operationalized using items adapted from
validated instruments, ensuring construct and content validity. The CCQ is a widely used and validated
measurement tool which has demonstrated good construct validity and reliability to measure the
symptoms and mental and physical state of COPD patients [2, 28]. The CCQ consists of 10 items measured
on a 7-point Likert scale ranging from ‘never’ (1) to ‘always’ (7) and from ‘not at all limited’ (1) to
‘completely limited or not possible’ (7). In the present study, the CCQ showed good internal consistency
(Cronbach’s a = 0.854). The higher the CCQ score, the poorer the health status. Health literacy was assessed
using one item from the validated Set of Brief Screening Questions (SBSQ), identified by Chew et al. [29] as
an effective question for detecting inadequate health literacy among patients. This item has demonstrated
adequate face and construct validity in previous studies. Digital literacy was measured by 2 self-assessment
items rated on a 5-point Likert scale ranging from ‘very inconvenient’ (1) to ‘very convenient’ (5). The items
showed acceptable internal consistency (r = 0.728).
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Factors associated with the behavioral intention and use of telemonitoring apps

Behavioral intention indicates the extent to which a person intends to start or continue using a
telemonitoring app. This was measured using two items on a 5-point Likert scale (r = 0.862). Accordingly,
use indicates whether a person is using a telemonitoring app when filling in the questionnaire. This was
assessed by one binary (yes/no) item. Based on UTAUTZ2, TAM, and RAA, as well as previous literature [23-
25], the intention to use a telemonitoring app is explained by 25 independent variables (see Figure 2 and
Supplementary material 3). The use of a telemonitoring app, in term, is explained by 26 independent
variables by adding the factor intention to use as an independent variable to the model (see Supplementary
material 4). All items were measured on a 5-point Likert scale. The complete questionnaire can be found in
Supplementary material 1, an overview of definitions and operationalizations of all factors proposed to
relate to (intentional) use can be found in Supplementary material 2, and the determinants can be found in
Supplementary material 3 and Supplementary material 4.

Logistic regression
Dependent variable: use of a telemonitoring app

Block 1 Block 3 Block 2

Hierarchical regression
Dependent variable: intention to use a telemonitoring app

Block 1 Block 2
Facilitating conditions Demographic details Dependent variable
b SUPPO"F * Gender hierarchical regression
* Self-efficacy * Age e Intention to use a
* Social influence » Educational background telemonitoring app

* Infrastructure

Disease severity

App-related factors * Moment of COPD diagnosis
* Performance expectancy * Hospitalizations
s Cosmopolitan system * Exacerbations
* Confidentiality * CCQ
* Norms and values
* Read aloud function Literacy
* Easy language » Health literacy
* Imagery « Digital literacy
* Personalization
* Login
* Different language
* Ease of use
L]

Scientific validity

Figure 2. Overview of the blocks in the hierarchical and logistic regression.

Procedure

We conducted a pilot questionnaire among three experts (i.e., a nursing specialist, a pulmonary nurse, and a
pulmonologist) and two low SEP people (i.e.,, a COPD patient and a lower-educated elderly person), and
made minor revisions (i.e., simplifying questions and adding explanations where necessary) to improve
clarity and ensure face validity. The principal investigators at ZU and CWZ prepared a list of the patients
who met the in- and exclusion criteria, from which the executive researcher drew a random sample. We
then mailed an envelope containing the information letter, consent form, questionnaire, and return
envelope to the sample. We sent a reminder letter after two weeks. For patients who had already
participated, a copy of the signed consent form was attached. Patients who returned only the questionnaire
were contacted to complete the consent process (n = 7). The final sample consisted of 200 participants, by
which no additional sample was needed.
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Data collection and analysis

Data were processed using IBM SPSS Statistics for Windows (version 29.0.2.0, IBM Corp., Armonk, NY, USA)
[30]. The final data file was corrected for outliers and scales were assembled. Descriptive statistics were
then computed for all key variables. Correlations were calculated to explore univariate associations
between all relevant factors and the dependent variables. Independent samples t-tests and chi-square tests
compared users and non-users in telemonitoring app use. For the t-test analyses, a p-value lower than 0.01
was considered significant to correct for multiple testing, while for the regression analyses a p-value lower
than 0.05 was used as the conventional significance threshold. Consecutively, a backward two-block
hierarchical multiple regression with pairwise deletion examined the determinants of the intention to use a
telemonitoring app. Predictors were introduced in order of their expected degree of influence on the
dependent variable. The first block included 16 app-related factors, followed by 9 background factors in the
second block. To examine the determinants of the use of a telemonitoring app, a three-step backward
binomial logistic regression was conducted, adding intention to use a telemonitoring app as a separate block
between the first and the last block. An overview of the regression model can be found in Figure 2. Finally,
the responses to the open-ended questions on motivation to use the app (questions 32, 33, 34) and form of
support (question 35, 36, 37, and 38) were categorized and counted to identify motivations to use the app
and support needs.

Results
Sample description

Between January 8th and March 6th of 2024, a total of 604 COPD patients were invited to participate, of
which 218 patients responded (36.1%). After excluding 18 patients due to missing informed consent forms,
a total of 200 complete questionnaires were included in the dataset (N = 200, 33.1%). An overview of the
participants is shown in Table 2.

Table 2. Overview of the study participants (COPD patients, CWZ & ZU hospitals, Netherlands, 2024).

Hospital Sample Users Non-users

ZU n =108 (54.0% of total) n =60 (55.6% of ZU) n =48 (44.4% of ZU)
Ccwz n =92 (46.0% of total) n =61 (66.3% of CWZ) n =31 (33.7% of CWZ)
Total N =200 (100%) n =121 (60.5%) n =79 (39.5%)

The sample consisted of 90 (45%) males and 110 (55%) females, with a mean age of 68.3 years (+
8.25), ranging from 40 to 87 years. Of the participants, 65 participants (32.7%) had a low education level,
100 (50.3%) had a medium education level, and 34 (17.1%) had a high education level (1 missing). The
mean CCQ was 3.41 (* 0.97). Most participants had a COPD diagnosis for over two years (n = 181, 90.5%)
and had not been hospitalized in the past year (n = 135, 67.5%). Furthermore, 86 participants (43.2%) had
more than one exacerbation, 51 participants (25.6%) had one exacerbation, and 62 participants (31.2%)
had no exacerbations in the past year (1 missing). Besides, 144 participants (72.0%) used a saturation
measurement tool, and 56 (28.0%) did not. On average, participants did 12.96 saturation measurements a
month (+ 12.81), with a minimum of 1 and a maximum of 60.

In terms of device ownership, most participants owned a smartphone (n = 180, 90%), or a tablet (n =
100, 50.0%) and had a Wi-Fi (n =177, 88.5%) or mobile internet (n = 121, 60.5%) connection. Notably, 9
participants (4.5%) reported not owning any mobile device, and one participant (0.5%) had no access to
the internet. The mean score for digital literacy was 3.39 (* 0.86) and 4.19 (*+ 0.86) for health literacy.
Overall, 121 participants (60.5%) used a telemonitoring app, and 79 participants (39.5%) did not. The
average intention to use a telemonitoring app was 4.21 (* 1.15), with higher scores among users (M = 4.71,
* 0.55) than among non-users (M = 3.39, + 1.39).
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Differences between the user group and the non-user group

Independent-sample t-tests showed that users had significantly higher digital literacy (Mg;;=-0.453, 95%
CI[-0.678, -0.228]) and performance expectancy (Mg =-0.643, 95% CI [-1.076, -0.209]) than non-users of
a telemonitoring app. Moreover, it was found that users had significantly fewer symptoms than non-users
(Mgir= 0.476, 95% CI [0.112, 0.837]) and that users experienced significantly more importance of social
influence (Mgy;r = -0.609, 95% CI [-0.915, -0.303]) and alignment with norms and values (Mg;; = -0.742, 95%
CI [-1.097, -0.387]) than non-users. Fisher’s exact test showed no statistically significant association
between the moment of COPD diagnosis and the use of a telemonitoring app (p = 0.212). Moreover, a chi-
square test showed no significant association between education level and the use of a telemonitoring app
(x*(2) = 0.394, p = 0.82). An overview of the results can be found in Table 3.

Table 3. Results of the independent samples t-tests for differences between users and non-users of a telemonitoring
app (CWZ & ZU hospitals, Netherlands 2024).

Variable Users Non-users Test statistics P
M SD M SD

Age (years) 67.87 7.71 68.16 9.12 {(187) = 0.235 0.815
Hospital admissions 1.57 0.90 1.41 0.86 {(187) =-1.200 0.232
Exacerbations 2.42 1.17 2.25 1.16 {(188) = -0.947 0.345
ccQ 3.33 0.86 3.57 1.12 {(120.955) = 1.591 0.114

Symptoms' 3.42 0.92 3.90 1.37 £(110.239) = 2.617 0.010

Functional state 3.67 1.10 3.66 1.27 {(189) = -0.072 0.943

Mental state 2.44 1.56 2.74 1.33 {(189) = 1.338 0.183
Health literacy 4.31 0.76 4.06 0.92 {(184) =-2.033 0.043
Digital literacy 3.62 0.75 3.17 0.78 {(188) = -3.976 <0.001
Support 8.06 1.66 7.70 1.67 {(185) = -1.432 0.154
Self-efficacy 4.59 0.64 4.15 1.06 {(125) = -1.892 0.061
Social influence 3.56 0.98 2.95 1.05 {(180) =-3.929 <0.001
Infrastructure 2.45 1.20 2.26 1.22 {(179) =-0.984 0.326
Performance expectancy 4.41 0.58 3.77 0.83 {(124) = -2.933 0.004
Cosmopolitan system’ 4.09 0.93 3.68 1.26 £(110.410) = -2.331 0.022
Confidentiality’ 3.98 0.84 3.63 1.21 {(105.709) = -2.108 0.037
Norms and values' 3.86 0.91 3.12 1.30 {(106.625) = —4.142 <0.001
Read-aloud function 30.1 2.29 1.23 2.74 3.88 {(179)=1.126 0.262
Easy language 30.2 3.64 1.18 3.27 1.33 {(182) = —-1.966 0.051
Imagery 30.3 3.04 1.18 2.85 1.23 {(178) =-1.048 0.296
Personalization 30.4 3.35 1.24 3.41 1.1 {(177)=0.329 0.743
Login 30.9 3.68 1.18 3.43 1.33 {(179) =-1.275 0.204
Different languages' 30.10 1.88 1.26 1.64 1.06 {(158.428) = —1.346 0.180
Ease of use’ 30.5 4.06 0.97 3.78 1.18 {(118.880) = —1.659 0.100
Scientific validity" 415 0.92 3.74 1.28 {(107.814) = -2.328 0.022

' A non-equality test was used as the assumption of homogeneity of variances was violated, as assessed by Levene’s test for
equality of variances. 2 A p-value < 0.01 is considered significant to correct for multiple testing.

Facilitators and barriers: correlations

Spearman and Pearson correlations were used to gain insight into the relationship between the
independent variables and the dependent variables, behavioral intention and use, respectively. An
overview of the significant correlations can be found in Table 4, and the complete correlation tables can be
found in Supplementary material 5. Behavioral intention showed a moderate positive correlation with
support and a strong correlation with both self-efficacy and performance expectancy. The use of the
telemonitoring app was moderately correlated with self-efficacy and strongly correlated with performance
expectancy and behavioral intention.
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Table 4. Significant R, correlations between relevant variables (COPD patients, CWZ & ZU hospitals, Netherlands,
2024).

Variable category Variable Intention Use
Background factors Digital literacy 0.287** 0.278™*
Health literacy 0.227** 0.148*
Facilitating conditions Support 0.329™* 1
Self-efficacy 0.561™* 0.460™
Social influence 0.237** 0.281**
Infrastructure 0.178" T
App-related factors Performance expectancy 0.722** 0477
Cosmopolitan system 0.284** 0.184"
Confidentiality 0.220™ 0.169"
Norms and values 0.396™" 0.319*
Ease of use 0.221** T
Easy language 0.178* T
Login 0.197** T
Different languages 0.159" T
Scientific validity 0.244** 0.185"
Dependent variable association Intention to use - 0.556**

" indicates no significance. * Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.

Factors associated with behavioral intention and use of telemonitoring apps

A two-step hierarchical multiple backward regression was performed. All the assumptions for the
regression were met. The second (final) model was statistically significant (R? = 0.603, F(3, 173) = 87.524, p
< 0.001, adjusted R? = 0.596) and explained 60.3% of the variance (adjusted R? = 0.596). The analysis
revealed that performance expectancy (coefficient = 0.760, p < 0.001), self-efficacy (coefficient = 0.207, p =
0.009), and norms and values (coefficient= 0.163, p = 0.006) were explanatory for the intention to use a
telemonitoring app. Higher performance expectancy and self-efficacy increased the intention to use a
telemonitoring app. Moreover, the more the app aligns with personal norms and values, the higher the
intention to use a home monitoring app. Full regression details are shown in Table 5.

Table 5. Results of the hierarchical multiple regression, predicting behavioral intention among COPD patients in CWZ &
ZU hospitals (2024).

Variable Model 1 Model 2

B SE B p B SE B p
Performance expectancy 0.760™* 0.094  0.561 <0.001 0.760*" 0.093  0.561 <0.001
Self-efficacy 0.207* 0.079 0.165 0.010 0.207" 0.079 0.165 0.009
Norms and values 0.163" 0.058 0.159 0.006 0.163" 0.058 0.159 0.006

This regression employed a two-step hierarchical approach. The first model of the regression included the app-related factors,
while the second model also included the background factors. The second (final) model explained 60.3% (R?) of the variance in
intentional telemonitoring app use. VIF: range 1.013-2.281; Tolerance: range 0.438-0.979. * p < 0.05, ** p < 0.001.

Second, a three-step binomial logistic regression was performed. All the assumptions were met. The
logistic regression was statistically significant (x*(4) = 69.039, p < 0.001), correctly classified 80.1% of
cases, and explained 46.4% (Nagelkerke R?) of the variance in telemonitoring app use. Intention (OR =
3.459, p < 0.001), self-efficacy (OR = 1.992, p = 0.023), and social influence (OR = 1.642, p = 0.039) were
positively associated with use, whereas a higher perceived value of personalization of the app (OR = 0.628,
p = 0.039) was associated with a reduction of the likelihood of using a telemonitoring app (see Table 6).

Motivation to use a telemonitoring app

Open-ended questions revealed that the motivation to use a telemonitoring app was mainly related to the
feeling of control provided by the app. Of the 116 users who had filled in the open question, 65 (56.0%)
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Table 6. Results of the logistic regression, predicting the use of a COPD telemonitoring app among COPD patients in
CWZ & ZU hospitals (2024).

Variable B SE P Odds ratio 95% CI for odds ratio
Lower Upper
Self-efficacy 0.689 0.303 0.023 1.992 1.101 3.605
Social influence 0.496 0.240 0.039 1.642 1.025 2.631
Personalization —-0.465 0.225 0.039 0.628 0.404 0.977
Intention 1.241 0.286 <0.001 3.459 1.976 6.057

appreciated the fact that doctors and nurses could intervene quickly with deteriorating health values and
the short lines of communication between the patient and the health care provider. In addition, 23
participants appreciated having insight into their health status themselves (19.8%). Telemonitoring gave
16 patients (13.8%) a good sense of safety and security. Lastly, 24 patients (20.7%) indicated using the app
because the doctor recommended it, and 6 patients (5.2%) indicated that using the app reduced their
number of hospital visits.

Support to facilitate the (intention to) use of telemonitoring apps

All participants (N = 200) were asked about the support needed and received when downloading and/or
using a telemonitoring app (completed by 178 participants, 22 missing). Of these 178 participants, 98
participants (55.1%) reported that they needed support downloading and/or using a telemonitoring app,
and 88 participants (89.8% of participants needing support) reported that they had received it. Multiple
responses were possible; therefore, percentages may exceed 100%. Most participants received support
from the nurse (n =52, 59.1% of participants receiving support), followed by the app developer’s help page
(n= 25, 28.4%), family or friends (n = 24, 27.3%), a hospital email or letter (n = 15, 17.0%), the
pulmonologist (n = 5, 5.7%), or the telephone help desk (n = 2, 2.3%). Participants were subsequently asked
whether they would like to (continue to) receive support with downloading and/or using telemonitoring
apps in the future (completed by 184 participants, 16 missing). Of these, 60 participants (32.6%) indicated
they would like future support. In an open question (filled in by 40 participants), participants expressed a
preference for written instructions (n = 7, 17.5%) a phone help desk (n =7, 17.5%), relatives (n = 6, 15.0%),
personal guidance in the hospital (n = 20, 50.0%), explanations from the pulmonary nurse (n = 3, 7.5%) or
by receiving the necessary equipment (n = 1, 2.5%). Participants were also asked whether they believed
they could receive support from relatives and from the hospital when using a telemonitoring app. Support
from relatives was assessed by 189 participants (11 missing). Of these, 9 participants (4.8%) believed they
would definitely not receive support, 5 participants (2.6%) probably not, 30 participants (15.9%) maybe, 50
participants (26.5%) probably, and 95 participants (50.3%) definitely receive support from relatives.
Perceived support from the hospital was assessed by 188 participants (12 missing). Of these, 7 participants
(3.7%) believed they would definitely not receive support, 7 participants (3.7%) probably not, 48
participants (25.5%) maybe, 88 participants (46.8%) probably, and 38 participants (20.2%) definitely
receive support from the hospital.

Discussion
Summary of evidence

This cross-sectional quantitative study provided insight into the factors influencing COPD patients’
behavioral intention and use of a telemonitoring app. Five hypotheses were tested to explore differences
between users and non-users based on demographic and health-related variables. No significant differences
in age, education level, and health literacy were found, rejecting hypotheses one, two, and three. However,
users had significantly higher digital literacy levels, aligning with prior research [31]. On the one hand,
there is a possibility that higher digital literacy levels are related to higher intention and use of
telemonitoring apps (as also indicated by the nonparametric correlations), confirming hypothesis four. On
the other hand, the results may indicate that pulmonologists or pulmonary nurses mainly invited patients
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with higher digital literacy to use a telemonitoring app, suggesting a role for healthcare professionals in the
adoption of telemonitoring apps. Finally, users reported fewer COPD symptoms than non-users, despite
expectations of greater disease severity among users. Although differences in CCQ symptoms were clinically
relevant (> 0.4), no significant differences were found in terms of the number of hospitalizations,
exacerbations, and the overall CCQ, rejecting hypothesis five.

Next, it was investigated which factors are explanatory of behavioral intention and use of a
telemonitoring app. The regression analyses had relatively high explained variance, which is indicative that
the right concepts were included. Performance expectancy and self-efficacy were important for both the
behavioral intention and use. Here, users had a significantly higher performance expectancy than non-
users. These results align with the theoretical framework and previous literature and suggest that
perceived easiness and effectiveness are important requirements for patients in telemonitoring apps.
Moreover, in line with previous literature, digital literacy was found to be a facilitator for the use of a
telemonitoring app [14, 23, 24], also reflected in the significant difference between the user and non-user
groups. The perceived importance of alignment with norms and values, social influence, and
personalization were also found to be facilitators for adopting and using mHealth in a previous literature
review [23].

Notably, a higher perceived value of personalization of the app was associated with a smaller likelihood
of using a telemonitoring app, which contrasts a previous study [25] reporting a facilitating role of
personalization. A possible explanation for this finding may lie in the context of the app studied. In this case,
the distinction between an app personalized by healthcare staff and an app allowing patients to configure
settings according to their own preferences. The Thuismeten telemonitoring app is configured by
healthcare providers using a protocol (e.g., mild, moderate, or severe COPD, also known as the COPD GOLD
phases) and hospital data (e.g., age and gender) to refine the app for individual patients. This is in line with
previous recommendations to tailor the app to personal and disease-related characteristics [25, 32]. As a
result, patients get access to a telemonitoring app personalized to their specific medical needs, by which
patients may no longer feel the need to further adjust the app to their liking. These findings suggest that the
role of personalization may differ between prescribed telemonitoring apps and voluntary health apps.
Moreover, the results might also be explained by the method of measuring reasons to use the app. These
reasons were questioned in one block of items. As the app studied can only be used with a prescription, this
prescription of the healthcare professional might have outweighed the other reasons asked for in the
questionnaire, such as the importance of personalization. In addition, it is notable that there were no
concerns about confidentiality in the current study, whereas the Dutch eHealth monitor [12] reported this
to be the largest barrier to the use of apps for health. This difference may be due to the context: while the
eHealth monitor focuses on general health apps in the home setting, a telemonitoring app is specifically
used within the hospital context. Healthcare professionals can influence patient attitudes toward healthcare
apps, as patients trust care professionals due to their experience and knowledge which might in turn
reduce their concerns about confidentiality [33]. Given that the telemonitoring app is a medical tool
validated by the hospital and prescribed by a healthcare professional as part of the care pathway, with
settings based on clinical considerations, concerns about confidentiality might be less prominent.

Accordingly, participants’ motivation for using a telemonitoring app was studied. In line with previous
research, it was found that participants like to have insight into their health status for improved disease
understanding and management [8, 10, 14]. Here, it was notable that only a small proportion of participants
used a telemonitoring app to reduce the number of hospital visits. There even was a noticeable fear that
using the app would replace hospital care. This was especially noticeable during the data collection period,
with patients calling anxiously in response to the survey invitation, expressing fear that hospital check-ups
would be canceled by participation in the telemonitoring program. This aligns with earlier findings
Ramachandran et al. [14] that patients prefer personal contact and care. However, it was also stated that
eHealth does actually facilitate direct contact with the health coach [24]. Hence, the results might suggest
that there should be a combination of traditional (offline) care and digital care (i.e., hybrid care), as
previously found [8, 23]. In this regard, it is important to emphasize in the communication to COPD patients
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that telemonitoring does not replace hospital appointments, but merely shifts the personal check-ups to the
moments when the patient needs it most.

Finally, more insight was gained into desired support. Most participants needed help downloading
and/or using a telemonitoring app, particularly from nurses, relatives, and online helpdesks. The results
emphasize the importance of support in the onboarding process in which the patient becomes familiar with
the concept of self-management from home and the telemonitoring app, prompting several theoretical and
practical implications.

Limitations

The current study faces three limitations. First, this cross-sectional study examined explanatory factors at
one point in time. As a result, the cause-effect relationship could not be recognized which limits the ability
to infer (reverse) causality between the identified factors and the behavioral intention or use of
telemonitoring apps. Although associations were observed between the variables, intention, and use,
longitudinal studies are needed to confirm whether these factors consistently predict behavior over time.

Second, the sampling strategy may have introduced bias. Although the study sample was deliberately
balanced between users and non-users by design, this does not reflect the study population where only
7.7% were telemonitoring app users. Although this ensures that the facilitators and barriers apply for both
users and non-users of a telemonitoring app, it also introduces a potential sampling bias that may limit the
generalizability of the findings to the broader COPD population. Nonetheless, this sampling approach
allowed us to capture key differences between both groups.

Third, participants were asked about telemonitoring app in general. However, the involved hospitals
both use the Thuismeten app for telemonitoring COPD patients. While this enhances the internal
consistency of the findings, it may limit their external applicability to other telemonitoring platforms. Here,
the findings should also be interpreted within the context of the Dutch healthcare system. Moreover, the
current study focused on the user perspective (i.e., the COPD patient) in assessing (intentional) use.
However, it would also be relevant to extend the current insights into the entire telemonitoring system, also
considering the perspective of the healthcare professional and the cooperation between the hospital and
the patient.

Theoretical and practical implications

This study supports the use of behavioral models UTAUTZ and TAM as explanatory frameworks for the use
of telemonitoring apps for COPD self-management—in line with Ramachandran et al. [14] and Li et al. [16]
as performance expectancy and self-efficacy appeared to be predictive of the intention to use, and self-
efficacy, social influence, and intention appeared to be explanatory for actual use. Moreover, similarities
with the RAA were found as behavioral beliefs (e.g., performance expectancy) and perceived behavioral
control appeared to be predictive of the intention to use a telemonitoring app. Hence, the theoretical
models UTAUTZ2, TAM, and RAA could be helpful when predicting and explaining the behavioral intention
and use of telemonitoring apps among COPD patients. This also underlines the theoretical model used in
the current study.

The results suggest several practical implications and guidelines for enhancing the adoption. As
performance expectancy and self-efficacy play a significant role in both the intention and use of a
telemonitoring app, it turns out to be important for COPD patients to possess the appropriate skills and
consider the app useful and easy, by which they might consider themselves (more) capable of using it
effectively. To support this, app developers could integrate asynchronous remote learning resources into
the app, such as instructional videos and written manuals, as previously recommended in the literature [10,
34]. Additionally, intuitive design could be integrated to accommodate users with lower digital literacy or
self-efficacy.

Healthcare professionals also have an important role as they prescribe telemonitoring apps to patients.
Hence, to translate these insights into routine clinical practice, healthcare institutions should standardize
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support processes. This may include an onboarding protocol (e.g., personal guidance on how to start using
the app, installing the app, demonstrating app functionalities, and practicing entering measurements and
digital consultations) and support pathways (e.g., indicating where and how patients can seek help). In this
regard, it is recommended that hospitals establish a physical help desk to support patients according to
their indicated needs, in line with Alkureishi et al. [34].

Efforts could also be made to enhance awareness, social influence, and self-efficacy by caregivers
actively encouraging app use, providing personal guidance, and being available for questions during
consultations. A focus on the lower-educated patient population is warranted, as these people appear to
have lower digital and health literacy. However, vulnerable groups may not be reached by help desks due to
the high threshold of visiting such facilities. It is therefore advised to also provide support in social
infrastructures such as public libraries [34, 35]. This is considered more accessible and embedded for
vulnerable populations, thereby reducing barriers to knowledge, resources, and training. Moreover, it is a
good development that, according to the Dutch Integral Care Agreement [36], by 2025 digital skills will be
an integral part of Dutch health education, with a focus on user-friendliness in general and specifically for
people with low health- and digital skills.

Nonetheless, when COPD patients are monitored remotely, they should still be able to visit the hospital
at short notice in case of deteriorating values or a support need. This is something that is currently
hampered by a lack of capacity. By including a larger portion of the patient population in telemonitoring
and thereby only inviting patients with deteriorating health values, capacity is potentially created to
accommodate people immediately. Hence, by addressing the key barriers, a larger portion of the COPD
patient population can benefit from digital healthcare. This, in turn, will facilitate a smoother transition
toward hybrid care, where digital monitoring and in-person healthcare services complement each other
effectively. Here, standardized onboarding procedures combined with support structures may facilitate
wider and more equitable implementation of telemonitoring across healthcare institutions and countries.

Conclusions

The theoretical models UTAUT2, TAM, and RAA were found to provide an important basis for explaining the
behavioral intention and use of telemonitoring apps among COPD patients. The study identified high
performance expectancy, self-efficacy, and alignment of the app with personal norms and values as key
facilitators related to behavioral intention. Additionally, high intention, self-efficacy, and social influence
were found to be key facilitators related to the use of a COPD telemonitoring app. Personalization was
negatively associated with telemonitoring app use, suggesting that clinically-guided personalization may
reduce the need for patient-driven personalization in telemonitoring app adoption. No background
variables, such as demographic variables and disease severity, were found to be related. In addition to
efforts to make the app accessible and user-friendly, it is essential to provide sufficient guidance during the
onboarding phase. This support, combined with seamless integration of hybrid care, ensures that patients
can benefit from both regular hospital care and the advantages of remote monitoring.
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