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Abstract

Background: Patients with long-term health needs are often expected to actively participate in outpatient care, assuming that
they have appropriate health literacy and digital health literacy. However, the association between participation in a digital
outpatient service and health literacy remain unclear.

Objective: This study aims to evaluate whether digital outpatient care for 6 months improved health literacy, health-related
quality of life (HRQoL), digital/eHealth literacy, and the use of health care services compared with usual care.

Methods: We conducted a multicenter nonrandomized trial with 1 intervention arm and 1 control arm. Patients aged >18 years
receiving outpatient care in the pain, lung, neurology, or cancer departments at 2 Norwegian university hospitals were allocated
inal:2 ratio, favoring the intervention arm. The intervention arm received digital outpatient care using tailored patient-reported
outcome measures, self-monitoring, and chats for timely contact with the outpatient clinic. Patient responses were assessed by
health care workers via a dashboard with a traffic light system to draw attention to the most urgent reports. The control arm
received usua care. The datawere collected at baseline and after 3 and 6 months. The primary outcome was the change in health
literacy according to the Health Literacy Questionnaire domain understanding health information well enough to know what to
do from baselineto 6 months. The mean differencein change between the 2 treatment armswas the effect measure. The secondary
outcomes were additional domains from the Health Literacy Questionnaire, digital/eHealth literacy, HRQoL , acceptability of the
digital intervention, and health service use.

Results. Overall, 162 patients were recruited, 55 (34%) in the control arm and 107 (66%) in the intervention arm, with a17.3%
attrition rate after 6 months. There was no statistically significant difference in the primary outcome, “understanding health
information well enough to know what to do,” between the arms at 6 months (mean difference —0.05, 95% Cl —0.20 to 0.10;
P=.53). After 3 months, the health literacy domains actively managing my own health (-0.15, 95% CI —0.30 to —0.00; P=.048)
and understanding health information well enough to know what to do (-0.17, 95% CI —0.34 to —0.00; P=.03), as well as both

https://www.jmir.org/2025/1/e60343 JMed Internet Res 2025 | vol. 27 | e60343 | p. 1
(page number not for citation purposes)


mailto:heidho@ous-hf.no
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Holmen et &
physical (—3.29, 95% Cl —-5.62 to —0.96; P=.006) and mental HRQoL (—3.08, 95% CI —5.64 to —0.52; P=.02), improved in the
digital outpatient intervention arm compared with the control arm.

Conclusions: This study explored digital outpatient care. Although no statistical differences were observed in patients' health
literacy after 6 months, our data indicate an improvement in health literacy domains and HRQoL at 3 months. The participants
reported high satisfaction with the digital outpatient careintervention, and our findings highlight the potential of digital interventions

in outpatient care.
Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2025;27:e60343) doi: 10.2196/60343
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Introduction

Background

The implementation of digital health services in specialized
health care services necessitates an understanding of the purpose
and use of digital services by both patients and health care
workers [1,2]. The potential of digital health solutions is
recognized by health authorities and stakeholders; however,
despite systematic reviews exploring digital health services, the
impact of digital solutionson resource use and patient outcomes,
such as symptoms, self-management, quality of life, digital
health literacy, and satisfaction, remains uncertain [2-9]. Digital
services may improve resource use and provide patients with
supplementary and understandable health information; the
potential benefit and relevance of digital health solutions
increase as medical advancements extend life expectancy and
as patients with chronic or long-term conditions in need of
frequent and repested care use alarge proportion of the available
consultations [9,10]. Exploring how to exploit this potential is
crucial, as the increase in patients, combined with constrained
health resources, presents obstacles to the sustainability of
current health services[11]. Furthermore, reductionsin hospital
beds may increase the need for more outpatient consultations,
whichisan arenawheredigita health services have the potential
to aid timely and appropriate care.

To fulfill the potential of digital health solutions, attaining a
certain level of health literacy is pivotal because health literacy
positively influences both self-management and health-related
decisions[2,12-15]. Hedlth literacy is often defined, according
to Nutbeam [16], as “the cognitive and social skills that
determine the motivation and ability of individualsto gain access
to, understand, and use information in wayswhich promote and
maintain good health.” Consequently, digital health literacy
concerns the use of digital solutions for promoting and
maintaining good health [2]. Low health literacy is associated
with poor health outcomes and less digital solution use
[4,9,14,17,18], while improved health literacy may enhance
self-management and the benefits of digital health solutions[1].
Thus, in accordance with a conceptual model proposing how
health literacy is affecting interaction with services and health
care workers and outcomes [15], we argue that digital health
interventions specifically allowing for more patient-centered
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and flexible care might support patients' health literacy and aid
in their self-management [19]. However, there is a lack of
research exploring the role of health literacy in digital health
interventions, athough the capacity to benefit from digital health
solutions and improve self-management islikely to be enhanced
by improved health literacy [2,9]. In addition, there exists a
similar gap in knowledge on the relation between digital health
literacy and digital health interventions[9].

Digital health solutions in outpatient care typicaly enable the
subjective  reporting of health parameters through
patient-reported outcome (PRO) measures. PRO measures may
aid in self-management and communication between patients
and hedth care workers [20]. Digital engagement,
self-monitoring, and data sharing offer advantagesfor patients;
however, whether adigital health solution is meaningful depends
onitsusability, clinical relevance, and convenience, along with
whether it has an evidence-based design [9,20-22]. Recent
studies indicate that digital solutions in outpatient care can
prevent complications, foster patient engagement, and boost
confidence and autonomy [23-26]. However, research on
multicomponent digital solutions encompassing PRO measures,
asynchronous messaging, remote monitoring, patient
notifications, and video consultationsislimited. Positive effects
have been noted in cancer treatment [24], muscul oskeletal pain
disorders management [ 25], and home monitoring for interstitial
lung disease (ILD) [23]. Mobile appsfor patients with epilepsy
have shown promising results; however, the value of patients
collaborating with health care workers remains unclear [26].
Challenges persist, such asintegrating electronic health records
and standardizing data for registry use. In summary, studies
exploring the implementation and impacts of digita health
solutions in outpatient care are warranted.

Objectives
The objective of this study was to evaluate whether digital
outpatient carefor 6 monthsresulted inimproved health literacy,

health-related quality of life (HRQoL ), digital/eHealth literacy,
and the use of health care services compared with usual care.

Specifically, we hypothesized that digital outpatient carewould
be associated with a favorable increase in patients’ ability to
understand health information well enough to know what to do.
By enabling digital accessto services, facilitating patient reports
and self-monitoring, and promoting interaction with both the
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digital solution and health care workers, our intervention
reinforces a conceptual model for associations between health
literacy and health outcomes [15,19].

Methods

Trial Design

We conducted a prospective, multicenter, nonrandomized
controlled trial with 2 arms and a 6-month follow-up, using a
longitudinal design with 3 assessment points: baseline, 3 months,
and 6 months (from September 2021 to June 2023). The control
arm received the usual care, whiletheintervention arm received
the digital outpatient care intervention. Thetrial was registered
in Clinical Trials and the International Registered Report
Identifier (DERR1-10.2196/46649). The evaluation was based
on elements of the method for assessment of telemedicine [27],
and our study was reported according to Strengthening the
Reporting of Observationa Studiesin Epidemiology (STROBE)
checklist [28], whilethe PRO measureswere reported according
to the Standard Protocol Items: Recommendations for
Interventional Trial (SPIRIT) PRO Extension [29]. The
development of the intervention and study protocol have been
reported in detail elsewhere[19].

Participants and Setting

Patients were recruited from the department of respiratory
diseases, the department of neurology, and the department of
pain management and research at the Oslo University Hospital
as well as the department of cancer at the University Hospital
of North Norway. Eligible patients were required to be aged
>18 years, based at home, and capable of completing
guestionnairesin Norwegian. Inclusion criteriawere applied to
patients who were newly diagnosed or referred or to those with
adiagnostic history in outpatient care. Patients with cancer had
to receive active treatment, have alife expectancy of at least 6
months, and have an expected need for services beyond 6
months. Patients with ILD were eligible unless they had avery
low degree of function with cognitiveimpairment. Patientswith
epilepsy were included unless they had complex causes, severe
comorbidities, or ongoing assessments or treatments. Patients
with long-term pain were eligibleif they underwent drug testing
and self-administered their medication and were not eligible if
they had comorbidities that directly affected drug adjustment,
had cognitive impairment, or did not live at home.

Eligible patientswere identified through consultations or patient
lists provided by health care workers from each department.
The patientsreceived project information before written consent
was obtained. At the 3- and 6-month follow-ups, the patients
received either an SM S text message or an email invitation to
complete their follow-up questionnaire. Consent and all
guestionnaire responses were provided through the encrypted
version of the web-based questionnaire service Nettskjema
(University of Oslo) [30]. The data were stored using a service
for sensitive data (TSD), complying with the Norwegian
Personal Data Act and Health Research Act. This service
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required a governmental 1D portal for log-in, hence ensuring
secure data harvesting. |n the event of no response after 1 week,
areminder was sent, followed by a phone call 1 week later for
pending questionnaires.

Consent and baseline questionnaire completion were
prerequisites for a fulfilled alocation for both the control and
intervention participants. In addition, this completion of consent
and baseline questionnaire was required to access the digital
intervention in the intervention arm to reduce contamination in
the baseline questionnaire responses.

Participants recruited in the control arm received usual care per
routine at the outpatient clinic where they received care. This
included the possibility of contacting outpatient departments
by telephone during office hours and regular in-person
consultations.

Intervention

The details of the development and tailoring of theintervention
have been previously presented [19]. The Dignio Connected
Care platform facilitated timely, personalized contact between
patients and health care workers[31]. This platform, including
the Dignio Prevent system for health care workers and the
MyDignio patient app, is Conformité Européene marked,
compliant with privacy regulations, and successfully appliedin
various global clinical settings. Customizable to individual
patient needs, components were added for personalized care,
with interface examples provided in Multimedia Appendix 1.

Health care workers from each department assigned tasks to
patients in Dignio Prevent and set thresholds for individual
patients using atraffic light model. Notifications alerted health
care workers if measures deviated, such as patients reporting
an increase in pain and side effects, or if the task went undone.
The patients received remindersthrough the MyDignio app and
an SMS text message if the task remained undone. Two-way
messaging enabled asynchronous communication, allowing
patientsto ask questions or provide relevant information to their
health care workers; likewise, health care workers could respond
in due time based on the urgency of the message and their
workload. For instance, treatment plans were shared with the
patients through the chat messaging function, allowing them to
always have access to their current plan. MyDignio app’'s
information page, which was updatable to health care workers,
allowed for individualized updates and templates for multiple
patientsif needed.

The intervention’s core focus across al 4 departments was
improving outpatient service accessibility. The app allowed
patients to engage with PRO measures, self-monitor relevant
parameters, and communicate asynchronously with health care
workers (Table 1). Designated staff assessed the responses,
allowing for flexible patient care, which is a strategy aligned
with aconceptual model linking health literacy to service access,
use, interactions between patient and health care worker, and
self-management [15,19].
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Table 1. Patient-reported components used in the digital outpatient service intervention [19].

Dignio component Short description

Department using the component in its intervention

PRO? measures

Standardized and individualized PRO .
measures with numerical scales, single
and multiple-choice answers, and free

Self-reported measures

text .

Physiological measures
Blood pressure BYODY .
Body temperature BYOD .
Body weight BYOD .
Spirometry values Bluetooth device .
Oxygen saturation Bluetooth device .
Pulse BYOD .

Patient-reported freetext

Free-text messages Free-text messages sent fromthe patient  »

to the service

Cancer department: ESAS? [32] and ECOG® scales were used for as-
sessing functional level [33]. The frequency of administration was per
individual needs.

Lung department: K-BI LDd guestionnaire [34] was used to assess self-
reported health every 12th week, and items on side effects (vomiting,
rash, dizziness, abdominal pain, or diarrhea) were administered every
fourth week.

Neurol ogy department; PRO-EPI®, which isamultidimensional epilepsy
PRO measure with items on seizures, medication, living with epilepsy,
and the need for health services devel oped by clinicians and the Norwe-
gian Epilepsy Network for health care workers [35], was administered
every 11th week.

Pain department: scale to assess pain intensity (N RS’ score of 0-10),
location, analgesics' side effects[eg, constipation, sweat, and anxiety]),
compliance with current treatment, and the need for health serviceswere
administered every 3 days.

Cancer department, on clinical indication
Cancer department, on clinical indication
Lung department, weekly
Lung department, weekly
Lung department, weekly

Lung department, weekly

All departments

3PRO: patient-reported outcome.

bPESASI: Edmonton Symptom Assessment System Revised.
®ECOG: Eastern Cooperative Oncology Group.

4K -BILD: King's Brief Interstitial Lung Disease.
€PRO-EP!I: patient-reported outcome—epilepsy.

'NRS: Numeric Rating Scale.

9BYOD: bring your own device.

Patients in the intervention arm were briefly introduced to the
app, but no extensive training was provided because the
MyDignio app was set to be intuitive. Those using spirometers
were instructed to ensure the correct technique and
synchronization with the MyDignio app. The intervention arm
participants could contact health care workers or researchers
for technical assistance.

Most health care workers were involved in developing the
intervention; therefore, they were familiar with the platform.
The training on interpreting patient-reported scores was
department specific. The designated health care workers
received compensation for 10% to 20% of their time.

https://www.jmir.org/2025/1/e60343

M easures

Data Collection

All self-reported data were collected through questionnaires
sent to the participants through the Pretty Good
Privacy—encrypted version of the University of Oslo
web-questionnaire service Nettskjema [30], which uses a
governmental 1D portal for log-in and alows secure data
harvesting, previously described in our protocol [19]. A secure,
personal link was sent to the participants' email or mobile phone,
with 1 reminder in the case of unanswered questionnaires after
6to 7 days, followed by aphonecall if they till did not respond.
The participants self-reported the demographic data at baseline,
while clinical measures were collected from their medical
records at baseline and 6-month follow-up. Data on the use of

JMed Internet Res 2025 | vol. 27 | e60343 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

digital service intervention and health services were collected
from medical records and the digital platform after 6 months.
The primary outcome, domain 9 of the Health Literacy
Questionnaire (HLQ), understanding health information well
enough to know what to do, and secondary outcomes comprising
domains 1, 2, 3, and 6 of HLQ; the eHealth Literacy
Questionnaire (eHLQ); and RAND-12 health survey
guestionnaire were self-reported at baseline and the 3- and
6-month follow-ups. General satisfaction and satisfaction with
the digital intervention were self-reported after 3- and 6-month
follow-ups.

Demographics

Demographic characteristics included age, sex, education,
employment status, marital status, and digital skills. The full
range of demographic data and their scores has been reported
elsewhere [19].

Clinical Measures

Clinical information included the primary diagnosis and its
duration, medication, and comorbidities. Medication, contact
with health care services, and hospitalization during the 6
months of the trial were recorded at the 6-month follow-up.
Lifestyle habits, including smoking, the use of snuff, and a cohol
consumption, were self-reported at baseline. History of previous
infection with COVID-19 and fear of COVID-19 were
self-reported and collected at all 3 time points. The fear of
COVID-19 was reported only among those without a previous
infection of the virus.

Use of the Digital Service I ntervention

Throughout the intervention period, the use of the digital
outpatient service was recorded. This included data on the
number of PRO measure responses, the number of chat messages
sent and received by the patients, and the number of
physiological measures uploaded. A total score of intervention
use containing all responses from the patient and interactions
with health care workers was calculated. The total number was
dichotomized into low use and high use based on the expected
use per department (Table 1). Low-use patients responded to
<30% of the expected PRO measures.

Primary Outcome

The primary outcome was domain 9 of the HL Q, under standing
health information well enough to know what to do [36]. This
domain includes 5 items covering health-related competencies
essential for using adigital service, such asfundamental reading
and comprehension of health information, adherence to health
care workers' instructions, and the capability to accurately
complete forms [36,37]. This domain was self-reported at all 3
time points using a 5-point scoring scale, “cannot do or always
difficult,” “usualy difficult,” “sometimes difficult,” “usually
easy,” and “aways easy,” where a higher score indicates a
higher level of health literacy. The HLQ is avalidated measure
trandated into Norwegian and adapted to the Norwegian context
[37]. Unfortunately, 1 of the 5 items, item 12, “read and
understand written health information,” was not collected
because of an administrative error. Thus, the mean score was
based on the remaining 4 items. Cronbach a was 0.72 for
domain 9.
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Secondary Outcomes

Health literacy was assessed using an additional 4 of the 9
domains of the HLQ, including domain 1, feeling understood
and supported by health care providers (4 items); domain 2,
having sufficient information to manage my own health (4
items); domain 3, actively managing my own health (5 items);
and domain 6, ability to actively engage with health care
providers (5 items) [36]. Cronbach a was satisfactory for all
domains (domain 1. Cronbach a=0.79; domain 2. Cronbach
0=0.84; domain 3: Cronbach 0=0.83; and domain 6: Cronbach
0=0.90).

Digital/eHeadlth literacy was measured using all 7 domains of
theeHLQ[38], including domain 1, using technol ogy to process
health information (5 items); domain 2, understanding health
concepts and language (5 items); domain 3, ability to actively
engage with digital services (5 items); domain 4, feel safe and
in control (5items); domain 5, motivated to engage with digital
services (5items); domain 6, accessto digital servicesthat work
(6 items); and domain 7, digital services that suit individual
needs (4 items). Higher scores indicate higher levels of
digital/eHedlth literacy. The eHLQ has been validated and
translated into Norwegian [39]. Cronbach a was satisfactory
for al domains in this study (domain 1. Cronbach a=0.82;
domain 2: Cronbach a=0.75; domain 3: Cronbach 0a=0.85;
domain 4: Cronbach a=0.85; domain 5: Cronbach a=0.79;
domain 6: Cronbach a=0.74; and domain 7: Cronbach a=0.78).

HRQoL was assessed using the RAND-12 questionnaire [40,41],
which contains 12 items, informing 1 physical and 1 mental
component score, where a higher standardized score indicates
better HRQoL [42]. Cronbach o was 0.86 for the physical score
and 0.79 for the mental score in the sample.

General patient satisfaction was assessed among al participants,
encompassing thefollowing 3 items: satisfaction with treatment,
benefit from treatment, and whether adigital outpatient service
would affect safety.

Satisfaction related to the intervention was only assessed in the
intervention arm and measured using the Service User
Technology Acceptability Questionnaire (SUTAQ), which
comprises 22 itemswith a6-point Likert scale[43]. The SUTAQ
contains six domains, including domain 1, enhanced care (5
items); domain 2, increased accessibility (4 items); domain 3,
privacy and discomfort (4 items); domain 4, care personnel
concerns (3 items); domain 5, kit as a substitute (3 items); and
domain 6, satisfaction (3 items). For domains 1, 5, and 6, a
higher scoreindicates greater satisfaction, while for domains 3
and 4, the opposite is true, where a higher score represents a
concern. Cronbach a was satisfactory (Cronbach a=0.7) for 4
of the 6 domains in this study, including domain 1 (Cronbach
0=0.87), domain 2 (Cronbach a=0.84), domain 3 (Cronbach
0=0.73), domain 4 (Cronbach a=0.62), domain 5 (Cronbach
0=0.46), and domain 6 (Cronbach a=0.89). The SUTAQ was
previously translated and applied in aNorwegian context, where
the same domains (ie, domains4 and 5) showed limited internal
consistency [44,45].
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Sample Size

The a priori sample size calculation was based on the HLQ
domain 9, “understanding health information well enough to
know what to do,” and provided a change from baseline to
6-month follow-up, with an effect size of 0.5-unit difference
between the arms on a scale of 1 to 5, with a 20% dropout, a
power of 0.90, an SD of 0.6 from the outcome measure, and a
2-sided significance test. Thus, following a 1:2 recruitment
ratio, the estimated required sample was 55 participantsin the
control arm and 110 participants in the intervention arm. The
sample size estimate was split into 4 equally sized groups to
estimate the number of participants needed to be recruited from
each department. Originaly, this 2-arm trial had an equal
recruitment ratio across 4 departments, including the department
of pain management, which planned to recruit patients with
both chronic and acute postoperative pain [19]. However,
recruitment of patients with postoperative pain ceased
unexpectedly in March 2022, and the remaining recruitment
was slow. To ensure the necessary statistical power and allow
for more variation in the use of the intervention, our aterations
prompted a new power analysis, and the follow-up period was
reduced from 12 months to 6 months. Details of the power
calculation and rationale for the effect size are summarized in
the published protocol [19].

Allocation and Blinding

This tril was a prospective, unblinded, nonrandomized
controlled study. Allocation was conducted sequentially,
meaning that patients were alocated to the control arm first,
and when the required number was allocated, the participants
wererecruited to theintervention arm based on the sample size
calculation. Allocation was conducted within each department,
and when the required number of control participants were
recruited, recruitment for the intervention arm began
immediately, even if other departments were still recruiting for
the control arm. Blinding was not possible because of the nature
of theintervention.

Ethical Consider ations

Approval for the project was obtained after review by the
institutional data protection officer at the University Hospital
of North Norway for the cancer department (2021/4942) and
by the data protection officer at the Oslo University Hospital
for the remaining departments (21/06826). The project protocol
was prereviewed by theregional ethics committee and regarded
as outside the mandate according to the Norwegian Health
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Research Act (regiona ethics committee southeast reference
number 252051). All participants provided informed and written
consent. All data were anonymized before analyses, and only
the first author (HH) had access to the anonymizing key to
safeguard participant information. Patients did not receive any
compensation for their participation.

Statistical M ethods

All baseline data were reported as counts and percentages or
means and SDs for normally distributed data and medians and
ranges for skewed data. To investigate any baseline differences
between the arms because of the lack of randomization, all
baseline data were compared between the 2 arms using the
chi-square test, Student t test (2-tailed), and Mann-Whitney U
test, as appropriate. Missing data were not imputed. For all
continuous variables, theindividual mean change was estimated
by subtracting the baseline score from the follow-up score at
both 3 months and 6 months. Differences in mean changes
between the arms were tested using the Student t test (2-tailed).
A post hoc sensitivity analysis was performed using linear
regression analysis, adjusting for the observed differences in
the baseline characteristics between the arms (history of
COVID-19 and domains 1 and 7 in eHLQ). P<.05 was
considered statistically significant. Cronbach a was computed
to evaluate the internal consistency of the scales based on the
assumptions that the responses to individual questions were
normally distributed, had equal variance, and equally explained
the factor. All analyses were performed using SPSS (version
29; IBM Caorp).

Results

Participant Flow

During the recruitment period, 162 patients signed the digital
informed consent forms and compl eted consecutive self-reported
baseline questionnaires. Given the 1:2 allocation ratio in favor
of the intervention arm, we successfully allocated 55 (34%)
patients to the control arm and 107 (66%) patients to the
intervention arm. The participant flow and discontinuation are
depicted in Figure 1. Overall, recruitment and allocation to the
control arm started in September 2021, and recruitment to the
intervention arm started in January 2022; sufficient participants
were recruited by December 2022 (specific dates of the start
and end of the recruitment are provided in Multimedia A ppendix
2). Recruitment to the 2 arms differed slightly among the 4
departments. The data collection ended in June 2023.
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Figure 1. Flowchart of participation, from recruitment to follow-up. A total of 4 of the nonresponders at time point 1 (T1) in the control arm responded
at time point 2 (T2), and 11 of the nonresponders at T1 in the intervention arm responded at T2. TO: time point O.

Assessed for eligibility and
invited to participate

Y

Obtained informed, digital consent
(N=172)

.| Discontinued n=10

A 4

Lack of baseline measures n=10

Baseline data collection, T0

(N=162)
|
v v
Control (n=55) Nonresponders (n=6) Intervention (n=107) Nonresponders (n=14)
Treatment as usual *  No response (n=4) Digital outpatient treatment No response (n=13)
— »|* Severeillness (n=2) * Severe illness (n=1)
Discontinued (n=2) Discontinued (n=5)
*  Deceased (n=1) Not eligible (n=2)
A * Retracted consent (n=1) A4 * Deceased (n=2)
T1 (n=47) T1 (n=88) * Retracted consent (n=1)
After 3 months After 3 months
.| Nonresponders (n=5)
No response (n=4) "| Nonresponders (n=7)
v + Severe illness (n=1) 4 No response (n=7)
T2 (n=45) Discontinued (n=1) T2 (n=91) Discontinued (n=1)
After 6 months Deceased (n=1) Alter 6 months Deceased (n=1)

In the control arm, 11% (6/55) of the participants did not
respond at 3 months, while among those still alive and included
(ie, not with retracted consent) at 3 months, 10% (5/52) of the
participants did not respond at 6 months. In the intervention
arm, 13.1% (14/107) of the participants did not respond at 3
months, and 6.9% (7/101) of the participants did not respond
at 6 months.

Baseline Characteristics

The 162 participants included in this study, on average, were
aged 52.6 (SD 15.8) years at baseline, with arange of 20 to 83

https://www.jmir.org/2025/1/e60343
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years (Table 2). There were 90 (56.6%) female participants;
most (n=108, 66.7%) participants had a college education or
higher, 99 (61.1%) were employed, and 32 (19.8%) wereretired.
There were no statistically significant differences between the
control and intervention armsin terms of demographic or clinical
characteristics, except for a history of COVID-19, subsequent
fear of COVID-19 (Table 2), and a higher score in the
intervention arm in eHLQ domains 1 and 7 (Table 3).
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Table 2. Demographic and clinical characteristics at baseline (N=162).

Characteristics Intervention arm (n=107), n (%) Control arm (n=55), n (%) P value?

Demographic characteristics

Age (y; N=162), mean (SD) 51.8 (16.3) 54.1 (14.8) 22
Age (y; N=162), median (range) 56.0 (20-83) 58.0 (22-78) 29
Female sex (N=162), n (%) 60 (56.1) 30 (54.5) .99
Education: college or more (N=162), n (%) 68 (63.6) 40 (72.7) 32
Employment status (n=161), n (%) A1

Employed 70 (65.4) 29 (52.7)

Unemployed 15 (14) 15 (27.3)

Retired 21(19.6) 11 (20)
Cohabitation status: cohabiting (N=162), n (%) 75 (70.1) 41 (74.5) .68

Accessto digital devices (N=162), n (%)
Use of smartphone 106 (99.1) 54 (98.2) .63
Weekly use of iPad 50 (46.7) 31 (56.4) 32
Weekly use of PC 92 (86) 42 (76.4) .19
Use of other health apps: yes 47 (43.9) 23(41.8) .80
Clinical characteristics

Diagnosis, n (%) .07

Chronic pain (n=33) 21 (19.6) 12 (21.8)

Epilepsy (n=53) 40 (37.4) 13(23.6)

Interstitial lung disease (n=39) 26 (24.3) 13 (23.6)

Cancer (n=34) 20 (18.7) 14 (25.5)

Postoperative pain® (n=3) 0(0) 3(5.5)
Diagnosis duration (y; n=156), median (range) 5.0 (0-40) 5.0(0-32) 43
History of COVID-19 (n=160), n (%) 53 (49.5) 5(9.1) <.001°
Fear of COVID-19° (n=102), n (%) 03

Not afraid 25 (47.2) 11 (22.4)

A little afraid 24 (45.3) 30(61.2)

Very afraid 4(7.5) 8(16.3)
Smoking or use of snuff: yes (n=161), n (%) 17 (15.9) 11 (20) .52
Alcohol consumption: weekly or more (N=162), n (%) 58 (54.2) 32(58.2) .63

@Between-arm differences were analyzed using the Student t test (2-tailed) and chi-square test for comparison of proportions aswell asthe Mann-Whitney
U test for comparison of ranks (median).

bRecruitment of patients with postoperative pain was terminated before the required sample was all ocated.
Cstatistically significant values are italicized.
dOnly those with no history of COVID-19 were asked about their fear.
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Table 3. Hedlth literacy, digital/eHealth literacy, and RAND-12 scores at baseline.

Intervention arm (n=107), mean Control arm (n=55), mean P value
(SD) (SD)

Health literacy (N=162; 5 of the 9 domains of the HL Q?)
Domain 1: feeling understood and supported by health care 3.11(0.52) 3.10 (0.47) 91
providersb
Domain 2: having sufficient information to manage my own 2.90 (0.50) 2.88 (0.46) 74
health®
Domain 3: actively managing my own health? 2.85(0.49) 3.01 (0.46) 05
Domain 6: ahility to actively engage with health care providers® 3.81(0.72) 3.83(0.59) 85
Domain 9: understanding health information well enoughtoknow  3.86 (0.55) 3.98 (0.43) .16
what to do®

Digital/eHealth literacy (N=162; 7 of the 7 domains of the eHLQd)e
Domain 1: using technology to process health information 2.89 (0.55) 2.70 (0.58) o046f
Domain 2: understanding of health concepts and language 2.97 (0.45) 3.00 (0.43) 75
Domain 3: ability to actively engage with digital services 3.17 (0.51) 3.01 (0.58) .06
Domain 4: feel safe and in control 3.15(0.49) 3.23(0.48) .38
Domain 5: motivated to engage with digital services 2.92 (0.45) 2.81(0.52) .16
Domain 6: accessto digital services that work 2.73(0.46) 2.64 (0.44) .19
Domain 7: digital servicesthat suit individual needs 2.83(0.49) 2.63 (0.55) .02

RAND-129 (n=161)
Physical component score 39.2(11.2) 40.2 (11.2) .39
Mental component score 425 (10.4) 42.8 (10.4) .76

3HLQ: Hedlth Literacy Questionnaire.

bScored 1 to 4, where higher valuesindicate higher health literacy.

CScored 1 to 5, where higher values indicate higher health literacy.

deH LQ: eHedlth Literacy Questionnaire.

®Scored 1 to 4, where higher values indicate higher eHealth literacy.
fStatistically significant values areitalicized.

9Scored 0 to 100, where a higher standardized score indicates better health.

Use of the Digital Service Intervention

The participants in the intervention arm used an Apple iOS
device (52/106, 49.1%) more frequently than an Android
operating system (31/106, 29.2%; missing information on
system: 23/106, 21.7%). After 3 months, 75% (65/87) of the
intervention arm responders self-reported still using the
MyDignio app, and after 6 months, 8.6% (91/106) of the
participants were categorized as high users. The use of the
intervention was reported for the entire 6-month intervention

https://www.jmir.org/2025/1/e60343
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(Table 4). Although patients from the cancer, lung, and
neurology departments were expected to use the digital
outpatient care throughout the 6 months they were in the trial,
the pain department had patients in digital outpatient care for
the purpose of both pain medication reduction and pain
medication adjustments, typically for a shorter time than 6
months. Thus, patients from the pain department used the app
for an average of 11.3 (SD 6.5) weeks, with a median of 9.5
(range 3-27) weeks.
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Table 4. Interactions with the digital service during the 6 months of the study (n=106).

Interactions

Intervention arm

Digital interaction®

Digital interactions, n

Mean (SD) 42.8(52.3)
Median (range) 11.5 (0-265)
Dichotomized digital interactions, n (%)
Low use 15 (14.2)
High use 91 (85.8)
Asynchronous chat messages, n
M essages sent by patient
Mean (SD) 6.1(8.8)
Median (range) 2.0(0-57)
M essages sent by health care worker
Mean (SD) 5.5 (6.6)
Median (range) 2.0(0-27)
M essages, n
Mean (SD) 11.6 (14.7)
Median (range) 5.0 (0-76)
PRO® measures, n
PRO measures sent to patient
Mean (SD) 14.2 (18.8)
Median (range) 9.0 (0-120)
PRO measure responses from patient
Mean (SD) 11.8(17.7)
Median (range) 4.0(0-114)
Monitoring (only patientswith IL Dd)
Mean (SD) 79.0 (36.8)
Median (range) 76 (0-176)
%=1 missing.

bComputed value of the total number of chat messages, videos, completed patient-reported outcome measures, and monitoring.

°PRO: patient-reported outcome.
4LD: interdtitial lung disease.

Changes After the Intervention

After 3 months, we observed apositive changein health literacy,
which was measured using the HLQ (mean 0.08, SD 0.44) in
the intervention arm, while a negative change (mean change
—0.10, SD 0.51; P=.03) was observed in the control arm (Table
5). Similarly, in the HLQ domain 3, the intervention arm had a
positive mean change compared with a negative mean change
in the control arm. However, this change was not clinically
significant (P<.50).

In HRQoL, a favorable mean change was observed in the
intervention arm compared with the control arm for the physical
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component score (mean difference —3.29; P=.006) and mental
component score (mean difference —3.08; P=.02).

For the primary outcome, health literacy after 6 months, which
was measured using the HLQ domain 9, we did not observe any
statistically significant differencesin the scores (mean difference
—0.05, 95% CI —0.20 to 0.10; P=.53; Table 6). Accounting for
the differencesin the history of COVID-19 and baselineeHLQ
scores in domain 1 and 7 between the arms did not influence
the results (mean difference —0.04; 95% CI —0.13 to 0.21,
P=.66). However, in the eHLQ, there was a statistically
significant differencein domain 4 regarding feeling safeand in
control, where the control arm had a positive change, while the
intervention arm had a negative mean change.
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Table 5. Mean scores and changes in health literacy, digital/eHealth literacy, and health-related quality of life (HRQoL) from baseline to 3 months
(time point 1 [T1]).

Variables, domains, and arms Baseline, mean (SD) T1, mean (SD) Change, mean (SD)

Health literacy (5 of the 9 domains of the HL Q?)
Domain 1: feeling under stood and supported by health care providers

Intervention (n=88) 3.11(0.52) 3.14 (0.51) 0.04 (0.49)

Control (n=47) 3.10 (0.47) 3.10 (0.47) -0.02 (0.48)
Domain 2: having sufficient information to manage my own health

Intervention (n=88) 2.90 (0.50) 3.01 (0.45) 0.10 (0.40)

Control (n=47) 2.88 (0.46) 2.88 (0.54) 0.02 (0.46)

Domain 3: actively managing my own health

Intervention (n=88) 2.85 (0.49) 2.97 (0.48) 0.13°(0.39) ¢

Control (n=47) 3.01 (0.46) 3.03(0.47) 0.02 (0.50) ©
Domain 6: ability to actively engage with health care providers

Intervention (n=88) 3.81(0.72) 3.86 (0.61) 0.02 (0.51)

Control (n=47) 3.83(0.59) 3.73(0.67) -0.12 (0.51)
Domain 9: under standing health information well enough to know what to do

Intervention (n=88) 3.86 (0.55) 3.99 (0.46) 0.08 (0.44)4

Control (n=47) 3.98(0.43) 3.90 (0.57) 0.10 (0.51)°

Digital/eHealth literacy (7 of the 7 domains of the eHL Qe)
Domain 1: using technology to process health infor mation
Intervention (n=87) 2.89 (0.55) 2.92(0.47) 0.03 (0.44)
Control (n=46) 2.70 (0.58) 2.78 (0.58) 0.03(0.37)
Domain 2: under standing of health concepts and language

Intervention (n=88) 2.97 (0.45) 3.04 (0.43) 0.06 (0.39)

Control (n=46) 3.00 (0.43) 3.04 (0.43) 0.00 (0.34)
Domain 3: ability to actively engage with digital services

Intervention (n=88) 3.17 (0.51) 3.19 (0.47) 0.02 (0.37)

Control (n=47) 3.01(0.58) 3.03(0.63) -0.04 (0.28)

Domain 4: feel safe and in control

Intervention (n=88) 3.15 (0.49) 3.03 (0.49) -0.10(0.38)

Control (n=47) 3.23(0.48) 3.13(0.52) -0.12 (0.44)
Domain 5: motivated to engage with digital services

Intervention (n=88) 2.92 (0.45) 2.88(0.51) -0.04 (0.46)

Control (n=47) 2.81(0.52) 2.73(0.52) -0.10 (0.46)

Domain 6: accessto digital servicesthat work

Intervention (n=88) 2.73 (0.46) 2.73 (0.45) 0.01 (0.42)
Control (n=47) 2.64 (0.44) 2.61(0.53) -0.03 (0.43)

Domain 7: digital servicesthat suit individual needs
Intervention (n=88) 2.83(0.49) 2.88(0.48) 0.08 (0.42)
Control (n=47) 2.63 (0.55) 2.59 (0.54) -0.07 (0.52)

HRQoL
pcsf
https://www.j mir.org/2025/1/60343 JMed Internet Res 2025 | vol. 27 | e60343 | p. 11

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Holmen et al
Variables, domains, and arms Baseline, mean (SD) T1, mean (SD) Change, mean (SD)
Intervention (n=90) 40.2 (11.1) 436 (11.7) 1.73 (6.41)9
Control (n=45) 39.2 (11.2) 38.0 (10.7) -1.57 (6.68)9
mcs"
Intervention (n=90) 43.0 (10.4) 44.7(11.1) 1.10 (7.43)’
Control (n=45) 42.5(10.4) 41.2(11.7) ~1.98 (6.96)

3HLQ: Hedlth Literacy Questionnaire.
bStatisxically significant values areitalicized.

®The difference between the arms wasin favor of the intervention arm (mean difference —0.15, 95% Cl —0.30 to —0.00; P=.048).
%The difference between the arms was in favor of the intervention arm (mean difference —0.17, 95% CI —0.34 to —0.00; P=.03).

€eHL Q: eHedlth Literacy Questionnaire.
fpcs: physical component score.

9pPCS difference between the arms was in favor of the intervention arm (mean difference —3.29, 95% CI —5.62 to —0.96; P=.006).

PMCS: mental component score.

IMCS difference between the arms was in favor of the intervention arm (mean difference —3.08, 95% Cl —5.64 to —0.52; P=.02).
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Table 6. Mean scores and changes in health literacy, digital/eHealth literacy, and health-related quality of life (HRQoL) from baseline to 6 months
(time point 2 [T2]).

Variables, domains, and arms Baseline, mean (SD) T2, mean (SD) Change, mean (SD)

Primary outcome: health literacy (domain 9 of the HL Q%)
Domain 9: under standing health information well enough to know what to do
Intervention (n=91) 3.86 (0.55) 3.92 (0.49) 0.03 (0.44)
Control (n=45) 3.98 (0.43) 3.96 (0.54) -0.02 (0.38)
Health literacy (4 of the 9 domains of the HLQ)
Domain 1: feeling under stood and supported by health care providers

Intervention (n=91) 3.11(0.52) 3.10 (0.48) -0.01 (0.47)

Control (n=45) 3.10 (0.47) 3.17 (0.49) 0.04 (0.49)
Domain 2: having sufficient information to manage my own health

Intervention (n=91) 2.90 (0.50) 3.01 (0.50) 0.08 (0.55)

Control (n=45) 2.88 (0.46) 2.93(0.47) 0.05 (0.49)

Domain 3: actively managing my own health

Intervention (n=91) 2.85 (0.49) 2.96 (0.43) 0.11 (0.40)

Control (n=45) 3.01 (0.46) 3.01(0.53) -0.01 (0.51)
Domain 6: ability to actively engage with health care providers

Intervention (n=91) 3.81(0.72) 3.87 (0.57) 0.02 (0.43)

Control (n=45) 3.83(0.59) 3.73(0.63) -0.12 (0.52)

Digital/eHealth literacy (7 of the 7 domains of theeHLQb)

Domain 1: using technology to process health information

Intervention (n=91) 2.89 (0.55) 2.92 (0.49) 0.02 (0.41)

Control (n=45) 2.70 (0.58) 2.83(0.63) 0.16 (0.44)
Domain 2: under standing of health concepts and language

Intervention (n=91) 2.97 (0.45) 3.01 (0.40) 0.03 (0.36)

Control (n=45) 3.00 (0.43) 3.10 (0.47) 0.12 (0.43)

Domain 3: ability to actively engage with digital services

Intervention (n=91) 3.17 (0.51) 3.14 (0.46) —0.04 (0.38)

Control (n=45) 3.01(0.58) 3.10(0.63) 0.09 (0.45)
Domain 4: feel safeand in control

Intervention (n=91) 3.15(0.49) 3.01(0.42) -0.15%0. 3g)d

Control (n=45) 3.23(0.48) 3.25(0.52) 0.01 (0.46) ¢

Domain 5: motivated to engage with digital services

Intervention (n=91) 2.92 (0.45) 2.89 (0.51) —0.03 (0.44)

Control (n=45) 2.81(0.52) 2.81(0.61) 0.00 (0.47)
Domain 6: accessto digital servicesthat work

Intervention (n=91) 2.73 (0.46) 2.27 (0.41) -0.00 (0.47)

Control (n=45) 2.64 (0.44) 2.70 (0.55) 0.06 (0.51)

Domain 7: digital servicesthat suit individual needs

Intervention (n=91) 2.83(0.49) 2.88(0.43) 0.04 (0.46)
Control (n=45) 2.63(0.55) 2.70 (0.65) 0.09 (0.57)
HRQoL
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Variables, domains, and arms Baseline, mean (SD) T2, mean (SD) Change, mean (SD)
pcs®
Intervention (n=90) 40.8 (11.1) 43.6 (10.9) 2.10 (7.85)
Control (n=45) 39.2 (11.2) 39.2 (11.7) -0.12 (6.95)
mcs'
Intervention (n=90) 43.0 (10.4) 45.2 (10.5) 1.79 (8.60)
Control (n=45) 425 (10.4) 44.3 (11.6) 0.82 (7.75)

3HLQ: Hedlth Literacy Questionnaire.
beH LQ: eHedlth Literacy Questionnaire.
Cstatistically significant values are italicized.

%The difference between the arms was in favor of the control arm (mean difference 0.16, 95% CI 0.01-0.31; P=.046).

€PCS: physical component score.
fMCS: mental component score.

Patient Satisfaction at 6-Month Follow-Up

There were no differences in general satisfaction with the
outpatient service at 6-month follow-up, with 76% (34/45) of
the participants in the control arm and 78% (71/91) in the
intervention arm being satisfied (P=.42). There were no
differences between the arms in terms of the perceived effect
of the treatment on their own health; 18% (8/45) of thosein the
control arm reported a decline in their health compared with
14% (13/91) in the intervention arm, while the remaining

participants reported an improvement or no change (P=.60).
The proportion of participants stating that a digital outpatient
service would affect their feeling of safety was 49% (27/55) of
the control participants and 61.7% (66/107) of the intervention
participants (P=.09).

The participantsin theintervention arm were generally satisfied
or had little concern about the digital intervention (Table 7).
Technical difficulties were reported by 18.9% (20/106) of the
participants at either the 3- or 6-month follow-up.

Table 7. Intervention arm satisfaction with the digital intervention at time point 2 (n=91).

SUTAQ? domains?

Values, mean (SD)

Domain 1: enhanced care

Domain 2: increased accessibility
Domain 3: privacy and discomfort
Domain 4: care personnel concerns

Domain 5: kit as a substitute

Domain 6: satisfaction

5.10 (1.12)
4.60 (1.17)
2.99 (0.89)
3.27 (0.86)°
4,04 (0.94)4
5.35(1.27)

83UTAQ: Service User Technology Acceptability Questionnaire.

PFor domains 1, 2, 5, and 6, a hi gher score indicates higher satisfaction, while domains 3 and 4 are reversed, where a higher score represents a concern.

SCronbach a=0.62.
dcronbach a=0.46.

Use of Health Care Services

There were no differences between the 2 arms after 6 months
in terms of medication changes or the number of times patients
had contacted the outpatient clinic. The intervention arm
reported significantly fewer hospital admissionsthan the control
arm (P=.03). Theintervention participants reported 37 hospital
admissions (mean 0.35, SD 1.1; range 0-7) among 13 (12.1%)
of 107 participants, while the control arm reported 25 hospital
admissions (mean 0.5, SD 1.05; range 0-5) among 13 (26%) of
50 control participants.

https://www.jmir.org/2025/1/e60343

Discussion

Principal Findings

This study reports findings from a study of a novel
multicomponent digital health intervention comprising PRO
measures, self-monitoring of physiological measures, and
asynchronous chat messages among a heterogeneous group of
patientsin outpatient care. We did not observe any statistically
significant differences in the HLQ domain 9, which assesses
patients understanding of health information well enough to
know what to do, even though this study was presumably
adequately powered. Our results demonstrate atrend that digital
outpatient care, at the 3-month follow-up, improved health
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literacy domains encompassing patients ability to actively
manage their own health and whether they understood health
information well enough to know what to do. In addition, both
physical and mental HRQoL improved after 3 months of digital
outpatient care compared with thosein the control arm; however,
this statistically significant change was not considered clinically
significant (P<.50). At the 6-month term, these positive findings
were not observed; in contrast, the patients in the intervention
arm demonstrated a statistically significant decline in
digital/eHealth literacy in the eHLQ domain feel safe and in
control. Overall, the participants in digital outpatient care had
a high satisfaction rate when evaluating the digital outpatient
care platform. Previous research was inconclusive regarding
the outcomes of digital health interventions [2-9]. Our study
adds to this field by being the first study to explore the
associated outcomes of a multicomponent and comprehensive
digital outpatient intervention. Despite the noted limitations of
our study, some reflections on our findings will be relevant to
bring the research field forward.

Several mechanisms may explain our findings. Specifically, we
argue that digital outpatient care is positively associated with
health literacy and HRQoL because of several mechanisms of
the digital care model. First, the use of digital outpatient care
allows for the collection of PRO measures on aregular basis,
thusincreasing patient invol vement. Favorable health outcomes
related to such involvement have previoudly been observed [46],
although evidence remains limited because of the heterogeneity
of research studiesin thisfield [9]. In our study, both the patients
and the health care workers had access to a convenient tool for
short, asynchronous messages through the digital platform. In
line with previous research [47,48], for many of our patients,
these asynchronous messages served as a tool to clarify minor
questions, provide little information regarding their clinical
status and self-management, and give aresponse without having
to wait in atelephone queue. Finally, the department providing
care for patients with ILD offered the patients equipment for
home spirometry and pulse oximetry. Such home monitoring
gave the patients their first experience of truly being able to
self-manage their condition from home while data were sent to
health care workers to ensure that proper care was provided.

Answering disease-related PRO measurescan, initself, increase
reflection regarding self-management and skills in patients
[20,49]. Favorable outcomes are also seen among those with
the opportunity to ask questions regarding their own condition
[47,48]. Altogether, enabling reflection and asking questions
in the digital service might be the 2 crucial components
supporting the short-term increasein health literacy in our study.
Furthermore, limited health literacy has been suggested to
predict the increased use of health resources [50]. Conversely,
the observedincreasein health literacy in our study might reduce
the use of health resources over time, confirming previous
research that found an association between supporting health
literacy and improved self-management [9,14]. We found
significantly fewer hospital admissionsin theintervention arm,
although this finding was not observed for the number of
contacts with the outpatient clinic. The experience of increased
self-management can also reduce the negative impact of living
with a long-term or chronic condition, thus explaining the
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favorable change in HRQoL. However, as improved health
literacy at 3 monthswas not found at 6 months, some uncertainty
remains, and more research is needed to explore the association
between health literacy and the use of health service resources.

Although the participants used digital tools to varying extents
based on clinical indications, these new services provided
favorable short-term outcomes. Short-term changes in favor of
an intervention are often demonstrated, while long-term effects
aremore challenging to observe. Although wefound anincrease
in health literacy and HRQoL after 3 months, wedid not observe
thisincrease after 6 months. Instead, we found a negative change
in the digital/eHealth literacy domain concerning feelings of
safety and control. We cannot fully explain these findings based
on our data; however, we believe that the 6-month contact point
represents a vulnerable time for patients in a digital outpatient
care model. Initialy, the new services spark curiosity, foster a
sense of increased self-management, and help patientsfeel more
capable of doing theright thing. However, after sometime, this
may change as patients develop their skills, use more digital
care, and simultaneously become more aware of the elements
they cannot control. Thus, whilethey might, in fact, have better
control, their increased skills make them more cognizant of the
uncertain factors, which creates the feeling of less control that
we found. Another mechanism supporting this hypothesis is
that despite the lower feeling of control, the participantsreported
high satisfaction with the digital service after 6 months. Previous
research has not observed or discussed potential solutions to
such issues. Thus, future research should be aware of the
potentially increased need for support among patients during
participation in adigital outpatient care model. Thisisnot only
to reduce dropout but also to reduce any potential feeling of
losing control.

Patients with a persistent need for health services to support
their self-management challenge traditional outpatient care, and
new ways to provide patient care are warranted to uphold
sustainable services of high quality [10]. Most of the participants
in our intervention arm used digital outpatient care asintended,;
that is, they responded to PRO measures, uploaded
self-monitoring measures, and asked for clarification when
needed. These findings contrast with previous research, which
suggests that maintaining participant engagement through a
digital intervention can be challenging [51], even through alife
course with chronic or long-term conditions [52,53]. Factors
that are important for ensuring the use of digital careinclude a
referral from a health care worker and an interest among both
the patients and the health care workersin digital services[54].
In our study, we observed a low dropout rate and high
satisfaction, suggesting that the patients were content with the
study and the digital outpatient care they received. Whether the
use and satisfaction of digital outpatient care would have been
the casein alonger term beyond 6 monthswas beyond the scope
of our study and should be investigated in future research.
However, given how well the digital outpatient care was
received and used by the patients, we suggest that models such
asours should beinvestigated further to exploretheir relevance
and effects on clinical practice.
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Limitations

Thisstudy has somelimitations, several of which were discussed
in the published protocol [19]. First, thereisarisk of selection
bias because of the lack of randomization into either a control
or intervention arm. However, notably, because the allocation
was performed sequentialy (first for the control arm and then
for the intervention arm), there was no bias directly due to
patient preferences. Moreover, the 2 arms were similar at
baseline except for the history of COVID-19 and subsequent
fear of COVID-19 and eHLQ domains 1, using technology to
process health information, and 7, digital services that suit
individual needs. The control arm was mainly recruited when
very few people had contracted COVID-19, while the
intervention arm was recruited when the strategy had shifted
because of vaccinations and more people contracting
COVID-19. Asaresult, thetimeline of the COVID-19 pandemic
and eHLQ may have caused some biasin this study. However,
sensitivity analysis adjusted for baseline differences provided
similar findings.

Second, we do not know how many patients were assessed for
eligibility because these datawere not sufficiently systematized
during enrollment. We had to alter recruitment during the trial
from a 1:1 alocation to a 1:2 allocation because of slow
recruitment [19]. However, the revised power calculation with
asequential 1:2 allocation provided a sufficient sample size as
anticipated apriori. This study was not powered to detect clinical
differences within each of the 4 patient groups (ie, from the

Holmen et d

pain, lung, cancer, and epilepsy departments) or in any of the
secondary objectives. Because of the many tests performed,
fal se positive findings might have occurred, so the results should
be interpreted with caution. Furthermore, we cannot provide
evidence of the findings of digital outpatient care on
disease-specific clinical parameters. Rather, we suggest that
future research investigate whether our observed changes in
health literacy affect disease-specific clinical or health outcomes
over time, as has been observed in other studies [13,55].

Conclusions

This study explored digital outpatient care comprising PRO
measures; asynchronous messaging; and remote monitoring of
clinical indicationsfor patientswith chronic pain, ILD, epilepsy,
or cancer. No significant differences were observed between
the 2 arms in our primary outcome, assessing patients' health
literacy reflected through their understanding of health
information after 6 months. Our data indicate an improvement
in some health literacy domains and HRQoL at 3 monthsamong
the patients using the digital solution. Despite our mixed results,
the participants reported high satisfaction with the digital
outpatient care intervention; therefore, digita hedth
interventions can be positive for peoplewith chronic conditions
and are well received. However, our findings are not entirely
consistent, and more research should explore the mixed changes
in heath or eHedth literacy, the effectiveness of such
i nterventions on various outcomes, and the rel ationship between
participant satisfaction and clinical effects.
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