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ABSTRACT

Healthcare professionals (HCPs) commonly see the potential of health apps for their patients, but in prac-
tice do not actively recommend them during consultation. As quality concerns have been identified as a
key barrier, a health and wellness app assessment framework and related quality label was previously
developed. Yet, even when health apps are of high quality, recommendation behavior may not necessarily
follow due to other factors that are yet to be identified and targeted. The main aim of this study was to
explore a wide range of HCP behavioral determinants and identify the key determinants of HCP app rec-
ommendation behavior. We used the TDF-checklist, which is based on the Theoretical Domains
Framework (TDF), an evidence-based framework for the systematic assessment of behavioral determi-
nants of HCP behavior, and adapted it to the study context. 290 Catalan HCPs filled in the survey. For
all determinants, room for improvement (deviation from the maximum), relevance (correlation with
anticipated behavior), and the potential for change (based on combining room for improvement and rel-
evance) were assessed. A large majority of HCPs indicated they would recommend high-quality apps to
their patients. Overall, HCPs were motivated, but more room for improvement was found for capability
and opportunity-related domains. Anticipated recommendation behavior correlated strongest with moti-
vational factors like beliefs about consequences and beliefs about capabilities. The potential for change
was highest for nature of the behaviors (habit), beliefs about capabilities and knowledge. When imple-
menting the label, efforts should focus on promoting habit formation for recommending high-quality
apps, boosting confidence of HCPs, and providing further knowledge regarding health apps.

© 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is
anopen access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

quality apps are available and appropriate to recommend to a par-
ticular individual patient.

1.1. Healthcare professional willingness to recommend health apps

Health and wellness apps such as self-management apps have
the potential to improve patients’ health conditions while increas-
ing autonomy and potentially limiting the burden on the health-
care system.'™ There is an increasing number of health apps
available for patients and healthcare professionals (HCPs). Previous
research has shown that patients are more likely to use health apps
if they are recommended by their HCP.>® For health and wellness
apps to be useful in the clinical setting, HCPs must thus trust and
be willing to recommend these apps to their patients when high-
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While overall HCPs are positively disposed towards and see
advantages of health and wellness apps for their patients, still
studies show a significant number of HCPs have not engaged yet
or not yet on a regular basis in recommending such apps to their
patients.”® Certainly, promoting app recommendation should
not be considered a goal in and of itself, and its suitability depends
on factors such as specific patient characteristics, medical com-
plaints and other contextual factors. Yet, in situations where
high-quality apps are available and believed to contribute to the
quality of care, empowering HCPs to recommend high-quality apps
to their patients to make use of the high-quality resources that are
out there could benefit patients as well as HCPs and the wider
healthcare system. This implies that it is crucial to better under-
stand the determinants underlying HCPs decision to recommend

apps.
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The decision to recommend a self-management health app to a
patient is a complex decision depending on many different factors.
Some of the reasons for this include, but are not limited to, having
a lack of knowledge of apps suitable for recommendation or reli-
able sources via which such apps could be accessed,'® having
doubts regarding the security of the app-generated patient data,'!
or experiencing time pressure in an already busy work-routine.'”
Yet, probably the most commonly expressed reason for refraining
from recommending apps relates to the health app quality and reli-
ability,'®!? that is whether the health apps are robust and safe to
use for their patients.

HCPs’ concerns regarding health and wellness app quality and
reliability are not unfounded as health app quality can vary signif-
icantly.'® Further, the multitude of existing and sometimes over-
lapping app assessment frameworks that presently exist are only
of limited help to HCPs in efficiently selecting high-quality and
appropriate health apps.' This indicates that there is a need for
a harmonized and easy to use health and wellness app assessment
framework with a full range of app assessment criteria.’>~'” In
recognition of this need, at the request of the European Commis-
sion, the International Organization for Standardization (ISO) pub-
lished a Technical Specification (ISO 82304-2) with quality
requirements for health and wellness apps,'® which offers such a
health and wellness app assessment framework and related quality
label (further referred to as ‘the quality label’).'° Preliminary find-
ings indicate that the quality label can act as an acceptable and
effective tool to increase HCPs' willingness to recommend high-
quality health apps.?°

1.2. Other than quality-related barriers in recommending apps

The quality label is designed to assist HCPs in addressing app
quality-related concerns, and has been found to increase the will-
ingness to recommend health apps, and as such constitutes an
important step forward to promoting app recommendation when
appropriate. Still, however, it is unlikely that the label is suffi-
cient to substantially change HCP recommendation behavior.
That is, additional reasons unrelated to quality may still stand
in the way of HCPs recommending high-quality health apps.
Country-specific evidence for this originates for example from
Germany, where HCPs have an opportunity to prescribe quality
assessed health applications, referred to as DiGAs (Digitale
Gesundheitsanwendungen; https://diga.bfarm.de). The imple-
mentation of DiGAs should eliminate app quality-related con-
cerns for HCPs and hence, stimulate the recommendation of
high-quality apps for patients. Yet, recent data indicates an over-
all recommendation rate of 12 % with some regional differences
observed.?! This indicates that other barriers beyond quality con-
siderations need to be addressed to effectively promote HCPs to
recommend apps to their patients.

Numerous barriers and facilitators for health and wellness app
recommendation behavior, including those unrelated to quality
concerns, have already been identified in the literature.?>?> How-
ever, studies generally tend to focus on a limited set of factors such
as (demographic) patient characteristics (patient age or education),
(demographic) HCP characteristics (e.g., age or own technology
use), work pressures or app features.® Crucially, social cognitive
and behavioral determinants have been studied less. For example,
few studies have explored how social or interpersonal factors (e.g.,
social norms, expected consequences, professional identity) may
affect the willingness to recommend apps. Overall, there appears
to be a lack of systematic and broad assessment of behavioral
determinants of HCPs app recommending behavior, with previous
studies zooming in on app quality, or relatively specific, but limited
determinants such as HCP attitudes''??> or time constraints.'’ A
recent interview study with French GPs for example revealed that
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some hold positive attitudes, while others worry about negative
consequences for patients (e.g., data privacy) or HCPs (e.g., addi-
tional tasks or burden).!! While such studies are insightful, and
have helped to identify several barriers, they tend to put a spotlight
on a few specific determinants and as such provide a limited
understanding of the behavioral determinants that need address-
ing to impact recommendation behavior.

Thus, if the quality label is to be successfully implemented
across the EU countries, a more thorough and broader understand-
ing of the behavioral determinants of HCPs’ recommendation
behavior is necessary to allow for addressing key determinants
and effectively supporting high-quality app recommendation in si-
tuations where it is appropriate and desirable. Now is the perfect
time for exploring these barriers, as the quality label is soon to
be implemented in practice. This should ideally be done while
simultaneously addressing other relevant determinants in the
implementation process.

1.3. Assessing behavioral determinants

Theoretical models or frameworks can offer a systematic way of
assessing behavioral determinants of healthcare professional
behavior. The Theoretical Domains Framework (TDF) is possibly
the most widely used evidence-based framework for the system-
atic assessment of behavioral determinants of HCP behavior.*
The TDF is a 14-domain framework that was developed in an
attempt to integrate existing behavioral change theories in one,
overall, user friendly, framework for identifying determinants of
HCP behavior. The TDF is a refinement of the overarching COM-B
(Capability, Opportunity, Motivation) model and lists various
domains of determinants (e.g., ‘beliefs about consequences’, ‘emo-
tions’, or ‘knowledge’) that each fall within one of the three larger
COM-B domains. The TDF is widely used to assess relevant and
changeable determinants of a large variety of HCP behaviors, and
has been designed so that relevant determinants can subsequently
be linked to specific behavior change techniques (BCTs).”®
Together, this (for all steps see the Behavior Change Wheel)?®
offers a systematic, step-by-step approach for not only assessing
the behavioral determinants of specific HCP behaviors, but also
for subsequently mapping out techniques for addressing them.
Since its development, the TDF has been primarily used in qualita-
tive studies,?’ but also in several quantitative studies.”® To facili-
tate the use of the framework in quantitative studies, TDF based
questionnaires, such as the TDF-checklist’® and the Determinants
of Implementation Behavior Questionnaire (DIBQ)*® questionnaire
have been developed.

1.4. The current study

The current study is an exploratory study with the main aim to
assess the behavioral determinants of HCP anticipated behavior of
recommending high-quality (as indicated by the label) health and
wellness apps to their patients. In this study, we focus on self-
management apps as a specific subtype of apps that are aimed at
chronic disease (e.g., asthma) symptom management.>' This focus
was chosen as self-management apps have been shown beneficial
for health outcomes across several chronic diseases,">*? and as
willingness to recommend health apps is highest for self-
management apps.>® As the TDF-checklist is shorter than the DIBQ
and has been suggested to be of specific relevance in assessing
HCPs’ behavioral determinants in preparation for intervention
implementation,>® we will use the TDF-checklist tailored to the
target behavior of recommending high quality self-management
apps in the present study. As this is an exploratory study, aims
and analyses were preregistered (https://aspredicted.org/XM7_
DK2), but no hypotheses were formulated.
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To identify the most important determinants of health app rec-
ommendation behavior, we will assess room for improvement and
relevance for all determinants in the checklist. That is, we will
describe the univariate distributions of the behavioral determi-
nants (room for improvement) and we will run correlations
between the determinants and anticipated recommendation
behavior (relevance). If scores on the scale are further away from
the maximum, then numerically there is considered to be more
room for improvement compared to when scores are closer to
the maximum of the scale. Building on a newly developed method-
ology we will combine room for improvement with relevance into
a combined potential for change index>* from which we will distill
the determinants with the highest potential for change. This num-
ber will allow us to pinpoint the behavioral determinants which
should be the main targets of interventions to promote behavior
change in HCP app recommending behavior when recommending
apps is appropriate given the context. Consequently, the study’s
findings will bridge the existing knowledge gap by providing a
more complete overview of barriers experienced by HCPs taking
into account that the quality dimension is covered by the quality
label.

2. Method
2.1. Participants and design

Recruitment took place in the Spanish region Catalonia and was
coordinated by TIC Salut Social, an entity of the Catalan Depart-
ment of Health that works to promote the digital transformation
of healthcare services (www.ticsalutsocial.cat). Invitations to par-
ticipate in the study were shared among four Catalan associations
for nurses and physicians who were invited to take part in the
study via email. To be eligible for participation, participants had
to be HCPs practicing in the Catalan region, of adult age, and had
to be able to fill in an online questionnaire individually. All these
participants were entitled to recommend apps as part of their pro-
fession. Recruitment for the study lasted for 5.5 weeks, from
September 19, to October 27, 2023.

We conducted an a priori power analysis using G*power to
assess the minimum number of participants required to run two-
tailed correlations for our smallest effect size of interest (medium
effect size, r = 0.30) with 0.80 power and alpha set to 0.05. This
medium effect size was chosen as the smallest effect size of inter-
est for the primary aim of exploring correlations between the
behavioral determinants and anticipated recommendation behav-
ior. This analysis revealed that we had to include at least 82 partic-
ipants. With this number in mind as our minimum sample size, we
preregistered that we would recruit as many participants as possi-
ble within the predetermined recruitment period of 5.5 weeks. This
resulted in 290 participants (Mgge = 51.79, SDgee = 11.87; 159
female, 128 male, 3 other/prefer not to say) completing our survey.
A post-hoc sensitivity analysis indicated that with 290 partici-
pants, significant correlations as low as r = 0.16 with 0.80 power
and alpha 0.05 can be revealed.

2.2. Procedure

Participants were approached via an e-mail, which contained a
link to the survey. After clicking on this link, participants were pro-
vided with information about the study and were asked to provide
informed consent. After agreeing to take part in the study, partici-
pants were informed about the quality label by providing them
with written information about the quality label followed by a
visual depiction of three different quality label scores. After having
read this information, participants were asked to imagine them-
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selves in the hypothetical situation that the quality label has been
implemented and that all health apps are always accompanied by a
quality label. Having this situation in mind, we next asked partic-
ipants to provide answers to 37 statements regarding recommend-
ing high-quality (as indicated by the label) self-management apps
to their patients in the upcoming three months. These statements
referred to potential TDF determinants of HCP behavior. This was
followed by an open-ended question as well as a few questions
regarding demographics and personal characteristics. HCPs could
withdraw from the survey at any time by closing the browser. Par-
ticipants were only able to submit their responses if they had
answered all items.

The research protocol was assessed and approved by the
Science Committee of the Public Health and Primary Care Depart-
ment (PHEG) at Leiden University Medical Center (LUMC) (nr WSC-
2023-20/PvN). In addition, a statement for non-Medical Research
Involving Human Subjects research study was received (nr 23-
3062).

2.3. Materials

All study materials were in Catalan. Please refer to the Supple-
mentary File 1 for an English version of the complete study
materials.

2.3.1. Behavioral determinants and implementation factors

The main study instrument was a questionnaire assessing
behavioral determinants of HCPs’ behavior of recommending
high-quality, as indicated by the quality label, self-management
apps to their patients. The instrument started with a question
about HCPs’ anticipated recommendation behavior (I will recom-
mend high-quality apps to my patients in the upcoming three
months”) with answer options provided on 7-point Likert scales,
ranging from 1 (Strongly disagree) to 7 (Strongly agree). The
remaining 36 statements were based on the 16-domain TDF-
checklist,”® which includes a) items to assess the typical TDF
domains (including nature of the behavior that was previously
included in the TDF) organized according to the overarching Capa-
bility, Opportunity, and Motivation categorization, as well as b)
items that assess broader implementation factors organized
according to Innovation Strategy, Socio-political Context, Organi-
zation, Patients and Innovation. These domains were included
alongside the TDF domains to capture broader factors relevant
for implementation success beyond individual behavioral determi-
nants. In line with previous approaches,®® an interdisciplinary
research team, including HCPs, behavioral scientists, e-health
experts, and a co-author of the TDF-checklist (MC) was involved
in reviewing the checklist to adapt it to the study’s context and
the overall research aim. As a result, while we retained all 16
TDF-checklist domains, eleven items (from Beliefs about conse-
quences (1), Innovation (4), Socio-political context (3), and Organi-
zation (3)) were removed as these items were irrelevant to the goal
of the study or the context of the behavior of interest. At the final
stage of developing the instrument, the questionnaire was once
again reviewed by a small convenience sample of HCPs. Based on
their feedback, small amendments such as clarifications in the
instructions were made. The final questionnaire consisted of 36
statements across 16 domains (see Supplementary File 2 for items,
domains and their definitions). Domains were measured with one
up to six items per domain, which could be answered on 7-point
Likert scales ranging from 1 (Strongly disagree) to 7 (Strongly
agree). Three items were reverse coded (See Supplementary File
2). Lastly, we included one additional open-ended question where
participants could enter any other potential barriers which they
might experience in recommending high-quality self-
management apps to their patients (“Do you expect to experience
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obstacles in recommending high-quality apps to your patients?
Please share them below”). However, we decided not to report
on these outcomes, given the brevity of most of the answers.

For domains from the TDF that were measured with at least two
items, we first assessed the reliability of the scale. For domains
consisting of two items, we used Spearman-Brown correlations,
and for domains with more than two items, we used traditional
reliability analysis with Cronbach’s alpha. Domains with a Cron-
bach’s alpha or correlation of at least 0.7 were averaged. This
was done for Beliefs about consequences (o« = 0.89), Behavioral
Regulation (« = 0.85), and Beliefs about capabilities (p = 0.82).
For the broader implementation factors, we deemed the individual
items too different to conceptually form one construct and we will
therefore report them separately.

2.3.2. Demographics, professional and eHealth experience

At the end of the questionnaire, participants were requested to
add their demographic characteristics (gender, age), their profes-
sional characteristics and experience (location setting, occupation,
years of practice, and current practice setting), and their experi-
ence in recommending health apps (whether they had recom-
mended a health app previously and whether they received
requests from their patients on health app recommendations).

2.4. Main analyses

First, descriptive statistics (median, interquartile range (IQR), and
percentages) and horizontally stacked bar charts were used to sum-
marize HCPs’ anticipated recommendation behavior and the behav-
ioral determinants. Based on this, we interpreted room for
improvement on the behavioral determinants with low scores indicat-
ing high room for improvement. Second, Pearson’s correlations were
conducted to assess the association between the HCPs’ anticipated
recommendation behavior and the behavioral determinants (i.e., indi-
cating the relevance of the determinant in predicting anticipated rec-
ommendation behavior). The final analysis step included combining
the previous analyses by calculating the potential for change index
using the behaviorchange package in R.2® This score was calculated
by subtracting the mean from its maximum and multiplying it with
the correlation between that item and the main outcome of interest
(anticipated recommendation behavior). This thus resulted in a com-
bined potential for change score based on how much room for
improvement there is for a specific determinant, and how much it
relates to the outcome of interest, where higher scores represent
higher potential for change.

3. Results
3.1. Preprocessing steps

As preregistered (https://aspredicted.org/XM7_DK2), outliers
were defined as 3 SDs above or below the mean. Only few variables
contained a few outliers (all towards the lower end of the scales):
Beliefs about consequences 1 (4), socio-political context 2
(3), patients 1 (2), innovation strategy 1 (4), and innovation strat-
egy 4 (8). Exclusion of these outliers did not affect any of the
results. Therefore, as preregistered, we report on the entire sample
with outliers included.

All data and analysis code are available on Zenodo [https://doi.
org/10.5281/zenodo.13309620].

3.2. Sample characteristics

A large variety of different HCPs participated in the study. The
majority of the participating HCPs practiced in an urban area
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(93.8 %). Most participants were physicians (92.8 %) followed by
a considerably smaller minority of nurses (4.1 %). Within the group
of physicians, most were specialized in family medicine (21.4 %),
followed by internal medicine 7.2 %), obstetrics/gynecology
(5.9 %), pediatrics (5.2 %) and psychiatry (5.2 %). Participants on
average had 25.36 (SD = 12.20) years of experience. The most fre-
quent practice setting was an inpatient hospital setting (22.4 %)
followed by private practice (22.1 %). A majority of HCPs indicated
to have experience in recommending apps (59.6 %). The majority of
participants never received patient requests for health and well-
ness apps (44.1 %) or less than once a month (39.0 %). Only few par-
ticipants indicated to receive patient requests about health apps at
least monthly (16.9 %). For a complete overview of all sample char-
acteristics, see Supplementary File 3 (Table 1).

The primary variable of interest, anticipated recommendation
behavior, was not affected by or related to demographics or profes-
sional experience (all ps > 0.140). Yet, anticipated recommendation
behavior was higher when HCPs had previously recommended apps
to their patients, (2, 287) = 12.64, p < 0.001, and when they received
requests from patients more frequently, F(4, 285) = 4.16, p = 0.003.

3.3. Anticipated recommendation behavior

Within our sample, participants were generally quite positive
regarding their anticipated app recommendation behavior (me-
dian =5.00, IQR = 4.00, 7.00). Specifically, 65 % said that they would
recommend high-quality apps as indicated by the label (i.e., scor-
ing above the neutral point of 4 on the scale), 16 % scored neutrally,
and only 19 % did not anticipate recommending high-quality apps
(i.e., scoring below the midpoint of 4 on the scale). Below we pre-
sent the descriptives per cluster of domains (Capability, Opportu-
nity, and Motivation) and for the broader implementation factors.

3.4. Room for improvement

3.4.1. Capability

Participants indicated to possess relevant skills (median = 5.00,
IQR = 4.00, 7.00), with only a quarter (25 %) disagreeing with this
statement. On average, participants indicated to have sufficient
knowledge (median = 4.00, IQR = 3.00, 6.00), although still about
a third (34 %) of respondents reported insufficient knowledge. Par-
ticipants indicated to remember what they had to do recommend
apps (Memory, attention, and decision processes: median = 5.00,
IQR = 4.00, 5.00), with only 23 % disagreeing with this statement.
Behavioral regulation was scored around the midpoint of the scale
(median = 4.00, IQR = 2.67, 5.00), but especially Behavioral Regula-
tion 3 (“I check regularly whether [ am doing everything necessary
to recommend high-quality apps to my patients”) was scored low
by a considerable proportion of participants (58 %). See Fig. 1 for an
overview of the scores on the capability items.

3.4.2. Opportunity

Within opportunity, we looked at social influence with two
items, which were both scored relatively low (Social influence 1:
median = 3.00, IQR = 2.00, 4.75; Social influence 2: median = 3.00,
IQR = 2.00, 4.00). Only a small proportion of participants agreed
that it was expected of them and that they receive support to rec-
ommend high-quality health apps to patients (25 % and 20 %,
respectively). See Fig. 2 for an overview of the scores on the oppor-
tunity items.'

! Please note that while the Theoretical Domains Framework also includes
Environmental Context and Resources under Opportunity, the TDF-checklist does
not include this domain but instead includes related items that are reported under
Socio-Political Context and Organization (see 3.4.5 Broader Implementation Factors).
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Skills: | have sufficient skills to ... | 25%
Memory, attention, and decision processes: | can 239
easily remember what | need to do to ... °
Behavioral regulation 1: | have clear plans about 37%
how to ... °
Knowledge: | have sufficient knowledge to ... | 34%
Behavioral regulation 2: | have clear plans about
how to [...] when | encounter barriers (e.g., | 39%
lack of time, participants are not motivated)
Behavioral regulation 3: | check regularly 58%
whether | am doing everything necessary to ... °
100 50
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Capability
T
21% 54% Response
' 1
26% 51%
] 2
18% 45% 3
22% 44% 4
: 5
23.% 38% 5
16% 26% 7
1
0 50 100
Percentage

Fig. 1. HCPs’ responses on the questions regarding capability. The response scale for all items ranges from 1 (Strongly disagree) to 7 (Strongly agree). Percentages on the left
are the proportion of answers below the midpoint of the scale, percentages in the middle are at the midpoint, and percentages at the right are above the midpoint.

Social influences 1: It is expected from me that

0,
I[...] (e.g., by colleagues, management, others) 52%
Social influences 2: | get sufficient support
when | need it (e.g., from colleagues, management | 57%
or others) to ...
100

Opportunity
1
23% 25%
23:% 20%
50 (I) 50 100
Percentage

Fig. 2. HCPs’ responses on the questions regarding opportunity. The response scale for all items ranges from 1 (Strongly disagree) to 7 (Strongly agree). Percentages on the left
are the proportion of answers below the midpoint of the scale, percentages in the middle are at the midpoint, and percentages at the right are above the midpoint.

3.4.3. Motivation

The motivational domains were scored relatively high, but many
participants also indicated to have other interfering tasks (me-
dian = 3.00, IQR = 2.00, 5.50; lower scores indicating more interfering
tasks). Beliefs about consequences were relatively positive (me-
dian = 5.00, IQR = 4.00, 6.00). Participants were especially optimistic
about improvements in patient experience and population health
(with 77 % and 69 % agreeing to the statements) and were a little
more conservative in their expectations for reducing healthcare costs
and improving the work-life of HCPs (with 54 % and 46 % agreeing
with such statements). Beliefs about capabilities also received rela-
tively lower scores with approximately a third of participants indi-
cating to lack the confidence to recommend high-quality apps
(29 % and 34 %, respectively). Participants confirmed that recom-
mending apps fitted their social/professional role and identity (me-
dian = 5.00, IQR = 4.00, 7.00), with only 17 % not seeing it as their
role as a HCP to recommend high-quality apps. Finally, emotions
and optimism were scored relatively high across two items (Emo-
tions & optimism 1: median = 5.00, IQR = 4.00, 6.00; Emotions &
optimism 2 (reverse coded): median = 6.00, IQR = 4.00, 7.00). See
Fig. 3 for an overview of the scores on the motivation items.

3.4.4. Nature of the behaviors

Most HCPs (63 %) indicated that it is not a habit for them to rec-
ommend high-quality apps (median = 3.00, IQR = 1.00, 4.00; See
Fig. 4).

3.4.5. Broader implementation factors
See Fig. 5 for an overview of the scores on the items measuring
broader implementation factors.

3.4.5.1. Innovation strategy. HCPs reported a strong need for more
information (median = 6.00, IQR = 5.00, 7.00), training (me-
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dian = 6.00, IQR = 5.00, 7.00), and assistance (median = 6.00, IQR
= 4.00, 7.00), as well as for continuous updating about develop-
ments of the quality label (median = 6.00, IQR = 5.00, 7.00). A
majority of participants agreed with the statements about such
needs (80 %, 77 %, 71 %, and 90 %, respectively). Most participants
(61 %) also expressed a need for recognition from colleagues (me-
dian = 5.00, IQR = 4.00, 6.00). The need for financial compensation
was scored low (median = 2.00, IQR = 1.00, 4.00), with only 21 %
indicating such a need.

3.4.5.2. Socio-political context. HCPs indicated to be able to make
free choices for whether to recommend high-quality apps (82 %
scored above the midpoint of the scale; median = 6.00, IQR =
5.00, 7.00), but many participants expressed a lack of sufficient
time (median = 4.00, IQR = 2.00, 5.00), with only 31 % expressing
sufficient time.

3.4.5.3. Organization. A large majority of participants indicated to
have no formal arrangements within their organization or clear
guidelines for recommending high-quality health apps (64 %
scored below the midpoint of the scale; median = 2.00, IQR =
1.00, 4.00). About half of the participants (49 %) also indicated to
experience other changes in their organization that could interfere
with recommending apps to their patients (median = 4.00, IQR =
2.00, 5.00).

3.4.5.4. Patients. Most HCPs (80 %) reported to see enough patients
for whom they could recommend high-quality apps (median = 5.00,
IQR = 4.00, 6.00). A small majority (52 %) expected that patients
would appreciate it when they would recommend high-quality
apps (median = 5.00, IQR = 4.00, 6.00). With regard to patient moti-
vation for using such apps, participants were mixed (median = 4.00,
IQR = 4.00, 5.00), with 42 % expecting patients to be motivated.
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Fig. 3. HCPs’ responses on the questions regarding opportunity. The response scale for all items ranges from 1 (Strongly disagree) to 7 (Strongly agree). Percentages on the left
are the proportion of answers below the midpoint of the scale, percentages in the middle are at the midpoint, and percentages at the right are above the midpoint.
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Fig. 4. HCPs' responses regarding nature of the behaviours. The response scale for all items ranges from 1 (Strongly disagree) to 7 (Strongly agree). Percentages on the left are
the proportion of answers below the midpoint of the scale, percentages in the middle are at the midpoint, and percentages at the right are above the midpoint.

3.4.5.5. Innovation. The quality label itself was evaluated relatively
positively by most HCPs. For example, 64 % indicated that the qual-
ity label is well-constructed while only 11 % disagreed to this state-
ment (median = 5.00, IQR = 4.00, 6.00). Additionally, 56 % indicated
that the quality label offers all information and materials needed to
recommend high-quality apps (median = 5.00, IQR = 4.00, 6.00).
28 % scored on the midpoint of the scale, while 16 % did not find
the information sufficient. Finally, 64 % indicated that recommend-
ing high-quality apps is compatible with their usual way of work-
ing (median = 5.00, IQR = 4.00, 6.00).

3.5. Relevance

Next to looking at the distributions of scores within each of the
domains to assess room for improvement, we looked at correla-
tions with our main outcome anticipated recommendation behav-
ior to assess the relevance of determinants. Due to the large sample
size, almost all correlations are significant. Therefore, we focus on
correlations that can be considered large (i.e., r > 0.50; Cohen,
1992). The strongest positive correlations with anticipated recom-
mendation behavior were found for beliefs about consequences
(r = 0.58), followed by beliefs about capabilities (r = 0.56), profes-
sional role and identity (“I think that as a healthcare professional,
it is my job to recommend high-quality apps to my patients”,
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r = 0.55), innovation 2 (“Recommending high-quality apps to my
patients is compatible with my usual way of working”, r = 0.53),
and emotions and optimism 1 (“It feels good to recommend
high-quality apps to my patients”, r = 0.50). See Supplementary
materials 2 for a full overview of correlations between determi-
nants and anticipated recommendation behavior, as well as all
intercorrelations between the determinants.

3.5. Potential for change

The highest potential for change was found for Nature of
Behavior (1.652), which was primarily driven by a relatively
low mean (M = 3.00) indicating considerable room for improve-
ment, and to a lesser extent by a medium correlation with antic-
ipated behavior (r = 0.41). Beliefs about capabilities also had a
high potential for change (1.489). Even though the mean for
beliefs about capabilities was already above the midpoint of the
scale (M = 4.33), the potential for change was especially found
in the strong correlation with anticipated recommendation
behavior (r = 0.56). Knowledge (1.373) was also found to have
high potential for change, again driven by the combination of a
mean slightly above the midpoint of the scale (M = 4.21) and a
strong correlation (r = 0.49). See Supplementary File 3 (Table 2)
for a complete overview of all potential for change scores accom-
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panied by descriptives (means and SDs) and correlations with
anticipated recommendation. See Fig. 6 for an overview of the
scores of all determinants and their associations with anticipated
recommendation behavior.

4. General discussion
4.1. Main findings

With this study, we aimed to identify key determinants of HCPs’
anticipated recommendation behavior of high-quality (as indicated
by the quality label) self-management apps. Previous research has
identified quality concerns as a barrier to recommending health
apps. With the present study we aimed to test which other factors
influence recommending appropriate high-quality apps when
quality concerns are alleviated using the newly developed health
app quality label. This study aimed to identify these determinants
using a version of the TDF-checklist that was adapted by an inter-
disciplinary research team to the context of our study to allow for
identifying a wide range of barriers. For all determinants, we
mapped the numerical room for improvement (based on descrip-
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tives), relevance (based on correlations), and combined these
pieces of information to calculate a potential for change score.
Our results revealed that a large majority of Catalan HCPs
responded positively towards the question of whether they would
recommend high-quality apps to their patients in the upcoming
three months, with only 19 % scoring below the neutral point of
the scale. Further, looking into COM-B-related behavior determi-
nants, HCPs were found to be overall motivated to recommend
high-quality apps. In contrast, more room for improvement was
identified for the capability and opportunity-related domains, as
these were generally scored lower. Specifically, for capability,
around a third of HCPs reported to have insufficient knowledge
and less than half reported having plans for recommending high-
quality apps. This is in line with previous research that identified
insufficient knowledge or awareness of health apps as a potential
barrier for recommending health apps.®>”>¢ For opportunity, HCPs
did not feel supported to recommend apps and did not feel like this
was expected of them. In addition, regarding the broader imple-
mentation factors it was found that most HCPs feel positive about
the quality label and the information it provides, but that a consid-
erable minority remains more reserved about its potential based
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on the information provided in our study. Finally, participants indi-
cated to experience a lack of organizational support and a need for
more information and training, which corresponds with earlier
studies documenting organizational and structural barriers.>®

To assess relevance of the explored factors we calculated corre-
lations between behavioral determinants and anticipated recom-
mendation behavior. The strongest associations with anticipated
recommendation behavior were found for motivational factors,
including beliefs about consequences, beliefs about capabilities,
professional role and identity, and emotions and optimism. This
indicates that the most relevant factors to predict anticipated rec-
ommendation behavior are related to responses or consequences
anticipated for patients and whether recommending apps fits their
role, rather than time constraints, knowledge or resources.

When calculating the potential for change by combining the rel-
evance information (correlations) with room for improvement, the
three determinants that were found to yield the highest potential
for changing HCP behavior were: nature of the behaviors (habit),
beliefs about capabilities, and knowledge. This indicates that if
the quality label indicates availability of high-quality apps, inter-
ventions to stimulate HCP recommendation of such apps when
appropriate should aim to promote habit formation for recom-
mending high-quality health apps, boost the confidence of HCPs,
and provide further knowledge regarding health apps.

4.2. Implications

4.2.1. Helping HCPs to build a habit of recommending apps

Nature of the behaviors was found to be the determinant with
the highest potential for change, which is in line with recent find-
ings indicating this to be the most important individual determi-
nant to promote behavior change in general.* Meta-analytical
evidence also points to the importance of habit as a determinant
of HCP behavior,*! which aligns with findings demonstrating that
HCPs experience high work demands and time constraints.*> In
the present study nature of the behaviors was assessed by directly
probing participants about the degree to which participants per-
ceive the behavior as a habit, and our results pointed out that room
for improvement is high (also in comparison to other determinants
in our study). Habitual behavior in psychology refers to behavior
that has been frequently performed in a stable context so that
through associative learning a strong association has been
formed.”> As a result, when encountering the relevant context,
the behavioral response is activated relatively automatically with-
out the need for conscious deliberation. As such, habit is consid-
ered to promote behavioral maintenance by shielding behavior
from temporary lapses in motivation or attention, or when under
high load or stress, which is not unusual for HCPs. It thus makes
sense to assume that, in specific contexts (i.e., with specific
patients encountered in a specific clinical setting) where recom-
mendation of a high-quality app is generally considered appropri-
ate, forming strong cue-response associations, through stably and
consistently linking a specific moment or question during consul-
tation to recommendation behavior, could potentially increase
actual execution of a HCPs intention to recommend a health app.

To promote the formation of such cue-response associations
(i.e., habits), implementation of the novel quality label should be
supplemented by habit interventions such as the formulation of
implementation intentions. These are if-then action plans linking
specific behaviors to specific contextual cues (e.g., “If I talk to a
patient with a recent asthma diagnosis experiencing a symptom
burden that can benefit from self-management, I will recommend
them a high-quality app for this”).** When adopting this strategy,
it is important to keep in mind that recommending apps should not
be considered a goal in and of itself and that therefore this strategy
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should be reserved for promoting health app recommendation in
very specific situations (i.e., targeting relevant cues that reliably
signal that app recommendation is appropriate). Moreover, when
adopting this strategy, it is important to acknowledge that focusing
on building a habit solely without addressing other existing barri-
ers, such as lack of self-efficacy, might not be fully sufficient in
changing HCPs recommending behavior.*®

4.2.2. Boosting HCPs’ confidence in their abilities

HCPs’ beliefs in their capabilities to recommend high-quality
apps as well as their abilities to deal with barriers were found to
have a high potential for change, which seemed mostly driven by
the strong correlation between beliefs about capabilities and antic-
ipated recommendation behavior. Beliefs about capabilities to rec-
ommend high-quality apps, commonly referred to as self-efficacy
in psychological theories,*® can be boosted in various ways. For
example, modeling can be used to learn from someone else per-
forming the behavior.*” This technique has been used frequently
before to stimulate recommendation of health apps (see “®). To
boost self-efficacy for recommending high-quality apps, efforts to
implement the quality label could for example be combined with
short videos in which professionals show how they recommend
apps to their patients. Once initial mastery of the ability to recom-
mend high-quality apps has been obtained, setting graded tasks
could be another technique to further stimulate self-efficacy.*® In
doing so, HCPs can decide to recommend apps to a small number
of patients to start with (e.g., solely one particular app to one par-
ticular patient type), and gradually increase this over time (e.g., to
other patients). This, again, could boost self-efficacy to recommend
health apps in particular contexts that are deemed appropriate.
Importantly, implementation intentions have also been shown to
increase self-efficacy.*

4.2.3. Increasing knowledge

The third domain with high potential for change in our study
was knowledge. This finding was corroborated by high scores on
the need for more information. It goes without saying that knowl-
edge is essential for performing behavior adequately, but in order
to increase knowledge with the goal of stimulating health app rec-
ommendation behavior it is important to first know what kind of
knowledge is currently lacking. For example, from our study it is
not clear whether participants currently lack knowledge about
when exactly apps are appropriate, about the yet to be imple-
mented quality label, about what they ought to do themselves to
recommend high-quality apps, or something else. When imple-
mented, the quality label will be accompanied by a detailed health
app quality report, which aims to ensure that HCPs, their institu-
tions and medical societies can look up information regarding
app quality that fits their needs. Whether this report indeed solves
the need for information requires further exploration.

Luckily, many efforts already exist to increase HCP knowledge
about health apps with some promising results in terms of increas-
ing this knowledge.*® However, given that healthcare professional
behavior is to a large extent driven by more automatic processes,*!
it is questionable whether these increases in knowledge alone will
lead to actual changes in app recommendation behavior, especially
in the longer term. Efforts to increase success of implementing the
label should thus not solely focus on increasing knowledge, but
should also focus on habit formation and self-efficacy.

4.3. Strengths, limitations and suggestions for future research
Several limitations need to be mentioned. First, regarding gen-

eralizability, it should be noted that our sample included a large
variety of physicians, but only few other HCPs. Besides, partici-
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pants on average had a lot of experience and showed high moti-
vation for recommending health apps, which might be higher
than observed in the general HCP population. This may be due
to the high proportion of urban HCPs, who were previously found
to be more likely to recommend health apps and more often con-
sider themselves capable to do s0.°%°! Second, in this study, we
asked HCPs to place themselves in a hypothetical scenario of rec-
ommending high-quality (as indicated by the quality label) self-
management apps to their patients. Even though the use of hypo-
thetical scenarios is not uncommon in research with HCPs,? it
does impose a limitation on the ecological validity of the study’s
findings. Yet, as the quality label has not been implemented yet,
asking HCPs to place themselves in a hypothetical scenario was
presently the only route towards addressing this issue and does
present us with important information that can be most effec-
tively used since implementation of the label is still ongoing.
Third, while using the potential for change score is a novel and
useful method for selecting relevant behavioral determinants,
the quality of the output crucially depends on the operationaliza-
tions of the constructs in the questionnaire.>® Therefore, in order
to have a high-quality instrument, we used the TDF-checklist as
the basis, which we further refined with input from an interdis-
ciplinary team to fit the purposes of our study. Yet, it is well
known that habits, for example, are difficult to assess and if
one were to focus on habits more precisely, different measures
would be more suitable.>* Relatedly, our quantitative approach
was useful for identifying relevance of a wide range of determi-
nants of high-quality app recommendation behavior, but it does
not provide us with in-depth information about these determi-
nants. The open-ended question in our questionnaire also did
not provide such in-depth answers. Qualitative research, there-
fore, should be performed as a second step to further explore
the meaning and context of the barriers towards high-quality
app recommendation behavior and to allow for subsequently
designing suitable and appropriate interventions that aid HCPs
in recommending apps when this is indeed appropriate. Finally,
it should be mentioned that some of the results may be
context-specific for the Catalan sample that we used. For exam-
ple, we did not find a need for financial compensation, while
studies in other countries did find such a need.’

4.4. Conclusion

With this study, we aimed to assess the behavioral determi-
nants of HCP anticipated behavior of recommending high-quality
(as indicated by the label) health and wellness apps to their
patients. We identified several behavioral barriers to recommend-
ing apps, out of which nature of the behaviors (or habits), HCPs’
beliefs in their capabilities (or self-efficacy), and knowledge stood
out as the determinants with the highest potential for change.
Hence, HCPs could be further supported by offering interventions
to help them build their self-efficacy in recommending apps (in-
cluding educating as well as practical components). In addition,
HCPs could be assisted in helping them to build a habit of recom-
mending apps, by allowing them to repetitively rehearse app rec-
ommending as part of their clinical routine. Finally, it is
important to recognize the need for more information and to pro-
vide HCPs with the necessary knowledge. Addressing the determi-
nants with the highest potential for change with the right Behavior
Change Techniques could further increase the implementation suc-
cess of the quality label.

Pre-registration

The aim, design, and main study analyses were preregistered at
AsPredicted (https://aspredicted.org/XM7_DK2).
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