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Abstract

Background: Proactivetelecare offers services designed to reduce the occurrence of emergency situations by delivering proactive
outbound calls and follow-ups and providing information and advice. By engaging regularly with users, proactive telecare may
foster social connections with older adults and enable the detection of changes in needs. Telecare systems that promote active
participation among older adults may also foster feelings of autonomy and self-management.

Objective: This study aimed to (1) explore the acceptability and feasibility of delivering and evaluating a proactive telecare
intervention to community-dwelling older adults prior to a potential effectiveness trial and (2) evaluate the proposed dligibility
criteriaand estimate the potential effect size of theimpact of theintervention on health and well-being outcomesto inform sample
size calculations for afuturetrial.

Methods: An 8-week randomized pre-post feasibility study was conducted. Using a mixed methods approach, questionnaires
and semistructured interviews were used to explore the feasibility and acceptability of the study. The proactive telecare system
encouraged users to press an OK button once a day to confirm their well-being. If they did not respond, participants received a
well-being check, and emergency contactswere notified if required. Outcomes associ ated with independence, health, and well-being
were measured using standardized questionnaires, including health-related quality of life, mental health, and loneliness.

Results: Thirty older adults were recruited, with 13 randomized into the intervention group and 17 into the control group. The
mean (SD) age of the participants was 75.4 (5.2) years; 66.7% (20/30) of the participants recruited had more than one health
condition. This study achieved high retention rates (30/33, 90.9%); however, the expression of interest rate was low (52/295,
17.6%), indicating that changes to recruitment strategies are required. Effect sizes for all quantitative outcomes were small
(approximately 0.2). Participants demonstrated high acceptance of the intervention, with the primary benefit cited as providing
reassurance and promoting autonomy. Proactive engagement encouraged self-regulation and allowed users to control the level
of support received. Those who were socially isolated reported fegling less lonely because of having additional social contact.
Most participants felt the intervention would be particularly beneficial if they were experiencing poor health that significantly
affected their daily activities, suggesting it may be more suited to those with limited independence. Some partici pants expressed
anxiety about using the technology, primarily due to a lack of understanding and uncertainty in their perceived need for the
device.

Conclusions: This proactive telecare system is feasible to deliver within a cohort of older adults living in the community.
However, changes to recruitment approaches and implementation are needed to ensure acceptability and target numbers are
achieved in afuture effectiveness trial .

(JMIR Form Res 2025;9:€82152) doi:10.2196/82152
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Introduction

Background

By 2030, the global population of older adults will reach 1.4
billion, which is set to increase to 2.1 billion by 2050 [1]. This
demographic shift is likely to increase the number of people
with health issues or disabilities, increasing the need for care
of older people[2]. Promoting aging in place has become a key
policy focus in the United Kingdom [3], as well as in other
countries like Australia[4] and Canada[5]. This approach not
only supports the health and well-being of older adults but also
offers a cost-effective alternative to institutional care and helps
address shortagesin social care services[6]. Agingin place can
be defined as “remaining living in the community, with some
level of independence, rather thanin residentia care” [7, p. 133]
or often referred to as independent living. However, aging
presents physical, psychological, and socia changes, such as
functional decline, disability, widowhood, and increased risk
of socia isolation [8], which can reduce quality of life and
independence [9]. Conseguently, many older adults may need
support to remain at home.

One approach to fostering independent living involves the
utilization of telecare [10]. Telecare uses monitoring
technologies, such asfall detectors and pendant alarms, to help
older adults request assistance during emergencies [11].
Research has demonstrated that telecare may help promote
well-being and health-rel ated quality of life by providing asense
of security, reducing fear of falls, and increasing confidence
[12,13]. However, previous research highlights concerns among
older adults that telecare could be viewed as a cost-cutting
strategy, potentially replacing in-person interactions[14]. This
shift could contribute to greater social isolation and loneliness,
factorsthat elevate therisk of all-cause morbidity and mortality
[15]. Telecare is often implemented following incidents like
falls, which can associate its use with aging and frailty [16,17].
Subsequently, telecare is frequently perceived by older adults
as a final option [17], rather than a tool capable of actively
promoting independence, health, and well-being.

Proactive telecare extends the support of fall detectors and
pendant alarms by incorporating regular well-being monitoring
[18]. Thisincludes user-initiated check-ins via digital systems
or outbound well-being calls[18]. In our previous research on
proactivetel ecare, we found that regular engagement with older
adults could facilitate early identification of emerging needs,
acting as an early warning system [19]. We also found that
allowing older adults to control the level of support provided
through proactive telecare enhanced their perceived autonomy
and improved access to socia networks, particularly for those
who were socialy isolated [19]. Cund et a [20] similarly
reported positive effects on the mental health of older adults
using proactive telecare in Scotland. However, uncertainties
remain about the full benefits of proactive telecare technol ogies
to health and well-being [18].

This study focuses on a proactive telecare intervention, called
OKEachDay, which alows users to check in daily by pressing
an OK button or through outbound well-being calls. Evidence
suggests that enhancing social support and increasing
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opportunities for social contact are effective strategies for
promoting well-being and reducing loneliness[21]. Thissystem
tailors support based on the user’s level of independence [19],
whereby if an older adult requires additional support, it is
detected when they fail to press the OK button. Conversely, if
the OK button is pressed, it indicates that no further support is
needed. This approach offers users control over their care[19],
potentially boosting autonomy and confidence.

Given thelimited research on proactivetelecare[ 18], therewere
several uncertainties about conducting an effectiveness study,
including intervention acceptability, compliance with daily
intervention use, willingness of participants to be randomized,
outcome selection, and methods for outcome collection. As a
result, afeasibility study was conducted to evaluate the study’s
integrity for a future randomized controlled trial (RCT).

Study Objectives

The objectives of this study are to (1) assess the acceptability
and feasibility of delivering a proactive telecare system to
community-dwelling older adults before a full effectiveness
tria (eg, randomization, assessment measures, compliance with
daily intervention use); and (2) evaluate the proposed dligibility
criteria and estimate the potential effect size of the impact of
the intervention on health and well-being outcomes to inform
asample size calculation for afuture trial.

Methods

Ethical Considerations

Ethical approval for the study was granted by the Lancaster
University Faculty of Health and Medicine Ethics Committee
in  September 2022 (ethics board approval number:
FHM-2022 - 1011-SA-1). Participants provided written consent
before taking part, and data was deidentified. All participants
were offered a £20 (US $22.14) shopping voucher as an
appreciation for taking part in the study.

Study Design and Procedure

A mixed methods approach, incorporating both quantitative and
qualitative methods, was used to effectively addressthe research
objectives. Participants were randomized in an equal 1:1 ratio
into either the intervention group, which received the proactive
telecare intervention immediately for a duration of 8 weeks, or
a waitlist control group, which was offered the intervention
after an 8-week delay. This design aimed to address ethical
concerns related to withholding a potentialy beneficial
intervention. The 8-week trial duration alignswith prior studies
examining the feasibility of technology-based interventions
aimed at supporting independence in older adults [22,23].

Data for this study were collected between 2022 and 2023 in
England. Individuals interested in participating were provided
with an information sheet, outlining the study details and given
the opportunity to ask questions before providing written
informed consent. All participants completed a baseline survey
with the lead researcher (LF) aweek prior to commencing the
trial (Multimedia Appendix 1). The survey assessed physical
health, mental hedth, and other outcomes related to
independence. Participants were randomly allocated into the
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two groups by the lead researcher using computer-generated
random numbers. The same survey was administered again after
participants had completed 8 weeksin thetria . Dueto the nature
of the intervention, neither participants nor the lead researcher
could be blinded to group allocation.

Participants and Recruitment

Older adults aged 65 years and above, who lived in their own
home (not a care home) and who spoke English, were invited
to take part. A sample of 30 participants was aimed for to
adequately estimate the effect size (potential impact of the
intervention) and test the feasibility of running a larger-scale
trial [24].

Participants were recruited through various channels in the
Northwest of England, including local councils, an older adult
research volunteer group, and local community groups. Posters
were distributed to community centers, and the lead researcher
presented the research study at local older adult socia groups.
Staff at local councils aided in recruiting participants who had
been identified as at risk of loneliness and social isolation.
Potential participants contacted the lead researcher (LF) if they
were interested in taking part in the study. The lead researcher
then arranged atime to speak with each potential participant to
explain what the research involved and to assesstheir digibility
and capacity to participate. Eligible individuals were provided
with a participant information sheet and completed a consent
form before commencing the study.

Proactive Telecare | ntervention

The system consisted of either atelephone or touchscreen device
with an OK button for participants to press daily to confirm
their well-being. Once consented to the study, participants
receiving the intervention were contacted via telephone by
proactive telecare staff. During this set-up call, each participant
chose apreferred device (tablet or telephone), agreed on atime
to press their OK button, and identified a nominated contact,
often family or friends, who could be contacted if staff believed
there were risks to the user. An automated reminder to press
the OK button was played through the device 15 minutes before
the participants agreed time. If the participant did not press
their “OK” button by the agreed cutoff time, the call center team
would attempt to contact the participant to confirm their
well-being, which gave an opportunity for social interaction. If
staff could not reach the participant viatel ephone, they contacted
the participant’s nominated contact. In the event where
nominated contacts could not be contacted, if staff believed
there were critical risks to the user, emergency services were
called.

Both devices have a button to pressif the participant wishes to
speak to the call center team, which could be used to call for
help, to have a chat, or to raise other issues. Proactive telecare
staff were available from 8 AM to 10 PM daily to support
participants with general well-being and safety concerns.
Proactive telecare staff are routinely trained in dementia
awareness, suicide alertness, domestic abuse awareness, learning
disability awareness, mental health awareness, and safeguarding.
The service also offers additional courtesy callsto help people
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who may fedl particularly isolated, which were offered to
participants prior to taking part.

Data Callection
Quantitative Data Collection

Participant Characteristicsand I ntervention Use

Demographic data (age, gender, education level, ethnicity,
current or previous occupation, living arrangements, current
levels of care, and health conditions) and participation rates
were collected. The uptake of participants on initial approach
and retention of participants recruited to the study were
recorded. Participants engagement with proactive telecare was
recorded to determine the feasibility of trial procedures and
adherence with daily intervention use, which included the
number of timesaparticipant did not presstheir OK button, the
number of calls between proactive telecare staff and partici pants,
and the length of these calls.

Acceptability of Proactive Telecare

Participants in the intervention group were invited to complete
an acceptability questionnaire to measure perceived useful ness,
satisfaction, and ease of use of this proactive telecare using the
senior technology acceptance model (STAM) 14-item scale
(modified to fit the context of the intervention of interest) [25].
This measurement tool was used asit was designed to consider
the needs of older adults, and it used the well-established
technology acceptance model to underpin the questionnaire
[26].

Health and Well-Being Outcomes

Standardized questionnaireswere used to measure health-related
quality of life, mental health, levels of loneliness, and perceived
control and autonomy, reflecting key aspects of independence
in older adults[27].

Health-related quality of life was measured using the short
form-12 (SF-12) survey, dueto itswide use and reliability [28].
The SF-12 measures 8 health domains, which are summarized
into 2 scores, the Physical Component Summary and the Mental
Component Summary. Mental well-being was measured using
the Warwick-Edinburgh Mental Well-being Scale [29], which
assesses hedonic well-being (happiness and life satisfaction)
and eudaimonic well-being (positive psychol ogical functioning
and sdlf-redlization). It was chosen to capture positive well-being
outcomes related to independence [27]. The Hospital Anxiety
and Depression Scale was chosen to measure depression and
anxiety [30], asiit differentiates somatic symptoms that could
be associated with aging as opposed to depression (eg, reduced
appetite or poor seep) [31]. The UCLA Loneliness Scale was
used to measure loneliness [32], as the scale effectively
measures participants’ subjective feelings of loneliness, rather
than just socid isolation. Quality of life was measured using
the Quality of Life Scale (CASP-19 [Control, Autonomy,
Self-Realization, and Pleasure, Quality of Life Scale in Older
Adults]), which assesses control, autonomy, pleasure, and
self-realization in older people [33]. This tool was chosen for
its relevance to an older adult population and its focus on
autonomy and control, which, our previous research suggests,
improve with proactive telecare use [19].
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Qualitative Data Collection

Participants in the intervention group were asked to take part
in ashort semistructured interview upon completion of thetrial.
Participants from the control group who chose to use the
intervention for 8 weeks after theinitial waiting list period were
also asked to take part in a semistructured interview. The
semistructured interviews were used to explore the feasibility
outcomes, including the acceptability of the proactive telecare
intervention trial procedures (The interview guides can be seen
in Multimedia Appendix 2). Theinterviews were conducted in
person or over the phone if the participant preferred. All
interviews were recorded with permission using an encrypted
digital recorder and transcribed verbatim by the lead researcher
and anonymized.

Data Analysis

Quantitative Analysis

Baseline characteristics of the intervention and control
participants were summarized using descriptive statistics. Effect
sizeswere calculated using Hedges g for future usein asample
size calculation. Hedges g was used as it is considered to be
more accurate than Cohen d when analyzing small samplesizes
[34]. Hedges g was interpreted using the recommended
benchmarks of 0.2 for a small effect, 0.5 for a medium effect,
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and 0.8 for alarge effect [34]. In keeping with the aims of a
feasibility study, no inferential statistics were reported.

Qualitative Analysis

Interview data were analyzed using the framework analysis
method [35] to facilitate comparisons between participants and
align the data with our aims. The first author led the analysis,
with another researcher coding 20% of the interviews and
assisting in developing the framework matrix. The analysis
began with both researchersreviewing and independently coding
two initial transcripts. Codes were both deductive (using
conceptsfrom STAM and the research questions) and inductive
(developed from the data). They discussed the codes for
relevance and meaning, leading to the development of a
preliminary analytical framework. A further two transcripts
were coded by both researchers using the preliminary
framework, taking care to note any new themes or codes that
had not been previously included. Follow-up discussions
resulted in revisions to the framework to incorporate new and
refined codes. The lead researcher coded the remaining
transcripts, refining the framework as new codes were
developed. The themes were formed using existing concepts
from STAM, for example, “perceived usefulness of the
intervention” and “perceived ease of use.” The final analytical
framework consisted of 13 concepts, organized into four
categories, each defined by a brief description (Table 1).
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Table. Framework analysis for feasibility and acceptability objectives.
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Concept

Description

Acceptability and usability of proactive telecare

Perceived usefulness of intervention

Perceived ease of use of intervention

Technology anxiety

Resistance to using technology

Improvements

Appropriateness of eligibility criteriaand study process
Eligibility criteria
Interest in taking part

Acceptability of trial procedure
Study process

Assessment measure

Compliance

The extent to which the individual feels that the technology will support
their independence, improve well-being or quality of life, make them feel
safer, or promote a sense of control. Additional perceived benefits may
include the ability to access assistance when needed (eg, contacting desig-
nated individuals), facilitating connections to socia resources, and miti-
gating feelings of loneliness.

The extent to which the individual believes that the technology is easy to
operate, requires little mental effort, and is clear and understandable.

Refersto an individual’s hesitancy to engage with the technology, often
stemming from unfamiliarity with its design, fear of making errors, or
concerns about potential malfunctions.

Refersto individualswho, despite the potential benefits of thetechnology,
do not want to engage with it. This reluctance may be driven by financial
constraints, alack of perceived need, or reliance on aternative technologies
or resources that aready fulfill similar functions.

Describes any improvements to the intervention that the participants sug-
gest.

Describes identifying factors that highlight the appropriate people who
may benefit from this technology.

Describes the participants’ reasons for wanting to take part.

Describes participants' views on the study procedures, including the ran-
domization process, the clarity and adequacy of theinformation provided,
and the study design.

Describes participants’ views on completing the surveys, suggestions for
additional outcome measures that could have been included, and any
support required to complete the assessments.

Describes the daily use of proactive telecare and any issues experienced.

Results

Participant Characteristics

The mean (SD) age of participantswas 75.4 (5.2) years, and all
participants were identified as White British (Table 2). The
majority of participants were female (76.6%, 23/30), and more
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than half of the participants lived alone (63%, 19/30). A small
proportion of the participants had informal carers (13.3%, 4/30),
and just 10% (3/30) of participants currently used other telecare
devices (in this case, pendant aarms). The magjority of
participants (93.3%, 28/30) had at |east one chronic disease or
health condition.
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Table. Participant descriptive characteristics.

Characteristics I ntervention group Control group (n=17) Total (n=30)
(n=13)
Age, mean (SD) 76.7 (5.9) 74.4 (5.1) 754 (5.2)
Gender, n (%)
Female 10 (76.9) 13(76.5) 23(76.6)
Male 3(23.1) 4(23.5) 7(23.4)
Livesaone, n (%)
Yes 9(69.2) 10(58.8) 19 (63.3)
No 4(30.8) 7(41.2) 11(36.7)
Living arrangement, n (%)
Private accommodation 10 (76.9) 15(88.2) 25(83.3)
Housing association® 3(23.1) 2(118) 5(16.7)
Education, n (%)
No qualifications 4(30.8) 3(17.6) 7(23.4)
Vocational qualification 4(30.8) 4(23.6) 8(26.7)
GCSE® or equivalent 0 2(118) 2(6.7)
A level or equivalent 1(7.7) 3(17.6) 4(13.3)
Degree 3(23) 2(11.8) 5 (16.6)
Postgraduate 1(7.7) 3(17.6) 4(13.3)

Has an informal carer, n (%)

Yes 3(23.) 1(5.9) 4(13.3)
No 10 (76.9) 16 (94.1) 26 (86.7)
Diagnosed health condition, n (%)
None 1(7.7) 0 1(3.3)
One 2(15.4) 6 (35.3) 8(26.7)
More than one 10 (76.9) 10 (58.8) 20 (66.7)
Prefer not to say 0 1(5.9) 1(3.3)
Current or previous occupation, n
(%)
Professional 7 (53.8) 5(29.2) 12 (40)
Managerial 0 2(11.8) 2 (6.6)
Clerical 1(7.7) 4(23.6) 5(16.7)
Service and sales 4(30.8) 1(5.9) 5(16.7)
Skilled agricultural 0 1(5.9) 1(3.3)
Trade work 1(7.7) 4(23.6) 5(16.7)
Other telecare use (pendant alarm),
n (%)
Yes 2 (15.4) 1(5.9) 3(10)
No 11 (84.6) 16 (94.1) 27 (90)

8Housing associations provide affordable housing options, primarily for low- and moderate-income households.
BGCSE: General Certificate of Secondary Education, completed at age 16 years old in the United Kingdom.
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Recruitment and Retention Feasibility benefit from proactive telecare (n=5), and no response to

Of the 295 individuals who received recruitment emails and  [0llow-up emails (n=7). Among the 33 participants, 17 were
attended an information session, 52 (17.6%) expressed initial  fandomized to the control group and 16 to the intervention
interest. OF these, 50 (96% dligibility rate) were dligible, and  9rouP- A total of 30 participants completed thetridl, yielding a
33 (669 recruitment rate) consented to participate. Reasonsfor  90-9% retention rate. Two intervention group participants

nonparticipation included poor health (n=5), lack of perceived ~Withdréw, and one passed away during the study. Participant
flow is summarized in Figure 1.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart of study recruitment, retention, and data collection.

Enrollment
¥
Recruitment emailed to older adult volurtesr group
(r=255]. People attending talks at local community

groups (n=40) Mot recruited
*  Declined asthey did
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Expressed interest and sent further - benefit (n=5)
information/assessed for eligibility (n=52) ' +  Poor health [n=5)
¥ *  Lostcontact (n=7)
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Conserted and completed baseline pre assessmers

{n=33] »  Notaged65+y (n=2)

¥

Randomization

Allocated to control
ir=17)

Allocated to intervention
(r=16)

Intervention

On the waiting list for 8
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Given-proactive-telecare

v

*  [hid not accept the

weeks for-8-weeks interventian (n=2)
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Compliance With Daily Intervention Use

Participant engagement with the device was high, as most
participants pressed their button daily or engaged with staff via
phone. While almost all missed pressing their “OK” button at
least once during the 8-week trial (with an average of 7 [range
1-49] missed presses), the level of interaction remained
consistent. The average number of calls between participants
and proactive telecare staff was 10 (range 3 - 57), with an
average call length of 2 minutesand 27 seconds. Callsincluded
participant-initiated contact or staff-initiated follow-ups after
missed button presses. One participant did not press their OK
button purposefully every day to receive a call from proactive
telecare staff, as they felt socially isolated and wanted daily
contact. For those requesting extra courtesy calls, the average
call length was 4 minutes and 38 seconds.

Health and Well-Being Outcomes

The health and well-being outcomes are presented in Table 3.
In the intervention group, self-reported physical health from

Fothergill et al

the SF-12 (Physica Component Summary) improved dlightly
compared to the control group (unadjusted between-group
difference=4.92). Both groups showed a dight reduction in
self-reported mental health (Mental Component Summary).
Anxiety and depression levels remained stable in both groups,
and quality of life decreased dlightly in both. Mental well-being
improved in the intervention group, while it decreased in the
control group (unadjusted between-group difference=2.54).
Loneliness increased in both groups. Effect sizes for all
outcomes were small (approximately 0.2). With a small effect
size of 0.2 and 80% power, asample size for an RCT would be
150 participants, based on suggestions by Faul et al [36]. There
were no missing data at the two time points, as the lead
researcher either read the survey to participants or checked for
missing responses during data collection. Two control group
participants accidental ly received the intervention due to human
error by the telecare company. They were kept in the control
group for outcome analysis to adhere to intention-to-treat
principles[37].

Table. Health and well-being outcomes at the start (pre) and after 8 weeks of the intervention (post) and control trials

Control group (n=17), mean (SD)

Intervention group (n=13), mean

(SD)
Pre Post Within-group Pre Post Within-group Intervention
differences, differences, group effect size
mean (SD) mean (SD) (Hedges g)?
Health-related
quality of life
(SF-129)
pPCSst 45.16 (10.38) 43.24 (10.69) -1.87(9.28) 39.15(9.01) 42.08 (10.19) 3.05 (5.58) 0.305
mcsd 50.10 (11.35) 46.95 (12.25) -3.15(9.32) 46.92 (10.49) 43.62 (9.42) -3.34(6.08) 0.331
Mental well-be- 5276 (11.26) ~ 51.76(11.68)  -1(6.72) 46.38(11.42)  47.92(8.87) 1.54 (7.38) 0.151
ing
(WEMWBS®)
Anxiety and de- 9.18 (7.34) 9.76 (7.28) 0.58 (3.89) 13.16 (7.03) 13.23 (6.76) 0.07 (3.82) 0.010
pression
(HADS)
Loneliness 29.47 (11.76) 31.47 (13.34) 2.00 (9.40) 38.69 (17.51) 40.69 (16.17) 2.00 (10.90) 0.119
(UCLAY)
Quality of life ~ 42.71[8.53) 41.12[10.65) -1.59[7.87) 39.15[8.41) 37.77[7.59) -1.38[7.433) 0172
(CASP-19"

3Hedges g presents the effect size for the intervention group.
bSF-12: short form-12.

°PCS: Physical Component Summary.

dMCs: Mentdl Component Summary.

SWEMWBS: Warwick-Edinburgh Mental Well-Being Scale.
"HADS: Hospital Anxiety and Depression Scale.

9UCLA: University of California, Los Angeles.

hcasp-19: Control, Autonomy, Self-Realization, and Pleasure, Quality of Life Scalein Older Adults

Acceptability of Proactive Telecare

Both the quantitative technology acceptance survey and
qualitative interviews indicated a generally positive perception
of proactive telecare. Participants responded to 14 items

https://formative.jmir.org/2025/1/e82152

assessing acceptability, using aLikert scale (1=strongly disagree
and 10=strongly agree; see Table 4). On average, participants
rated proactivetel ecare asuseful (mean 7.3, SD 3.0) and agreed
that it supported their ability to live independently (mean 7.7,
SD 3.0). The system was also rated as easy to use (mean 9.5,
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SD 1.3). Participants generally disagreed with the statement
indicating apprehension about using the technology (mean 3.1,

Fothergill et al

SD 3.2). However, participants on average agreed that the cost
of the intervention was a concern (mean 6.7, SD 3.7).

Table. Technology acceptance survey responses. Participants were asked to indicate their agreement with the technol ogy acceptance statements bel ow,

using a Likert scale (1=strongly disagree, 10=strongly agree).

Technology acceptance statements

Scores, mean (SD)

Attitudinal beliefs
Using proactive telecare enhanced your ability to live independently
You found proactive telecare useful in your daily activities
You like the idea of using proactive telecare
Control beliefs
Proactive telecare was easy to use

You could complete atask using proactivetelecareif there was someone
to demonstrate how

Your financial status does not limit your activities in using proactive
telecare

When you want or need to use proactive telecare, it is accessible to you
Technology anxiety
You feel apprehensive about using proactive telecare

You hesitate to use proactive telecare for fear of making mistakes you
cannot correct

Health conditions

How are your general health conditions? (with 1 being very poor and
10 being very good)

How well are you able to concentrate? (with 1 being very uneasy and
10 being very easy)

How satisfied are you with your personal relationships? (with 1 being
very unsatisfied and 10 being very satisfied)

How satisfied are you with the support received from friends and family?
(with 1 being very unsatisfied and 10 being very satisfied)

How satisfied are you with your quality of life? (with 1 being very un-
satisfied and 10 being very satisfied)

7.7(3.0)
7.3(3.0)
8.0(2.4)

95(13)
9.1(2.2)

6.7(3.7)

9.4 (15)

31(32)
2.7(2.8)

6.7 (2.4)

7.8(15)

8.3(L9)

8.4(2.2)

8.1(L5)

The findings from the quantitative acceptance survey were
corroborated with the qualitative findings. Three themes were
interpreted from the data: (1) perceived usefulness of proactive
telecare, (2) perceived ease of use, and (3) technological anxiety
and resistance.

Per ceived Usefulness of Proactive Telecare

Participants indicated that the most valuable aspect of the
proactive telecare system was the reassurance provided by
having aremote support network monitoring their physical and
mental well-being, along with the ability to request help if
needed.

| would describe it really as a comfort blanket, you
just know that it's as though somebody’s looking out
for you and | think that’s a nice feeling when you're
getting older, just that you don’t want to be alone.
[Participant 18]
Participants echoed the importance of proactive engagement in
providing reassurance of safety. Participants also emphasized

https://formative.jmir.org/2025/1/e82152

the benefit of being proactive in promoting self-initiation and
self-regulation.

It's reassurance, isn't it, | think it's a psychological
trigger. | think it's a good thing, | really do.
[Participant 12]
One participant highlighted the value of the flexibility of the
intervention because users had choice and control over thelevel
of support provided if they missed their OK button, in
comparison to a pendant alarm where activating it indicates an
emergency in an “all or nothing” approach to support.

you press that [ pendant alarm] for help, that's like
saying it's an emergency, do | really need it? Just to
say like in the morning yeah, I'm OK today, that's
better | think. [Participant 30]

While some participants felt they were slightly too young to
require a proactive telecare system, several expressed surprise
at the perceived benefits of having a remote monitoring team
overseeing their well-being. They noted that, in the event of an
incident such as afall where the “OK” button was not pressed,
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the system would initiate a response to check on their
well-being, which many participantsfound reassuring. However,
a few were skeptical about the system’s effectiveness in
promoting in-home safety and preferred aternativeslike pendant
alarms or mobile phones for requesting help. Approximately
half of the participants suggested using a pendant alarm in
conjunction with the proactive telecare system to enhance the
ability to request help when needed.

| do think that people who are in danger of falling
need a falls alarm as well. [Participant 3]

Participants characterized the proactive tel ecare staff asfriendly,
empathetic, and supportive, contributing to a sense of being
cared for and emotionally reassured.

It was nice. It felt to me as if they really cared about
me, it felt personal, | could feel asif that lady or that
young man was ringing me because they were
concerned about me. [Participant 4]

Two participants reported experiencing feelings of loneliness
prior to their involvement in the study and subsequently chose
to receive additional courtesy calls from the proactive telecare
staff. These participants described forming positive interpersonal
relationships with the staff and emphasized that the human
contact provided through these conversations was more
meaningful to them than the reassurance of safety alone.

The people at [proactive telecare service] are
beautiful people who are lovely, | think it has helped
and, like | say, them ringing me twice a week, it's
really been nice. I'll missit really; you don’t feel as
lonely. [Participant 10]
Although most participants declined the additional courtesy
cals, asthey believed their existing levels of social interaction
were sufficient, participants recognized the potential value of
such callsin offering social support to older adults experiencing
isolation.

Per ceived Ease of Use

All participantsreported that the proactive telecare intervention
was easy to set up and use. Most opted to use the touchscreen
device, while two participants preferred the telephone-based
version. The telephone devices were installed in person by the
proactive telecare staff, whereas the touchscreen devices were
delivered by post, with setup instructions provided remotely
viatelephone.

I'm a technophobe, I'm useless with things like that,
but no it didn’'t bother me at all. It was simple to use.
| plugged it in the dining room and just did it every
morning intheallotted timeand it wasjust very, very,
very simple to use. (User talking about using the
tablet) [Participant 9]

Most participants reported that the device was not intrusive and
was not burdensome, which was viewed as positive and
facilitated the development of a routine for pressing the OK
button. However, some participants stated that the requirement
to engage with proactive telecare daily was cumbersome and
becametedious, particularly when they forgot to pressthe button
and subsequently received follow-up calls.

https://formative.jmir.org/2025/1/e82152
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| actually feel quite relieved, |1 haven't got to do it

anymore [ after thetrial]. So perhaps | felt, it did tie

me down - that I've got to remember to do it.

[Participant 5]
Most participants reported occasionally forgetting to presstheir
button but found the automated reminders helpful as a gentle
prompt. They aso appreciated the flexibility of being able to
choose a time that suited their daily schedule, including the
option to press the button up to 6 hours before the scheduled
time.

it didn't matter if | did sleep a bit longer, if | didn't
wake up till nine o'clock | could still pressit and it
was alright. (User's cut off time was 10 AM).
[Participant 21]
Thisflexibility supported participants in remembering to press
the OK button and enhanced the system’s accessibility by
accommodating diverse daily routines.

Technological Anxiety and Resistance

Although most participants found the technology easy to use,
some reported initial apprehension when first engaging with
proactivetelecare, expressing fear of pressing incorrect buttons
and making mistakes. One participant chose the telephone
version of the device because they found it more familiar.

I'm not good with a tablet, | thought at |east with the
telephone | know there were them three things and
that's all | needed to press. [Participant 11]

Some participants stated that their lack of understanding of how
the technol ogy worked enhanced their anxiety about making a
mistake and that more comprehensive explanationswould have
been beneficial. For some, the unfamiliar design of the tablet
contributed to feelings of confusion and apprehension.

In the early days, | touched it in the wrong place to
try and bring the screen back up again. And because
| wasn't familiar with the screen, | touched the alert
call. And then I couldn't see in my panic, how to
cancel it. And, you know, felt really quite stupid.
[Participant 5]
Some participants stated that they would have preferred a
face-to-face explanation of the technology, noting that they
learned more effectively through visual demonstrations.
However, most were satisfied with the telephone-based
introduction to proactive telecare.

Some participants reported that they would only consider
adopting proactive telecare after experiencing functional decline,
a decision influenced both by the cost of the device and by
associations between the technology and aging or declining
health.

I'monly eighty and | can still get about, but somebody
who couldn’t get out of the house or needed help, it
would be ideal for them. [Participant 18]

Some participants felt that a perceived need for technological
support was essential for engaging with the intervention. The
presence of chronic conditions or disabilities was also seen as
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akey factor that could make individuals more likely to benefit
from proactive telecare.

| think it would be very handy for those who aren’t
quite, very well. There is knowing that there's a
backup there if anything starts to go wrong.
[Participant 17]
In contrast, some participants viewed the proactive telecare
system as a potential precursor to using a pendant alarm,
appreciating that it did not require constant bodily wear and
that they did not yet feel “ready” to adopt a pendant.

One participant noted adesire to continue using theintervention
but indicated that financial constraints, due to the cost of other
telecare services, prevented them from affording both devices.

I’d have liked to have kept it, you know, but now I've
got this to pay for this pendant, it's too expensive to
have both. [Participant 13]

Appropriatenessand Acceptability of Trial Procedures
Eligibility Criteria

The inclusion criteria for this study were intentionally broad,
based on the assumption that older adults aged over 65 years
have diverse physical and emotional needs. When asked about
their motivations for participating, most individuals expressed
ageneral interest in contributing to research and adesireto give
back to their local community. Additionally, some participants

were motivated by curiosity about telecare technologies and a
wish to explore potential personal benefits.

| thought I'd like to test a system where | could make

contact if | did inadvertently fall or, in any way

become unsafe at home, and it came up. [Participant

2]
Participants supported the use of broad eligibility criteria,
viewing the decision to adopt the technology as dependent on
individual perceived need. They identified severa circumstances
in which proactive telecare could be beneficial, including for
individual swho are housebound, living with chronic conditions
or disahilities, have a history of falls, or experience limited
social support. While some participants emphasized the benefits
of the system for those living a one, others highlighted itsvalue
for individual s cohabiting with others, particularly if both people
had chronic conditions.

| think it fits with us quite well because we've both
got problems and you don’t know if we're going to
finishup in hospital and then the other’son their own
all of a sudden, it's an insurance. [Participant 13]

Randomization and Assessment M easures

Most participants expressed sati sfaction with being randomized
into either the intervention or control group. However, a small
number of participants preferred to bein the intervention group,
so they could use the technology straight away. One participant,
who reported feeling extremely isolated, expressed a strong
desire to begin the intervention immediately.

Many participants reported that the trial questionnaires were
acceptable and easy to complete. Nevertheless, a few
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participants described difficulty in answering some of the
guestions due to the subjectivity of some questions. One
participant, for example, described challenges in answering
questions that required recalling emotions or feelings
experienced over the past few weeks.

they asked you to remember the last week or the last
four weeks. And at my age, you don't remember the
last week or the last four weeks very clearly.
[Participant 8]
Participants reported that the length of the survey was not
burdensome, and the questions were deemed relevant to the
study subject.

Discussion

Key Findings

Thisstudy assessed the acceptability and feasibility of evaluating
a proactive telecare intervention in older adults living in the
community. Thetrial sustained low dropout rates and successful
collection of outcome variables. However, initial expression of
interest in the study was low. Our mixed methods study
suggested that proactive telecare was generally acceptable to
participants; however, some participants indicated hesitancy as
to whether this intervention was beneficial to them, so
adaptations to the recruitment process should be explored. The
trial procedures, including randomization and completing
guestionnaires, were feasible and acceptable to participants.
Nevertheless, two instances of randomization contamination
occurred, suggesting that revised procedures may be needed in
afuture full-scaletrial.

Due to uncertainty about who would benefit from proactive
telecare, the study adopted broad eligibility criteria: living in
the community and being over 65 years old. Thisresulted in a
high eligibility rate (96%), but only 17.6% of those contacted
expressed interest. The low engagement may reflect the broad
recruitment strategy, which targeted older adults generally who
may not have perceived a need for telecare. Previous studies
suggest that some older adults associate telecare with frailty,
which may deter uptake [38,39]. Participants considered the
criteria appropriate, emphasizing the importance of individual
choice in assessing suitability. However, participantsidentified
groups who may particularly benefit, including those who are
housebound, have limited mobility, have chronic conditions,
have disabilities, or lack socia support. Future trials may be
more effective if they target these specific populations.

Most participants found the study processes feasible and
acceptable, with a high retention rate of 90.9%, consistent with
findings from other studiesinvolving older adults [40,41]. The
high retention rate could be due to low participant burden
imposed by the study. However, two participants withdrew due
to issues with the technology. One participant was unable to
establish a regular routine of use, and another was concerned
about the risk of falling when standing to press the button, a
concern aso observed in other feasibility research involving
frailer older adults at risk of fallstrialing new technology [42].
Previous research suggests that telecare should integrate into
individual contexts, routines, and abilities [43,44]. Providing
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additional support to assess users' needs and preferences prior
to implementation may help improve retention.

Many participants reported positive experiences of the study,
including recruitment, randomization, and data collection
methods. Many cited altruism as their reasons for taking part,
which has been seen in other research involving older people
[45]. While participants were generally comfortable with being
randomized, a few expressed a preference for being placed in
the intervention group rather than the control group. Two
instances of contamination occurred, where participants
allocated to the control group were provided with the
intervention due to human error by the proactive tel ecare staff.
Degpite this, the participants remained in the control group to
adhere to the intention-to-treat analysis [46]. Similar
contamination issues have been noted in research evaluating
interventions in primary care and community settings, where
preventing contamination in RCT designs can be challenging
[47]. In afull-scaletrial, cluster randomization could be used,
where groups of older adults are randomized instead of
individual participants. This approach, within a defined setting
such as in an assisted living environment where people live
independently with additional support, could help overcome
thisissue.

Many participants found the outcome measures appropriate and
the questionnaires easy to complete, though some noted the
guestionswere subjective and at times difficult to answer. These
findings indicate a need to optimize the measurement tools by
simplifying and clarifying questionnaire items. Completing
guestionnaires with a researcher was viewed as helpful for
clarifying meanings, suggesting researcher support may benefit
future trials. Previous studies have aso highlighted the
importance of increased personal contact by researchers to
support older adults taking part in research [45].

Only descriptive statistics were calculated to assess the
feasibility of the RCT plan, as recommended for feasibility
studies[48]. Standard deviations and effect sizeswere calculated
to be used in a future sample size estimation, as suggested by
previous research [49]. Descriptive analyses found small
improvements in mental well-being in the intervention group
compared to the control group, which are similar to results that
have been noted in other studies on telecare interventions[13].
These changes may reflect increased perceptions of safety and
security, which in turn may improve perceived health and mental
well-being [13]. In both groups, quality of life decreased, and
loneliness scores increased; this may have been influenced by
completing the surveys, which could increase participants
awareness of loneliness or their quality of life. A larger-scale
trial would be required to better understand the effects of
proactive telecare on health and well-being.

This study found that proactive telecare was both acceptable
and feasible for older adults. Participant engagement with the
system was high, as all participants pressed their OK button
daily or engaged with staff via phone. The most frequently
reported benefit was a sense of reassurance, which has been
noted in other studies on telecare [50]. While some participants
did not feel they currently needed telecare dueto their perceived
independence, many still valued the reassurance that someone
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was checking in. Proactive engagement acted asa psychological
prompt, encouraging self-regulation and allowing users to
control the level of support received, as noted in our previous
qualitative research on proactive telecare [19]. In contrast,
existing literature on other telecare interventions, particularly
monitoring technologies such as ambient sensors, emphasizes
older adults' concerns regarding privacy when using telecare
and monitoring technologies [38,51]. The Farr Point report
suggested that proactive well-being checks may be accepted by
older people who are resistant to using other telecare devices
due to associated stigma [18] or concerns about reduced
perceptions of control and privacy [52]. This highlights the
potential for proactive telecare interventions to promote
autonomy and self-management, but further evaluation is
required to fully understand this.

Most participants reported that the intervention was easy to set
up and use and that it would be appropriate for older people
who may not have experiencein using similar technologies due
to the simplicity of the system. There were a few participants
who felt some apprehension toward the technology and would
have benefited from having an in-person demonstration, which
should be considered in afuturetrial. Wu et al [53] suggest that
older adults often report a lack of knowledge of technology,
which can result in apprehension. Product demonstrations are
suggested to enable participants to trial and test out devicesto
gain further knowledge and confidence about the usability and
usefulness of technologies.

For participants experiencing social isolation, the opportunity
for social interaction was the most valued component of
proactive telecare. Brief courtesy calls provided a sense of
connection, with the supportive approach of staff helping to
ease feelings of loneliness. However, the cals in this study
lasted only around 5 minutes. In contrast, more intensive
proactive telecare models, such as that examined by Cund et al
[20], which involved longer, regular well-being calls, have been
associated with improved mental well-being. A future RCT is
warranted to evaluate the effectiveness of social support
provided by proactive telecare on loneliness. Further research
should also explore the optimal duration and nature of contact
needed to reduce loneliness and promote well-being.

The findings from this study highlight key considerations for
the future evaluation of proactive telecare. While participants
valued the reassurance provided, those at higher risk may till
require reactive devicesfor emergency support. Thisunderscores
the need for a flexible, person-centered approach, as a single
technological solution is unlikely to meet the diverse needs of
the older population. Future evaluations should consider how
proactive telecare can be effectively integrated within local
health and social care systems, including the use of other digital
interventions like other telecare devices, telehealth, and
telemedicine. This approach aigns with regiona digital
strategies in the United Kingdom, which aim to provide more
preventive, proactive, and fully integrated tel ecare services[54].
Future evaluations should also consider how to offer proactive
telecare beyond the research period, as some participants may
have benefitted from continued use.
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Strengths and Limitations

A key strength of this study was its mixed methods design,
which provided both quantitative outcomes and qualitative
insights into participants’ experiences with proactive telecare.
Standardized measurement tools were utilized to measure
independent outcomes, which can be compared across the
literature. However, several limitations should be noted. The
sample lacked diversity, as all participants were White British,
indicating aneed for moreinclusive recruitment in futuretrials.
The 8-week duration may have been too short to observe full
benefits, though longer follow-ups may affect retention.
Additiondly, the study focused on onetype of proactivetelecare,
limiting generalizability.
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Abstract

Background: Thereisagap in mental health care among Latino/x and Spanish-speaking communities, and the care that is
availableis often difficult to access, lacks cultural nuance, and resultsin low engagement and satisfaction.

Objective: The study aimed to evaluate the reach, adoption, and acceptability of digital Spanish-language psychosocial and
emotional wellness services among Latino/x adults offered by the digital health company Sanarai.

Methods: Dataincluded inthisstudy were collected between August 2020 and September 2024 by Sanarai as part of itsongoing
services. Quantitative data sourcesincluded individua customers appointment data, individual session payment data, and customer
satisfaction data. Qualitative data were obtained from transcribed notes of telephone or video-based user interviews conducted
by Sanarai staff between August 2020 and May 2024.

Results: Between August 2020 and September 2024, Sanaral served 6163 users (n=3662, 59.42% women participants) across
all 50 US states, with the highest concentration of participants in Texas and California. Results showed 94% (n=5793) of users
scheduled afirst appointment within 1 week, with 43% (n=2650) doing so within 1 day. Over 62.60% (n=3858) of participants
engaged in two or more sessions, attending an average of 8.94 (SD 13) sessions over 110 days (SD 169). The platform delivered
atotal of 36,858 appointments, including individual and couples sessions. Only 22.47% (n=1385) of usersresponded to a customer
satisfaction survey for a total of 2287 distinct responses; among this subgroup, session satisfaction was high with an average
satisfaction rating of 4.88 out of 5.0 (SD 0.49) and aNet Promoter Score of +85. Nearly all responses (n=2174, 95.06%) expressed
intent to schedule another session, but these results should be interpreted with caution, given the low response rate. Qualitative
interviews with 30 users (n=21, 70% women) revealed a diverse user base. Many users reported prior mental health service
experiences, while one-third were new to care. Participants cited cost, cultural fit, language access, and convenience as key reasons
for choosing Sanarai over local services. Users highlighted the platform’s affordability, scheduling flexibility, and provider
professionalism as central to their positive experiences.

Conclusions:  These findings underscore the value of culturally responsive, accessible online mental health care for
Spani sh-speaking communities.

(IMIR Form Res 2025;9:e80026) doi:10.2196/80026

KEYWORDS
digital health; Latino/x; mixed methods; Spanish-language mental health care; telehealth services

Introduction

Latino/x individuals, who represent 20% of the US population
[1], experienced a high level of unmet need for mental health
services[2]. Estimates suggested that nearly 1in 2 (41% - 49%)
of Latino/x people with a perceived need for mental health
services also experienced unmet mental hesalth care [3-5].
Notably, 58% of foreign-born Latino/x adults and 12% of the
US-born adults preferred a Spanish-speaking health care

https://formative.jmir.org/2025/1/e80026

provider or a Latino/x hedlth care provider (47% among
foreign-born and 20% among the US-born Latino/x) [6].
However, according to the American Psychol ogical Association,
only 5% of the psychol ogist workforce offered Spanish-language
services[7], and only 5% to 6% of the mental health counselor
and psychologist workforce identified as Latino/x [7,8]. There
was a critical need for services and resources that addressed
disparities in mental health care among Latino/x adults in the
United States [9-11]. Cost, stigma, and language access were
often cited as barriersto care. The cost of mental health services
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in the United States poses a barrier for uninsured and
underinsured communities[11], whichis characterized by many
Spanish-speaking Latino/x individuals. Stigma was also cited
asapossiblefactor deterring individual s from seeking care due
to not wanting to feel ostracized, identified as mentaly ill, or
perceptions of mental health needs as weakness [12,13]. The
large unmet mental health needs of vulnerable populations
[4,5,14] are detrimental to individuals and families. There was
an urgent need to develop and evaluate solutions that were
accessible and culturally relevant for Latino/x and
Spani sh-speaking communities.

Therapidly growing field of digital mental health, particularly
online therapy or digital mental health coaching, has the
potential to meet the needs of vulnerable populations. Digital
solutions also tended to be more private and could help reduce
stigma. However, many of these digital efforts were limited in
reaching and engaging Spanish-speaking and Latino/x
populations. Among Latino/x adults, acceptability and
engagement with digital mental health interventionswere often
low [15,16], thus negatively impacting the potential benefits of
digital mental health solutions for this population. Reasons for
low engagement and satisfaction were that most digital health
solutions were not linguistically or culturally congruent,
particularly for Spanish-speaking adults, and were difficult for
Latino/x adults to access (eg, cost, time, and availability)
[11,17]. The COVID-19 pandemic gave rise to the rapid
expansion and adoption of telehealth mental health services
acrossthe United States[18], but these gainswere not observed
across al demographic groups. For example, mental health
treatment centers in communities with high proportions of
Latino/x residents were twice as unlikely to adopt telehealth
services relative to communities with smaller proportions of
Latino/x residents [19]. These discrepanciesin the adoption of
telehealth services have contributed to greater disparities in
unmet mental health needs among L atino/x adults, particularly
those who preferred Spanish-language services. In addition, a
national evaluation of digital health technol ogies among Spanish
speakersin the United States found that digital literacy, limited
availability and appropriateness of information in Spanish, and
the lack of Spanish-speaking interpreters limited patients
adoption of online health portals and telehealth services;
whereas, facilitators of digital technology adoption included
access to interpreters and culturally and linguistically tailored
Spanish-language materials and health care providers [20].
Collectively, these resultsindicated that thelack of linguistically
and culturally appropriate services and providers was a
significant barrier to accessing care among Spanish-speaking
communities.

Oneway to address the shortage of Spanish-speaking providers
inthe United States was to connect with mental health providers
in predominantly Spanish-speaking countriesviadigital health
technologies. For example, private sector digita health
companies, such as Sanarai, connected Spani sh-speaking clients
in the United States to licensed mental health professionalsin
Latin America via telehealth with the goal of providing
linguistically and culturally competent subclinical mental health
services[21,22]. Thesetypes of programsusing providersfrom
Latin Americafor mental health support have not been formally
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evaluated, but there was evidence to suggest that these providers
could fill existing gaps in care. For instance, evidence from
primary care programs, such as the Licensed Physicians from
Mexico Pilot Program (LPMPP) implemented in Californiain
2002, suggested that working with providers abroad could help
address existing domestic gaps. The LPM PP was approved with
thegoal of taking 30 licensed physiciansfrom Mexicoto provide
medical care to underserved Latino/x and Spanish-speaking
communitiesat nonprofit community health centersthroughout
the state to address shortages of health care providers and to
increase linguistically and culturally competent care [23]. An
evaluation of the LPMPP indicated that the program met the
intended goals of improving access to linguistically and
culturally competent care and resulted in high acceptability of
the LPMPP physicians among patients, particularly among
monolingual Spanish-speaking patients[23]. Theresultsof this
program were promising and provided some evidence of the
benefits of addressing gaps in care and the shortage of
Spanish-speaking mental health professionals with providers
from Spanish-speaking countries.

As noted earlier, private sector companies were bridging gaps
inaccessto linguistically and culturally grounded mental health
carefor Latinos/x and Spanish-speaking communities. Although
private companies were often not set up to test specific
hypotheses, it was important to apply implementation
frameworks to understand if interventions were acceptable,
feasible, and addressing needs. Acceptability and engagement
were two important and interrel ated implementati on constructs
that were associated with the effectiveness of digital mental
health interventions [24-27]. Results from existing research
indicate that acceptability impacted engagement, and vice versa,
and that both constructs were influenced by the user,
intervention, and technology factors [24,27]. For example,
facilitators include user beliefs toward technology and mental
health, perceived fit and usefulness of the intervention, ease of
integration of the digital solutions into one's life (eg, cost and
availability), and privacy and confidentiality of the digital tools
[24,26,28,29]. Much of the recent extant digital mental health
research focused on the use of smartphone apps or other
technology-delivered, asynchronous, self-paced interventions
and waslimited initsinclusion of Spanish-speaking populations
[25,28,30,31]. Thus, there was a need to evaluate whether
telehealth-delivered mental health supportive services for
Spanish-speaking adults were acceptable, engaging, and
potentially viable digital health solutionsto addressgapsin care
for this vulnerable population.

The purpose of this mixed methods retrospective pilot study
was to evaluate and describe the implementation of a
telehealth-delivered, Spanish-language, psychosocial and
emotional support service among Spanish-speaking adults. The
mixed methods approach was useful in health servicesresearch
[32] as the quantitative data helped assess the magnitude of
impact or outcomes (eg, reach and engagement) while the
qualitative data helped understand the process and content of
use. The inclusion of rich interview data provided a more
comprehensive understanding of the multidimensional facets
of intervention acceptability and engagement, which might not
otherwise be obtained viasurvey data. This study examined the
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reach, engagement, and acceptability of the Spanish-language
telehealth services by analyzing quantitative and qualitative
data gathered via the routine services provided by the digital
health company Sanarai. In addition, the results of this study
aimed to provide evidence regarding the feasibility of leveraging
mental health providers from Spanish-speaking countries to
meet existing gaps in care in linguistically and culturally

appropriate mental health services for Latino/x and
Spani sh-speaking adults.

Methods

Sanar ai

Sanarai isadigital health company that arrangesfor the delivery
of psychosocial and emotional supportive services to adults
(aged =18 y) via telehealth technologies from licensed
Spanish-speaking professionals from Latin America to
Spani sh-speaking adults located in the United States and other
countries. These services are primarily provided
direct-to-consumers and target Latino/x and Spanish-speaking
populations residing in the United States with the goal of
increasing access to high-quality, culturally congruent, and
affordable subclinical mental health supportive services. The
company services include: advice related to general mental
health and wellness; life coaching and recommendations for
setting personal goals; emotional support related to interpersonal
relationships, sexuality, and gender; and emotional support
related to feglings of anxiousness, stress, and depression. Sanarai
addresses the subclinical population, emphasizing support for
individuals dealing with challenges that may not meet the
clinical threshold but still significantly impact their well-being.
The focus of the services is to provide early intervention and
preventive support. The company was founded in 2020.

Sanarai has devel oped a simple workflow to onboard usersinto
its platform. First, users can browse the up-to-date provider
database found on the Sanarai website to select the provider of
their choice (step 1) and choose their desired appointment time
(step 2). Then, users provide basic contact and payment
information (step 3) to book the appointment, which is
confirmed via email and conducted via Zoom (Zoom
Communications, Inc; step 4). Users have the flexibility of
changing their provider at any time in the process.

Sanarai users may sign up for an introductory 30-minuteinitial
consultation or afull 50-minute session, either as an individual
or as a couple. All sessions are conducted via live video calls
on thevideo platform, Zoom. At thetime of thisevaluation, the
initial consultation was priced at US $20.00 and served as an
opportunity for the user to get to know their provider and their
working style. Theindividual and couples’ sessions, US $49.00
and US $59.00, respectively, are focused on addressing the
psychosocial and emotional wellness needs of the user. Sanarai’s
providers are licensed mental health professionals from Latin
America with at least a master's degree and a minimum of 5
years of clinical experience. However, Sanarai notifiesitsusers
that despite the providers educational background and clinical
expertise, Sanarai’'s services are not considered psychiatric,
psychological, or mental health therapy services astraditionally
provided by a licensed mental health provider in the United
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States. Thus, Sanarai providers do not diagnose, prescribe
medication, or accept health insurance. Asneeded, Sanarai will
provide resources and referralsto userswho need ahigher level
of care or are seeking servicesrelated to mental health diagnoses
or medication management.

Data Sourcesand Analysis

Sanarai hasroutinely collected quantitative and qualitative data
as part of its ongoing services. Dataincluded in this study were
collected between August 2020 and September 2024.
Quantitative data sourcesincluded three sources: (1) individual
customers' appointment data, (2) individual sessions payment
data, and (3) customer satisfaction data. Specifically, all
appointment and user data (1) were sourced directly from the
booking platform, Acuity Scheduling, via automatic export.
This system was consistently used throughout the entire
evaluation period, ensuring uniformity. This appointment data
included the date and time of each appointment, the type of
appointment, the price and amount paid for each appointment,
and whether the user was referred via an organizational
partnership. Users' first name was used to generate a gender
variable consistent with Spanish-language namenorms (i, first
names ending with thevowels“a’ or “€” were coded as“\Woman
participants,” those ending with “0” were coded as “Man
participants,” and a manual review was done to double check
the coding). Payment data (2) was used to extract the user's zip
code, if available. These quantitative data served as the basis
to analyze reach and adoption by examining trends in users
engagement and session data. In addition, after each individual
session, Sanarai automatically emailed users inviting them to
participate in a brief web-based satisfaction survey (3) using a
standardized Google Form, which included questions about
satisfaction with services, willingness to recommend the
services, and the Net Promoter Score measure. These data
provided a snapshot of the acceptability of the service.

Quantitative data analysis was conducted using R software (R
Foundation for Statistica Computing) [33] and included
computing descriptive statistics for the number of users, the
number and types of sessions attended, session engagement
metrics, and the geographic distribution of users across the
continental United States. Though this study was focused on a
description of implementation outcomes and not hypothesis
testing, exploratory analysis was conducted to examine usage
patterns by gender and by timeto schedule thefirst appointment.

Qualitative data were obtained from transcribed notes of
telephone or video-based user interviews conducted by Sanarai
staff (3 members of the executive team) between August 2020
and May 2024. Theprimary goal of theseinterviewswasinternal
product improvement, not formal research, yet theseinterviews
were structured and used a questionnaire based on the “ Jobs To
Be Done” framework. The “Jobs To Be Done’ framework
focused on understanding the motivations and decisions that
drive a user to select a product or service to accomplish their
goals or meet their needs (aka meet the requirements of thejob
they want done) [34]. Theinterviewsfocused on understanding
the user experiences, motivations, and preferences for seeking
mental health serviceswith Sanarai. Participantswere recruited
via generalized outreach to the entire user base on a quarterly
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basis. Participation in these interviews was based on 100%
self-selection, and everyone who expressed interest was
interviewed. At times, the company prioritized interviewing
“super users’ (high session count) or users who had recently
stopped seeking services in order to understand specific use
patterns. Users who opted in to participate in these interviews
were offered a discount of up to 15% on their next session.
These qualitative data served as the basis to analyze
acceptability.

We examined the user interview transcript and conducted
reflexive thematic analysis (TA) [35,36] to examine users
attitudes and experiences with seeking and accessing mental
health services, including services provided by Sanarai. The
reflexive TA was conducted by the first author, who began by
reviewing the transcripts and independently coding the data.
Codes were generated based on an inductive data-driven and
semantically focused approach [36] with the goa of
summarizing patternsin the dataviathemesthat best represented
the beliefs and experiences of the participants. A key concept
in reflexive TA was that themes emerge at the intersection of
the data and the researcher’s subjectivity and research skills
[36]. Thus, to provide an extra layer of validation of the
qualitative findings, the codes, themes, and narrative
presentation of the qualitative results were reviewed and
approved by the second and fourth authors, who had more
familiarity with theinterview processand qudlitativeinterviews.

Ethical Consider ations

This study was reviewed by the University of California,
Berkeley Institutional Review Board (IRB #2024-08-17735)
and granted exempt status as it satisfies the federal and UC
Berkeley requirementsunder category 70: research that involves
no greater than minimal risk to subjects. The data used in this
study were collected by Sanarai, as part of enrollment in its
services, users provide broad consent to the potential use of
their datafor program eval uations and secondary analysis. Data
were not fully anonymized, asthe data sourcesincluded aunique
Sanarai |D comprised of the email address the participant used
to enrall in the services. To safeguard participant information,
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data were shared directly between Sanarai and the first author
and stored under university-sponsored password-protected
accounts. Data were accessed under a data transfer agreement
between the University of California, Berkeley and Sanarai.
Participants who completed the user interviews were offered a
discount of up to 15% for their next session. No additional
participant compensation was provided. The study’s
conceptualization, analysis, and interpretations were conducted
independently by the first author.

Results

Reach

During the 4-year period between August 2020 and September
2024, Sanarai provided psychosocial and emotional wellness
support services to atotal of 6163 users. The mgjority of users
were women (n=3662, 59.4%), and the remaining were men
(n=2501, 40.6%). In terms of geographic region, payment data
indicated that 65.7% (n=4049) of users made payments using
acredit card obtained in the United States; 6.27% (n=387) made
payments using a credit card obtained outside of the United
States. For the remaining 28.02% (n=1727) of users, their
geographic region was unknown as the payment data did not
include country or zip code information. Within the US-based
sample, 97.06% (n=3930) of the users had available zip code
data, which were used to estimate participant locations within
the United States (Figure 1). In sum, all 50 states of the United
States, the District of Columbia, and Puerto Rico were
represented in the sample, yet 55% of the users were
concentrated injust 5 states: Texas (n=621, 15.34%), California
(n=567, 14%), Florida (n=539, 13.31%), New York (n=246,
6.08%), and New Jersey (n=190, 4.69%). All other states
represented 43.64% (n=1767) of the users, and 2.94% (n=119)
were unknown. Sanarai users were reached via online
advertisements,  partnerships  with  community-based
organizations, and word of mouth (recommendations by family
and friends). During this eval uation period, Sanarai’s user base
and number of active users grew an average of 47% quarter
over quarter (Figure 2).
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Figure 1. Participant locations in the continental United States. Each blue dot represented an approximate location for each participant. Location
estimates were based on available participant zip code data.
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Figure2. Quarterly trends of Sanarai users. This stacked bar graph represents the total numbers of active usersin the online telehealth service, Sanarai,
for each calendar quarter starting from quarter 3: July 2020-September 2020 (20 Q3) through quarter 3: July 2024-September 2024 (24 Q3). The orange
(top) bars corresponded to new usersin the service, the purple (bottom) bars corresponded to existing users. The table below the bar graph includes the
counts for each new and existing user by quarter.
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of appointment availability, 43% (n=2650) of users scheduled
Engagement their first appointment within 1 day or less, and an additional
Among the 6163 users served by Sanaral, the first point of 309 (n=1849) scheduled within 2 to 3 days. Overall, the vast
contact for 53.33% (n=3287) was an initial consultation, and majority of users (n=5793, 94%) scheduled afirst appointment
the rest (n=2876, 46.67%) began with a full session. In terms
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within 7 days, and aminority scheduled their first appointment
after more than 7 days (n=370, 6%).

Regarding engagement pattern and service use types, 36.26%
(n=2235) of users attended 1 appointment only (either a
consultation or 1 single full session), and 1.14% (n=70) had
consultations without a single full session; whereas 62.6%
(n=3858) of users engaged with Sanarai services at least two
or more times via a combination of consultation and sessions
or sessions alone (Table 1). Among this subsample of users
with greater than or equal to 2 sessions of any type, we

Table. Engagement of Sanarai users.

Arévalo Avaloset d

calculated the total number of ons attended, days between
sessions, and time between first and last session. Full descriptive
statistics for these engagement metrics are reported in Table 2.
In sum, users attended an average of 8.94 sessions, with an
average of 12.4 days between sessions, and remained engaged
for an average of 110 days. Finally, during the eval uation period,
Sanarai provided a total of 36,858 appointments—including
individual consultations (n=3563, 9.67%), individual sessions
(n=31 905, 86.6%), couples sessions (n=1179, 3.2%), and
couplesinitial consultations (n=211, 0.57%). This represented
approximately 768 appointments per month.

Engagement

Value, n (%)

First appointment type

Initial consultation 3104 (50.37)
Couplesinitia consultation 183 (2.97)
Individual session 2643 (42.88)
Couples session 233 (3.78)
Service use types
Consultations only 1214 (19.70)
Single session 1091 (17.70)
Multiple sessions 1700 (27.58)
Consultation + sessions 2158 (35.02)
Table. Engagement metrics.
Median (IQR) Mean (SD) Minimum Maximum SE (95% ClI)
Total number of ses- 5 (3-9) 8.94 (13.02) 2 236 0.21 (8.53-9.35)
sions
Daysbetween sessions 7 (4.50-11.50) 12.40 (20.96) 0 521 0.34 (11.74-13.06)
Days engaged 40 (14-121) 110.49 (168.95) 0 1445 2.72 (105.15-115.82)
Timeto schedulefirst 2 (1-4) 2.80(2.62) 1 27 0.04 (2.72-2.88)
appointment (any type)
To further contextualize engagement patterns, we conducted ~ Acceptability
two exploratory analyses. First, we conducted an independent .
Overview

samples 2-tailed t test to examine whether the total number of
sessions and the total number of days engaged differed by
gender. The results indicated that there were no statistically
significant differences in total number of sessions between
women participants (mean 8.99, SD 12.75) and men participants
(mean 8.86, SD 13.41; t3335=0.29; 95% Cl -0.72 to 0.97;
P=.77). Similarly, wedid not observe any statisticaly significant
differencesin the number of daysengaged (women participants:
mean 114.27, SD 169.89; men participants: mean 105.15, SD
167.57; t34766=1.66; 95% Cl —1.67 to 19.92; P=.10). Finaly,
we conducted a correlation between time to schedule first
appointment and total number of sessionsto examineif prompt
services were associated with greater intervention engagement
and found avery small and weak negative correlation (r=—0.038,
95% CI —-0.063 to —0.013).
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Sanarai’s session satisfaction survey was completed by 22.47%
(n=1385) of itsusers, resulting in 2287 distinct responses. These
data showed a Net Promoter Score of +85, which indicates that
a large portion of respondents were likely to recommend the
servicesto friends and family. In addition, there was an average
session satisfaction rating of 4.88 (SD 0.49; rating 1=very bad
and 5=very good), and 95.06% (n=2174) of responsesindicated
“Yes' to scheduling a new session. These data provided a
snapshot of high acceptability for Sanarai services among this
user base, but this should be interpreted with caution given the
low response rate.

Qualitative data (user interview data) were analyzed from 30
participants. These datawere collected between August 3, 2020,
and May 29, 2024. There was an overrepresentation of women
participants (n=21, 70%) versus men participants (n=9, 30%).
Participants had an average age of 30.54 (SD 6.81; range
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19 - 46) years. Participants were diverse in terms of country of
origin, with Mexico representing 43.33% (n=13) of the sample.
The US state of residence distribution was similar to the full
sample (Table 3), and the length of time residing in their state
ranged from 2 months to 30 years (mean 6.73, SD 6.60 y).

Table. Demographics of user interviews.

Arévalo Avaloset d

One-third of users (n=10, 33.33%) reported not having any past
mental health service experiences. The remaining users (n=20,
66.67%) reported having prior experience with mental health
services, which varied from long-term exposure (n=8), recent
exposure only (n=8), or exposurein one’'s home country (n=5).

Characteristic Value, n (%)
Gender
Woman 21 (70)
Man 9(30)
Country of origin
Mexico 13 (43.33)
United States 4(13.33)
Venezuela 4(13.33)
Dominican Republic 3(10)
Other? 6 (20)
State residing
California 5 (16.67)
New York 5(16.67)
Florida 3(10)
Texas 3(10)
Other® 14 (46.67)

8 cuador, Guatemala, Colombia, Puerto Rico, and Spain.

bGeorgia, North Carolina, Connecticut, Illinois, Massachusetts, Michigan, Minnesota, New Jersey, New Mexico, Pennsylvania, Tennessee, and

Washington State.

Reflexive TA Themes

Reasons for Seeking Services

Users reported a wide range of reasons for which they were
seeking mental health support. These reasonsincluded ahistory
of mental health concerns, general mental health stressors,
transitions related to stress, family-related stress, and
self-growth. Several users reported seeking support to manage
symptomsrelated to depression, anxiety, binge eating, insomnia,
or other undisclosed history of mental health issues. On the
other hand, some users were seeking support to address general
mental health stressors, increased emotionality and vulnerability,
grief, or acutelife stressors. In terms of transition-related stress,
users identified immigration-related stress, missing family or
their home country, coping with the COV1D-19 pandemic, and
loneliness as reasons for needing support. Family stressors
included marital and relationship conflicts, concerns about
supporting children’s mental health, and concerns about one’'s
family. Finally, a minority of users reported seeking services
asaform of persona improvement and self-growth.

Use of L ocal Resources

In discussing participants' decision to seek online services, users
described their experiences and beliefs about seeking local,
in-person resources to meet their needs. Participants discussed
four main themes that presented as barriers to using local
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resources, which included cost, accessibility, cultural fit, and
modality fit. First, most participants reported that local mental
health services were too expensive; that mental health services
were not covered under their health insurance; or that even if
those serviceswereincluded, the co-pays and deductibleswould
be comparableto Sanarai’s service pricing and, thus, considered
cost a significant barrier to seeking mental health services in
their local communities.

Accessibility was another prominent issue reported by
participants, which included barriers with transportation to
in-person services, difficulty navigating the US health care
system, lack of available providers, and long wait times to
receive services. A third barrier to using local resources was
related to the cultural fit of services, with users reporting that
despite looking for help, they were unable to find
Spanish-speaking language providers or culturally competent
care. Finaly, users reported issues with a lack of modality fit,
meaning that when they sought servicesfor mental health, they
were referred to psychiatry, which focused too much on
medication prescription when they preferred talk therapy, or
that even when providers advertised having available in-person
appointments, they would only accept patients for video-based
appointments.
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Value of Sanarai or Virtual Mental Health Support

Participants reported that Sanarai and online mental health
support service value was driven by its ability to overcome
barriers related to accessing local services. Specifically, many
users endorsed the ability to receive Spanish-language services
and culturaly congruent care from a trustworthy and
professional source asamain driver for seeking online services
via Sanarai. Accessibility was another important consideration
for users, as they stated they liked the ease of scheduling
sessions, flexibility in scheduling, ease of making payments,
and choice about selecting or switching their provider.

Cost was also cited as a reason for choosing Sanarai versus
other resources. Although to a lesser extent than the previous
themes, some users reported that Sanarai’s services were
affordable and that receiving a free initial consult motivated
them to engage in services. For example, some users noted
issues related to affordability and health insurance. Findly, a
minority of users endorsed a variety of other topics, including
finding the website attractive and professional, having reliable
technology to conduct sessions, and appreciating the privacy
and confidentiality of Sanarai’s services, specifically thisservice
not being connected to a user’s medical record.

Experience With Sanarai Providers

Users reported choosing their specific provider because their
online profile fit the patient’s needs. For example, some users
identified a provider who met their demographic or identity
preferences (eg, ethnic background, gender, and religion). Others
thought the providers' years of experience and areas of expertise
or focus were a good fit to address their concerns. Users aso
reported feeling comfortable communicating with their providers
duetotheir level of professionalism, empathy, hel pfulness, and
understanding expressed throughout sessions. However, a
minority of usersreported having mixed reactions toward their
provider and reported feeling as if their provider was not as
attentive or providing the right type of support. These users
acknowledged that when they were not feeling comfortable with
their provider, they knew they were able to switch providers,
yet some chose to terminate services instead.

Discussion

Principal Findings

This study evaluated the reach, engagement, and acceptability
of atelehealth Spanish-language psychosocial and emotional
wellness service offered by a digital health company, Sanarai.
The service delivery model focused on connecting users to
Spani sh-speaking licensed mental health providersfrom Mexico
and Argentina to receive subclinical mental health supportive
services via telehealth. The results of this mixed methods
evaluation suggest that Sanarai services are accessible and
acceptable as evidenced by the reach of the services to over
6000 users across the United States, an average duration of 9
sessions attended per user, and some preliminary indication of
high satisfaction rates. Factors that may contribute to Sanarai’s
model acceptability include providing prompt (next-day session
availability), relatively affordable rates compared to market
rates in the United States (US $49-$59 for individual and
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couples sessions), offering culturally and linguistically
congruent mental health servicesfor Latino/x adults, and having
an accessible and easy-to-use technology platform.

A central goa of the Sanarai model of mental health support
was to increase the availability of language-concordant mental
health providers for Spanish-speaking adults. The geographic
reach of Sanarai’s services is representative of the widespread
need for professional mental health care servicesin the United
States. According to the Health Resources and Services
Administration, there is a significant shortage of mental health
professionals at the national level, as only 26.4% of the mental
health professional workforce needs were met as of March 31,
2025[37]. According to thereport, inthetop 5 US stateswhere
Sanarai had the highest user enrollment, the percent of needs
met were 15.6% (New York), 22.4% (California), 23.7%
(Florida), 31.3% (Texas), and 52.7% (New Jersey) [37],
indicating an ongoing significant need for additional mental
health professionals. Further, between 2014 and 2019, there
was a 17.8% decrease in facilities that offered mental health
treatment in Spanish despite a 4.5% growth in the Latino/x
population during the same time period [38]. The importance
of having access to Spanish-speaking health care providers
cannot be overstated, as current estimates suggest only 5% to
6% of providersidentify as Latino/x and were able to provide
Spanish-language services [7,8], and many Latino/x people
preferred to receive health care servicesin Spanish, particularly
when discussing emotional concerns [6,39,40].

In terms of availability, Sanarai users waited on average 2.87
days to meet with their provider. The availability of Sanarai’s
providers is drasticaly different from the availability of
psychologistsin the United States. According to a2023 national
survey by the American Psychological Association, more than
half of psychologists (56%) reported having no openings for
new patients or having awaitlist of 3 months or more[41]. The
risk of long wait times to receive services may result in a
patient’s worsening mental health [42] and greater health care
expenditures, or patients may lose interest in engaging in
services despite having an ongoing need. In this study, we did
not find a significant association between appointment waiting
time and total engagement with services. Sanarai usersin this
study attended an average of 9 sessions. Comparatively, other
studies have shown that Latino/x individuals attend an average
of 5 sessions for remote telephone-based services [43] and 8
sessions for in-person mental health care [15]. Finally, women
typically endorse more positive health-seeking attitudes for
mental health issues than men [44], are more likely to report
needing and accessing mental health services[45], and are more
likely to engage with digital mental health interventions [24];
however, in this study, we did not find any statistically
significant differences in session engagement or duration of
treatment by gender, suggesting that both men and women
accessed and engaged with Sanarai at similar rates. Examining
additional demographic variables, such as age and educational
background, can further help explain patterns in service use
among diverse segments of the population.

The qualitative data provides a rich description of the various
reasons why Sanarai users engaged with the services and helps
contextualize the quantitative findings. Contrary to the
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guantitative datain which there was amore balanced breakdown
of gender (60% women participants and 40% men participants),
the respondents of the qualitative surveys were predominantly
women (70%); thus, these results should be interpreted with
caution due to the potential risk of bias and limited
generalization. The respondents’ reasons for seeking services
were varied in intensity and ranged from managing symptoms
related to mental health concerns to addressing situational
stressors and self-growth. Severity of symptoms has been
associated with greater engagement with digital mental health
interventions [9,24] and may partly explain the engagement
rates observed in this study. Users noted awide range of barriers
to accessing in-person mental health services within their
communities. Many of the issues raised were also well
documented in the extant literature, including barriers due to
language fluency, cultural differences between patient and
provider, lack of accessto low-cost mental health services, and
perceived lower quality of mental health care[5,45,46]. For the
participants in this study, these barriers may have been the
precursor to engagement and acceptability of digital mental
health services.

Acceptability of digital mental health services in general, and
Sanarai’s services specifically, can be understood within the
multifaceted framework of health careintervention acceptability
[26,27]. Specifically, users endorsed ease of access, scheduling,
technology navigation, and availability of providers (eg, low
burden of engagement) as a significant facilitator to engaging
with Sanarai. Similarly, the users perceived the services to be
affordable and a good fit given their cultural values, goals, and
language preference, and perceived the providers as trustworthy
and helpful (ie, concurrent acceptability), which are all
facilitators associated with increasing acceptability, engagement,
and effectiveness of digital mental health interventions
[24,26,27,39,40]. These findings provided evidence for the
value of leveraging menta health providers from the
Spani sh-speaking countries to deliver mental health supportive
services to Spanish-speaking adults in the United States. In
addition, it isunclear how the acceptability of the servicewould
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impact clinical outcomes; thus, future research may include an
outcomes-based evaluation or arandomized clinical trial design.

Thisstudy had severa limitations. First, the datawere primarily
descriptive, based on usersfrom one private telehealth company,
and did not have a comparison group. These limitations limit
generalizability, as it was possible that the sample included in
this research was not representative of the broader
Spanish-speaking populations. Also, due to the limited
availability of demographic data collected via the appointment
data, we were unable to examine the representativeness of the
sample and how known factors such as income or health
insurance status impacted users' participation with Sanarai
services. Similarly, at the time of this evaluation, Sanarai was
beginning to collect clinical effectiveness data; thus, we were
not able to assess the clinical impact of these online services
on users’ mental health outcomes and how these outcomes are
related to engagement and acceptability. This limitation
remained an area of priority for future work. Regarding
acceptability, though the user satisfaction survey was shared
regularly with all users active in the service—Iless than 25% of
thetotal sample participated in this survey—potentially limiting
the generalizability of these findings to the entire sample and
inflating positive findings as a result of self-selection bias. In
addition, the results focused on acceptability were based on the
qualitative data analysis, which included an overrepresentation
of women relative to men and thus did not generalize. Similarly,
the user interviews were conducted by company staff, and
despite using a standardized protocol, it was possible that users
responded with bias. Areas for future directions included
collecting clinical outcomes data; increasing the collection of
demographic data to facilitate greater exploration of reach,
engagement, and acceptability patterns, increasing
representativeness of samples; and increasing response ratesto
satisfaction surveys.

Conclusions

Overall, Sanarai’s model appears to be meeting a need for
mental health services for Spanish-speaking Latino/x
communities by delivering accessible, prompt, and linguistically
and culturally congruent mental health supportive services.
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Abstract

Background: Enhancing care coordination and sharing information in cancer care improves patient experiences by promoting
clarity and satisfaction.

Objective: Thisstudy aimsto assess the impact of cross-sectoral video consultation on patient perceptions of care coordination
and satisfaction with received information compared to usual care.

Methods: This study presents secondary outcomes on patient perceptions of care coordination and satisfaction with received
information from a 7-month follow-up of the Partnership Project. In this randomized controlled tria, patients with cancer were
allocated to either an intervention group receiving cross-sectoral video consultation (oncologist, general practitioner, and patient)
or a control group receiving usual care. Patients' perceptions of care coordination and information quality were assessed using
the Australian Cancer Care Coordination Questionnaire (CCCQ) and the European Organisation for Research and Treatment of
Cancer Quality of Life Information Questionnaire 25 at baseline and 7 months. Changes over time between groupswere analyzed
using generalized estimating eguations.

Results: Of the 278 participants randomized (1:1), only 80 (28.8%) patients received the intervention due to technical and
administrative issues. A total of 210 (75.5%) patients completed the baseline questionnaire, while 118 (42.4%) responded at 7
months. No significant differences were observed in the changes over time between the intervention and control groups in any
outcome. The estimated differences in the change in score from baseline to 7 months were as follows: for the total CCCQ score,
1.11 (95% Cl —2.32t0 4.53; P=.53); for the overall European Organisation for Research and Treatment of Cancer Quality of Life
Information Questionnaire 25 score, 1.49 (95% Cl —2.98 to 5.96; P=.51); for the CCCQ communication subscale, —1.49 (95%
Cl —-1.33 to 4.31; P=.30); and for the navigation subscale, —0.03 (95% Cl —1.52 to 1.46; P=.97).

Conclusions: Our findingsindicate no statistically significant improvement in patients' reported care coordination or satisfaction
with received information over 7 months. Technical issueswith the video setup reduced fidelity rates and follow-up participation.
Further research is needed to optimize the structure and content of cross-sectoral video consultations to better support patients
perceived outcomes.

Trial Registration: ClinicalTrials.gov NCT02716168; https://clinicaltrials.gov/study/NCT02716168

(IMIR Form Res 2025;9:e€76910) doi:10.2196/76910
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Introduction Methods
The cancer care system is complex, involving numerous Study Design

transitions between primary and specialist care, often
characterized by inadequate communication among health care
providers [1]. Recent literature has noted that the fregquent
interactions and involvement of multiple care providersin cancer
treatment contribute to its complexity, making it particularly
suitable for telehealth-based coordination approaches[2]. This
complexity underscoresthe necessity of coordination for patients
who are currently receiving or who have received cancer
treatment, ensuring that the health care system delivers
high-quality cancer care and improves patient experiences [3].
Effective collaboration between different sectorsis crucial for
maintaining continuity of services, avoiding unnecessary
overlap, and ensuring that care remains focused on the needs
of patients[4].

Several studies, both randomized and nonrandomized, have
been conducted to improve care coordination and continuity of
care for patients with cancer [4-8]. Despite progress in cancer
care research, the findings remain controversia [4,6]. For
example, a systematic review found that most studies reported
no significant changesfor patients (eg, quality of life); providers,
including general practitioners (GPs) satisfaction with their
role in patient care; or system outcomes (eg, frequency of GP
visits). This review was unable to draw specific conclusions
about the most effective models or interventions for improving
cancer care coordination [6]. In contrast, a previous
meta-analysis indicated that implementing cancer care
coordination strategies led to improvements in most measured
outcomes, such as overall patient experiences and quality of
end-of-life care [4]. We believe this observed controversy
highlights the challenges of developing effective interventions
for the complex cancer care system, such as the mode of
communication in care coordination and the degree of
integration across sectors, which have not been addressed in
previous studies [4].

None of the studies included in the previously mentioned
systematic review [6] and meta-analyses [4] used a virtual
intervention method to facilitate coordination. This gap is
notable, particularly given the growing integration of digital
health technologies into cancer care, including remote
monitoring, patient portals, and electronic patient-reported
outcomes, which have expanded significantly in recent years
[9]. Among these, video consultation offers the potentia to
enable real-time, cross-sectoral dialogues [5]. Therefore, this
study aimed to assesswhether cross-sectoral video consultation
canimprove patient-perceived care coordination and information
satisfaction over a 7-month period compared with usua care.
We hypothesize that this approach will enhance these outcomes
by facilitating timely, transparent, and inclusive communication
across hedlth care sectors, offering a potentially innovative
solution to improve cancer care coordination.

https://formative.jmir.org/2025/1/€76910

This study was a randomized controlled trial (RCT) titled the
Partnership Project [ 10]. The protocol, details of this study, and
findingson primary outcomes (eg, single-item global assessment
of intersectoral cooperation) have been published previously
[5,10,11]. This study presents secondary outcomes on patient
perceptions of care coordination using the Australian Cancer
Care Coordination Questionnaire (CCCQ) [12] and satisfaction
with received information using the European Organisation for
Research and Treatment of Cancer Quality of Life Information
Questionnaire 25 (EORTC QL Q-INFO25) [13] from a7-month
follow-up survey in a shared video-based consultation.

Participants and Setting

Patients diagnosed with any type of cancer and starting their
first chemotherapy treatment at the Department of Oncology,
Lillebadt Hospital, University Hospital of Southern Denmark,
were considered newly diagnosed and invited to participate in
this study. The eligibility criteria included (1) being aged >18
years, (2) being proficient in speaking and reading Danish, and
(3) having an oncologist’s estimate of asurvival time exceeding
7 months.

This trial was concluded upon reaching the predetermined
sample size for patient inclusion.

Sample Size

The sample size was based on estimates from a previous Danish
RCT aiming to improve GP involvement in cancer follow-up.
To detect a clinically meaningful difference with 90% power
and a 5% significance level, 194 participants were required.
Considering an anticipated dropout rate of 30%, the recruitment
goal was set at 278 patients. Detailed information on sample
size has been published previoudly [5,11].

Intervention and Usual Care

Patients in the intervention group received a shared video
consultation involving their GP, an oncologist, and themselves,
in addition to usual care. These consultations were scheduled
within 12 weeks of inclusion and could be held at either the
GP's or oncologist’s office based on patient preference. The
oncologist typically chaired the session, supported by an
oncology nurse, and both clinicians received a consultation
guide beforehand.

The control group received usual care, which consisted of
standard communication between the department of oncology
and primary care, including electronic summary letters sent to
the GP after each oncology visit, optional phone contact, and
patient access to their GP.

A detailed description of the intervention and control groups,
consultation structure, and implementation logistics has been
published previously [5].

Randomization and Blinding

Patients were assigned in a 1:1 ratio through block
randomization, with block sizes and sequences managed by
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REDCap (Research Electronic Data Capture; Vanderbilt
University) [14] data manager. A project nurse conducted the
randomization and patient enrollment following informed
consent. Allocation was transparent to patients, GPs, and
oncologists, but blinding was maintained during baseline data
collection. Data analysts remained blinded throughout. GPs of
control group patients were not formally informed until they
received the survey. Detailed information can be found in our
previous publication [5].

Outcomes and I nstruments

Patients were asked to complete questionnaires at baseline and
at 4 and 7 months. Upon arrival at the department of oncology,
they received information about the study, their perceived role,
and the possibility of leaving the study aswell asaconsent form
and a paper-based baseline questionnaire, which was collected
by an outpatient nurse after enrollment. Follow-up
guestionnaireswere distributed electronically viaREDCap [14].
Anoverview of the secondary outcomesin thisstudy is provided
in Multimedia Appendix 1. The outcomes included items and
subscales from CCCQ [12] (22 items) and EORTC
QLQ-INFO25 [13] (25 items).

For this study, the CCCQ wastrand ated from English to Danish
following the guidelines for cross-cultural adaptation of
self-report measures proposed by Beaton et a [15]. The
tranglation procedures were documented in separate reports
using the template developed by the American Academy of
Orthopaedic Surgeons and recommended by Beaton et al [15].

The CCCQ evaluates patients perceptions of cancer care
coordination over arecall period of 3 months[12]. The CCCQ
consists of 22 items: 2 global items, including global rating of
coordination of care (item 21) and global rating of the quality
of thereceived care (item 22) and 20 itemsthat form 2 subscales,
including the communication subscale (1-13; ranging from 13
to 65) and navigation subscale (items 14-20; ranging from 7 to
35). Responses are provided on 5-point Likert scales, ranging
from “never” (1) to “aways’ (5), except for the global items,
which usea10-point Likert scale, ranging from “very poor” (1)
to “very good” (10).

EORTC QLQ-INFO25, consisting of 25 items, assesses various
aspects of patient satisfaction with the information provided
during cancer treatment. Although no specific recall period was
defined, patients were asked to consider their current cancer
trgjectory. The questionnaire includes atotal score, 4 subscales
covering information about the disease (items 1-4), medical
tests (items5-7), treatment (items 8-13) and other services (items
14-17) as well as 8 single items (items 18-25) addressing
information about different care locations, self-help resources,
written material, audiovisual formats, satisfaction with the
information received, the need for more or less information,
and the overall helpfulness of the information. In total, 4
additional yes-or-no questions explored theformats and quantity
of information received by participants. Specifically, they asked
whether participants had received written materials or
audiovisual content (eg, CD, tape, or video), whether they
wished to receive information (with an open-ended follow-up
on preferred topics), and whether they felt they had received
too much information (also with an option to specify topics).

https://formative.jmir.org/2025/1/€76910
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Responses to the core items were given on a 4-point Likert
scale, ranging from “not at al” (1) to “very much” (4). All
scores were linearly transformed to a scale ranging from O to
100 according to the scoring manual [13]. For the 4 items
(written information, item 20; information on CD tape/video,
item 21; wish to receive more information, item 23; and wish
to receive less information, item 24) that have dichotomous
response options (yes=1 or no=0), scoresweretreated as binary
indicators.

Subscale score calculations were performed as follows:

+ For CCCQ, subscale scores were also calculated as the
mean of the items within each subscale. For
Communication, up to 7 items could be missing, and for
Navigation, up to 3 items could be missing. Scores of
missing items were imputed using the mean of the
nonmissing items within the respective subscale.

+ For the EORTC QLQ-INFO25, subscale scores were
calculated as the mean of the items within each subscale.
For information about the disease, up to 2 single-item scores
could bemissing for the subscale scoreto remain valid. For
information about medical tests, up to 1 item score could
be missing; for information about treatments, up to 3 item
scores could be missing; for information about other
services, up to 2 item scores could be missing; for
information about things you can do to help yourself, up to
13 scores could be missing. The remaining items were
singleitems.

Thedirection of the answer scalevaried by item. For the CCCQ
Navigation subscale, a low score indicated a positive attitude
toward the question, whereas for all other CCCQ subscalesand
single items, a high score indicated a positive attitude. For
analysis purposes, al scoreswere aligned so that higher values
indicated a positive attitude toward the questions. Specifically,
item scores for items 14 to 20 were reversed coded to ensure
consistent interpretation, such that an origina score of 5 was
recoded to 1, 4 to 2, 3 remained unchanged, 2to 4, and 1 to 5.

Outcomes were measured at baseline and at 4 and 7 months
after baseline. Coding was performed separately for each time
point.

Other Parameters

Demographic datafor patients, including age, gender, education,
marital status, having children, employment status,
comorbidities, and cancer diagnosis or type, were collected via
aquestionnaire completed by patients at baseline.

Statistical Analysis

A deviation from the initial analysis strategy was due to
substantial missing data across all outcome variables at the
7-month follow-up (refer to the sample size reported for each
outcome variable in the Results section). Detailed information
ontheoriginal statistical analyses can befound in the published
protocol [10] and our previous publication [5]. The revised
statistical analysisis described subsequently.

For each secondary outcome, we compared the change from
baseline to 7 months between the 2 groups using a linear
regression model, following an intention-to-treat principle. The
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model, applied to measurements at both baseline and 7 months,
used generalized estimating equations to account for
within-patient clusters, with robust variance estimation. The
group difference was modeled as a time-by-group interaction.
No additional covariates were included in this analysis. We
assumed that missing datawere missing completely at random,
meaning that the probability of missingness was unrelated to
unmeasured factors after accounting for treatment group and
baseline outcome. The generalized estimating equation approach
ensured robustnessin the presence of missing data. In addition,
we calculated theindividual changesfrom baselineto follow-up,
restricted to compl ete cases, and presented Cohen d as an effect
size measure and P values based on a 2-sample 2-tailed t test
(Multimedia Appendix 2).

Data analyses were performed using Stata (version 18;
StataCorp) [16], with a significance level set at 5% (P<.05).

Ethical Consider ations

Statement Regarding Human Participant Research
Ethics Review

Ethics approval was obtained from the Regional Ethics
Committee on Biomedical Research in  Denmark
(S-20142000-138) and the Danish Data Protection Agency
(2014-41-3534).

Informed Consent

Informed consent was obtained from patients at the Department
of Oncology, Vejle Hospital, Denmark. Consent covered
participation in the RCT, video recordings, and patient-reported
assessments. Consent formswere securely stored at the Clinical
Research Unit, Vejle Hospital. As the unit of randomization
was the patient, consent from GPs was not legally required.
However, oral consent was obtained from GPs whose patients

https://formative.jmir.org/2025/1/€76910

Baygi et a

wereallocated to the intervention group, and written information
about the study was distributed to all GPs in the Region of
Southern Denmark before recruitment. GPs who declined
participation were excluded from this study.

Privacy and Confidentiality Protection

All video consultations were conducted using the Region of
Southern Denmark’s secure videoconferencing infrastructure,
which ensured encrypted communication and excluded any
involvement of third-party data processing. The intervention
guide provided to oncologists and GPs included instructions
for managing potentially sensitive patient disclosure with care
and professionalism.

Compensation

Patients and oncol ogists did not receive financial compensation.
GPs were reimbursed through the region’s standard payment
system for participating in video consultations and completing
guestionnaires, in linewith cross-sector cooperation agreements.

Further details on the ethical framework and implementation
are available in our previous publication [5].

Results

Recruitment and Basdine Data

Patients were enrolled in this study between June 2016 and
November 2019. A total of 278 patientswere randomly assigned
to the intervention (n=139, 50%) and control (N=139, 50%)
groups. However, due to GP-related issues (n=22, 15.8%),
administrative (n=8, 5.8%) and technical issues (n=15, 10.8%),
and clinical (n=3, 2.2%) or patient-related issues (n=8, 5.8%),
only 80 (57.6%) patients received the intervention as intended.
Figure 1 shows the participation flowchart.
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Figure 1. Flowchart of participant enrollment and allocation in a randomized controlled trial on cross-sectoral video consultation in cancer care in
Denmark (between June 2016 and November 2019).
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Table 1 presents the baseline characteristics of patientsin the  comorbidities were more prevalent in the control group (n=81,

intervention and control groups. Patients in both groups 58.3%) compared to the intervention group (n=65, 46.8%).
exhibited similar baseline characteristics;  however,
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Table 1. Baseline characteristics of patientsin the intervention and control groups.
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Characteristic All (n=278) Control group (n=139)  Intervention group
(n=139)

Age (y), mean (SD) 65.2 (10.6) 63.8 (11.0) 66.6 (10.0)
Sex, n (%)

Male 155 (55.8) 77 (55.4) 78 (56.1)

Female 123 (44.2) 62 (44.6) 61 (43.9)
Education, n (%)

Primary and upper secondary school 176 (63.3) 85 (61.2) 88 (63.3)

Further education (3-4 y) 76 (27.3) 41 (29.5) 35(25.2)

Higher education (=5y) 16 (5.8) 7 (5.0) 9(6.5)
Marital status, n (%)

Single or information missing® 81(29.) 48 (34.5) 33(23.7)

Married or residing with a companion 197 (70.9) 91 (65.5) 106 (76.3)
Children living at home, n (%)

No children at home or information missing? 244 (87.8) 120 (86.3) 124.(89.2)

Children at home 34(12.2) 19 (13.7) 15 (10.8)
Work status, n (%)

Employed 89 (32) 46 (33.1) 43(30.9)

Public benefits 15(5.4) 9(6.5) 6 (4.3

Retired or information missing® 174 (62.6) 84 (60.4) 90 (64.7)
Comor bidity, n (%)

No 132 (47.5) 58 (41.7) 74 (53.2)

Yes 146 (52.5) 81(58.3) 65 (46.8)
Diagnosisor cancer type, n (%)

Breast 33(11.9) 17 (12.2) 16 (11.5)

Gynecologic 13(4.7) 4(2.9) 9(6.5)

Lung 106 (38.1) 53(38.1) 53(38.1)

Gastrointestinal 110 (39.6) 56 (40.3) 54 (38.8)

Other 16 (5.8) 9(6.5) 7(5

Incident cancer (yes or information missing®) 255 (9L.7) 126 (90.6) 129 (92.8)

#There were fewer than 3 patients with missing information on marital status, the number of children at home, or work status and 6 patients with missing
information on cancer incidents. These patients were grouped with the indicated categories.

Multimedia Appendix 3 provides an overview of the missing
data regarding patient care cooperation (CCCQ subscales) and
information outcomes (EORTC QL Q-INFO25) at varioustime
points for both the control and intervention groups. While the
number and proportion of missing data vary across each
variable, a consistent pattern was observed across al variables,
where missing data were minimal at baseline but increased
substantialy at the 4- and 7-month follow-ups.

https://formative.jmir.org/2025/1/€76910
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Outcomes and Estimations

Table 2 presents patients’ perceptions of care coordination and
satisfaction with the information received between the primary
sector and the department of oncology. No statistically
significant differences were observed in the changes over time
between the intervention and control groupsin any outcome.
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Table 2. Patients’ perceptions of care coordination and satisfaction with the information received across the primary sector and the department of

oncology in arandomized controlled trial in Denmark (between June 2016 and November 2019).2

Baygi et a

Outcomes and group Baseline 7mo Estimated change Group-time interaction P value
(95% CI) (95% ClI)
n Mean (SD) n Mean (SD)
Australian Cancer Care Coordination Questionnaire : subscores and singleitems
Global rating of coordination of care
Control 134 837 (155 59 859 (155 0.14(-0.23t0051) _b —
Intervention 136 852(1.40) 67 8.73(1.67) 0.13(-0.29t00.54) -0.01(-057t00.54) .96
Global rating of the quality of received care
Control 136 874(1.24) 59 9.08(1.19) 0.21(-0.06t00.48 — —
Intervention 135 8.86(1.15) 67 891(1.54) -0.02(-0.38t00.35 -0.22(-0.68t00.23) .33
Communications
Control 135 46.79 (8.48) 59 47.80(8.40) 0.16(-2.11t01.80) — —
Intervention 134 48.13(8.97) 68 50.06 (8.46) -1.34(0.70t03.37) -1.49(-1.33t04.31) .30
Navigation
Control 135 30.30(3.80) 59 30.36 (4.78) —0.43(-1.49t00.62) — —
Intervention 135 30.79(3.83) 67 30.63(4.94) -047(-152t0059) -0.03(-1.52t01.46) .97
Total
Control 135 77.08 59 78.16 -0.84(-327t01.59) — —
(10.79) (11.33)
Intervention 133 60.42 (8.08) 67 58.60(8.50) 0.26(-2.15t02.67) 1.11(-2.32t04.53) .53
European Organisation for Research and Treatment Quality of Life Information Questionnaire 25 : subscores and singleitems
I nformation about the disease
Control 135 59.75 59 65.77 4,09 (-1.82t010.000 — —
(22.04) (22.37)
Intervention 134 58.89 68 67.03 5.96 (0.47t011.44) 1.87(-6.19t09.93) .65
(20.83) (24.75)
Information about medical tests
Control 135 76.09 60 77.22 -1.38(-7.09t04.32) — —
(22.31) (23.89)
Intervention 133 81.29 68 80.23 —2.23(-749t03.02) -085(-861t0691) .83
(18.62) (23.34)
I nformation about treatment
Control 134 65.17 60 65.54 —2.62(-7.77t0252) — —
(21.44) (21.20)
Intervention 133 67.54 68 69.22 0.39(-5.34106.13) 3.02(4.69t010.72) .44
(20.22) (24.45)
I nformation about other services
Control 132 40.70 60 46.67 296(-2.90t08.82) — —
(26.31) (28.01)
Intervention 133 42.88 68 54.62 9.24(243t016.04) 6.27(-2.71t015.25) .17
(26.23) (30.60)
Information about different places of care
Control 129 37.21 59 44.07 175(-6.40t09.90) — —
(36.24) (33.01)
Intervention 131 36.90 67 47.76 10.49 (1.09t0 19.90) 8.74 (-3.70t0 21.19) A7
(36.81) (35.87)
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Outcomes and group Baseline 7mo Estimated change Group-time interaction P value
(95% CI) (95% CI)
n Mean (SD) n Mean (SD)
I nformation about things you can do to help your self
Control 131 55.47 59 58.76 -0.49 (-7.04t06.07) — —
(32.45) (31.16)
Intervention 128 64.58 66 59.60 —7.50(-15.23t00.22) -7.02(-17.15t03.11) .17
(29.80) (33.34)
Satisfaction with the information received
Control 136 83.33 59 80.79 -4.25(-10.25t01.75) — —
(23.31) (24.14)
Intervention 136 90.20 68 82.84 —6.81 (-11.65to —2.56 (-10.27t05.15) .52
(17.27) (22.67) -1.97)
Overall, the information has been helpful
Control 134 84.33 60 78.33 —7.57 (<13.20to — —
(21.51) (24.41) -1.93)
Intervention 135 89.38 68 84.31 -5.38(-9.85t0-0.90) 2.19(-5.01t09.38) .55
(15.59) (19.51)
Written information
Control 135 91.11 60 88.33 -3.27(-11.61t05.08) — —
(28.56) (32.37)
Intervention 134 88.81 67 80.60 -8.69(-19.53t02.15) -5.42(-19.10t08.26) .44
(31.65) (39.84)
Information on CD, tape, or video
Control 134 3.73(19.02) 57 351(1856) 0.71(-3.19t04.61) — —
Intervention 135 4.44(20.68) 65 154(1240) —-2.29(-5.11t00.52) -3.01(-7.82t01.80) .22
Wish to receive more information
Control 133 32.33 59 16.95 —15.08 (—26.39to — —
(46.95) (37.84) -3.76)
Intervention 136 24.26 64 12.50 -12.13 (-22.46 to 295(-12.37t018.27) .71
(43.03) (33.33) -1.79)
Global score
Control 122 52.30 53 51.13 -3.53(-6.34t0-0.72) — —
(12.96) (13.812)
Intervention 124 54.62 55 52.94 —2.04 (-5.52t01.44) 1.49(-2.98t0 5.96) 51
(10.63) (14.90)

#The efficacy of the intervention was evaluated in unadjusted generalized estimating equation population-averaged linear regression models following
an intention-to-treat approach, where the effectiveness was estimated as a group-time interaction term. For the control group, this within-group change
was the estimated regression coefficient for time (follow-up vs baseline), while for the intervention group, the within-group change was based on the
estimated coefficient for time and the estimated group-time interaction. The group effect was modeled as the difference between the within-group

changes over time, that is, the coefficient of the group-time interaction term.

BNot applicable

The estimated within-group changes between baseline and
7-month follow-up for the total CCCQ score were —0.84 (95%
Cl =3.27 to 1.59; P=.498) in the control group and 0.26 (95%
Cl -2.15 to 2.67; P=.83) in the intervention group. The
between-group difference was estimated as 1.11 (95% ClI —2.32
to 4.53; P=.53). The estimated within-group changes between
baseline and 7-month follow-up for the overall INFO25 score
were—3.53 (95% Cl —6.34t0—-0.72; P=.01) in the control group
and —2.04 (95% CI -5.52 to 1.44; P=.25) in the intervention
group. The between-group difference was estimated as 1.49
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(95% CI —2.98 10 5.96; P=.52). The estimated differencein the
change from baseline to 7 monthsfor the CCCQ communication
subscale was —1.49 (95% Cl —1.33 to 4.31; P=.30) and for the
navigation subscale was —0.03 (95% Cl —1.52 to 1.46; P=.97).

Discussion

Principal Findings
This study found that the addition of a cross-sectora video
consultation to usual caredid not lead to statistically significant
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improvementsin patients' perceptions of care coordination and
satisfaction with theinformation received over 7 months. There
were no significant differences in changes over time between
the control and intervention groups for any of the secondary
outcomes.

Comparison to Prior Work

Telemedicine, including video consultation and phone calls,
has emerged as a crucial tool for maintaining the continuity of
medical carefor patientswith various medical conditions during
the COVID-19 pandemic [17]. However, our study on the
innovative health care model was conducted before the
COVID-19 pandemic and theimplementation of standard video
setups. Since then, the technical aspects of video-based
communication in health care have significantly improved,
making it chalenging to compare our findings with
post—-COVID-19 pandemic studies that use these advanced
protocols.

Despite this advancement, recent research highlights that the
impact of telemedicine on patient outcomes remains nuanced
[18,19]. For instance, a meta-analysis on the efficacy of
telemedicine for outpatients found that video consultation was
feasible but did not significantly outperform face-to-face care
inoncology interms of patient satisfaction and attendance[18].
Authorsin an editorial with aconceptua perspectivelensargued
that while remote consultation may enhance access, they risk
compromising rational continuity, information richness, and
shared decision-making [19]. This underscores the importance
of context-sensitive consultation approaches, guided by clinical
judgment and patient preference rather than policy mandates
[19]. We believe that while these 2 studies focus on different
dimensions, both highlight limitations of telemedicine and
reinforce the need for thoughtful implementation.

A systematic review that analyzed 51 studies across multiple
medical disciplines, including primary care, oncology,
dermatology, and so on, reveaed that telemedicine provided
valuabl e support to traditional medicine during the COVID-19
pandemic [17]. The review highlighted a high level of patient
satisfaction with telemedicine, particularly in areas such as
convenience, continuity of care, communication, and efficiency
[17]. In contrast, our study, which focused on patients
perception of care coordination and satisfaction with the
information received, found no significant improvement in these
areas after the follow-up period. Thisdiscrepancy might be due
to the different variables and methodol ogies used in each study
aswell as several limitationsin our study, such asmany missing
values at follow-up, the lack of standard protocols for video
consultation due to the timing of the trial, and other
implementation challenges, including technical issues or
scheduling difficulties, that were comprehensively explained
in our previous publication [5].

The other study comparing the content and quality of various
modes of consultation (eg, video, telephone, and face-to-face)
found that face-to-face consultations enabled moreinformation
exchange between GPs and patients compared to video and
telephone consultations[20]. The observed difference between
our study and the af orementioned study highlightsthe potential
limitations of video consultation in achieving patient outcomes
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and emphasizes the importance of face-to-face interaction in
the health care setting. However, due to several limitations in
our study that have been discussed in our previous publication
[5], we believe that comparisons with other studies and the
generalizability of our findings should be approached with
caution. Specifically, the high rates of missing datain our study
hinder us from drawing concrete conclusions about the
intervention effect on patients’ perception of care coordination
and satisfaction with the information received. Instead, we
encourage the research community to learn from our trial’s
challenges [5] and insights to improve future studies on this
research area.

Limitations of This Study

First, a key limitation of this study concerns the use of the
CCCQ questionnaire, which was trandated from English into
Danish for this project. Although the translation followed the
established guidelinesfor cross-cultura adaptation of self-report
measures[15], the Danish version had not been validated before
this study. This may impact the reliability and cultura
appropriateness of theinstrument in the Danish context. Second,
the considerable amount of missing dataobserved at the 7-month
follow-up reduced statistical power, affecting the ability to
detect significant effects. Third, another limitation isthe likely
ceiling effect observed in both the CCCQ and EORTC
QLQ-INFO25. At baseline, scores in both groups were high,
leaving limited room for measurable improvement, potentially
masking the intervention’s impact. Implementation challenges
further limited this study. These included low completion rates
of video consultations, technical and administrative issues, and
the absence of a standardized video setup during the
trial—details previously reported [5]. In addition, the absence
of structured fidelity metrics, such as session counts, duration,
and quality, limits the interpretability of intervention delivery.
Although descriptive data on session uptake were collected,
logistical challenges and a large amount of missing data
prevented meaningful statistical analyses. Finally, the absence
of statistically significant findingslikely reflects acombination
of factors, including limited intervention uptake, variability in
participant engagement, measurement limitations (eg, the use
of trandated but unvalidated questionnaires), and inconsistent
implementation. These findings highlight the need for future
studies to use validated outcome measures and incorporate
robust implementation and fidelity-tracking strategies.

Implications and Future Directions

From the clinical and implementation perspective, the findings
suggest that when baseline care is aready perceived as high
quality, additional interventions may offer limited incremental
value. Future efforts to improve care coordination and patient
information may be more appropriately targeted toward settings
or populations where baseline performance is suboptimal, as
there may be more potential for meaningful improvement in
these contexts. In addition, future studies should incorporate
structured fidelity metrics (eg, session completion rate) to better
understand intervention delivery and identify implementation
barriers. Thiswould support more adaptation to clinical settings
and enhance scal ability within established frameworks, such as
the Consolidated Framework for | mplementation Research and
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the reach, effectiveness, adoption, implementation, and
maintenance framework, which help guide and evaluate the
adaptation, effectiveness, and sustainability of health
interventions[21-23]. Furthermore, redesigning theintervention
to address technical and administrative challenges, such as

Baygi et a

streamlining, scheduling, integrating automated reminders, and
improving digital infrastructure, could enhance feasibility and
uptake. Co-designing futureiterationswith end usersmay further
improve usability and engagement, supporting more effective
implementation and transferability to other settings.
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Abstract

Background: Health care professionals must stay updated with the latest guidelines for basic life support (BLS) and advanced
cardiac life support (ACLYS) to effectively assist patients during cardiac emergencies. Since its launch in 2018, the Ghana Heart
Initiative has significantly enhanced the skills and knowledge of health care professionals in managing cardiovascular diseases,
including cardiac emergencies.

Objective: This study aims to assess the knowledge and skills of BLS and ACL S among health care professionals immediately
after training in Ghana.

Methods: This cross-sectional, training-based study involved 541 and 302 health care professionalstrained in BLS and ACLS,
respectively. Among them, 229 BLS and 124 ACL S-trained participants completed the questionnaires immediately after the
training, and their data were included in the final analysis. Knowledge was assessed using a standardized questionnaire and an
instructor-led skills eval uation based on the updated 2018 and 2020 American Heart Association guidelinesfor cardiopulmonary
resuscitation and emergency cardiovascular care.

Results: This study shows that 74.6% (171/229) of the health care professionals had adequate knowledge and skillsin BLS.
Those working in tertiary health care facilitieswere 80% lesslikely (adjusted odds ratio [AOR] 0.20, 95% CI 0.07-0.59; P=.003)
to have adequate BL S knowledge and skills than those in primary health care facilities. Health care professionals from regions
such as Volta and Oti were 4.94 times more likely to have adequate BL S knowledge and skills compared to those from Bono
East (AOR 4.94, 95% CI 1.17-20.80; P=.03). Over 73.3% (91/124) of health care professionals had adequate knowledge and
skillsin ACLS. Males were 7.05 times more likely (AOR 7.05, 95% CI 2.69-18.46; P<.001) than females to possess adequate
ACLS knowledge and skills.
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Conclusions:
skillsinBLS and ACLS.
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Given an opportunity to learn and practice, health care professionals in Ghana attain adequate knowledge and
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Introduction

Cardiac arrest, the sudden and complete shutdown of heart
function, causes both respiratory and circulatory failure [1]. It
isacritical emergency that demandsimmediate action [1]. Most
adult cardiac arrests occur suddenly mainly dueto heart diseases
or systemic issues such as electrolyte and acid-base imbalances
[2]. Therefore, delivering chest compression is essential for
maintaining blood flow [3]. Prompt initiation of
cardiopulmonary resuscitation (CPR) is crucial because it
temporarily preserves life by ensuring that sufficient blood
reaches vital organs such asthe brain and heart [4]. Knowledge
and skillsin basic life support (BLS) and advanced cardiac life
support (ACLS) are vital for managing sudden cardiac arrest,
myocardial infarction, foreign body airway obstructions,
respiratory failure[3], and other serious cardiovascular diseases
(CVDs) [5,6].

The American Heart Association (AHA) playsacrucial rolein
emergency cardiovascular care (ECC) by regularly updating
the CPR and ECC guidelines[7,8]. These guidelines provide a
standard approach for delivering BLS and ACLS to revive
patients [7,8]. BLS, which involves a series of care given to
patients experiencing respiratory arrest, cardiac arrest, or airway
obstruction, is a fundamental part of these guidelines [9]. The
BLS course, based on AHA guidelines, teaches participants
how to quickly recognize life-threatening emergencies, perform
effective chest compressions, provide proper ventilation, and
use an automated external defibrillator [9]. Similarly, the ACLS,
also based on AHA guidelines, includes recognizing signs of
sudden cardiac arrest, myocardial infarction, and complete
airway obstruction, aswell as performing CPR and defibrillation
with an automated external defibrillator [1]. Following these
guidelines, ACL S and CPR, when administered promptly, have
been shown to improve survival rates in medical emergencies

[1].

As health care professionals play a vital role in emergency
response, they are expected to possess a strong understanding
of the basic resuscitation principles in patient care and stay
updated with the BLS and ACL Sguidelinesfor rescuing patients
who are unconscious or in cardiac arrest. However, studies
conducted in low-income countries such as South Africa[10],
Afghanistan [2], and Pakistan [11] have reported limited BLS
knowledge and skills among health care professionals.
Additionally, research in Ethiopia[1] and Spain [4] has shown
insufficient understanding of ACLS among health care
professionals (nurses and doctors) and nurses, respectively.
Unlike in high-income countries, where strict licensing or
certificationisrequired before practice, few studies[1,2,9,11,12]

https://formative.jmir.org/2025/1/€75536

have evaluated the BLS and ACLS knowledge of hedlth care
professionals in low-income countries.

In Ghana, there are no strict licensing requirements for health
care professionals to be trained in current BLS and ACLS
guidelines or to obtain a certificate before practicing. However,
through the Ghana Heart Initiative, some hedlth care
professionalsin Ghanahavereceived trainingin BLSand ACLS
based on AHA-certified guidelines, filling this critical gap in
the health system [13]. To our knowledge, no study has assessed
the knowledge and skillsin BLS and ACL S among health care
professionals in Ghana. Therefore, this study aims to evaluate
their knowledge and skillsin BLS and ACL S through training,
enabling them to manage cardiac arrest effectively in Ghana.

Methods

Study Setting and Recruitment

This study was conducted from 2019 to 2024 across 8 of
Ghana's 16 administrative regions. Theseinclude Ashanti, Bono
East, Central, Eastern, Greater Accra, Northern, Volta, and Oti.
Ghana, located in West Africa, is classified as a
lower-middle-income country. Ghanabordersthe Gulf of Guinea
and the Atlantic Ocean, sharing borders with Céte d'lvoire to
the west, Burkina Faso to the north, and Togo to the east [14].
As of 2021, Ghana had an estimated population of 33 million,
covering approximately 238,535 square kilometers. Accraserves
as the capital and functions as the country's economic and
administrative center [14]. To ensure fair representation,
proportional sampling was used to select 44 health facilities,
including primary, secondary, and tertiary levels, as well as
both public and quasi-governmental facilities. These included
6 hedlth centers, 27 secondary facilities, 5 tertiary hospitals,
and 6 community health planning and services facilities [15].
Written memos were sent to the administrators of the selected
health facilities, requesting at least 1 health professional such
as a physician assistant, nurse, house officer, medical officer,
senior medical officer, specialist, or trainee specidist to
participatein thetraining. The sessionstook placein the capital
citiesof theseregions at designated | ocationsto encourage high
attendance among health care professionals.

Study Design and Population

This study employs a cross-sectional, training-based design
involving 541 and 302 health care professionals recruited from
selected health facilities and trained in BLS and ACLS,
respectively. Among them, 229 BLS and 124 ACL S-trained
participants completed the questionnairesimmediately after the
training, and their data were included in the final analysis
(Figure 1).
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Figure 1. Flow diagram of health care professionals trained in CVDs and clinical topics. * Completed the BLS and ACL S training questionnaires and
included in the final analysis. ¥The details of CVD trainees and the data are presented in a different study. ACLS: advanced cardiac life support; BLS:

basic life support; CVD: cardiovascular disease.

Total health care workers trained in CVD and clinical-related topics
(n=6099)

1. CVD training manual-based trainees (n=2913)
2. Emergency preparedness trainees (n=824)

3. CVD mentorship trainees (n=625)

4. Hypertension trainees (n=361)

7. Cardiac arrest trainees
BLS and ACLS (n=843)

5. CVD data management trainees (n=283)
6. Deep vein thrombosis trainees (n=250)
7. Cardiac arrest trainees BLS and ACLS (n=843)

1. CVD training manual-based
trainees (n=2913)

¥CVD trainees (n=923)

BLSand ACL Straining

BLS and ACLS training took place over 1 and 3 days,
respectively, conducted by Code Red, a certified training
provider experienced in AHA. The course guide was based on
the updated 2018 [7] and 2020 [8] AHA guidelines for CPR
and ECC and was provided to participants at |east 4 weeks prior
to the training for preparation. The training packages included
lectures with PowerPoint presentations, video materials,
practical demonstrations, and hands-on exercises. The BLS
course covered, among other topics, the chain of survival, the
use of automated external defibrillators, team dynamics, CPR
for infants and children, ventilation techniques, opioid-related
emergencies, and choking. For ACLS, topics included, among
others, cardiac arrest, acute coronary syndromes, stroke,
arrhythmias, respiratory arrest, types of cardiac arrest (pulseless
electrical activity, asystole, and ventricular
tachycardia/fibrillation), and postcardiac arrest care.

Data Collection and Assessment

After the training, an assessment of knowledge was conducted
immediately through the self-administration of a standardized
guestionnaire and CPR skills drills, according to the updated
2018 [7] and 2020 [8] AHA guidelinesfor CPR and ECC. The
guestionnaire included demographics (gender, profession,

https://formative.jmir.org/2025/1/€75536
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facility type, and region) aswell as 20 multiple-choice questions
on BLS and ACLS. Ten questions were on BLS, and the other
10 questionswere on ACL S. The participantstook at least 30-45
minutes immediately after the training to complete the
guestionnaire.

Classification of Knowledge and Skill Scoresfor BLS
and ACLS

The knowledge and skill scores on BLS and ACLS were
categorizedinto 2 levels. Scores>90% are considered adequate,
while scores <90% are regarded as inadequate.

Statistical Analysis

Data were coded and entered into Microsoft Excel 2016. Data
were imported into SPSS software (version 25; IBM Corp) for
analysis. Categorical data were presented as frequencies and
percentages. When appropriate, the chi-square test or Fisher
exact test was used to determine the associations between the
BLS and ACLS knowledge and skill scores and demographic
data. A P value <.05 was considered significant, and only those
variables were included in the logistic regression analyses to
test for associations.
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Ethical Consider ations

Ethical clearance was obtained from the Ghana Health Service
Ethics Review Committee (approval 018/05/19). Informed
consent was obtained from all participants after the purpose of
the training was explained to them in English. Data from
participants who opted out at any time from the study or
incomplete datawere not included in the final analysis. Privacy
and confidentiality were ensured by completing the
guestionnaires individually, and the data were used following
their consent. Participants were compensated (money for
transportation and attendance and food such as breakfast, lunch,
snacks, and take-home supper) for their participation in the
training based on the number of days they participated. Our
study adhered to the principles of the Declaration of Helsinki.

Doku et al

Results

BLS Training

A total of 229 health care professionals received BL S training,
and immediately standardized questionnaires were administered
for the assessment of knowledge and skills. The magjority
(152/229, 66.3%) were females. Most (107/229, 46.7%) were
specialistsor trainee specialists, with 48.1% (110/229) working
in secondary health carefacilities. Additionally, 26.2% (60/229)
of the BLS training sessions were held in the Greater Accra
region. The majority (171/229, 74.6%) demonstrated adequate
knowledge and skills in BLS. We identified statistically
significant associations between profession, facility, region,
and BL S knowledge and skill scores (P<.05; Table 1).

Table 1. Sociodemographic characteristics of the respondents receiving basic life support training.

Variable Total (N=229), n (%) Basic life support knowledge score P vaue
Adequate (n=171),n (%) Inadequate (n=58), n (%)
Gender 42
Female 152 (66.4) 111 (64.9) 41(70.7)
Male 77 (33.6) 60 (35.1) 17 (29.3)
Profession 032
Physician assistant/nurse 86 (37.6) 57 (33.3) 29 (50)
HO/MO/SMOP 36 (15.7) 32(187) 4(6.9)
Specialist/trainee specialist 107 (46.7) 82 (48) 25(43.1)
Facility .008°¢
Primary 64 (27.9) 57 (33.3) 7(12.2)
Secondary 110 (48) 76 (44.4) 34 (58.6)
Tertiary 55 (24) 38(22.2) 17 (29.3)
Region 032
Ashanti 29 (12.7) 22(12.9) 7(12.1)
Bono East 25(10.9) 12 (7) 13 (22.4)
Central 25(10.9) 19 (11.1) 6 (10.3)
Eastern 23 (10) 16 (9.4) 7(12.)
Greater Accra 60 (26.2) 49 (28.7) 11 (19)
Northern 32 (14) 23(13.5) 9(15.5)
Volta/Oti 35(15.3) 30(17.5) 5(8.6)

Differences were considered significant at P<.05.
PHO/MO/SMO: house officer/medical officer/senior medical officer.
CDifferences were considered significant at P<.01.

Logistic regression analysis showed that respondents working
in tertiary health care facilities were 80% less likely (adjusted
odds ratio [AOR] 0.20, 95% CI 0.07-0.59; P=.003) to have
adequate BLS knowledge and skills compared to those in
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primary health care facilities. Respondentsin the Voltaand Oti
regions were 4.94 times more likely (AOR 4.94, 95% ClI
1.17-20.80; P=.03) to possess adequate BLS knowledge and
skills compared to those in the Bono East region (Table 2).
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Table 2. Logistic regression analysis of the factors associated with respondents’ basic life support knowledge and skill scores.
Variable UOR?(95% Cl) P value AOR? (95% CI) P vaue
Profession
Physician assistant/nurse 1.67 (0.89-3.14) 11 1.45 (0.70-2.96) 32
House officer/medical officer/senior medical officer  0.41 (0.13-1.27) a2 0.47 (0.14-1.58) 22
Specialist/trainee specialist Ref® Ref Ref Ref
Facility
Primary Ref Ref Ref Ref
Secondary 1.00 (0.50-2.02) >.99 0.97 (0.44-2.12) 94
Tertiary 0.26 (0.10-0.71) .009 0.20 (0.07-0.59) 003¢
Region
Ashanti 1.91 (0.54-6.82) 32 1.16 (0.30-4.49) .83
Bono East Ref Ref Ref Ref
Central 1.90 (0.51-7.08) 34 1.48 (0.37-5.97) .58
Eastern 2.63(0.72-9.61) 15 1.29 (0.30-5.50) 73
Greater Accra 1.35(0.43-4.26) .61 0.95 (0.27-3.36) .93
Northern 2.35 (0.69-7.96) 17 1.48 (0.38-5.82) 58
Volta/Oti 6.50 (1.90-22.23) .003 4.94 (1.17-20.80) 03¢

3JOR: unadjusted odds ratio.
BAOR: adjusted odds ratio.
CRef: reference category.

dsj gnificant at P<.01.
Significant at P<.05.

ACLSTraining

In total, 124 health care professionals received ACL S training,
and standardized questionnaires were administered for the
assessment of knowledge and skills. Most (73/124, 58.8%) were
males. The majority (89/124, 71.7%) were doctors (house
officer/medical officer/senior medical officer). More than half

https://formative.jmir.org/2025/1/€75536
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(64/124, 51.6%) worked in tertiary health care facilities. Most
(55/124, 44.3%) of the ACL Strainingstook placein the Greater
Accraregion. The majority (91/124, 73.4%) showed adequate
knowledge and skills in ACLS. Statistically significant
differencesin ACL Sknowledge and skills scoreswere observed
based on gender, profession, and facility (P<.05; see Table 3).
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Table 3. Sociodemographic characteristics of the respondents receiving advanced cardiac life support training.
Variable Total (n=124), n (%) Advanced cardiac life support knowledge score, n (%) P value
Adequate (n=91) Inadequate (n=33)

Gender <.0012
Femae 51 (41.1) 26 (28.6) 25 (75.8)
Male 73(58.9) 65 (71.4)

Profession 003°
Physician assistant/nurse 4(3.2) 0(0)
House officer/medical officer/senior 89 (71.8) 68 (74.7) 21 (63.6)
medical officer
Specialist/trainee specialist 31(25) 23(25.3)

Facility 045°
Primary 20 (16.1) 12 (13.2)
Secondary 40 (32.3) 26 (28.6) 40 (32.3)
Tertiary 64 (51.6) 53 (58.2) 64 (51.6)

Region 34
Ashanti 12(9.7) 10 (11)
Bono East 11(8.9) 8(8.8)
Central 11(8.9) 5(5.5)
Eastern 11(8.9) 9(9.9
Greater Accra 55 (44.4) 39 (42.9) 16 (48.5)
Northern 12 (9.7) 10 (11)
Volta/Oti 12(9.7) 10 (11)

Djfferences were considered significant at P<.001.
bpifferences were considered significant at P<.01.
CDifferences were considered significant at P<.05.

Compared to their femal e counterparts, males were 7.05 times
more likely (AOR 7.05, 95% Cl 2.69-18.46; P<.001) to have

adequate knowledge and skillsin ACLS (see Table 4).
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Table4. Logistic regression analysis of the factors associated with respondents’ advanced cardiac life support knowledge and skill scores.

Variable UOR?(95% Cl) P value AOR? (95% CI) P vaue
Gender
Female Ref® Ref Ref Ref
Male 7.81(3.12-19.54) <.001 7.05 (2.69-18.46) <0019
Profession
Physician assistant/nurse _e — — —
House officer/medical officer/senior medical officer  0.89 (0.35-2.28) .80 0.66 (0.22-1.98) 46
Specialist/trainee specialist Ref Ref Ref Ref
Facility
Primary 3.21 (1.06-9.70) 04 2.96 (0.79-11.13) 11
Secondary 2.59 (1.04-6.50) 04 2.25 (0.80-6.30) 12
Tertiary Ref Ref Ref Ref

BUOR: unadjusted odds ratio.
PAOR: adjusted odds ratio.
CRef: reference category.

dgj gnificant at P<.001.

eNot applicable.

Discussion

Principal Findings

This study aims to evaluate the knowledge and skills of health
care professionals immediately after training in Ghana on
managing cardiac arrest through BLS and ACLS. We found
that 75% of the health care professionals had adequate
knowledge and skills in BLS, which was notably higher than
that reported in other studies [2,9,11,12]. In similar training
contexts, these percentages were 12% in Nepal [9] and 54% in
Yemen [12]. Our results differ from studies in Afghanistan [2]
and Pekistan [11], where 5% and 42% of respondents,
respectively, had adequate BLS knowledge. The differences
acrossthese studies could be attributed to variationsin research
methods, the cutoff points used for determining knowledge
levels, the effectiveness of the training programs, and whether
assessments were conducted immediately after training.
Additionally, prior BLS training may account for these
variations, as Chaudhary et al [9] reported a strong correlation
between knowledge scores and previous training.

This study reveals significant associations between BLS
knowledge and skill scores and profession, facility, and region;
however, no research has shown an association between the
knowledge and skill scores of professions and facility type or
region for comparison. We found that health care professionals
working in tertiary health carefacilitieswerelesslikely to have
adequate knowledge and skills about BL S than those working
in primary health care facilities. The reason could be that
primary health care facilities in Ghana often provide basic
emergency careas part of their primary servicesto communities,
therefore, they receive more focused and frequent training on
BL Stechniquesaspart of their routine responsibilities compared
to tertiary health carefacilities, which prioritize specialized care

https://formative.jmir.org/2025/1/€75536

for severe medical conditions, resulting in less emphasis on
BLS training. The disparity in the findings could aso be
attributed to the assumption of prior knowledge and skillsfrom
practicing in atertiary health facility.

Our study showsthat health care professionalsin facilitieswithin
the Volta and Oti regions possessed more adequate knowledge
and skillsin BLS compared to those in the Bono East region.
Thismay be dueto differencesin thefrequency of BLStraining
programs conducted in these areas. Facilities in the Volta and
Oti regions might have more regular BL Straining sessionsthan
those in Bono East. Additionally, regions with better access to
resources may facilitate more effective training for health care
professionals, resulting in higher retention of BL S knowledge
and skills; however, there is no evidence in the literature to
support this justification.

Regarding ACLS, this study showsthat 73% of the participants
possessed adequate knowledge and skills, which contrasts with
that reported in studies conducted in Ethiopia[1] and Spain[4].
Those studies showed that the majority, at 40% and 28%,
respectively, had adequate knowledge of ACLS [1,4]. The
difference may relateto variationsin study methodol ogies, how
knowledge was classified, and the previous training received
on ACLS; none of these assessments were based on
AHA-certified ACLStraining. Adal and Emishaw [1] revealed
that health care professionals who had previously received
ACLS training were 5 times more knowledgeable than those
who had not.

Wefound asignificant difference between the ACL S knowledge
and skill scores and gender. Compared with their femae
counterparts, male health care professionals were more likely
to have adequate knowledge and skillsin ACLS. This may be
because our study had more male participants than female
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counterparts. Another reason could be the differences in the
types or frequency of the clinical experiences.

Strengths and Limitations

This study’s strength is that it is the first in Ghana to evaluate
health care professionals' knowledge and skills in managing
cardiac arrest by using BLS and ACLS. It aso included
professionals from various backgrounds, facility types, and
regions, thereby providing a thorough assessment across
different parts of Ghana. In addition, our study created a
standard for BLS and ACL Straining and assessment that could
be used in Ghana and other countries to support and monitor
health care professionals' proficiency.

However, our study has some limitations. First, the evaluation
of BLS and ACLS knowledge and skills was based on
posttraining tests, which may not accurately reflect participants
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real-world performance in emergencies and could introduce
social desirability bias. Second, participantswere recruited from
only 8 regions and may not represent all the health care
professionals in Ghana, potentially leading to selection bias.
Third, there are no data on the specific deficiencies encountered.

Conclusion

Given an opportunity to learn and practice, heath care
professionalsin Ghana attain adequate knowledge and skillsin
BLS and ACLS. BLS knowledge and skill scores were
significantly associated with profession, facility, and region.
Additionally, ACLS knowledge and skill scores were found to
be associated with gender, profession, and facility. It is
recommended that BLS and ACLS training be provided
regularly to al health care professionals across all regions to
improve their ability to respond effectively to medical
emergencies.
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Abstract

Background: Early detection of individuals at ultra-high risk (UHR) for psychosis is critical for timely intervention and
improving clinical outcomes. However, current UHR assessments, which rely heavily on psychometric tools, often suffer from
low specificity. Speech-based machine learning prediction models can potentially be used to improve prognostic accuracy.
However, existing studies often used long, open-ended speech tasks, which limit scalability. The High-Risk Social Challenge
(HiSoC) is a short 45-second speech task designed to measure social functioning in individuals with UHR. If the HiSoC task is
able to capture predictive signals, it may serve as an effective and scalable speech task for future prediction models.

Objective: The study aims to explore whether linguistic and acoustic features extracted from the HiSoC task are associated
with UHR outcomes and if they are predictive of different UHR outcomes.

Methods: Audio recordings of HiSoC task responses were collected from 41 participantswith UHR enrolled in the Longitudinal
Youth at Risk Study. A total of 12 individuals converted to psychosis, 15 remitted from UHR status, and 14 maintained UHR
status. The responses from the converted group were obtained within 12 months of psychosis onset, while the responses from the
remitted and maintained groups were collected at baseline. Linguistic features analyzed included words per minute, articulation
rate, dysfluency, and sequential coherence. Acoustic features comprised the mean and SD of fundamental frequency, the mean
and SD of intensity, and HF500. Feature differential analysis was conducted via multivariate linear regression. Linear support
vector machines were trained as outcome prediction models. Nested cross-validation was used to estimate the generalizability
error. The models were principally evaluated on balanced accuracy (BA).

Results: The converted group exhibited lower words per minute (adjusted P=.02) and higher dysfluency (adjusted P=.004)
compared to the remitted group. No significant differences were found in articulation rate, sequential coherence, or acoustic
measures across the outcome groups. Two models outperformed random guess, namely the modelsusing linguistic variables (BA
0.741, 95% CI 0.521-0.882) and linguistic and acoustic variables (BA 0.851, 95% CI 0.508-0.944).

Conclusions: Linguistic features extracted from ashort speech task exhibit ameasurabl e difference between the outcome groups.
Our findings support the feasibility of using signals extracted from the Hi SoC task recordingsto predict remission in participants
with UHR.

(IMIR Form Res 2025;9:€75960) doi:10.2196/75960

KEYWORDS
machine learning; mental health; outcome prediction; psychosis; speech data; ultra-high risk

decrease in their quality of life and might require long-term
treatment with antipsychotic medication [2,3].

Psychosis is typically characterized by hallucinations without  The accurate identification of individuals at heightened risk of
insight, defusions, and formal thought disorder [1]. Individuals  developing psychosisis akey component in early intervention
who experience psychosis often experience a substantial  toimproveclinical outcomes[4]. Many individualswho develop

Introduction
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psychosis often exhibit a prodroma phase during which
subthreshold symptoms begin to manifest [5,6]. The
identification of individualsin this prodromal phaseisthe basis
of ultra-high risk (UHR) assessments such as the Structured
Interview for Prodromal Syndrome and the Comprehensive
Assessment of At-Risk Mental States [7,8]. However, these
psychometric assessments often have high sensitivity but low
specificity; that is, most individual s designated as UHR do not
go on to develop psychosis [9]. Thus, there is substantial
motivation to develop methods to supplement standard UHR
assessments. Recently, animpressive range of prediction models
has been developed using a variety of modalities, including
biomolecular markers, clinical assessments, and linguistic and
acoustic analyses[10-16].

Linguistic and acoustic analyses are particularly promising
approaches since speech disturbances constitute some of the
hallmarks of neurological disturbances and can be observed in
most individuals with schizophrenia [17,18]. Deficits such as
poverty of speech, greater dysfluency, reduced coherence,
derailment, and tangentiality have been consistently reported
over the years and form what is now commonly known as
“schizophrenia speech” [19-22]. The presence of such deficits
isoften correlated with limited functioning [23]. Some of these
deficits can often be observed at early stages of disease
progression, including individuas with UHR [24,25].
Additionally, UHR individuals displaying greater deficits in
verbal fluency and coherence are more likely to transition to
psychosis[26-28]. Thereare a so linguistic differences between
individuals with early stages of schizophrenia and individuals
with established schizophrenia, suggesting that the deficits can
vary across the disease progression [29]. These varied speech
and linguistic deficitsare consistently observed acrossdifferent
languages and cultures, including Japanese-, Chinese-, and
Portuguese-speaking individuals with UHR [30-34].

Various studies have attempted to combine natural language
processing (NLP) methods and machine learning to predict
UHR outcomes. One example [10] used open-ended narrative
interviews of approximately 1-hour duration from 34 individuals
with UHR, with 5 converting to psychosis, to train modelsusing
semantic coherence and speech complexity, achieving 100%
accuracy in predicting psychosis onset. A more recent work
[12] involved developing a predictive model using speech data
from the Caplan “story game”’ along with linguistic markers,
such as reduced semantic coherence, increased variance in
coherence, and decreased use of possessive pronouns [35]. The
study used 93 participants with UHR recruited from 2 sitesand
achieved 83% accuracy in predicting psychosis onset. Finally,
current literature also reported that individuals with UHR with
lower connectedness at baseline are more likely to develop
affective disorders [33].

These studies suggest potential for the use of NL P methods and
machine learning on speech recordings to predict UHR
outcomes. Automatic speech recognition (ASR) technologies
have advanced substantially in recent years. While much work
remains in terms of ensuring the reliable performance of ASR
models in real-world applications and in individuals with
dysfluent speech [36,37], the general trends are promising—uwith
some models achieving over 90% accuracy in benchmark tests

https://formative.jmir.org/2025/1/€75960
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[38,39]. Recent automated speech analysis pipelines have also
found some success in predicting an individual’s depression,
anxiety, and suicidal ideation level as assessed by self-reported
guestionnaires [40-42]. With the eventual devel opment of more
accurate ASR models, it is conceivable that psychosis risk
screens based on automated voice and speech analysis can be
developed in the near future. For such screens, long and
open-ended speech tasks such as those used in [10,12] might
not be scalable as they usually require a lengthy involvement
and trained personnel to administer thetask. Assuch, webelieve
that it isappropriate to explore the predictive potential of speech
data extracted from shorter speech tasks. Such findings will be
useful in identifying potential tasks that can be more readily
used in future automated screens.

The High-Risk Social Challenge (HiSoC) task is designed to
assess socia functioning in individuals with UHR [43,44]. In
the HiSoC task, participants are tasked with providing a
45-second response to a scenario, such as an audition for a
competition or a job interview, with minimal preparation.
Participant responses are video-recorded and scored on 16 items
by trained assessors on a 5-point Likert scale. We previously
demonstrated that the HiSoC task can effectively discriminate
between individuals with UHR and healthy controls [43,45].
Several properties of the HiSoC task make it a particularly
promising source of prognostic information. First, the HiSoC
task can be administered quickly, requiring only 10 seconds of
preparation and 45 seconds for execution (approximately 1 min
total). Second, it is designed to evaluate socia functioning,
which has been consistently reported to be a strong predictor
of clinical outcome [46-48]. Third, the HiSoC task collects
video recordings from which audio recordings can be extracted.
The speech contents of the recordings can be transcribed, and
the acoustic properties of the speech are analyzed to generate
a significant amount of data points for research and potential
prognostic purposes. Fourth, the HiSoC task only requires a
medium through which the prompt can be transmitted and a
deviceto capture avideo of the response; both of which can be
done using a smartphone. These properties suggest the HiSoC
isatask that is potentially suitable for future screens, and there
is potential for the screen to be completely remote and
automated.

In this study, we perform an exploratory study on the feasibility
of using linguistic and acoustic features extracted from HiSoC
task recordings to predict outcomesin UHR. The data used in
this study were collected as part of the LY RIKS (Longitudinal
Youth at Risk Study) [49], an Asian UHR cohort. We examined
2 prediction outcomes, conversion and remission. While the
prediction of conversion is of obvious clinical importance, the
ability to accurately predict remission is also clinicaly
important, as it allows for individuals who are likely to remit
to be assigned to alower risk group. Moreintensive intervention
can then be directed toward those who are at a higher risk of
conversion and maintaining UHR status. Indeed, individuals
who maintain UHR status often still experience reduced
functioning and long-term attenuated psychotic symptoms[50].
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Methods

Participants

Participants were recruited as part of the LYRIKS [49]. The
LYRIKS is alongitudinal cohort observation study conducted
between 2008 and 2010. A total of 2368 individuals were
assessed for eigibility, the Comprehensive Assessment of
At-Risk Mental States was performed for 926 individuals, and
667 were accepted into the study. The 667 participants consist
of 173 participantswith UHR and 494 control participants aged
between 14 and 29 years. The participants were monitored over
a2-year period between 2008 and 2010. Of the 173 participants
with UHR, 17 converted to psychosis (approximately 10%
conversion rate). Participants who converted were removed
from the study following the collection of the final data point.

Participants assessed to have converted to psychosis were
excluded from the study following final data collection.
Participants in the LY RIKS were recruited from a mixture of
help-seeking and non-help-seeking individuas. Outreach and
recruitment strategies are detailed in[51]. All assessmentswere
performed at the same center (Ingtitute of Mental Health,
Singapore). Theinclusion criteriafor the study include (1) aged
between 14 and 29 years and (2) English-speaking. Exclusion
criteriainclude (1) having apast or current history of psychosis
or intellectual disability, (2) currently using illicit substances,
(3) taking antipsychotics or mood stabilizers, (4) having medical
causes associated with their psychosis, and (5) contraindications
for magnetic resonance imaging. None of the participants were
exposed to antipsychotics, mood stahilizers, or illicit substances
including cannabis.

Study participants were selected based on the availability of
HiSoC recording data, which were collected at 12-month
intervals (mo 0, mo 12, and mo 24). Of the 173 participants
with UHR, 50 remitted from UHR status within the first 12
months of the study. Among the 17 participants with UHR who
transitioned to psychosis, HiSoC task recordings from within
the 12 months prior to conversion were available for 12
participants. All 12 recordings were included to form the
Converted outcome group. A total of 32 UHR participants did
not convert to psychosis but continued to meet the criteria for
UHR throughout the duration of the study. HiSoC task
recordings from month O are available for 14 of them. All 14
recordingswere selected to form the maintained outcome group.

HiSoC task recordings from month O were available for 28
participants who remitted, and 15 were randomly selected to
form the Remitted outcome group. This undersampling was
performed to keep the number of individuals in each outcome
group proportionally similar to avoid class imbalance issues
during the training of predictive modeling classifiers.

HiSoC Task

Speech recordings used in this study were recorded as part of
the HiSoC [43]. Participants were presented with a scenario
where they are taking part in a “most interesting person in
Singapore” competition, whereby “ The winner will be selected
based on a45-second video about themselves.” The participants
were given 10 seconds to prepare a response before video
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recording commenced. The video-recorded response was
assessed by 2 trained raters on 16 items each on a5-point Likert
scale. The 16 items can be grouped into 5 domains: affect,
social-interpersonal, behavior, and language [44]. The HiSoC
task generates a video recording of the participant performing
the task, along with the raters' scoring. All HiSoC tasks were
performed in the same study center and recorded using a Sony
Handycam DCR SR47 camcorder.

Covariates

Various covariates were assessed to ensure that the outcome
groups do not significantly differ in terms of symptom severity,
anxiety, cognition, depression, and education levels. Symptom
severity was measured using the Positive and Negative
Syndrome Scale (PANSS), which is a clinical assessment of
the severity of positive and negative symptoms in individuals
with psychosis and UHR [52]. Anxiety was assessed using the
Beck Anxiety Inventory (BAI) score, which is the total score
acrossthe 21 items of the BAI [53]. Cognitive performance was
measured using the Brief Assessment of Cognition in
Schizophrenia (BACS), whichisaninstrument that specifically
assesses the aspects of cognition impaired and correlated with
clinica outcomes in individuals with schizophrenia [54].
Aspects assessed by the BACS include verbal memory,
disorganized speech, token motor task (TMT), verba fluency,
symbol coding, and the Tower of London. The presence of
depressive disorder was assessed by whether the individual had
an active diagnosis of adepressive disorder [1]. Education level
was assessed by 2 measures, namely whether the participant
undertook the Primary School Leaving Examination (PSLE)
later than expected and whether they have alow education level
relative to age. The PSLE isamandatory national examination
taken by all school children at 12 years of agein Singapore. We
defined an individual to have late PSLE if they undertook the
PSLE after the age of 13 years. Individuals were indicated as
having low education relative to age if they had not attained or
were currently undergoing postsecondary education by the age
of 18 years.

Transcription

To maximize transcription accuracy, we used manua
transcription by 2 independent transcribers (MYL and JK)
trained in conversation analysis and transcription methodol ogies.
The transcribers were blinded to the outcome group of the
individualsin the recording. These transcriberswere not trained
in rating the HiSoC task. All identifiable information was
removed from transcripts. Transcriber 1 completed all 41
recordings, whiletranscriber 2 transcribed 12 randomly selected
recordings (4 from each outcome group). Consistency between
the 2 transcribers was assessed using the Pearson correlation.
VLC mediaplayer (VideoLAN) was used to extract audio files
from the video recording [55]. Speech was performed using
PRAAT (version 6.3.15; Boersma and Weenink) [56]. The
transcription key used can be found in Table S1 in Multimedia
Appendix 1.

The spectrogram was used to support the identification of silent
segments, pitch, and intensity variations. Timestamped
annotation and transcripts from PRAAT were exported as

JMIR Form Res 2025 | vol. 9 | €75960 | p.54
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

textgrid files into Python (Python Software Foundation) for
feature extraction.

Linguistic Variables

The following linguistic variables were extracted from the
recordings:

1. Words per minute (WPM): the average number of words
spoken by participantswithin 1 minute. However, sincethe
duration of the HiSoC task is fixed at 45 seconds, our
version of WPM is determined by multiplying the total
number of words spoken during the task by 0.75.

2. Articulation rate (AR): speed of speech production. It is
determined by dividing the total word count by the actual
speech duration, excluding pauses [57].

3. Dysfluency: theratio of short or medium pauses, along with
the number of interjections, to the total word count in atext.
Short pauses are defined as those lasting less than 0.3
seconds, while medium pauses range between 0.3 and 0.7

Table. Name and abbreviation of linguistic and acoustic features.

Tanet a
seconds. Interjections are identified using spaCy’s
Part-of-Speech  tagging, made avalable via the

“en_core_web_|g” model [58].

4. Sequentia coherence (SC): connectedness and similarity
between adjacent words. SC is effective in differentiating
individuals with schizophrenia from healthy controls and
in performing derailment detection [59,60]. Using
Word2Vec embeddings from the spaCy en_core web_Ig
model, SC is calculated as the mean Word2Vec similarity
between adjacent words across the text [58,60]. A moving
average with a window of size 5 was used. SC was
computed using Word2Vec rather than distribution methods
such aslatent semantic analysis (LSA) and Latent Dirichlet
Allocation, as distributed methods such as Word2Vec were
reported to have better performance and more closely match
human ratings [61,62].

All linguistic features and their abbreviationsarelisted in Table
1

Type and variable name

Variable abbreviation

Linguistic
Words per minute
Articulation rate
Dysfluency
Sequentia coherence
Acoustic
FO mean
FOSD
Intensity mean
Intensity SD
HF500

WPM
AR
Dysfluency

FO_m
FO_sd
Int_m
Int_sd
HF500

Acoustic Variables

Intensity (loudness), fundamental frequency FO (pitch), and
spectral energy were extracted from audio recordings and used
to derive the following acoustic variables:

1. Fundamenta frequency (FO): the rate at which the vocal
fold vibrates during speech. Fundamental frequency conveys
key elements about the speaker’'s identity (different FO
across vowels), sex (lower in males), and emotion (higher
and lower FO when happy and sad, respectively) [63,64].
The mean fundamental frequency (FO_m) and FO standard
deviation (FO_sd) were extracted from each recording using
PRAAT [56]. A high-pass filter at 140 Hz for female
participants and 75 Hz for male participants, along with a
low-pass filter of 300 Hz for both sexes, was applied.

2. Intensity: the loudness of the voice measured in decibels.
We calculated the mean intensity (Int_m) and intensity
standard deviation (int_sd) of the intensity values obtained
from PRAAT [56]. These measures allow us to examine
whether the different outcome groups exhibit differences
in loudness and variationsin loudness. Readings below 10

https://formative.jmir.org/2025/1/€75960

dB were omitted to reduce the effect of ambient sound on
the measures.

3. HF500: the relative proportion of high-frequency acoustic
energy (>500 Hz) to low-frequency acoustic energy (<500
Hz) in the spectrum. This measure has been reported to be
aviable measurement of emotional statesin voices[65].

All acoustic features and their abbreviations are listed in Table
1.

Data Processing and Statistical Analysis

Data processing and statistical analysis were conducted in the
Python version 3.10 programming environment. The datawere
standardized prior to statistical testing and predictive modeling.
Statistical significance between the outcome groups across
covariates was assessed using ANOVA for continuous variables
and the chi-square test for binary variables.

Linear regression models were constructed for each linguistic
and acoustic feature. To alow for assessments on whether
differences in linguistic and acoustic features are associated
with depression diagnosis (DD), sex, cognition (BACS), or
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anxiety (BAI), these covariates are included in the model along
with the outcome group (outcome):

y~DD+sex+BACS+BAI+outcome

To examine pairwise differences between the outcome groups,
we performed pairwiset tests on the outcome groups. Regression
analyses were performed using the statsmodels 0.14.4 Python
package. Multiple test correction was performed using the
Benjamini-Hochberg procedure [66].

Outcome Prediction M odeling

Logistic regression and support vector machine (SVM) with a
linear kernel are 2 commonly used machine learning models
[67]. Mathematically, they are related and tend to perform
comparably across most tasks [68]. However, there are some
studies suggesting that the SVM performs dlightly better in
imbalanced datasets [69]. Since our predictive modeling task
involves class imbalance, we opted to use SVMs in our study.
We used linear SVYM with balanced class weights from the
scikit-learn Python package [70]. Given a dataset with N
samples and K classes, the balanced class weight wi for classi
isimplemented as:

wi=NKni
where ni isthe number of samplesin classi.

To perform robust model training and evaluation, we used a
nested cross-validation setup. This approach leverages an outer
leave-one-out cross-validation loop for performance assessment
whilerelying on aninner stratified 5-fold cross-validation loop
for hyperparameter tuning. We selected the best-performing
model from the inner loop and passed it to the hold-out test
samplein the outer loop. Model output consists of the predicted
classlabel.

We repeated the machine learning training process on 5
combinations of features. HiSoC verbal features only
(HiSoC ve), dl HiSoC features (HiSoC_all), linguistic features
(linguistic), acoustic features (acoustic), and linguistic and
acoustic features (linguistic_acoustic). HiSoC vs features
consist of the items with a strong emphasis on participants
voice: verbal expression, clear communication, fluency of
speech, and social anxiety. HiSoC_all consists of all 15 HiSoC
items. linguistic_acoustic consists of all linguistic and acoustic
features.

Given there are 3 outcome groups, one-vs-all classification was
used to transform thetask into abinary classification task. Model
performances on 2 tasks were examined: predicting conversion
outcomein the next 12 months (converted-vs-all) and predicting
remission outcomein the next 12 months (remitted-vs-al). The
converted-vs-al task consists of 12 converted individuals as
the positive class and 29 nonconversion (15 remitted+14
maintained) individuals asthe negative class. Theremitted-vs-all
task consists of 15 remitted individuals asthe positive classand
26 nonremitted (12 converted+14 maintained) individuals as
the negative class.

https://formative.jmir.org/2025/1/€75960
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M odel Evaluation

Model performance was assessed using balanced accuracy (BA),
defined as:

BA=TPR+TNR2

where TPR and TNR are the true positive rate and true negative
rate, respectively. 95% Cls for BA were constructed based on
1000 bootstrap resamples. Estimates of generalizability error
were obtained from the outer fold of the nested cross-validation.
95% Cls are denoted in bracketsin the “Results’ section.

Common methods to assess overall model performance when
significant data imbalances are present include the BA, the
Matthew correlation coefficient (MCC), and the precision-recall
curve. The precision-recall curve is not suitable for this study
asit requires decision probabilities, and decision probabilities
in the SVM in scikit-learn are derived via Platt scaling, which
is a computationally intensive process that will be further
compounded by the bootstrapping procedure[70,71]. We chose
BA over MCC as it is often impossible to compare MCC of
models trained on different datasets—a process necessary to
facilitate future validation [72]. In an imbalanced dataset,
classifying all samples to the majority class will give a BA of
0.5, which is equivalent to the expected BA of arandom guess
in a balanced dataset. We define a model performance to be
statistically significant if it outperforms a random guess; that
is, the lower bound of 95% ClI for BA is>0.5.

Ethical Consider ations

Ethical approval for the LY RIKS was provided by the National
Healthcare Group's Domain Specific Review Board (approval:
2009/00167). After a complete description of the study was
provided to the participants, written informed consent was
obtained. Participants have the ability to opt out of any
assessment or terminate participation at any time. Participants
were compensated after each visit. All data used were
deidentified prior to any analysis. Secondary analyses such as
those performed in this study are fully covered under existing
ethical approvals and written informed consent from the
participants. All researchers involved were required to sign
confidentiality and data protection agreements prior to access
to the data.

Results

Demographics

Across the outcome groups, no significant differences in age,
sex (proportion of female participants), PANSS, education (late
PSLE and low education relative to age), and BAI scores were
observed. Statistically significant differences in BACS TMT
across the outcome groups were observed (F, ,,=5.214, P=.02;
Table 2). The Tukey test revealed that the remitted group
exhibited asignificantly higher score for BACS TMT than the
Converted group (Table S2 in Multimedia Appendix 1),
suggesting that the converted group has much lower motor speed
than the remitted group.
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Table. Participant demographics.
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Characteristic Remitted Maintained Converted ANOVA (P vaue) Cr;i -square test (P val-
ue
Age(y), mean (SD)  22.1(2.90) 20.6 (4.16) 20.9 (3.75) 51 _a
Sex, n (%) — 68
Female 6 (40) 4(28.6) 3(25)
Male 9 (60) 10 (71.4) 9(75)
PANSS?, mean (SD)
PANSS + 9.9 (2.99) 10.6 (2.56) 10.7 (2.87) 72 —
PANSS — 10.6 (4.29) 12.1(4.37) 12.6 (4.01) 44 —
Education attainment, n (%)
L ate PSLEC 0(0) 1(7.14) 0(0) — 38
Low education level 1 (6.67) 1(7.14) 2(16.7) — .64
relative to age
BACSY, mean (SD)
VME 43.1(7.18) 45.1 (11.64) 43.2(9.14) 82 —
DS 21.0 (4.07) 20.4 (3.89) 18.3 (4.01) 22 —
T™MTY 76.3 (8.17) 70.1 (12.09) 62.0 (13.86) 02 —
Ve 47.3(12.75) 41.8(10.82) 37.4(11.17) .10 —
e, 58.3 (10.48) 58.1(9.48) 52.6 (16.77) 42 —
ToL 18.0 (1.69) 18.7 (2.20) 16.9 (3.40) 19 —
Anxiety and depression
BAIK score mean  17-3(13.15) 16.9 (11.41) 21.3(15.13) 67 —
()
D', n (%) 4(26.7) 3(21.4) 4(33.3) — 79
3Not applicable.

bPANSS: Positive and Negative Syndrome Scale.
®PSLE: Primary School Leaving Examination.
dBACS: Brief Assessment of Cognition in Schizophrenia.
&/M: verba memory.

Ds: disorganized speech

9TMT: token motor task.

PVF: verbal fluency.

Isc: symbol coding.

ITOL: tower of London.

KBAI: Beck Anxiety Inventory.

'DD: depression diagnosis.

Linguistic Measures

WPM, AR, dysfluency, and SC measures were consistent
between transcribers (R?=0.993, 0.993, 0.929, and 0.868 for
WPM, AR, dysfluency, and SC, respectively; Figure SIA-D in
Multimedia Appendix 1), indicating that the transcription and
linguistic measures are consistent across transcribers.

WPM waslower in the maintained group relative to the remitted
group (B=-0.79, 95% CI -1.52 to 0.06; P=.04); however, this
difference was no longer significant following FDR correction

https://formative.jmir.org/2025/1/€75960

(adjusted P=.05). Similarly, WPM was lower in the converted
group compared to the remitted group (=-1.17, 95% Cl —2.02
to —0.33; P=.008). This result remained significant following
FDR correction (adjusted P=.02). Since AR was not observed
to significantly differ between the outcome groups, this
reduction in WPM suggests the converted group spoke at a
similar speed asthe remitted group but spoke significantly fewer
words.

We &l so observed that the converted group exhibits significantly
higher dysfluency relative to the remitted group (=1.39, 95%
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Cl 0.58-2.21; P=.001), surviving FDR correction (adjusted group has significantly more interjections and pauses.
P=.004; Figure 1), suggesting that the speech of the converted

Figure 1. Coefficient plot of each covariate for each linguistic measure (outcome). The coefficients of models fitted to words per minute, articulation
rate, dysfluency, and sequential coherence are shown. Each point represents the estimated coefficient for agiven predictor-response pair, with horizontal
lines indicating the 95% Cls. To facilitate interpretation, we presented coefficients of the outcome group contrasts rather than the coefficients of the
outcome group covariates. The covariate is statistically significant if the 95% CI does not intersect 0. BACS: Brief Assessment of Cognition in
Schizophrenia; BAI: Beck Anxiety Inventory.

Linguistic variable coefficient plot
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A full table of all coefficients and the associated statistics can  sex differencesin FO mean and HF500, with male participants
be found in Tables S3-$4 in Multimedia Appendix 1. exhibiting lower FO (3=-1.66, 95% CI —2.09 to —1.24; P<.001)
. and lower HF500 (B=-1.66, 95% CI —2.09 to —1.24; P<.001)
Acoustic Measures than female participants (Figure 2). These observationsindicate

We did not observe any significant differences between the  alower pitch in male participants and a brighter voice quality
outcome groups across al 5 acoustic measures. We observed  in female participants. These are expected differences.
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Figure 2. Coefficient plot of each covariate for each acoustic measure (outcome). The coefficients of modelsfittedto FO_m, FO_sd, Int_m, Int_sd, and
HF500 are shown. Coefficient plot of the acoustic measures for acoustic features. Each point represents the estimated coefficient for a given
predictor-response pair, with horizontal linesindicating the 95% Cls. To facilitate interpretation, we presented coefficients of the outcome group contrasts
rather than the coefficients of the outcome group covariate. The covariate is statistically significant if the 95% Cls do not intersect 0. BACS: Brief

Assessment of Cognition in Schizophrenia; BAI: Beck Anxiety Inventory.

Acoustic variable coefficient plot
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A full table of all coefficients and the associated statistics can
be found in Tables S5-S6 in Multimedia Appendix 1.

Outcome Prediction

We examined the performance model strained using HiSoC_all,
HiSoC_ve, linguistic, acoustic, and linguistic+acoustic features
set across the converted-vs-all and remitted-vs-all tasks.

In the converted-vs-All task, the acoustic model demonstrated
the highest BA (BA=0.595, 95% CI 0.282-0.764), followed by
the linguistic model (BA=0.570, 95% CI 0.339-0.815) and
HiSoC ve (BA=0.480, 95% CI 0.203-0.774). The HiSoC_all
model  (BA=0.470, 95% Cl 0.310-0.778) and the
linguistic+acoustic model (BA=0.529, 95% CI 0.246-0.798)
achieved the lowest BAs in this task. However, none of the
model performances outperformed arandom guessasthelower
bounds of the 95% CI of BA were <0.5.

In the remitted-vs-all task, the linguistic+acoustic model
achieved the highest balanced accuracy (BA=0.851, 95% ClI
0.508-0.944), followed by HiSoC_all (BA=0.760, 95% CI
0.382-0.9), linguistic (BA=0.741, 95% Cl 0.521-0.882), and
HiSoC _ve (BA=0.645, 95% Cl 0.405-0.813). The acoustic
model demonstrated the lowest balanced accuracy (BA=0.574,
95% CI 0.325-0.798) in this task. The performances of the
linguistict+acoustic model and the linguistic model both
outperform a random guess. However, there is substantial
overlap between the 95% CI of the 2 models, which meansthat
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we cannot determine if there are any meaningful differencesin
performance between the 2 models.

Regularization parameters and model coefficients are provided
in Tables S7-S9 in Multimedia Appendix 1. Specificity and
sensitivity of the models are provided in Table S10 in
Multimedia Appendix 1.

Discussion

Principal Findings

In this study, we explore the outcome prediction potential of
linguistic and acoustic features extracted from the HiSoC task.
Our findings suggest that linguistic and acoustic features
extracted from the HiSoC task contain signals that can
potentially differentiate between the outcome groups; most
notably, the converted group exhibits lower WPM and higher
dysfluency compared to the remitted group. In our prediction
task, our linguistic and linguistic+acoustic model s achieve good
performance (BA=0.741 and 0.851, respectively) and
outperformed random guess in the remitted-vs-all task. These
findings are promising and support further studies around the
use of short speech tasks such as the HiSoC for outcome
prediction.

Regression analysis revealed the converted group exhibited
lower WPM and higher dysfluency relative to the remitted
group. Thedecreasein WPM in the converted group isindicative
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of the poverty of content. This reduction is consistent with
reduced speech timein individual swith schizophreniacompared
to healthy controls [73]. Measures of poverty of speech, both
via expert evaluation and NLP methods, have been shown to
be predictive of psychosis onset in individuals with UHR
[16,74,75]. The increase in dysfluency in the converted group
compared to the remitted group is consistent with reports of
individuals with UHR who convert to psychosis displaying
greater dysfluency compared to those who do not [26,27].
Additionally, greater dysfluency is correlated with increased
negative symptom severity, which isin turn correlated with an
increased risk of psychosis onset [76,77].

We did not observe any statistically significant differences in
SC. Thisis despite a reduction in semantic coherence being a
key predictor of conversion outcome in prior studies [10,12].
We hypothesize two reasons for this difference: (1) this could
be due to the length of the HiSoC task being too short to
effectively collect sufficient speech output for semantic
coherence to be accurately measured. (2) Semantic coherence
inthisstudy ismeasured as SC, which isthe average Word2Vec
similarity between adjacent words, whereas LSA was used in
prior studies[10,12]. The SC method was chosen as Word2Vec
had been shown to outperform L SA and ismore consistent with
human ratersthan distributional methods such aslatent Dirichlet
allocation and LSA [61,62]. It is possible that LSA is superior
to Word2Vec in this application.

We also did not observe any statistically significant differences
between the outcome groups in any of the acoustic measures
assessed (FO mean, FO SD, intensity mean, intensity SD, and
HF500) across the 3 outcome groups. This is despite
monotonous speech being a common feature of schizophrenia
speech [19]. Meta-analyses of voice patterns in schizophrenia
have found that the effect sizes of reduced pitch variability are
inconsistent across studies [73], suggesting that, despite
monotonous speech being a common feature of schizophrenia
speech, reduced pitch variability is not aways observed. This
could be dueto the inherent heterogeneity in the manifestation
of speech and language disturbances aswell asthe nature of the
task used to generate the response[78]. Thelower FO mean and
HF500 observed in male participants are expected sex
differences.

In our prediction tasks, only the linguistic+acoustic model and
the linguistic model in the remitted-vs-all task were able to
outperform arandom guess. This has 2 key implications. First,
the primary purpose of this study is to explore the predictive
potential of short speech tasks such as the HiSoC. With this
result, wefound evidence suggesting that linguistic and acoustic
features extracted from the HiSoC task can capture speech
features that are predictive of remission. Second, none of the
modelsin the converted-vs-all task achieved a performance that
is statigtically significant, suggesting that the linguistic and
acoustic features were able to predict remission but not
conversion. Together with the lack of any statistical difference
between the converted and maintained groups, it is suggested
that the speech patterns of the maintained group do not differ
significantly from the converted group within the HiSoC task.
If this finding is generalizable, it suggests that the speech
patterns of individual swho convert to psychosisand individuals
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who maintain UHR status are largely similar. Consequently,
effortsto predict conversion to psychosis using speech patterns
will aways be complicated by difficulties in differentiating
between individuals who converted and individuals who
maintained. A recent study hasfound that language disturbances
are a strong predictor of response to clinical interventions;
individuals with  UHR with lower levels of language
disturbances exhibit greater improvement in both symptom
severity and functioning over time[50]. It is possible that speech
and language disturbances more accurately reflect individual
capacity for improvement rather than eventual clinical outcome.
With these considerations, predicting remission from UHR
status might be a more feasible direction than predicting
conversion to psychosis. The ability to identify individualslikely
to remit still has tremendous use as it allows for greater focus
to be placed on those not likely to remit, allowing limited
resources to be distributed to those who need them the most.

While our findings indicate that signals extracted from the
HiSoC task can feasibly be used to predict remission, it must
be reiterated that the study is intended to be exploratory and
that any findingsare exploratory and limited by the small sample
size. Even so, signals are still strong enough to be detected.
Future validation studies with larger independent datasets are
necessary to validate both the findings and model
generalizability before clinical or screening implications can
reasonably be considered.

This study examines predictive potential involving speech data
extracted from the Hi SoC task. However, whilethere are several
tasks designed to elicit speech in mental health, thereis little
consistency in thetasks used. For example, tasks used in recently
published automated speech analysis pipelinesinclude reading
from selected passages [40], semistructured speech tasks such
as “Describe how you are feeling at the moment and how your
nights sleep have been lately” [42], and talking to research
nurses [41]. A comparative study using avariety of speech tasks
should be performed to examine whether the outcome group
differences are consistent across different tasks, and if thereis
an optimal task for outcome prediction.

While ASR promises scal ability that can potentially unlock fast
and efficient automated speech-based risk screens, current ASR
models tend to exhibit higher error rates in dysfluent speech
[36,37]. This might be particularly problematic in psychosis
risk screens, where dysfluency is a feature of schizophrenia
speech. ASR technologieswill likely need to reach asufficiently
reliable and consistent accuracy before an automated psychosis
risk screen can achieve sufficient reliability.

Strengths

To our knowledge, this is the first study diving into the
predictive potential of linguistic and acoustic features extracted
from audio recordings of the HiSoC task. The recordings used
in this study are significantly shorter and more scalable than
thosein comparable studies[10,12]. While significant validation
work remains, we showed that features from the HiSoC task
contain statistically significant differences between the outcome
groups and that extracted linguistic and acoustic features can
be used to predict remission.
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Our findings suggest that further exploration into the predictive
use of short speech tasks such as the HiSoC in speech analysis
is warranted. We expect that this study will be one of the first
of many that explore or validate the predictive use of various
short speech tasks to facilitate future speech—based automated
risk screening tools.

Limitations

First, although convenient, the short duration of the Hi SoC task
can potentially lead to data that are less representative of the
individual’s speech pattern. Asdescribed previously, this might
explain the lack of differences in SC between the outcome
groups. Additional studies comparing longer open-ended speech
tasks and shorter taskslike the Hi SoC will be necessary to assess
whether shorter tasks sufficiently capture theindividua’s speech
patterns. Second, our sample sizes are limited by the
undersampling performed to keep the number of individualsin
each outcome group relatively balanced to minimize class
imbalance issues. This meant that our sample size would be
limited by the number of participants who converted to

Tanet a

psychosis even when more data from individuals who remitted
or maintained were available. A small sample sizeleadsto lower
statistical power of our regression analysis, which means that
there might be differences between the outcome groups that
were not detected due to the low statistical power of the test.
The large 95% Cls for balanced accuracy in our models are
likely a consequence of the small sample size, as the
performance of the model can fluctuate significantly depending
on the bootstrap resample. A small sample size can also lead to
the creation of biased models that do not generalize well.
However, the purpose of this study is to explore the potential
of developing outcome prediction models using features
extracted from the HiSoC task audio recordings and not to
develop a definitive model. Third, we lack an independent
validation dataset. Thislimits our ability to accurately estimate
generalizability error. It is possible that any class separation
within the feature space used in this study is unique to this
dataset. A follow-up study using the same feature sets and
methods on a comparable dataset is necessary to validate both
the regression analysis findings and the model performances.
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Abstract

Background: In 2020, the global prevalence of overweight and obesity was approximately 42%. One of the most common
associated conditionsistype 2 diabetes mdllitus, which had aglobal prevalence of around 10.5% in 2021. Digital health applications
(DiHA), which can be prescribed as certified medical devices in Germany, have been shown to effectively support disease
management in patients with overweight and diabetes mellitus. However, little is known about DiHA-prescribing behavior of
health care providers (HCPs) specializing in hormones and metabolism or about potential barriersto prescribing these applications.

Objective: This study aimed to assess HCPs' experience with and willingness to prescribe DiHA in the field of hormones and
metabolism. In addition, it sought to examine the patient-relevant health care effects that HCPs perceive as potentially achievable
or have already observed with DiHA use, as well as the barriers they perceive to prescribing these applications.

Methods: An online questionnaire was developed based on preliminary studies and a literature review consisting of 86 items
covering 6 key areas. experience and willingness to prescribe, health care effects, barriers, scientific evidence, digital affinity,
and sociodemographics. The anonymous survey was distributed via the German Diabetes Association to 6035 HCPs in Germany
between August 2 and October 9, 2024. Descriptive analyses, as well as correlation and regression analyses, were conducted.

Results: A total of 350 HCPs participated in the survey (response rate=5.8%). Although the low response rate may limit
generalizability, the findings provide insights into prescribing behavior within this specialty. More than half (187/350, 53.4%)
had never prescribed any of the 54 DiHA available at the time of the survey, with 47.6% (89/187) citing alack of experience as
the primary reason. Among those who had prescribed a DiHA (163/350, 46.6%), the majority (139/163, 85.3%) had prescribed
1 of the 8 DiHA available for obesity or diabetes mellitus. Looking ahead, 42.9% (149/348) of al surveyed HCPs stated that they
were either very unlikely (83/348, 23.9%) or somewhat unlikely (66/348, 19%) to prescribe these DiHA in the next 12 months.
The greatest perceived benefits of DiIHA were improvements in self-management, health literacy, and adherence. The main
barriers to prescribing DiHA in the field of hormones and metabolism included inadequate reimbursement for ancillary medical
services, poor compatibility with existing practice software, and alack of digital affinity or motivation among patients.

Conclusions: DiHA have not yet been fully integrated into standard health care. To improve prescribing, we recommend
integrating DiHA into medical guidelines, ensuring proper reimbursement, and involving HCPsin the pricing and health-economic
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evaluation of DiHA. The recommendations outlined should be considered to maximize DiHA's potential and improve HCPS
acceptance, providing valuable insights for health policy to enhance the integration, reimbursement, and use of DiHA.

(IMIR Form Res 2025;9:€77792) doi:10.2196/77792

KEYWORDS

chronic disease management; diabetes mellitustype 2; digital health applications; health care providers; medical decision-making;

obesity; overweight

Introduction

Digital interventions provide substantial opportunities for
enhancing the management of chronic conditions [1],
particularly by strengthening patient empowerment, supporting
self-management [2], and improving treatment adherence [3].
They are especially relevant in the context of chronic diseases
such as overweight, obesity, and type 2 diabetes mellitus
(T2DM), which are associated with a significant clinical and
health-economic burden [4,5].

In 2020, approximately 42% of the global population was
classified as overweight (n=1.39 hillion) or obese (n=0.81
billion), and this proportion is projected to rise to 54% by 2035,
representing an estimated 1.77 billion individuals with
overweight and 1.53 billion individualswith obesity [5]. T2DM
is among the most prevalent secondary conditions associated
with obesity, with aglobal prevalence of approximately 10.5%
in 2021, projected to rise to 12.2% by 2045 [4]. Both obesity
and diabetes mellitus (DM) are associated with significant
impairmentsin quality of life (QoL) [6-8].

Digital interventions have the potential to enhance clinical
outcomes and improve QoL in individual s with obesity or DM
[9]. In DM applications, thisis primarily reflected in clinically
significant reductions in glycated hemoglobin (HbA ) levels
[10,11], while in obesity applications, it is demonstrated by
clinically significant reductionsin body weight [12,13]. Digital
health applications (DiHA) were introduced into the German
health care system in 2019 as components of standard care
covered by statutory health insurance (SHI) funds. Applications
are eligible for DiHA status if they successfully complete the
evaluation procedure conducted by the Federal Institute for
Drugs and Medical Devices (Bundesinstitut fiir Arzneimittel
und Medizinprodukte [BfArM]) and demonstrate ameasurable
benefit compared with standard therapy. As of December 7,
2025, the DiHA directory comprises 57 registered applications.
Following a confirmed diagnosis (ICD-10 [International
Satistical Classification of Diseases, Tenth Revision] code),
these applications can be prescribed by physicians or
psychotherapists, underscoring the essential role of these
professional groups in the deployment of DiHA and the
advancement of a digitally enabled health care system.

Digital interventions like DiHA, and their acceptance and use
by hedlth care providers (HCPs), have been extensively
investigated through quantitative surveys in Germany which
indicate that HCP s willingness to prescribe them remains low.
A nationwide survey in 2020 found that 37% of genera
practitioners (GPs; N=51) reported a rather high or high
willingness to prescribe DiHA [14]. Another study conducted

https://formative.jmir.org/2025/1/€77792

between December 2020 and January 2021 (N=1308) revealed
that only 30.3% of HCPs planned to continue prescribing DiHA
inthe future, despite acknowledging their benefits[15]. A 2022
survey among GPs (N=3829) in 4 German states found an even
lower willingness to prescribe at just 13% [16]. In contrast, a
nationwide study of diabetes specialists (N=538) conducted
between September 2021 and April 2022 showed that 51%
perceived health apps as potentially beneficia for T2DM, though
further research was needed to evaluate their strengths and
weaknesses [17]. A more recent survey in 2023 reported that
38.5% of GPs (N=97) in Giessen were very likely to prescribe
DiHA in the next 12 months, highlighting the ongoing need for
education and information to improve acceptance [18]. The
studies mentioned indicate significant room for improvement
in prescribing willingness, but all these studies either focus on
DiHA use and acceptance by GPs in a broad context, without
addressing specific indication areas, or they examine digital
interventionsin general, without specifically focusing on DiHA.
Focusing the survey on a specific indication area—hormones
and metabolism in this case—is crucia to ensure the validity
and relevance of the results. DiIHA vary widely in terms of
application profiles, levelsof evidence, acceptance, and clinical
relevance across different medical specialties. A generalized
perspective across al indications would obscure these
differences and prevent meaningful conclusions from being
drawn regarding the use, evaluation, or implementation of DiHA
within a specific health care context. Therefore, to better
understand indi cation-specific prescribing experiences, potential
benefits, and challenges associated with DiHA, it is necessary
to analyze DiHA adoption within individua medical specialties.
So, the planned research project focuses on prescribing
experiences, potential benefits, and challenges associated with
DiHA within thefield of hormones and metabolism—hereinafter
referred to as “hormones and metabolism digital health
applications’ (HM-DiHA)—and aims to address the following
research questions:

Our primary questions are as follows:

1. What isthe experience and willingness of HCPsto prescribe
HM-DiHA?

2. What patient-relevant health care effects can potentially be
achieved and have already been achieved using HM-DiHA?

3. What barriers do HCPs perceive regarding the prescription
of HM-DiHA?

4. What actionable recommendations can be derived from the
findings to enhance HCPs' acceptance of HM-DiHA?

Our secondary question is as follows:
Is there a correlation between HCPS (1) previous experience
with DiHA prescription, (2) prescription frequency, and (3)
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intention to prescribe HM-DiHA and the following
characteristics: gender, age, medical specialization, activity
within the framework of SHI care, additional professional
qualification (eg, diabetologist, adiposiologist, etc) professional
experience, location of practice (federa state and practice
environment), working model, number of patients treated per
quarter, and digital affinity?

Methods

Study Design

To address the predefined research questions, the authors used
across-sectional study design to gather comprehensive opinions
and experiences from HCPs in the field of hormones and
metabolism; the Ethics Advisory Board of Leipzig University
reviewed the application for the research project using a
simplified procedure and concluded that there were no ethical
objections to its implementation. In arapidly evolving digital
health care landscape, this design offers valuable insights into
the current levels of acceptance and implementation of
HM-DiHA inclinical practice. With the support of the German
Diabetes Association (GDA), a nationwide quantitative online
survey was conducted in Germany between August and October
2024. The GDA isamedical-scientific professional society with
approximately 9300 members, including physicians in clinics
and practices, scientists, psychologists, pharmacists, and other
specidists in the field of diabetology [19]. Recruiting
participants through the GDA proved to be effective, as its
members possess ahigh level of expertisein managing chronic
conditions such as obesity or DM—an areain which DiHA are
particularly relevant. Targeting this specialized group ensured
both the thematic rel evance of the survey and a practice-oriented
assessment of DiHA usage and acceptance.

Survey Instrument

The questionnaire was designed based on preliminary studies
by the authors and an extensive literature search on the
individual key topics: (1) experiences and willingness to
prescribe (14 items) [14-16], (2) hedlth care effects (potential
and actual experience; 17 items each) [20], (3) barriers (11
items) [21], (4) study evidence (7 items) [22], (5) digital affinity
(4 items), and (6) sociodemographics (16 items). The
guestionnaire thus comprised a total of 86 items. The humber
of items answered varied depending on prior responses (eg,
blocks were skipped if no DiHA had been prescribed).

Ordinal scales were predominantly used to operationalize
individual theme blocks (especialy 2-4) to allow the HCPs to
answer intuitively while ensuring a sufficient level of
information and the highest data quality possible. These ordinal
scales were unipolar rating scales, designed to represent the
graduated characteristics of individual items. All scale markers
were expressed through verbal labels using linguistically clear
and widely recognized formulations [23] to facilitate quick
responses. A 5-point rating scale was deliberately chosen, as
scaleswith 5to 7 level s have proven effective and offer optimal
psychometric properties[23]. The use of an odd-numbered scale
ensured the inclusion of a neutral middle category to capture
potential uncertaintiesin assessments. Additionally, participants
had the option to select “I don't know,” which explicitly
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indicated difficulties in making an assessment. In some cases,
nominal and interval scales were also applied. Alongside
standardized questions, open-ended questions were included
(eg, regarding problems and barriers to prescribing). The full
translated questionnaire is available in Multimedia Appendix
1. The questionnaire was refined through multistage pretesting,
including expert reviews and a pilot with 5 HCPs under field
conditions; however, no forma psychometric validation (eg,
assessment of internal consistency or reliability testing) of the
instrument was conducted.

Recruitment and Sample

Between August 2 and October 9, 2024, the GDA invited 6035
HCPsviaemail, sent through amailing list, to participate in an
anonymous online survey, with areminder sent on September
26. The survey targeted all GDA-registered HCPs in the field
of hormones and metabolism eligible to prescribe DiHA,
representing a full census of this group.

Data Analysis

Data analysiswas performed using SPSS software (version 23;
IBM Corp). We presented data using descriptive statistical
methods such as frequency, cross-tables and bar charts, aswell
asindividual characteristic values. These included measures of
central tendency, such as the mean and median, and measures
of dispersion, such as SD, IQR, and range [23].

Bivariate correlation analysis was used to assess both the
strength (weak vs strong) and, where applicable, the direction
(positive vs negative) of correlations. Depending on the scale
level of the variables under investigation, we applied different
correlation coefficients (r):

+ Nomina x Nominal or Nominal x Ordinal (Cramér V):
0.1<V<0.29 small effect size; 0.3<V<0.49 medium effect
size; V=0.5 large effect size [24]

« Nomina x Metric (eta coefficient, n; 0=no correlation,
1=perfect correlation): 0.100<n<0.242 small effect size;
0.243<n<0.370 medium effect size; N=0.371 large effect
size[24]

« Ordinal x Ordina or Ordina x Metric (Spearman rank
correlation coefficient, p; —1=perfect negative correlation,
0O=no correlation, +1=perfect positive correlation):
0.1<p<0.29 small effect size; 0.3<p<0.49 medium effect
size; p=0.5 large effect size [24]

The significance level (a) was set at 5% (ie, a=.05) [23].

Binary logistic regression analysis was used to examine the
relationship between the dependent variable
probability—assuming the value 1—and the independent
variables. This method tested whether a relationship exists
between the independent variables and a binary dependent
variable. The dependent variable was defined as the genera
DiHA prescription (no=0, yes=1). Independent variables were
selected based on the literature and were only included in the
regression analysis if they met the following criteria [23]:

«  For each group formed by categorical predictors, n=25.
«  Independent variableswere not highly correlated with each
other (r<0.7).
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Since the regression model was based on well-founded
theoretical considerations, we applied the “inclusion” method,
meaning all variableswithin ablock were entered into the model
in asingle step. All results are presented as odds ratios (ORS)
with 95% ClI.

Ethical Consider ations

The Ethics Advisory Board of Leipzig University reviewed the
application for theresearch project using asimplified procedure
and concluded that there were no ethical objections to its
implementation.

Results

The questionnaire was distributed to a total of 6035 HCPs, of
whom 288 completely and 140 partially responded. After
verifying and cleaning the data, 78 caseswere excluded because
no information was provided; the questionnaire was clicked
through without being filled out. Ultimately, 350 HCPs
participated in the survey, resulting in a response rate of 5.8%.

Sociodemographics

Of the respondents, 45.9% (133/290) were male, and 53.1%
(154/290) were female. Around a quarter of participants were
aged 36-45 years (72/290, 24.8%), 46-55 years (86/290, 29.7%),
and 56-65 years (82/290, 28.3%). Themajority (278/290, 95.9%)
were specialists, primarily in internal medicine (196/290,
63.6%). In terms of workplace settings, 42.5% (99/290) worked
in general practice, and 35.6% (83/290) in specialist care.
Additionally, 82.4% (238/289) held an additional qualification,
most commonly in diabetology (63.8%). The largest group
worked in hospitals (84/290, 29.3%), followed by group
practices (80/290, 27.6%; Multimedia Appendix 2).

Digital Affinity

HCPs rated their own digital affinity on a scale from 0 (not at
all digitaly affine) to 10 (very digitally affine), with an average
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rating of 6.80 (SD 2.03). Respondents who had aready
prescribed a DiHA or an HM-DiHA rated their own digital
affinity with an average of 6.92 (SD 1.80) and 6.96 (SD 1.75),
respectively, slightly higher compared to those who had not yet
prescribed a DiHA or a DiHA from the indication area with
6.69 (SD 2.11) and 6.70 (SD 2.08). Therewasacorrelation with
a small effect size between general prescribing experience
(n=0.057) and experiencewith prescribing HM-DiHA (n=0.051)
and the respondents’ self-assessed digital affinity. HCPS' own
digital affinity did not correlate significantly with the intention
to prescribe (p=0.156; P=.08).

Of the 292 respondents, 51.4% (150/292) had never used a
health app as a patient, and this proportion was even higher for
DiHA, with 86.6% (253/292) having never used one. A total of
34.6% (101/292) of HCPs had accessed manufacturer-provided
test versionsto evaluate aDiHA before prescribing it to patients.
Among HCPs who prescribed a DiHA in general, more than
half (75/137, 54.7%) had used manufacturer access, while 45.3%
(62/137) had not; the correlation between genera DiHA
prescription and manufacturer access use was statistically
significant (V=0.398; P<.001; Multimedia Appendix 3), with
regression analysis further revealing that HCPs who had used
manufacturer access were almost 12 times more likely to have
prescribed a DiHA compared to those who had not (Table 1).

A satigtically significant correlation with medium effect size
was also found between an HM-DiHA prescription and
manufacturer access use (V=0.330; P<.001), with 61.5%
(72/117) of HCPswho prescribed a DiHA from thisindication
area having also used manufacturer access (Multimedia
Appendix 3). There was a statistically significant correlation
with medium effect size between the use of aDiHA asapatient
(V=0.193; P=.05) and the use of manufacturer access (V=0.337,
P<.001) with the intention to prescribe, with 30.9% (17/55) of
HCPswho weremorelikely and 61.2% (41/67) who werelikely
to prescribe an HM-DiHA in the next 12 months having already
used manufacturer access (Multimedia Appendix 4).
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Table 1. Multivariate representation of the dependent variable “general digital health applications (DiHA) prescription,” categorized by independent
variables. Details on assumption checks for the binary logistic regression are provided in Multimedia Appendix 6.

Independent variables Regression coefficient (B) P value Oddsratio (95% CI)
Gender (reference=male)

Female 1.053 .01 2.867 (1.235-6.655)
Activity within the framework of statutory health insurance care (reference=general practitioner care)

Specialist care -1.454 .002 0.234 (0.093-0.587)
Additional title (reference=no)

Yes 0.322 .58 1.38 (0.441-4.321)
Patientstreated per quarter (reference=<500)

500-750 1.061 .16 2.89 (0.662-12.616)

751-1000 1.548 .03 4.704 (1.148-19.274)

1001-1500 2.447 .002 11.554 (2.472-54.012)

1501-2000 1.153 17 3.169 (0.616-16.301)

>2000 2138 .008 8.48 (1.738-41.384)
Ever used a health app asa patient (reference=no)

Yes 0.224 .63 1.251 (0.504-3.106)
Ever used a DiHA as a patient (reference=no)

Yes -0.206 .76 0.814 (0.219-3.030)
Ever used a DiIHA manufacturer access (reference=no)

Yes 2.459 <.001 11.689 (4.370-31.266)
Digital affinity (0=not at all digitally affine to 10=very digitally 0.001 .99 1.001 (0.818-1.226)
affine)

Omnibus test of the mode! coefficients N/A2 <.001 N/A
Cox and Snell R? N/A 37 N/A
Nagelkerke R? N/A 49 N/A

3N/A: not applicable.

Experience With Previous DiHA Prescription

General DiHA Prescription

At 53.4% (187/350), more than half of the respondents had not
yet prescribed a DiHA to their patients, with almost half of the
respondents (89/187, 47.6%) named alack of experience asthe
reason (multiple selection was possible). About one-fifth cited
barriers such asinsufficient efficacy evidence, low patient digital
literacy, lack of interest in prescribing DiHA among HCPs,
integration issues, time constraints, additional time requirements,
and lack of training opportunities (Multimedia Appendix 5).

As part of an open-ended question, HCPs had the opportunity
to provide additional reasons for not prescribing DiHA. The
most common reasonsincluded treating children and adol escents
(15/64) for whom DiHA are not yet approved, or working in
an inpatient setting (13/64), where prescribing aDiHA iseither
not possible or deliberately avoided dueto theinability to ensure
follow-up care. A lack of digital affinity, aswell asinsufficient
information and knowledge (8/64), were also named.

Regarding the general DiHA prescription, statistically significant
correlations with small to medium effect sizes were observed
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for the activity within the framework of SHI (V=0.481; P<.001),
the use of an additional professional title (V=0.142; P=.05), the
size of the city or municipality (V=0.231; P=.009), theworking
model (V=0.437; P<.001), and the number of patients treated
per quarter (V=0.477; P<.001; MultimediaAppendix 3). Women
were nearly 3 times more likely than men to have aready
prescribed a DiHA (OR 2.87, 95% Cl 1.235-6.655; P=.01).
HCPstreating 1001 to 1500 patients per quarter had 11.6 times
higher odds (OR 11.55, 95% CI 2.472-54.012; P=.002) of
having prescribed aDiHA, while those treating more than 2000
patients per quarter had 8.5 times higher odds (OR 8.48, 95%
Cl 1.738-41.384; P=.008), compared to HCPs treating fewer
than 500 patients per quarter (Table 1).

I ndication-Specific DiHA Prescription

Of the HCPs who already prescribed a DiHA, the majority
(139/163, 85.3%) had prescribed an HM-DiHA, while 14.7%
(24/163) had not. Most HCPswere familiar with and frequently
prescribed DiHA OvivaDirekt fiir Adipositas (n=175 familiar;
n=101 prescribed) and zanadio (n=171 familiar; n=83
prescribed), while mebix (n=29 familiar; n=10 prescribed; the
DiGA wasremoved from the DiGA directory on July 14, 2025,
asno positive health care effect could be demonstrated) and My
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Dose Coach (n=30 familiar; n=1 prescribed; the DiGA My Dose  infrequently prescribed. Overall, 104 HCPs were unaware of
Coach was removed from the DiGA directory on January 10, any DiHA inthisarea (Figure 1).
2026, at the manufacturer's request) were less known and

Figure 1. Experience with specific digital health applications (DiHA).
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B Which DiHA from the indication area hormones and metabolism have you already prescribed to your patients? (n=299)

Which DiHA from the indication area of hormones and metabolism do you most frequently prescribe to your patients? (Rank 1; n=127)

DiHA were most commonly prescribed for patients aged 36-45
years (n=54) and considered appropriate for all age groups,
particularly 36-45 years (n=284) and 26-35 years (n=273), while
least prescribed for those ol der than 65 years (n=4) and younger
than 25 years (n=8).

Prescription Frequency

More than half of the respondents had never (9/139, 6.5%) or
lessthan once amonth (75/139, 54%) prescribed an HM-DiHA
on their own initiative. Similarly, three-quarters of HCPs had
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never been asked by patientsto prescribe an HM-DiHA (26/139,
18.7%) or were asked less than once a month (76/139, 54.7%)
for such aprescription. Follow-up prescriptionswere also issued
infrequently, with 35/139 (25.2%) never prescribing afollow-up
and 72/139 (51.8%) prescribing them less than once a month
(Figure 2). No statistically significant correlation was found
between the frequency of prescribing DiHA onthe HCPs own
initiative and all the sociodemographic variables (Multimedia
Appendix 7).
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Figure 2. Experience with prescription frequency of digital health applications (DiHA).
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Prescription Intention

Overdl, 42.9% (149/348) of respondents were either very
unlikely (83/348, 23.9%) or somewhat unlikely (66/348, 19%)
to prescribe HM-DiHA in the next 12 months, while 40.5%
(141/348) were either very likely (80/348, 23%) or somewhat
likely (61/348, 17.5%) to do so. Additionally, 12.6% (44/348)
of HCPs were undecided.

We found a statistically significant correlation between the
intention to prescribe aDiHA in the next 12 months and activity
within the framework of SHI (V=0.266; P<.001), with the
majority (38/56, 67.9%) of those who were very likely to
prescribe a DiIHA being GPs, while only 23.2% (13/56) of
specidists expressed the same likelihood. A statistically
significant correlation was al so i dentified between theintention
to prescribe and the working model (V=0.246; P<.001), with
37% (20/54) of thoserather unlikely and 40.3% (27/67) of those
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very unlikely to prescribe a DIHA working in hospitals
(Multimedia Appendix 4).

Health Care Effects

A total of 325 HCPs evaluated the potential positive health care
effectsthat HM-DiHA could offer. The mgjority of respondents
(267/325, 82.4%) indicated that these applications could enhance
self-management (agree: 205/325, 63.3%; strongly agree:
62/325, 19.1%). Three-quarters of respondents believed that
DiHA could improve hedlth literacy, adherence, and QoL. The
areaswheretheleast potential for improvement was noted were
in prolonging survival (agree: 100/325, 30.8%; strongly agree:
17/325, 5.2%), increasing the involvement of relatives in the
treatment process (agree: 120/325, 36.9%; strongly agree:
24/325, 7.4%), and improving access to hard-to-reach patient
groups (agree: 120/325, 36.9%,; strongly agree: 26/325, 8%;
Figure 3; Multimedia Appendix 8).
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Figure 3. Potentially achievable positive health care effects of digital health applications (DiHA).
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Apart from prolonging survival, improving access to
hard-to-reach patient groups, and enhancing self-management,
we found weak statistically significant correlations between
individual potential positive health care effect assessment and
experience with general DiHA prescriptions. Additionally,
statistically significant correlations were observed between the
assessment of potential positive health care effects—except for
theinvolvement of relativesin the care process and improvement
of self-management—and the frequency of prescriptions, as
well as between the assessment of potential positive health care
effectsand theintention to prescribe (Multimedia Appendix 9).
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A total of 126 HCPs evaluated the positive hedlth care effects
that HM-DiHA have already achieved for their patients. Most
respondents (78/126, 61.9%) reported that these applications
had improved their patients’ self-management (agree: 65/126,
51.6%; strongly agree: 13/126, 10.3%) or hedlth literacy (agree:
68/126, 54%; strongly agree: 10/126, 7.9%). More than half of
the HCPs also observed improvements in their patients’ QoL
adherence, patient autonomy, disease management, and weight.
The least positive health care effects were noted in relation to
prolonging survival (agree: 14/126, 11.1%; strongly agree:
1/126, 0.8%) and increasing the involvement of relativesin the
careprocess (agree; 22/126, 17.5%; strongly agree: 2/126, 1.6%;
Figure 4; Multimedia Appendix 8).
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Figure 4. Actualy observed positive health care effects of digital health applications (DiHA).
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We found weak statistically significant correlations between
the assessment of the individual positive health care effects
already achieved and the intention to prescribe, except for
improvements in access to hard-to-reach patient groups. A
medium, statistically significant correlation was observed
between theintention to prescribe and the improvement in QoL
as a perceived positive health care effect (p=0.723; P=.002;
Multimedia Appendix 9).

Barriers

A total of 298 HCPs evaluated the potential problems and
barriersto prescribing HM-DiHA. Three-quarters of respondents
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identified the greatest barrier as the insufficient reimbursement
for ancillary medical services, such as monitoring patient data
or responding to queries (agree: 135/298, 45.3%; strongly agree:
84/298, 28.2%). More than half of the HCPs also cited barriers
related to poor integration or compatibility with existing practice
software, as well as a lack of digital affinity and motivation
among patients. The lowest barriers were associated with an
increasingly impersonal physician-patient relationship (agree:
62/298, 20.8%; strongly agree: 29/298, 9.7%) and a lack of
technical support from the manufacturer (agree: 75/298, 25.2%;
strongly agree: 19/298, 6.4%,; Figure 5; Multimedia Appendix
10).
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Weak, statistically significant correlations were found between
the assessment of barriers—such as a lack of or insufficient
proof of benefit for patients (V=0.247; P=.003), a lack of
technical support from the manufacturer (V=0.195; P=.046),
poor integration or compatibility with existing practice software
(V=0.241; P=.004), and insufficient reimbursement for ancillary
medical services (V=0.223; P=.001)—and the general DiHA
prescription. No statistically significant correlations were
observed regarding potential barriers and the prescription of
HM-DiHA, nor with prescription frequency, except for the
insufficient adaptation of DiHA to the individual needs of
patients (p=—0.382; P<.001). However, numerous statistically
significant, negative correlations were identified between the
perceived barriers and the willingness to prescribe within the
next 12 months (Multimedia Appendix 11).

There was also an option to answer an open-ended question to
provide additional problemsand barriers, which 43 HCPs used.
Financial aspectswere the most frequently mentioned here. On
one hand, HCPs considered their own remuneration for
prescribing DiHA insufficient; on the other hand, they also
found the costs of DiHA too high. Evidence was aso cited as
a barrier, with respondents pointing to the lack of long-term
studies and the absence of patient feedback regarding the
effectiveness of DiHA. The acceptance and motivation of
patients were another challenge. Despite initial motivation,
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many patients discontinue DiHA use. Additionaly, there is
often a lack of basic acceptance of digital interventions or
sufficient digital competence (particularly among older patients),
which is a fundamental prerequisite for their use. Other
challenges mentioned were related to the HCPs digital affinity
and their knowledge of DiHA. Thisincludesalack of awareness
about the existence of these applications, insufficient
information about DIHA services and how they work, their
suitability for specific patient groups, and a lack of training
opportunities.

DiHA Evidence

A total of 294 HCPs answered the questions to assess the
relevance of the DiHA evidence. With regard to the evidence
of DiHA, the HCPs consider it most important that objective
end pointssuch asBMI, weight, or HbA ;. valuewere examined
(rather important: 81/294, 27.6%; important: 185/294, 62.9%),
that clinically relevant, patient-relevant study results were
achieved (rather important: 103/294, 35.0%; important: 160/294,
54.4%), that the DiHA—analogous to drug trials—was able to
demonstrate amedical benefit (rather important: 82/294, 27.9%;
important: 171/294, 58.2%) and that the DiHA has already
demonstrated a benefit and is permanently listed in the DiHA
directory (rather important: 90/294, 30.6%; important: 156/294,
53.1%; Figure 6).
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Mader et d

If you decide to prescribe a DiHA from the indication area of hormones and metabolism, how
important is it to you that ...

... a DiIHA has already demonstrated a benefit and is permanently
listed in the DiHA directory? S =llif Sl _

.. a DIHA - analogous to drug studies - could prove a medical
benefit? 3178 279 58.2 1.7

. the proof of the positive healthcare effect was provided by a study
with a high level of evidence (RCT)? S-1 . Bl 46.9 _
. objective endpoints (BMI, weight, HbA Ic value) were examined? 27.6 62.9 1.7

... subjective endpoints (patient-reported outcomes, PROs) were _
examined? 6.1f 12.6 40.5 37.4 1.7
... clinically relevant, patient-relevant study results were achieved? 35.0 54.4 154
. statistically significant study results were achieved? JBZASENI] 31.6 48.6 174
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

® Unimportant ™ Rather unimportant ™ Partly, partly

Discussion

Overview

To date, no research in scientific literature explores the
prescribing experiences, aswell asthe potential and challenges
of HM-DiHA, from the perspective of HCPs. Therefore, we
conducted a quantitative data collection (n=350) in collaboration
with the GDA to address this research gap. The primary aim of
the study was to explore the experiences HCPs have had with
prescribing DiHA in general, and specificaly in the area of
hormones and metabolism, aswell asto assesstheir prescription
intention, and to identify the positive health care effects and
barriers associated with DiHA use and prescription. Based on
the findings, recommendations for action were to be devel oped
to enhance the acceptance of DiHA among HCPs.

Experience With Previous DIHA Prescription

Our results show that DiHA have not fully arrived in statutory
standard care yet—although they can be prescribed since
2020—as more than half of the respondents (187/350, 53.4%)
have not yet prescribed DiHA in general. It should be noted
that the survey participants likely represent a sample generally
more open to digitalization, which could indicate an even lower
adoption rate in the broader population. However, compared to
previous surveys, this figure has risen significantly. In these
earlier surveys, the proportion of participants who had already
prescribed a DiHA was 10% (103/1299; period: 2020-2021)
[15], 14% (536/3829; time point: 2022) [ 16] and 59.4% (58/97;
time point: 2023) [18]. However, the results of Brecher et a
[18] also show that half of those GPswho had already prescribed
aDiHA only did so less than once a month (39/97, 49%). This
proportion is comparable to that in this study, which was 54%
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(75/139). Overal, the scientific literature shows that there is
still ahigh degree of skepticism on the part of HCPs regarding
DiHA [16,25].

Wangler and Jansky [16] showed that HCPs in urban settings
(21%) were statistically significantly more likely to prescribe
DiHA compared to HCPswho worked in rural areas (5%). This
study also showed that there was a statistically significant
correlation between the general prescription of aDiHA and the
size of the municipality or city. Of the HCPs who had already
prescribed a DiHA, 26.5% (36/136) worked in a municipality
or city with 5000-20,000 or more than 500,000 inhabitants.
Overall, DiHA prescription is considered suitable for all age
groups, with people aged 26-35 years and 36-45 years being
cited most frequently. Dahlhausen et al [15] also found that
40.7% (527/1295) of respondents would primarily prescribe
DiHA to younger patients. Some HCPs have identified a lack
of DiHA options for children and adolescents, suggesting that
future development should focus on their specific needs and
requirements. Studies highlight the potential of digital health
interventions in treating children and adolescents with obesity
and DM and advocate for their integration into existing treatment
approaches [26,27]. Among HCPs who prescribed a DiHA in
general, those who used manufacturer access were nearly 12
times more likely to have prescribed a DiHA, highlighting that
targeted provision of such access can enhance DiHA acceptance.

Prescription I ntention

Although our results showed a positive correl ation between the
numerous positive health care effects already perceived and the
intention to prescribe, 42.9% (149/348) of respondents did not
intend to prescribe DiHA in the next 12 months. Thisrepresents
an increase compared to previous surveys, in which 37% (19/51;
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time point: 2020) [14], 30.3% (393/1299; time period:
2020-2021) [15], 13% (498/3829; time point: 2022) [16], and
38.5% (37/97; time point: 2023) [ 18] reported similar intentions.
Differencesin study periods, survey methodologies, and target
populations may have contributed to this variance. The
proportion of respondents who remain uncertain about
prescribing DiHA (44/348, 12.6%) has dlightly decreased
compared to Dahlhausen et a (259/1299, 19.9%) [15].

These results suggest that further research is needed to identify
key factorsinfluencing DiHA acceptance and, inturn, to develop
measures that enhance acceptance among HCPs in the field of
hormones and metabolism. To sustainably implement DiHA in
SHI standard care, the GDA has already outlined initial
approaches aimed at making HM-DiHA an integral part of
existing and future disease management programs [28].
Obesity-related DiHA are aready included in the medical
guideline on “Prevention and Treatment of Obesity” [29].
However, integrating diabetes-related DiHA into current
guidelines has not occurred yet. DiHA with proven benefits
specifically for diabetes should be more firmly embedded in
the treatment process through integration into medical
guidelines, allowing both HCPs and patients to recognize their
direct added value. This recommendation is further supported
by Wangler and Jansky’s [30] findings. They showed that
diabetes specialistswould generally be more willing to include
health apps in patient care (26% much more willing; 54%
somewhat morewilling) if national care guidelinesfor diabetes
specifically addressed the use of such interventions.

Apart from the activities within the framework of SHI and the
working model, the sociodemographic characteristics of HCPs
did not correlate with the intention to prescribe. There is aso
disagreement within the scientific literature regarding the
influence of sociodemographic characteristics, such as age and
gender, on the acceptance of digital interventions. Some studies
have identified these factors as determinants [31], while others
have not [32]. However, the working model impacts the
intention to prescribe, with the majority of HCPs working in
hospitals being either rather unlikely (20/54, 37%) or very
unlikely (27/67, 40.3%) to prescribe DiHA. Until March 2022,
DiHA were only used in outpatient care and could not be
prescribed in the inpatient sector due to the lack of adjustments
to the discharge management framework agreement. However,
our results show that some HCPs till believe they cannot
prescribe DIHA or choose not to do so due to the lack of
follow-up care because they work in the clinical setting. In the
inpatient setting, more information should be provided about
the possibilities for prescribing DiHA and monitoring their
progress.

Health Care Effects

Our results indicate that the majority of HCPs recognize both
the potential positive health care effects that DiIHA use can
achieve and the positive health care effects that have already
been realized through its use. A positive attitude toward DiHA
and their acceptance among HCPs can only be achieved if HCPs
perceive the potential benefits and advantages of DiHA use for
their patients, further supported by findings that an HCP's
willingness to prescribe is influenced by their own perception
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of the usefulness of a digital intervention [33]. Therefore, the
positive health care effects and potential of DiHA should be
transparently presented and made comparable through
standardized quality indicators.

Most respondents have observed improvements in
patient-reported outcomes (PROs) such as self-management,
health literacy, QoL, adherence, patient autonomy, disease
management, and weight management as aresult of DiHA use.
These findings emphasi ze the high relevance of PROsand align
with those of Dahlhausen et al [15], who reported improvements
in adherence (997/1294, 77%), health literacy (842/1294, 65%),
and di sease management (783/1294, 60.5%). Similarly, Wangler
and Jansky [16] found improvements in compliance (95%),
mobility (94%), health awareness and education (93%), and
self-management (91%) asthe most common health care effects.
Other studies also support this perspective, confirming the
improvement of these PROs through DiHA use [25].

The direct patient benefits of HM-DiHA have already been
confirmed for those permanently listed in randomized controlled
trials [12,13,34]. Initial trends regarding patient benefits have
also been observed for DiHA that arein the preliminary listing
stage [10,35]. For example, diabetes-related DIHA have
demonstrated reduced HbA ;. levels, while obesity-related DiIHA
have shown decreased weight as part of their primary end points.
However, our results reveal that only 41.3% (52/126) of HCPs
observed areductionin HbA ;. levelsin their patients, and 23.8%
(30/126) were unsure about this outcome. Regarding weight
reduction, 53.2% (67/126) of HCPs observed a decrease, while
24.6% (31/126) were unsure. To strengthen HCPs' acceptance
and confidence in the effectiveness of DiHA, manufacturers
should demonstrate the sustained positive health care effects
observed in studieswith ahigh level of evidence. Additionally,
they should consider including factors such as patient adherence
and the intensity of usein their analyses.

Barriers

Overview

The high proportion of HCPs who are very unlikely (83/348,
23.9%) or somewhat unlikely (66/348, 19%) to prescribe
HM-DiHA over the next 12 months or remain uncertain (44/348,
12.6%), can be attributed to the identified barriers. Given the
established correlation between perceived barriers and the
willingnessto prescribe, it iscrucial to specifically address and
overcome these obstacles.

Barrier 1 (Financial Barrier): The Reimbursement for
Accompanying Medical Services Related to the DiHA
Prescription is I nadequate

Insufficient reimbursement for ancillary services, such as
monitoring patient data or responding to queries, wasidentified
as the main barrier by nearly three-quarters of respondents
(219/298, 73.5%), compared with half of HCPsin arecent study
[15]. Managing DiHA is seen as an additional responsibility
without additional remuneration, so HPCs lack financia
incentives to engage with DiHA.

Monetary factors, such asreimbursement and the costs of digital
interventions, are among the strongest predictors of HCPS
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acceptance of digital interventions [32,33]. In particular, the
long-term costs of the technology, aswell asthe costs of devices
and applications [33]. Financial incentives for prescribing
medical services [36], including those related to DiHA [15],
can enhance HCPS' acceptance.

In Germany, the uniform value scale (Einheitlicher
Bewertungsmal3stab), which includes a fee schedule, regul ates
DiHA remuneration. For permanently listed obesity DiHA, an
additional flat rate of 64 points (€7.64; US $8.9) is available
for monitoring and eval uation. However, this can only be billed
once per treatment or illness. There are no fee schedule items
for the permanently listed diabetes DiHA. The reimbursement
for follow-up checks of provisionally listed DiHA is
significantly lower than the standard flat rate for personal or
video consultationsin primary care[37]. Thishighlightsaclear
imbalance and may act as a barrier to DiHA adoption among
HCPs.

Overdll, our findings highlight the significant importance of
reimbursing medical services related to DiHA prescriptions,
with HCPs rating the current reimbursement asinsufficient. To
support the sustainable use of DiHA, clearly defined and
adequately incentivized billing codes are needed—ones that
realistically reflect thetime and effort required by HCPs. Initial
steps, such as the introduction of the uniform flat rate, mark a
move in the right direction but remain insufficient for
widespread implementation. A targeted refinement of the
remuneration framework is therefore essential to embed DiHA
not only technically, but also economically, into routine medical
practice.

Barrier 2 (Financial Barrier): The Costsfor a DiHA
Are Too High

Another barrier raised by numerous HCPs was the perceived
high cost of individual DiHA. In the first year after a DiHA is
included in the DiHA directory, the manufacturer setsthe actual
price, regardless of whether the DiHA islisted preliminarily or
permanently. To prevent arbitrary pricing by manufacturers,
this price is capped by a maximum amount regulation, under
which the National Association of SHI  Funds
(GKV-Spitzenverband) and the manufacturers associations
reach ajoint framework agreement and set maximum amounts
for 90-day DiHA usage. At the end of the first 12 months of a
DiHA'sligting, the reimbursement amount is negotiated between
the GKV-Spitzenverband and the manufacturers. From January
1, 2026, at least 20% of the permanent remuneration amount
for a DiIHA will be performance-related, depending on its
successful application. Success is determined through the
“application-related performance measurement,” the specific
form of which is currently under discussion. To increase the
acceptance of DiHA and the willingness to prescribe them,
HCPs should be more involved in the entire pricing process for
DiHA, aswell asin the development of the application-related
performance measurement.

Currently, the prices of HM-DIHA are generally higher
compared to other indication areas [38], with prices ranging
from €218 (US $255; zanadio) to €740 (US $867; Una Health
for diabetes) [39]. A comparison over recent years reveals that
the most significant increase—20% —occurred between 2021
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and 2022. Since then, manufacturer prices have risen by an
additional 11%. Overall, prices increased by 39%, equivalent
to €162 (US $190), between 2020 and 2024 [40]. The cost of
treatment significantly influences the prescribing decisions of
HCPs[36], which is supported by the results of this study, with
cheaper DiHA being prescribed more often compared to more
expensive DiHA. However, prices should be structured in away
that does not overburden the health care system, which is
financed on a solidarity basis, while still offering sufficient
incentives for DIHA manufacturers to invest in the design and
improvement of their products.

Powell and Torous [41] outlined a patient-centered framework
for evaluating the economic value of the clinical benefits of
DiHA. They proposed a model incorporating factors such as
the country-specific value of quality-adjusted life years,
engagement rates, and the app’s health impact. By applying this
model to 2 DiHA, the authors aim to provide country-specific
estimates of their economic value, helping to guide future
researchin digital health. Thisapproach can inform value-based
payment models and clinical decision-making [41].

While health economic evaluationstypically rely onincremental
cost-effectiveness ratios—whi ch represent the differencein cost
between the intervention group and the control group divided
by the differencein their effects—applying this approach in the
DiHA context may be challenging, as German health authorities
are fundamentally opposed to the use of genera
cost-effectiveness  thresholds.  Furthermore, deriving an
appropriate incremental cost-effectiveness ratio through an
alternative approach would necessitate the consideration of all
relevant treatment options within the therapeutic area, making
it a highly time-consuming process [42]. Gensorowsky et al
[42] argued that a pragmatic approach to DiHA pricing could
involve aligning their demonstrated benefits with the
cost-effectiveness benchmarks of established SHI-covered
treatmentsin the same therapeutic area. Therefore, aDiHA price
would be considered appropriate if the cost per unit of benefit
generated by the DiHA is equal to or lower than the cost per
unit of benefit provided by the existing therapy [42]. Going
forward, the evaluation of a DiHA should not only encompass
its positive health outcomes but also include a comprehensive
health economic analysis.

Barrier 3 (Acceptanceand Motivation): TherelsalLack
of Acceptance, Digital Affinity, and Patient Motivation

Additional barriers include patients lack of motivation
(171/298; 57.3%) and limited digital affinity (164/298; 55.1%).
Many patients either do not accept DiHA or have insufficient
digital literacy, particularly older individuals, as reflected by
most respondents reporting that patients never requested aDiHA
(26/139; 18.7%) or requested one less than once a month
(76/139; 54.7%). Similarly, findings from Wangler and Jansky
indicate that GPs are either never (41%) or only occasionally
(18%) approached by patients regarding DiHA [16]. A survey
of diabetes specialists further supports this, revealing that
patients never (10%) or only rarely (38%) inquire about health
apps for the prevention and management of T2DM [17].

Moreover, our survey revealed that patients frequently
discontinue DiHA use, which may explain why follow-up
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prescriptions are never issued (35/139; 25.2%) or issued less
than once a month (72/139; 51.8%). A systematic review on
the acceptance of mHealth interventions among HCPs also
identified patients’ digital affinity and motivation askey factors
influencing acceptance [33]. Thesefindings highlight the critical
importance of educational efforts by HCPs to enhance patient
engagement and sustained use of DiHA.

Barrier 4 (Evidence-Based Research and Data): There
IsaLack of Study Evidence and Long-Term Data

Nearly half of the HCPs surveyed (142/298, 47.7%) cited alack
or insufficiency of evidence for patient benefits as a barrier,
consistent with Dahlhausen et a [15] (712/1298, 54.9%). At
the sametime, evidencerelated to DiHA—such astheinclusion
of objective end points, the demonstration of clinically and
patient-relevant outcomes, proof of medical benefit, and the
resulting permanent listing in the DiHA registry—plays an
important role for HCPs when deciding whether to prescribe
an HM-DiHA. One contributing factor is the lack of patient
feedback, which makes it difficult to assess the overall health
care impact of DiHA. Additionally, the absence of long-term
studies prevents athorough evaluation of its sustained benefits.
Given this context, it is crucial to ensure that all available
evidence on the mechanisms of action and proven benefits of
DIHA is easly accessible, standardized, and
transparent—starting with the DiHA directory at the BfArM.

Even within the DiHA directory, information relevant to
prescription decisions is often presented incompletely [43],
despite being considered an essential tool for information and
decision-making [14]. Wangler and Jansky [16] also highlight
that the DiIHA directory isviewed critically and lacks sufficient
detail. Currently, the decision on whether a DiHA is granted
preliminary or permanent inclusion in the directory is made
solely by the BfArM. However, for future DiHA classified as
risk class | Ib—wherethe potential hazards are higher compared
to lower-risk applications—HCPs should be involved in the
approval process at an early stage. Furthermore, manufacturers
should continue eval uating the efficacy of their DiHA even after
permanent listing in the directory to address the need for more
long-term data.

In accordance with the application-related performance
measurement, patient adherence and the usage intensity of each
application should also be considered [44]. It is important to
acknowledge that adherence data, while offering an indication
of users’ engagement with the DiHA, do not necessarily capture
the positive health care effect achieved. Although higher usage
frequency may be associated with improvementsin health status,
it does not guarantee that the intended clinical end points are
met. Consequently, for the design of application-related
performance measurement, adherence should be interpreted
only as a limited proxy for effectiveness. A more robust
assessment requires combining adherence metrics with direct
clinical end paints, PROs, or other objective health indicators.

In addition, increasing the involvement of HCPs in the
development of DiHA could help mitigatefeelings of exclusion
and disconnection from what is often perceived as a
nonmedically driven development process [45]. Moreover,
participatory technology development—aligned with a
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user-centered design approach—has the potential to enhance
the long-term use and effectiveness of DiHA [46].

Barrier 5 (Knowledgeand Information): TherelsalLack
of Information and Knowledge Among HCPs

The lack of information and knowledge regarding the basic
existence of DiHA, as well as their specific content,
functionality, and suitability for certain patient groups, presents
asignificant challenge. In arecent study, thelack of information
was identified as the greatest barrier (1135/1299, 87.4%)
probably becausethe DiHA system wasonly recently introduced
in Germany at the time of the study [15]. Even 3 years after the
DiHA system was implemented, only 38.1% of GPs felt
sufficiently informed to prescribe DIHA [18]. From an
informati on management perspective, this persistent information
gapillugtratesdeficitsin the systematic provision, dissemination,
and integration of knowledge relevant to DiHA. Effective
information management in health care entailsnot only ensuring
that accurate and relevant information is available, but &l so that
it reaches the appropriate stakeholders at the right time and in
an actionable format. The current situation reflects a lack of
coordinated information governance and highlightsthe absence
of an infrastructure that supports timely, user-oriented
knowledge distribution for HCPs. To addressfuture information
deficits, there should be widespread education on the function
and benefitsof DiIHA, aswell astheir prescription options. This
educational effort should be as comprehensive as possible,
involving the BfArM, the GKV-Spitzenverband, SHI physicians
associations, the state and federal medical associations, the
manufacturers of DiHA, medical societies, and obesity and
diabetes networks. In this context, these actors collectively form
the core of a decentralized information management system
whose collaboration is crucia to improving the flow,
accessibility, and quality of information in the German DiHA
system.

Therole of medical associations should be emphasized here, as
asurvey of diabetes specialistsreveal ed that 73% of respondents
rely on the GDA for information on the evaluation and
recommendation of mobile health apps[17]. The current body
of research indicates that training can help fully leverage the
potential of digital interventions. HCPs often fail to use thefull
range of features offered by digital interventionssimply because
they are unfamiliar with them [47]. Additionally, GPs would
appreciate both written and in-person training on DiHA, along
with support for its implementation in daily practice [14]. For
this reason, training programs tailored to the target audience
should be developed and made accessible. In this context,
incentives for training—such as certification for continuing
medical education—could be beneficia [15,16].

Limitations

The authors developed the online questionnaire based on
preliminary work and a literature review. It was essential to
devel op adedicated questionnaire for the DiHA survey targeting
HCPsinthefield of hormones and metabolism, asthisspecialty
faces specific challenges and requirements in the use of DiHA.
A tailored questionnaire allowed for a focused exploration of
the unique needs and experiences of these HCPs, particularly
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regarding theintegration of DiHA into the treatment of complex
hormonal and metabolic conditions.

While the existing scientific evidence was thoroughly identified,
no systematic literature search was conducted. Additionally,
the questionnaire underwent multistage pretesting, which hel ped
to enhance its validity. An online survey offers an advantage
through quick, contactless collection of large volume of data,
ensuring anonymity and minimizing social desirability bias.
However, adrawback isthat any queries could not be addressed
directly during the survey; instead, they could only be answered
viaemail after the survey was completed.

The questionnaire link was distributed via email to all HCPs
registered with the GDA. This one-sided recruitment method
introduces a potential bias, which should be considered when
evaluating the representativeness of the results. However, it
allowed for nationwide distribution of the survey in Germany,
thus increasing the relevance of the findings for the country.
The distribution of respondents was balanced, with 46.6%
(163/350) having already been prescribed a DiHA and 53.4%
(187/350) not having done so yet. It cannot be ruled out that
HCPswith astronger interest in digital interventionswere more
likely to participate in the survey, and thus, potential response
bias should be considered when interpreting the results.

The response rate of 5.8% (350/6,035) in this study is lower
than in previous studies on physicians’ attitudes toward DiHA
without a specific indication focus (6.4% [14]; 7% [15]; 28%
[16]; 31% [17]; 48.8% [18]). A total of 78 cases had to be
excluded due to missing data. Additionally, further missing
values were identified during the subsequent questionnaire
processing, resulting in a fina sample of 290 HCPs who
completed the survey infull. Given thisresponserate, the survey
cannot claim to be fully representative. Before data analysis,
the missing values were examined for patterns, but no
correlations were found. Imputation procedures were
deliberately avoided, as the missing values were not random
but rather due to the deliberate nonresponse of the HCPs.

A major limitation in data analysis arose from the sample size,
which reduced the statistical power of the tests and increased
therisk of atypell error (betaerror). Thismeansthat potentially
existing effects within the popul ation may not be detected [23].
To address this, we used binary logistic regression analysis to
investigate potential causal relationships. This approach has
relatively few requirements (eg, for each group formed by
categorical predictors, n>25; and independent variables must
not be highly correlated, r>0.7) and is comparatively insensitive
to outliers [23]. The omnibus test of the model coefficients
confirmed the significance of the regression model and its
overal performance. The Cox and Snell R¢ of 0.371 and
Nagelkerke R2 of 0.497 indicated adequate model quality.
Additionally, the Hosmer-Lemeshow test (x%=3.713; P=.88)

revealed only minor deviations between the predicted and
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observed values, which was also confirmed by the overall
prediction accuracy (predicted vs observed) of 80.3%.
Nevertheless, the Cls are very wide in some cases, which could
be due to the sample size. If the number of observationsislow,
particularly in one category of the dependent variable, this can
result in less reliable Cls and, consequently, more uncertain
estimates [23].

Conclusions

For more than 5 years, DiHA have been driving innovation in
patient care, offering new solutions for both patients and HCPs
while helping to bridge existing gaps in care. Physicians play
acrucia rolein integrating DiHA into standard care. The aim
of our study was to gather insights from HCPs regarding their
experienceswith prescribing DiHA, their prescribing intentions,
as well as the opportunities and challenges associated with
HM-DiHA. Our results indicate that DiHA have not yet been
fully integrated into standard care, highlighting the need for
targeted measures to facilitate their adoption in the coming
years. Based on our findings, we provide key recommendations
for headth policymakers, DiIHA manufacturers, and DiHA
prescribers. While these recommendations are strong and
actionable, it is important to note that the findings are
exploratory, cross-sectional, and based on alimited samplesize,
and should therefore be interpreted with appropriate caution.

1. Development of DiHA tailored to children and adolescents
specific needs and requirements.

2. Targeted provision of DiHA manufacturer access.

3. Strengthening the integration of DIiHA into medical
guidelines would help anchor it more firmly within the
treatment process.

4. Information on the options for prescribing DiHA and
monitoring their progressin inpatient settings.

5. Transparent presentation of positive health care effectsand
development of standardized quality indicators for their
comparability.

6. Adequate compensation for accompanying medical services.

7. Inclusion of HCPsin the entire pricing process for DiHA,
and the design of application-based performance
measurement.

8. Health economic evaluation of DiHA.

9. Early involvement of HCPs in the approva process,
particularly for DiHA with risk class|1b.

10. Ongoing effectiveness evaluation, even after permanent
inclusion in the directory.

11. Comprehensive information and certified training on the
functions, benefits, and prescription options of DiHA.

Furthermore, indication-specific research is needed to validate
the findings and adapt them to other medical conditions. Future
studies could also benefit from exploring the potential and
challenges of DIHA from the perspective of HCPs across
different countries and health care systems.
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Abstract

Background: Topical steroid withdrawal (TSW) is a controversial skin condition among health care providers due to alack of
evidence, but it has an impactful and growing presence on social media. There are few previous reports of health care utilization
for symptoms attributed to TSW.

Objective: This study aims to investigate health care utilization and requests as well as information sources for TSW among
patients with atopic dermatitis (AD).

Methods: This observational cross-sectional study used a questionnaire aimed at adults with AD, experiencing symptoms they
attribute to TSW. The questionnaire was posted as alink, free to share with others, in a Swedish TSW-themed Facebook group
and remained accessible for 4 weeks. Descriptive statistics and topical text analysis on open-ended items were used to present
and interpret the results.

Results: The participants (n=82) reported dermatologists (n=41, 50%), general practitioners (n=40, 49%), and practitioners of
complementary and alternative medicine (CAM; n=32, 39%) asthe most frequent health care contactsfor TSW. However, among
participants with ongoing symptoms attributed to TSW (n=68), ongoing health care contacts with general practitioners,
dermatologists, and practitioners of CAM were reported by only 10% (n=7), 22% (n=15), and 13% (n=11), respectively. For
symptoms attributed to AD, the frequencies of health care provider contacts were higher. Almost all participants had sought help
from ageneral practitioner (n=81, 99%) or adermatol ogist (n=76, 93%) at some point, and many had al so consulted a practitioner
of CAM (n=59, 72%). Among those with ongoing symptoms attributed to AD, 43% (n=26) had an ongoing contact with a
dermatologist. Participant-requested help and support from health care providers included understanding and confirmation of
TSW impairments (n=45, 56%), treatment of symptoms (n=26, 32%), and increased awareness and information about TSW from
health care providers (=21, 26%). The most common TSW information sources were Facebook (n=78, 96%), websites (n=75,
93%), and Instagram (n=45, 56%), but YouTube (n=11, 14%), podcasts (n=7, 10%), and TikTok (n=5, 6%) were also reported.

Conclusions: This study investigates health care utilization patterns related to TSW. The results indicate that the participants
received insufficient support from health care providers for symptoms they attributed to TSW. The participants initiated and
maintained health care provider contacts for symptoms attributed to AD to agreater extent than for TSW and sought information
and support for TSW elsewhere. Targeted interventions to overcome this could be educational efforts for general practitioners
and dermatologists about the current scientific knowledge of TSW as well as the TSW discourse on social media. In addition,
health care providers need to engage and contribute to evidence-based content about TSW on relevant social media platformsto
prevent the spread of misinformation about topical glucocorticoids.

(IMIR Form Res 2025;9:€85183) doi:10.2196/85183

https://formative.jmir.org/2025/1/e85183 JMIR Form Res 2025 | vol. 9 | 85183 | p.86
(page number not for citation purposes)


http://dx.doi.org/10.2196/85183
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

KEYWORDS

Shayesteh et d

atopic dermatitis; red skin syndrome; topical steroid addiction; topical steroid withdrawal; topical steroid withdrawal syndrome

Introduction

Background

Topical steroid withdrawal (TSW) is described as an adverse
skin reaction foll owing the tapering or discontinuation of potent
topical glucocorticoids (TGCs) [1,2]. It has aso been reported
to occur during TGC use [3]. The skin becomes intensely red,
with itching, stinging, or pain [4,5]. Large skin areas are affected
with frequent involvement of the face, and specific signs such
as “red deeve” (involvement of the arms with sparing of the
hands) and “€eephant wrinkles’ (thickened skin with reduced
elagticity over joints) have been documented [6]. Although first
described in the late 1960s, TSW is aconcept that has attracted
rapidly increasing attention and concern among patients in the
era of social media [3,7-9]. Meanwhile, TSW remains
controversial among health care providers as there is neither
clear evidenceto support the suggested mechanism of addiction
followed by symptoms of withdrawal nor aclinical definition
of the condition [7,10-12]. A suggestion for the management
of symptoms attributed to TSW, including cessation of TGCs,
psychosocial support, and systemic treatment with dupilumab,
wasjust provided using the modified Delphi consensus method
[13]. Recently, steroid-induced dysregulation in nicotinamide
adenine nucleotide metabolism has been demonstrated in clinical
samples and proposed as an explanation for the symptoms
described in TSW [14]. The conclusions drawn from this small
study have been criticized [15].

Some aspects of health care utilization for symptoms attributed
to TSW have been described. In retrospective reviews of case
notes for patients in the United Kingdom and Austraia,
complementary medical practices, psychology support, and
online research were reported [5,16]. Qualitative studies have
explored health-seeking behavior and interactionswith medical
professionals and found patient withdrawal from standard
dermatology care and experiences of dismissal when voicing
TSW concerns [17,18]. Socia media is abundant with TSW
content, and it is assumed that this serves as a major source of
information and support for patients [9,19,20]. The TSW
discourse on socia media is mostly based on accounts from
individuals who identify as sufferers of TSW, with little or no
contribution from health care providers[8,9,21,22].

Prior Work

The lack of a definition makes the TSW population hard to
identify and reach within the health care system. Therefore, we
conducted aquestionnaire study on Swedish social mediaaimed
at individualswith atopic dermatitis (AD) who had experienced
symptoms that they attributed to TSW. We have previously
reported that the investigated cohort was young, predominantly
female, mostly self-diagnosed with TSW, and that the skin signs
and symptoms that they attributed to TSW caused a significant
negative life impact [4].

https://formative.jmir.org/2025/1/e85183

Study Objectives

The aim of this study was to describe TSW-related health care
utilization, requests, and information sources as reported by our
previously characterized cohort. Theresults could help to define
targets for intervention to improve the management of TSW.

Methods

Questionnaire Design and Distribution

A 47-item questionnaire was constructed in Swedish in
SurveyMonkey (SurveyMonkey Inc), as described elsewhere
[4]. Checklist 1 describes the study design and reporting with
the CHERRIES (Checklist for Reporting Results of Internet
E-Surveys) [23]. In short, the questionnaire was designed and
modified in a stepwise fashion where items were consecutively
evaluated by the authors, afocus group of dermatol ogists from
the steering group of SwedAD (the Swedish nationwide registry
for patientswith AD receiving systemic pharmacotherapy), and
afocus group of patients with AD recruited from the Swedish
Asthma and Allergy Association. Questionnaire items were
multiple-choice or open-ended. Multimedia Appendix 1 features
the informed consent and the questionnaire, trandated into
English. Adaptive questioning was used. Figure Sl in
Multimedia Appendix 2 shows the flowchart for questionnaire
items.

It was not considered feasible or appropriate to recruit patients
in a clinical setting as there are no acknowledged diagnostic
criteria for TSW. In addition, it has been reported that
individuals with symptoms they attribute to TSW can feel
dismissed in health care settings[18]. Clinical recruitment could
therefore have excluded a substantial portion of the target
population or only captured those already engaged in
dermatological care. To reach individuals with relevant
experiences, the questionnaire wasinstead fielded in a Swedish
private TSW-themed Facebook group. At the time, this was
the largest Swedish online community for TSW known to the
authors. The administrator of the Facebook group was contacted
by the patient representative in the research group (SV) with a
request to post alink to the questionnaire [24]. The post with
the link was made on April 24, 2023, describing the aim of the
study, that individuals aged 18 years or older with previous or
ongoing AD combined with previous or ongoing symptoms
attributed to TSW were dligible as respondents, and encouraging
dissemination of thelink through sharing on social mediawhere
relevant. Reposts were made on May 9, 2023, and May 17,
2023, as reminders. The questionnaire remained open for 4
consecutive weeks.

Inclusion Criteria

Theinclusion criteriawere age =18 years, previous or ongoing
symptomsattributed to AD, and previous or ongoing symptoms
attributed to TSW. The questionnaire was terminated if an
answer did not meet the inclusion criteria.
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Topical Text Analysis

A topical text analysis was performed on the answers to
open-ended items as previously described [4,25]. Topical text
analysis refers to the identification of recurring themes and
keywords in qualitative responses. Briefly, AS and MaK
independently identified keywords and topics, whereafter
consensus was reached through discussion. The result was
triangulated with the other authorsto identify and mitigate biases
and strengthen the interpretations.

Data Analysis

IBM SPSS Statistics for Windows (version 28.0.1.1 [15]) was
used for descriptive statistics. The results are shown as the
number and percentage observed per category. Any missing
data are indicated by presenting the total number observed for
each item in tables and figures.

Ethical Consider ations

Ethical approval for the study, including the study protocoal,
was sought with a request for an advisory statement from the
Swedish Ethical Review Authority. Asthe study did not involve
any intervention or processing of identifiable personal data, it
was not subject to forma ethical review under Swedish
legidation [26]. The advisory statement from the Swedish
Ethical Review Authority confirmed that there were no ethical
objections to the study (application number Dnr
2023-00189-01).

When accessing the link to the questionnaire, the participants
were presented with an informed consent statement that
described the aim and method of the study, what was required
from the participant, and the management of data. Theinformed
consent statement translated from Swedish into English is
available in Multimedia Appendix 1. The participants gave
informed consent by proceeding to the questionnaire after taking
part in the informed consent statement. No compensation was
given to the participants. The participants were anonymous to
the investigators and could not be identified or contacted.

https://formative.jmir.org/2025/1/e85183
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Results

The questionnaire was entered by 98 individual sand completed
by 82, hereafter referred to as participants. Figure S2 in
Multimedia Appendix 2 showsthe flowchart for the completion
rate.

Figure 1 illustrates health care utilization for symptoms
attributed to TSW and AD. The participantswere asked to define
any reported health care contact as“ previous—not ongoing” or
“ongoing.” The most frequently reported previous or ongoing
health care contacts for symptoms attributed to TSW among all
participants were dermatologists (n=41, 50%), general
practitioners (n=40, 49%), and practitioners of complementary
and alternative medicine (CAM; n=32, 39%).

Figure 2 showsthat among participants with ongoing symptoms
attributed to TSW (n=68), ongoing health care contacts with
dermatologists, general practitioners, and practitionersof CAM
wereonly reported by 22% (n=15), 10% (n=7), and 13% (n=11),
respectively.

The participants could report none, any, or all of theitem options
“General practitioner,” “ Dermatologist,” “ Other specialist,” and
“Practitioner of CAM.” Other specialists were reported as
previous or ongoing contacts by 61% (n=50) and 21% (n=17)
of participantsfor AD and TSW, respectively. Thisoption could
be specified in free text, but few participants chose to do so.
For AD, pulmonologist or alergist (n=2), pediatrician or
pediatric alergist (n=2), ophthalmologist (n=1), and nutritionist
(n=1) were mentioned. For TSW, allergist (n=3) was mentioned.

No health care contact ever for symptoms attributed to TSW
was reported by 46% (n=38). Despite ongoing symptoms
attributed to TSW, 68% (46/68) reported no ongoing health care
contact for those symptoms. All participants with any previous
or ongoing health care contactsfor symptoms attributed to TSW
(54%, n=44) had consulted 2 or more of the categories” General
practitioner,” “Dermatologist,” “Other specialist,” and
“Practitioner of CAM.”
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Figure 1. Freguencies of self-reported health care contacts for atopic dermatitis (AD) and topica steroid withdrawal (TSW). The data are from all
participantsin a Swedish observational, cross-sectional, social media questionnaire investigating TSW health care utilization, requests, and information
sourcesin adultswith AD combined with symptoms attributed to TSW. The link to the questionnaire was posted on April 24, May 9, and May 17, 2023,
in a Swedish TSW-themed private Facebook group. Sharing of the link with others to reach as many individuals with relevant experiences as possible
was encouraged in the posts. The questionnaire was open from April 24 to May 21, 2023. Participants could report multiple health care contacts. CAM:
complementary and alternative medicine.
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Figure 2. Frequencies of self-reported health care contactsfor topical steroid withdrawal (TSW) among participants with ongoing symptoms attributed
to TSW. The data are from a Swedish observational, cross-sectional, social media questionnaire investigating TSW health care utilization, requests,
and information sources in adults with atopic dermatitis (AD) combined with symptoms attributed to TSW. The link to the questionnaire was posted
on April 24, May 9, and May 17, 2023, in a Swedish TSW-themed private Facebook group. Sharing of thelink with othersto reach as many individuals
with relevant experiences as possible was encouraged in the posts. The questionnaire was open from April 24 to May 24, 2023. As 53 participants
reported both ongoing AD and TSW, the groupsin Figures 2 and 3 overlap. Participants could report multiple health care contacts. CAM: complementary
and alternative medicine.
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Figure 3. Frequencies of self-reported health care contacts for atopic dermatitis (AD) among participants with ongoing symptoms attributed to AD.
The dataare from a Swedish observational, cross-sectional, social mediaquestionnaireinvestigating TSW heslth care utilization, requests, and information
sourcesin adultswith AD combined with symptoms attributed to TSW. The link to the questionnaire was posted on April 24, May 9, and May 17, 2023,
in a Swedish TSW-themed private Facebook group. Sharing of the link with others to reach as many individual s with relevant experiences as possible
was encouraged in the posts. The questionnaire was open from April 24 to May 21, 2023. As 53 participants reported both ongoing AD and topical
steroid withdrawal, the groupsin Figures 2 and 3 overlap. Participants could report multiple health care contacts. CAM: complementary and aternative
medicine.
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Table 1 describes investigations for symptoms attributed to
TSW. Investigations beyond medical history and physical
examination of the skin were unspecified blood tests (14/44,
32%), contact allergy tests (13/44, 30%, previously reported
[4]), and skin biopsies 7% (3/44).

Figure 1 shows that both previous and ongoing health care
contacts with general practitioners, dermatologists, other
specidlists, and practitioners of CAM were more common for

symptoms attributed to AD than for symptoms attributed to
TSW. Most participants had consulted a general practitioner
(n=81, 99%) or adermatologist (n=76, 93%) at some point, and
many had also consulted a practitioner of CAM (n=59, 72%)
or other specialists (N=50, 61%). Figure 3 illustratesthat among
participants with ongoing symptoms attributed to AD (n=61),
ongoing health care contacts with dermatologists, general
practitioners, and practitioners of CAM were reported by 43%
(n=26), 30% (n=18), and 34% (n=21), respectively.

Table. Investigations for symptoms attributed to topical steroid withdrawal (TSW)2.

Investigations

Participants, n (%)

Medical history on previous diseases and treatments

Physical examination of the affected skin areas by a doctor

Physical examination of all skin areas by a doctor

Skin biopsy

Blood test

Contact allergy test (applied on your back and checked after afew days)
No investigations have been performed

Other actions (please specify)

19 (43)
19 (43)
10 (23)
3(7)

14(32)
13(30)
13(30)

12 (27)°

#The data are from a Swedish observational, cross-sectional, social media questionnaire investigating TSW health care utilization, requests, and
information sources in adults with atopic dermatitis combined with symptoms attributed to TSW. The link to the questionnaire was posted on April 24,
May 9, and May 17, 2023, in a Swedish TSW-themed private Facebook group. Sharing of the link with othersto reach as many individual s with relevant
experiences as possible was encouraged in the posts. The questionnaire was open from April 24 to May 21, 2023. The table shows the frequencies of
answers to the multiple-choice item “What investigations have been performed by your hedth care provider in regard to your TSW?' for the 44
participants who reported contact with a health care provider for symptoms attributed to TSW.

bThe free-text answers given under the option “Other actions’ were general comments about the participants' experiences and did not specify any
investigations.

Table 2 describesthe participants’ requestsfor help and support
for symptoms attributed to TSW. This was investigated with
topical text analysis of the answers to the item “What kind of
help and support would you like from the health care system?”.

https://formative.jmir.org/2025/1/e85183
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The most mentioned topics were “ Support, understanding, and
confirmation of TSW impairments’ (n=45, 56%), “Medical
help to dleviate symptoms’ (n=26, 32%), and “Increased
awareness and information about TSW from health care
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providers’ (n=21, 26%). “Medical investigation and adiagnosis’  Instagram: n=45, 56%), and TSW-themed websites (n=75, 93%)
(n=8, 10%) and “ Innovative treatments and research” (n=4, 5%) were the most reported sources. YouTube and TikTok were not
were |ess requested. included as options but were mentioned under “ Other options”

[0) ] 0 = i
Table 3 presentsthe participants' self-reported TSW information by 14% (n=11) and 6% (n=5), respectively.

sources. Social media platforms (Facebook: n=78, 96%;

Table. Requested help and support for symptoms attributed to topical steroid withdrawal (TSW)2

Requested help and support Participants, n (%) Example of answers

Support, understanding, and confirmation of 45 (56) “1 need them (the healthcare providers) to under-

TSW impairments stand and show empathy for my problems.”

Medical help to aleviate symptoms 26 (32) “We need a treatment programme for TSW.”

Increased awareness and information about TSW 21 (26) “ Someone educated in TSW should be on my

from health care providers side. Asit stands now, | am told that TSW does
not exist.”

Paid sick leave 11 (14) “1 need paid sick leave. TSW patients should be

ableto rest in a stress-free environment.”

Medical investigation and a diagnosis 8 (10) “1 want aproper medical investigation regarding
causes, triggers, and cross-reactionsin TSW.”

Innovative treatments and research 4(5) “We need support for unconventional treatments
and more research since some are affected by
TSW while others are not.”

#The data are from a Swedish observational, cross-sectional, social media questionnaire investigating TSW health care utilization, requests, and
information sources in adults with atopic dermatitis combined with symptoms attributed to TSW. The link to the questionnaire was posted on April 24,
May 9, and May 17, 2023, in a Swedish TSW-themed private Facebook group. Sharing of the link with othersto reach as many individual s with relevant
experiences as possible was encouraged in the posts. The questionnaire was open from April 24 to May 21, 2023. The table shows the topical text
analysis of the answers to the item “What kind of help and support would you like from the health care system?’. The frequencies of mentioned topics
are presented, along with examples of answers. Participants (n=81) could mention more than 1 topic.

Table. Self-reported topical steroid withdrawal (TSW) information sources?.

Information source Participants, n (%)
Facebook groups 78 (96)
TSW-themed websites 75 (93)
Instagram 45 (56)
YouTube 11 (14)
Books or magazines or journas 11 (14)
Podcasts 8(10)
TikTok 5 (6)
Blogs and online forums 4(5)
TV or radio N/AP
Twitter (now X) N/A

#The data from a Swedish observational, cross-sectional, social mediaquestionnaireinvestigating TSW health care utilization, requests, and information
sources in adults with atopic dermatitis combined with symptoms attributed to TSW. The link to the questionnaire was posted on April 24, May 9, and
May 17, 2023, in aSwedish TSW-themed private Facebook group. Sharing of thelink with othersto reach as many individual swith relevant experiences
as possible was encouraged in the posts. The questionnaire was open from April 24 to May 21, 2023. The multiple-choice item “Which sources have
you utilized for information about TSW?" was answered by 81 participants.

BN/A: not available.

on management are offered by patient advocacy groups and
users on social media platforms[27-29].

Principal Findings The frequencies of both previous and ongoing hedth care

This study investigates health care utilization for TSW, a contacts were lower for symptoms attributed to TSW than for

primarily self-diagnosed condition where support and advice AD acrossall typesof health care providers. Evenwith ongoing
symptoms, it was less common to have a current health care

Discussion
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contact for TSW than for AD. We have previously described
that the participants reported prominent and widespread skin
signs, accompanied by pruritus, pain, and sleep disturbance,
causing a considerable negative impact on social and intimate
relations, anxiety, and feelings of depression [4]. It is striking
and unfortunate that ongoing health care contacts wererarein
relation to these severe manifestations. Ongoing AD treatment
with systemic pharmacotherapy (dupilumab, methotrexate,
upadacitinib) was reported by 22% (n=15) and phototherapy
by 15% (n=12) of the participants, as previously presented [4].

The participantswere morelikely to initiate and maintain health
care contacts for symptoms that they attributed to AD than for
symptoms that they attributed to TSW. Presumably, this was
partly explained by unmet needs in the management of TSW.
The participants requested validation of their symptoms and
suffering, targeted medical treatment, and information about
TSW from health care providers. In addition, we have previously
reported that reasons for not seeking medical help for TSW in
this cohort were fear that the medical staff would not recognize
the existence of TSW and alack of knowledge of the condition
[4]. Low confidence in health care providers' ability to offer
the right treatment, experience or fear of being dismissed when
expressing concerns regarding TGC safety, and being advised
not to consult a health care provider were other reasons (data
not shown).

The skin signs and symptoms attributed to TSW are similar to
those described in insufficiently treated AD [30]. As the
participants reported more ongoing health care contactsfor AD
than for TSW, even when they considered both conditions to
be active, it can be speculated that some participants chose not
to discussthe symptomsthey attributed to TSW with their health
care provider or that their concerns were ignored. TGCs are
often part of the recommended treatment for AD. This can cause
a dilemma for a patient with an unspoken attribution of
symptoms to TSW, leading to nonadherence to treatment or
ending of the health care contact.

For AD, ongoing contact with a practitioner of CAM and
ongoing contact with ageneral practitioner were reported with
asimilar frequency, perhaps reflecting atendency to seek health
care with less focus on TGCs. On the other hand, ongoing
contact with practitioners of CAM and ongoing contact with
genera practitioners were equally common for symptoms
attributed to TSW as well, although at a lower level than for
AD. Overall, 72% (n=59) had consulted a practitioner of CAM
for AD and 39% (n=32) for symptoms attributed to TSW at
some point. This is higher than what has been reported in an
Australian cohort where only 6/55 (11%) had consulted a
practitioner of CAM and, for the TSW-specific consultation,
comparable to 9/19 (47%) reported from aclinic in the United
Kingdom [5,16]. In Swedish surveys aimed at the genera
population, the use of any type of CAM, including
self-prescribed and self-administered treatment, has been
reported by 64% (318/500) to 71% (1089/1534) of the
respondents [31,32]. Among those, 13% (65/500) to 33%
(505/1534) reported consultation with a practitioner of CAM.
The high levels of CAM consultations among the participants
inthis study should beinterpreted in the context of therelatively
common use of CAM services in Sweden but suggest that the

https://formative.jmir.org/2025/1/e85183
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participants were more inclined to consult with a practitioner
of CAM than the general population. Variation in health care
systems, cultural attitudes, and accessibility of CAM services
could account for differences with comparable cohorts
elsawhere.

Interestingly, only 10% (n=7) of the participants expressed a
need for the investigation of the cause of their symptoms. It has
been shown that patients tend to value and trust their own
experiences of TGCs and may perceive health care providers
emphasis on the safety of TGCs as dismissive [18]. We have
previously reported that 93% (76/82) of the participantsin this
study regarded TGCs as the principal trigger factor for their
symptoms, with 33% (n=27) aso identifying ora
glucocorticoids as triggering [4]. Investigating other
explanations, including but not limited to those related to TGCs,
poses a challenge for health care providers. Undergoing skin
biopsies and patch tests to address concerns of TSW was
reported by a minority of the participants. Investigations are
needed to understand symptoms attributed to TSW and should
be offered when relevant. Still, it is likely that some patients
may decline investigation and choose self-management
strategies.

Thereported health care utilization patternin this study suggests
that symptoms attributed to TSW were something that the
participants dealt with on their own to a greater extent than
symptoms attributed to AD. With limited scientific literature
and almost no TSW information available from health care
providers, patients turn to social media and TSW-dedicated
websites for information and support [3,19,27]. Facebook was
the most frequently reported source of TSW information, which
likely reflects that the questionnaire was posted in a
TSW-themed Facebook group. TSW-themed websites and
Instagram were the 2 other major sources of information. It can
be assumed that the participants’ age (74% [61/82] were 18 - 39
years old) and the time of data collection (spring 2023)
influenced the outcome. For instance, TikTok would probably
have been reported by a higher number of participantsin 2025.
TikTok now has more than 1 billion monthly users, and its
potential for sharing public health dermatology information has
been recognized [33-35]. The TSW content on TikTok, where
#topical steroidwithdrawal has more than 600 million views,
was recently assessed with instruments for quality-grading of
health care-related digital content [21]. The authors found that
the 100 most viewed TSW videos were of low quality, lacked
pertinent information, and were based on persona accounts
with no health care provider engagement.

Strengthsand Limitations

A strength of this study isthat it was designed to reach as many
individuals with relevant experiences as possible. Social media
was chosen to field a free-to-share questionnaire because there
are no established diagnostic criteria for TSW, making it hard
to define and reach the intended population in the health care
system [36,37]. The questionnaire was detailed, with a high
completion rate, allowing the description of various aspects of
TSW, some of which have been published [4]. For instance, the
manifestations attributed to TSW and their life impact were
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investigated, which was helpful in the assessment of the
relevance of the health care contacts reported here.

Limitations of the study design are that all data were
self-reported and that a response rate cannot be calculated.
Recall bias and confirmation bias can affect datain controversial
topics such as TSW. Theresults must beinterpreted with caution
as the external validity is unknown. The demography and
attitudes of the participants are likely to reflect that a dedicated
Facebook group was chosen to launch the questionnaire.

Multiple-choice items were used to investigate some aspects of
TSW, which can introduce bias or loss of information. For
instance, the item option “Other specialist” was not specified
by most participants, but this information can be important as
TSW-related complications requiring ophthalmologists have
been reported [38]. No participants reported having seen a
psychologist; however, this has been reported as high as 22%
intheliterature and noted in case reports[20,38,39]. Thereason
for this difference is not clear, but possible explanations are
guestionnaire design and the Swedish health care system. In
retrospect, it might have been better to include specific items
about psychological and psychiatric support. On the other hand,
given the senditive nature of mental health and the challenges
in accessing individuals with TSW, including such items could
have increased participant discomfort, the risk of social
desirability bias, or non-response. In the Swedish public health
care system, a referral (usually from a general practitioner) is
required for outpatient psychiatrist and psychologist
consultations and can be unavailable or expensive in private
practice.
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A larger number of open-ended items could have provided more
data but at the risk of alower completion rate. No rating of the
severity of AD wasincluded, making it difficult to assessif the
frequencies of ongoing health care contacts were reasonable
given the symptoms.

Conclusions

As research data on TSW begin to emerge, it is important for
clinical researchers, health care providers, and patient advocacy
groups to consider how and where the information should be
put forward. As of now, patients navigate parallel redities.
Social media is abundant with engaging and supportive TSW
content of low quality, and sometimes even misinformation.
Health care providers are unfamiliar with the TSW discourse
and have difficulties in engaging in conversations about TSW.
Interventions are needed to bridge this discrepancy [40]. For
health care providers, it isadelicate task to increase engagement
inthe TSW discussion without inadvertently confirming theories
that lack scientific support.

The pattern of health care contacts in this study suggests that
education about the evidence base for TSW, including the social
media discourse, should be aimed at general practitioners and
dermatol ogists. Even though TSW isnot confirmed asadistinct
entity, health care providers must be equipped to discuss the
topic and engage empathically with concerned patients.

Theinformation sources reported here support that health care
provider organizations should provide evidence-based
information about TGCs and TSW on relevant social media
platforms and other digital servicesto reach those with general
concerns about TGCs and those who have symptoms that they
attribute to TSW.
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Abstract

Background: Long COVID encompasses arange of health problems that can be highly debilitating. While some research has
relied on self-reported measures of symptoms and functioning, few studies have characterized symptomsin relation to behaviors
and physiology measured objectively through wearable devices.

Objective: The primary aim of this study wasto identify longitudinal patternsin physical activity, physiology, and patient-reported
outcomes (PROs) among patients with long COVID at a Federally Qualified Health Center in the United States. The secondary
aim was to identify meaningful subgroups or phenotypes within this cohort and examine how PROs and symptoms overlay with
physical activity characteristics.

Methods: Thiswas a prospective, observational, longitudinal cohort study recruiting a subset of low-income patients enrolled
in the Long COVID and Fatiguing IlIness Recovery Program. From March 2022 to May 2023, atotal of 172 patients with long
COVID or myalgic encephalomyelitis/chronic fatigue syndrome were given Fitbit Charge 5 (Fitbit Inc) devices and instructed
to wear them continuously for up to a year. Patients completed PRO questionnaires (PROMI1S-29 [Patient-Reported Outcomes
Measurement Information System-29] and symptom questionnaires, etc) at baseline, 3, and 6 months. Inclusion in longitudinal
analysisrequired at least 20 hours of valid wear data per day for aminimum of 7 days. The World Health Organization guideline
on moderate to vigorous physical activity (MVPA) was used to differentiate MPVA-active and MV PA-inactive patients. Linear
mixed effects regression was performed to assess longitudinal associations between physical activity levels and PROs.

Results:. Among 172 patients, 80.2% (n=138) were female, 75.6% (n=130) were White, 45.3% (n=78) were unemployed, and
94.8% (n=163) had estimated annual income below US $50,000. Of these patients, 82 (47.7%) met valid wear criteria, providing
50.5 days of Fithbit data on average. At baseline, MV PA-inactive patients (n=41) reported statistically more severe problems
regarding physical function, fatigue, and dyspnea than MV PA-active patients (n=41) on both continuous and categorical scales,
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with P<.05 from both Student t tests (2-tailed) and chi-squared tests. Longitudinal analysis found that MV PA-inactive patients
showed a decreased ability to participate in socia roles (estimated group difference=—4.21 T-score points over 3 months, 95%
Cl —6.64 to—1.78, P<.001) and a higher intensity of sleep symptoms (estimated group difference=2.06 severity score points over
3 months, 95% CI 0.40 to 3.71, P=.02) over time.

Conclusions: This study showed that patients with long COVID could remain MV PA-active despite experiencing symptoms.
These findings provide insights into the relationship between PROs, physical activity, and long COVID, which suggests the
importance of considering individual activity profiles when tailoring treatment plans, especially in alow-income population. The
findings of this study should beinterpreted as hypothesis-generating, considering its exploratory nature and limitations, including

high attrition rates and missing data.

(IMIR Form Res 2025;9:e77644) doi:10.2196/77644

KEYWORDS

long COVID; objective physical activity; phenotype; wearable device; Fitbit; post-viral infection behaviors; mobile phone

Introduction

COVID-19 hasresulted in over 100 million infections and over
1 million deaths in the United States alone [1,2]. Patients who
areinfected with SARS-CoV-2 can experience arange of highly
diverseclinical presentations, severities, and outcomes ranging
from no symptomsto critical illness[3,4]. Some patientsreport
lasting, new, or recurring symptoms and conditions more than
4 weeks after infection, commonly known aslong COVID [4].
The scientific understanding of diagnoses, epidemiology, and
phenotypes of long COVID is continually evolving; however,
thereisstill much to be discovered and investigated [5]. Notably,
there was not a consistent definition for long COVID until the
National Academies of Sciences, Engineering, and Medicine
recently defined it asan “infection-associated chronic condition
(IACC) that occurs after SARS-CoV-2 infection and is present
for at least 3 months as a continuous, relapsing and remitting,
or progressive disease state that affects one or more organ
systems’ [6].

Long COVID encompasses a range of health problems and
symptoms that may be highly debilitating and may arise
secondary to detectable organ system damage, autoimmunity,
and other mechanisms[6,7]. The recent Household Pul se survey
estimated that among people who currently have long COVID,
around 25% have significant activity-limiting symptoms [8].
In many patients, the etiopathogenesis is unclear [9]. As of
September 2024, it was estimated that 18% of United States
adults had experienced long COVID [8]. Typica symptoms
associated with long COVID, such as cognitive impairment,
fatigue, and post-exertional malaise (PEM), closely resemble
those in patients diagnosed with myalgic
encephal omyelitis/chronic fatigue syndrome (ME/CFS) and
other IACCs[10,11].

Increased risk of long COVID is associated with being female,
experiencing socioeconomic deprivation, and being a member
of an ethnic minority group [12,13]. Furthermore, individuals
with lower incomes face greater stress, poorer access to health
care, and environmental exposures compared to those with
higher incomes [14]. These disparities highlight the need to
study long COVID in medically underserved popul ationsrather
than in specidty clinics[15]. As Californiaaone has about 5.9
million low-incomeresidents, it isimportant to understand long
COVID-related symptom  experiences, physiological

https://formative.jmir.org/2025/1/€77644

characteristics, and behavioral patternsin this population, which
may support future improvementsin the delivery of care.

Symptoms associated with long COVID arehighly variableand
are often unpredictable. An individual may experience
day-to-day variation in symptoms and their severity [16,17].
Similarly, theway anindividual respondsto an event or stimulus
is highly individualized and can often result in different
behavioral outputs, depending on the day [18]. Asthe clinical
presentation, severity, and outcomes of long COVID vary from
patient to patient, it may prove beneficia to monitor the disease
in a more personalized way, for example, through a wearable
device.

Wearable devices that continuously track behavioral and
physiological metrics such as steps, heart rate (HR), heart rate
variability (HRV), temperature, physical activity, and sleep
have become more accurate and accessible. It is estimated that
one in three Americans uses a wearable device to help track
their fitness and health [19]. Several studies and reviews have
found that several wearable devices have demonstrated utility
in infectious-disease surveillance, including early detection of
COVID-19 and the monitoring of physiological signals preand
post infection [20-25].

Asthewearable research landscape shifted from early detection
to management of long COVID, several studies and reviews
assessed a variety of wearables and approaches to identify
persistent physiological clusters, support pacing or
self-management, and track recovery trgectories [26,27].
However, the literature has a limited representation of
low-income populations. Although many studies incorporated
patient-reported outcomes (PROs), few used a longitudinal
design to examine symptom trajectories alongside objective
activity measures, and none did so in a Federally Qualified
Health Center (FQHC) cohort.

To address this gap, we collected high-resolution longitudinal
datafrom asubset of patientsinthe Long COVID and Fatiguing
I1Iness Recovery Program (LC& FIRP) through Family Health
Centers of San Diego (FHCSD) using the Fithit Charge 5 (Fitbit
Inc). This study sought to answer the following research
questions: (1) What longitudinal characteristicsdo patientswith
long COVID haveintermsof Fitbit-measured physical activity,
physiology, and PROs? (2) Arethere any meaningful subgroups
or phenotypes within this patient cohort? (3) Are there
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longitudinal associations between the identified phenotypes and
the changesin PROsthat could inform future studiesand clinical
management of long COVID?

Methods

Study Design and Setting

Thiswas aprospective, observational, longitudinal cohort study
involving a subset of patientsenrolled in LC& FIRP. LC& FIRP
was a three-year effectiveness-implementation hybrid study at
an FQHC, FHCSD. FHCSD is one of the ten largest FQHC
health systemsin the nation, with the vast majority of its patients
being low-income and members of aminority population [28].
The program used a technology-enabled multidisciplinary
team-based care model focused on case-consultation and
peer-to-peer discussion of emerging best practices (ie, teleECHO
[Extension for Community Healthcare Outcomes]) to assist
management of complex cases associated with long COVID,
ME/CFS, and other IACCs [28]. This study was reported in
accordance with the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines [29]. The
STROBE checklist of this study is available in Multimedia
Appendix 1.

Aims

The primary aim of this study was to identify longitudinal
patterns in physical activity, physiology, and PROs of patients
with long COVID. The secondary aim was to identify
meaningful subgroups or phenotypes within this study’s cohort
and examine the overlay of PROs and symptoms in relation to
the activity characteristics of patients with long COVID.

Patients

Between March 2022 and May 2023, Fitbit devices for remote
monitoring and symptom management were given to a subset
(n=172) of thetotal enrolled L C& FIRP patient cohort (n=590).
The sample size was based on 20% of LC&FIRP's initia
recruitment target of 856. Using convenience sampling,
participants were recruited when they agreed to complete their
physical therapy visit or through a provider or physical therapist
referral. Inclusion criteriaincluded being aged 18 years or ol de,
documented persistent symptoms and adeclinein health-related
quality of life consistent with long COVID based on patient
report and clinical determination, ME/CFS or other IACCs, and
having asmartphone. No additional measureswereimplemented
to address potential sources of bias beyond standard study
methods.

Eligible patientswho compl eted their baseline survey and were
willing to participate in the Fitbit substudy received Fitbit
Charge 5 devices within 3 months. Participants also received a
booklet explaining how to interpret Fitbit data to manage their
symptoms using pacing. An activity diary was aso included in
the back of the booklet to encourage patients to record their
activities and symptoms for a week straight. Patients were
offered an incentive to submit the activity diary; however, only
4 patients submitted diaries, and therefore, these data are not
included in the current analysis.

https://formative.jmir.org/2025/1/€77644
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Patients completed PROs including the PROMIS-29
(Patient-Reported  Outcomes Measurement  Information
System-29) version 2.1, the PROMIS (Patient-Reported
Outcomes Measurement Information System) Short Form
version 1.0 - Dyspnea Severity 10a and Applied Cognitive
General Concerns 8a, the PHQ-2 (Patient Health
Questionnaire-2), the GAD-7 (Generalized Anxiety Disorder-7),
and the Centers for Disease Control and Prevention (CDC)
ME/CFS Symptom Screener-Short Form version 1.2 at baseline,
3 months and 6 months [30-35]. They were completed over the
phone and in English or Spanish, depending on the patient’'s
preferred language. During follow-up, patientswere only asked
about symptoms they reported at baseline; however, patients
had the opportunity to report any newly experienced symptoms
during each follow-up. Dataregarding HR, sleep, and physical
activity were tracked by Fitbit devicesin real time for up to a
year and automatically uploaded to Fitabase (Small Steps Labs
LLC), a Fithit application programming interface partner that
provided a platform for FHCSD to view clean data. After the
6-month survey date of thelast patient in December 2023, Fitbit
data was downloaded from Fitabase and preprocessed for
analysis.

To minimize loss to follow-up, the research team contacted
patients at least three times over 4 weeks to complete their
surveys. The team also reviewed Fitabase weekly to confirm
Fitbit datauploads. If apatient had not uploaded datafor aweek
or more, researchers made three calls or text attempts over the
next 4 weeks to remind them to wear the Fitbit and open the
app to enable data upload.

Ethical Consider ations

LC&FIRP was reviewed and approved by the Institutional
Review Board of San Diego State University (HS-2021-0241).
All methods were carried out in accordance with relevant
guidelines and regulations, and present no more than minimal
risk to patients. All patients included in this study completed
FHCSD's Broad Consent, which includes a specific
authorization for the use of deidentified health information for
research purposes, including primary data collection and
analyses. Any information obtained about patients during this
study was deidentified and treated as strictly confidentia to the
full extent permitted by applicable law and in accordance with
Health Insurance Portability and Accountability Act regulations.
All data is deidentified and reported in aggregate. More
information regarding data privacy and management can be
found in the study protocol [28]. Patients kept the Fitbit Charge
5 devicesthey received after the current study as compensation
for their participation in the Fitbit substudy, and a US $10 gift
card was provided as an incentive for completing and returning
the activity diary. No additional compensation was provided.

Data Preprocessing

Preprocessing of minute-level Fitbit data followed the
recommendations of Wing et al [36]. Specifically, minuteswith
valid HR values were automatically considered valid wear. For
minutes with missing HR data but with corresponding step
counts, metabolic equivalent of task (MET), or intensity values
above default (ie, step count above 0, MET above 1.0, or
intensity above 1), the mean HR value from adjacent minutes
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was used to fill in gaps [36]. Next, minutes with HR values
below 45 or above 205 (0.23% and <0.001% of total observed
minutes, respectively) were excluded due to their improbable
occurrence. Additionally, periods where the HR value was
unchanged for 11 or more consecutive minutes (1.39% of all
observed minutes) were also excluded because they are unlikely
to be physiological [36]. Subsequently, the minute-level time
series data were aggregated into daily summariesto determine
valid daily wear time and daily features of each participant.
Summary measuresfor characterizing daily behaviors of patients
were calculated from available Fitbit measurements. To retain
longitudinal patternsin the Fitbit data, we did not conduct data
imputation in consideration of the large proportion of missing
data

PRO scores were calculated according to their respective
protocols. Severity scores of the 8 symptoms assessed by the
CDC ME/CFS Symptom Screener were calculated according
to the scoring algorithm of the CDC Symptom Inventory [34,35],
which takes into account both the frequency and intensity of a
symptom. Analyses of PROMI S scoreswere based on both raw
scores and T-scores (ie, standard scores with a mean of 50 and
SD of 10 in the US general population) calculated using the
HealthMeasures Scoring Service online [37], while all other
processes were performed using Python (version 3.8.15; Python
Software Foundation). The Hawkins test suggested that the
missingness pattern of the PRO datais consistent with amissing
completely at random mechanism, with P>.10 for all PRO
measures.

Patient Categorization

Inthisstudy, avalid wear day is defined as having at |east 1200
minutes (ie, 20 hours) of valid Fitbit data. Patients are
considered to have valid wear during this study if they have had
at least 7 valid wear days among all available data.

Inspired by the findings from exploratory time series analysis
that patients could be classified into 2 clusters by their moderate
to vigorous physical activity (MVPA), we further categorized
valid wear patients as MV PA-active or MV PA-inactive based
on the World Health Organization (WHO) guideline of 150
MVPA minutes per week [38]. MVPA refers to the physical
activity that isperformed at >3 METs (ie, >3 timestheintensity
of rest) on an absolute scale [38]. Due to the discontinuous
nature of valid wear days, we calculated average daily MVPA
minutes of each patient between baseline and 6 months and
categorized patients as MV PA-active or MV PA-inactive by
whether their average daily MV PA reached 21.4 minutes.

Statistical Analysis

Statistical differences between subgroups of patients (eg,
stratified by Fitbit wear time or MV PA) at different time points
were examined using the chi-squared test, Student t test, or
Wilcoxon test, according to data type and normality. Two-way
ANOVA was used to examine group differenceswhile adjusting
for another factor of interest (eg, employment status).
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For exploratory analysis of potential patient clusters, growth
mixture modeling (GMM) [39] was applied on day-level time
series of Fitbit measures.

Linear mixed effects (LME) [40] regression was used to model
longitudinal associations between MVPA levels and PROs,
using Fitbit data between baseline and 6 months. LME models
of PROs included time (baseline, 3-month, and 6-month),
MVPA levels, the interaction between time and MVPA levels,
and baseline PRO scores, plus an individual intercept for each
patient to account for random effects. The interaction term
would reveal the effect of MV PA level over time. Modelswith
different sets of independent variables or different random effect
settings were evaluated with the Akaike Information Criterion
to find the best model. Model validity was diagnosed using the
Shapiro-Wilk test of residual normality and White Lagrange
multiplier test of residual variance homogeneity. Sensitivity
analysis was subsequently performed to assess the validity of
statistically significant findings, using dlightly different
thresholds for MVPA classification, different lengths of Fitbit
data, categorical time labels, and different patient inclusion
strategies.

GMM was performed using the lcmm package [41] (version
2.1.0) inR (version 4.3.3; R Foundation); LME was performed
using ImerTest [42] (version 3.1-3) in R (version 4.3.3); other
analyses were performed using SciPy (version 1.10.1) and
statsmodels (version 0.14.0) in Python (version 3.8.15). A P
value of less than .05 is considered indicative of a statistically
significant difference or association. Due to the exploratory,
hypothesis-generating nature of our analyses, we did not make
adjustments for multiple testing.

Results

Participant Characteristics

Of the 172 enrolled patients, 80.2% (n=138) were female;
75.6% (n=130) were White; 44.8% (n=77) identified as
Hispanic, with 53.5% (n=92) sel ecting Spanish astheir preferred
language; 47.7% (n=82) had at least some college education;
45.3% (n=78) were unemployed, and 94.8% (n=163) had an
estimated annual income below US $50,000 (Multimedia
Appendix 2). Of those enrolled, 82 (47.7%) were classified as
valid wear patients, providing 7566 valid wear days in total
during the entire study period. Noncompliance with Fitbit wear
was related to forgetfulness, rashes, and limited digital
proficiency. Table 1 shows the baseline characteristics of valid
wear patients whose activity data were analyzed in this work.
Compared to those who did not meet the valid wear criteria
(n=90, Multimedia Appendix 2), patients with valid wear were
younger (mean 46.9, SD 13.0 vs mean 51.4, SD 9.6 years,
P=.01), less likely to be Hispanic (37% vs 55%, P=.03) or
Spanish-speaking (43% vs 63%, P=.01), and less likely to be
married (26% vs 54%, P<.001). No other significant difference
was observed in baseline characteristics and PROs between the
valid wear and the invalid wear group.
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Table 1. Characteristicsand COVID experience of valid wear patients at baseline. Valid wear patients had at least 20 hours of valid Fitbit data per day
for at least 7 days throughout this study.

Characteristics Valid wear (n=82)
Age, mean (SD) 46.9 (13.0)
Sex, n (%)
Female 68 (83)
Mae 14(17)
Race, n (%)
White 59 (72)
Non-White 13 (16)
Unknown 10 (12)

Ethnicity, n (%)

Non-Hispanic or Latino 50 (61)
Hispanic 29 (35)
Unknown 34
Education, n (%)
Grade 5 or less 6 (7)
Grade6t0 8 4(5)
Grade9to 12 25 (30)
Some college or college 39 (48)
Postgraduate 5(6)
Unknown 34

Employment status, n (%)

Employed 35(43)
Unemployed 35 (43)
Student 5(6)
Retired 2(2
Unknown 5(6)

Housing status, n (%)

Rent 64 (78)
own 10 (12)
Homeless 5(6)
Unknown 34
Marital status, n (%)
Single 40 (49)
Married 21 (26)
Other 21 (26)
Estimated annual income (US $), n (%)
0 25 (30)
1-19,999 30(37)
20,000-49,999 22 (27)
50,000+ 2(2)
Unknown 3(4)

Preferred language, n (%)
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Characteristics

Valid wear (n=82)

English 47 (57)
Spanish 35 (43)
Freguency of completing 150 minutes per week of moder ate-intensity physical activity before contracting COVID-19, n (%)
Never 19 (23)
Very few weeks 13 (16)
Some weeks 4(5)
Most weeks 11 (13)
Every week 28(34)
Unknown 7(9)
Freguency of completing 150 minutes per week of vigorous-intensity physical activity before contracting COVID-19, n (%)
Never 47 (57)
Very few weeks 9(11)
Some weeks 5(6)
Most weeks 2(2)
Every week 13 (16)
Unknown 6(7)
Admitted to the hospital due to COVID-19, n (%) 17 (21)
Admitted to the ICU® due to COVID-19, n (%) 9(11)
Prescribed supplementary oxygen support due to COVID-19, n (%) 15 (18)
Intubated due to COVID, n (%) 2(2)
Long COVID and ME/CFSP diagnosis, n (%)
Long COVID only 71 (87)
ME/CFS only 4(5)
Both long COVID and ME/CFS 6 (7)

8 CU: intensive care unit.
bME/CFS: myalgic encephal omyelitis/chronic fatigue syndrome.

Fitbit Findings and Patient Categorization

Fitbit data between baseline and 6-month dates were used for
subsequent analysesin consideration of the number of patients
contributing valid dataand their potential association with PROs
at 6-month follow-up. These include 4141 days of Fitbit data
from valid wear patients, with each patient providing 50.5 (SD
38.5) days of dataon average (median 42, IQR 20-70.75). The
distribution of days of valid Fitbit data since Fitbit deployment
through the 6-month PRO assessment for each valid wear
participant can be found in Multimedia Appendix 3.
Noncompliance with PRO completion was associated with
survey length, difficulty reaching patients, and symptom-related
challenges.

https://formative.jmir.org/2025/1/€77644

After applying MV PA categorization using average daily MVPA
minutes between baseline and 6 months, valid wear patients
(n=82) were classified into an MV PA-active subgroup (n=41)
and an MVPA-inactive subgroup (n=41). MVPA-inactive
patients had an average number of valid wear days of 60.2 (SD
41.9; median 51, IQR 23-87), whereas MV PA-active patients
had an average of 40.8 (SD 32.4; median 28, IQR 16-63). The
Wilcoxon rank test indicated that the MV PA-inactive group
had significantly more valid wear days than the MV PA-active
group (P=.33). Table 2 summarizes average daily Fithit
characteristics of the two groups. Consistent with their labels,
the MV PA-active group had significantly higher MV PA minutes
(P<.001), steps (P<.001), maximum HR (P<.001), and
significantly lower percentages of sedentary time (P=.002) than
the MV PA-inactive group.
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Table 2. Average daily Fitbit characteristics of MV PAZ-active and MV PA-inactive patients between baseline and 6 months. Patients were categorized

by their individual average daily MV PA minutes.

Daily Fitbit characteristics MVPA-active (n=41), mean (SD) MV PA-inactive (n=41), mean (SD) P value
Sedentary time/wear time (%) 66.8 (9.8) 74 (8.8) .002
Lightly active minutes 283.2(81.0) 242.1(82.7) .06
MVPA minutes 46.9 (31.4) 8.2(6.3) <.001
Steps 8966 (3818) 5744 (2582) <.001
Resting heart rate 70.7 (9.0) 70.6 (8.7) .79
Maximum heart rate 127.8 (8.5) 121.2 (8.1) <.001
Go-to-bed time 23.99 (1.51) 24.11 (1.70) .98
Get-up time 7.60 (1.57) 8.01(1.94) 37
Hours asleep 6.83 (1.36) 6.96 (1.04) 91
Asleep time/time in bed (%) 87.4(2.7) 87.1(3.7) 85

aVPA: moderate to vigorous physical activity.

Patient-Reported Outcomes

The 2 groups reported significantly different scores in the
physical function, fatigue, pain interference, social roles, and
dyspnea scales at baseline (Table 3). The differences in group
means all reached the general meaningful change threshold of
3 T-score points for group comparisons [43]. After converting
into severity categories (ie, acceptable or mild, moderate

https://formative.jmir.org/2025/1/€77644

concern, or significant concern) using standardized cutoff scores
of PROMI S scales, the differencesin physical function, fatigue,
and dyspnea scores remained statistically significant (P values
were .03, .006, and .007, respectively), indicating that patients
in the MVPA-inactive subgroup experienced more severe
problems as reflected by the 3 subscales than those in the
MV PA-active subgroup at baseline. Similar differences were
observed in the severity scores of related symptoms.
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Table 3. PROS? of MV PAP-active and MV PA-inactive patients at baseline®.

PROs MV PA-active (n=41) MV PA-inactive (n=41) P value
PHQ-2%€ (0-6), 23", n (%) 8(20) 15(37) .08
PROMIS-299 depression® (20-80), mean (SD) 53 (10) 56 (11) 21
GAD-7%" (0-21), mean (SD) 6.1(5.0) 8.2(5.7) 12
PROM |S-29 anxiety® (20-80), mean (SD) 56 (11) 57 (10) 77
PROMIS-29 physical function' (20-80), mean 38 (7) 34(7) .006
(SD)
PROMIS-29 fatigue® (20-80), mean (SD) 59 (10) 66 (8) <.001
PROM IS-29 sleep disturbance® (20-80), mean 98 (5) 58 (6) 55
(SD)
PROMIS-29 pain interference® (20-80), mean 60 (10) 65(9) .03
(SD)
PROMIS-29 social roles (20-80), mean (SD) 47 (11) 40 (10) .02
PROMIS dyspnea® (20-80), mean (SD) 56 (10) 63(12) .002
PROMISS cognition' (20-80), mean (SD) 46 (12) 41(10) .06
Fatigue, tiredness, or exhaustion
Yes, n (%) 36 (89) 39 (95) 43
Severity score® (0-16), mean (SD) 92(42) 123(4.2) .001

Muscle pain, muscle cramps, or muscle aches

Yes, n (%) 33(80) 32(78) .99

Severity score® (0-16), mean (SD) 7.0 (4.9) 81(57) 37
Joint pain

Yes, n (%) 25 (61) 29 (71) 48

Severity scoref (0-16), mean (SD) 56(53) 7.5(55) 15

Unrefreshing sleep

Yes, n (%) 29 (71) 34(83) 30

Severity score® (0-16), mean (SD) 7.1(6.0) 9.8(5.3) 06
Problems getting to sleep, sleeping through the night, or waking up on time

Yes, n (%) 34(83) 37(90) 52

Severity score® (0-16), mean (SD) 7.1(5.7) 104 (4.7) 007

Forgetfulness or memory problems

Yes, n (%) 24 (59) 31 (76) .16

Severity score® (0-16), mean (SD) 52(56) 81(55) 03
Difficulty thinking or concentrating

Yes, n (%) 26 (63) 35(85) .04

Severity scorek (0-16), mean (SD) 5.3(5.2) 8.7 (5.4) .006

Dizziness or lightheadedness

Yes, n (%) 29 (71) 33(80) 44

Severity scoreX (0-16), mean (SD) 4.8(4.5) 4.4(3.6) .98

Post-exertional malaise, yes, n (%) 32(78) 30(73) .80
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3PRO: patient-reported outcome.
bMVPA: moderate to vigorous physical activity.

®Ranges of patient-reported outcome scores areindicated in parentheses, PROM I S T-scores have amean of 50 and an SD of 10in the reference population
and typically fall between 20 and 80.

dPHQ-2: Patient Health Questionnaire-2.

€On PHQ-2, GAD-7, and all PROMIS subscales except physical function, socia roles, and cognition, a higher score indicates more severe problems
or concerns.

Iy PHQ-2 score of 3 or greater indicates that major depressive disorder is likely.

9PROMIS-29: Patient-Reported Outcomes Measurement Information System-29.

NGAD-7: Generalized Anxiety Disorder-7.

'on PROMIS physical function, social roles, and cognition subscales, alower score indicates more severe problems or concerns.

IPROMIS: Pati ent-Reported Outcomes Measurement Information System.

I‘:’:‘ymptom severity scoreswere cal culated using the scoring algorithm of the CDC Symptom Inventory [34,35]. A higher scoreindicatesthat the symptom
is more frequent or more intense. A score of 0 means no symptom.

| Post-exertional malaise was measured by ayes, no, or do not know question asking whether any of the symptoms get worse for at least 24 hours after
activity.

Table 4 provides average individual changes in PROs from the pairwise within-subject calculation. To address this, we
baseline to 3 months and 6 months, showing the direction and  further analyzed longitudinal associations between MVPA levels
magnitude of the trends in PROs. However, the effect of other  and PROswith LME regression, which isableto handle missing
factorsis not considered, and the sasmple sizeislimited dueto  values while modeling the effects of multiple factors.

Table4. Averageindividual changesin PROs? from baselineto 3 and 6 months.

PRO change scores From baseline to 3 months From baseline to 6 months

MV PAC-active MV PA-inactive MV PA-active MV PA-inactive
PHQ-2%€ (0-6). mean (SD) +0.2 (1.7) ~0.3(18) +0.2 (1.4) -0.8(2.0)
PROMIS-29' depression® (20-80), mean (SD) 1 (9) 0(9) +2(8) -2(9
GAD-789 (0-21), mean (SD) +0.8 (5.2) ~0.7 (4.6) +1.4 (4.6) -1.6 (6.0)
PROMIS-29 anxiety® (20-80), mean (SD) —4(11) -1(12) -1(6) -2(11)
PROMIS-29 physical function” (20-80), mean —1 (6) +1(6) -1(8) +2(7)
(SD)
PROM |S-29 fatigue® (20-80), mean (SD) 09 -2(9) +2(10) -3(9)
PROMIS-29 sleep disturbance® (20-80), mean  —1 (6) -1(7) 0(8) -2(7)
(SD)
PROMIS-29 pain interference® (20-80), mean 1 (10) -1(11) 0(10) —-2(9)
(SD)
PROMIS-29 social roles” (20-80), mean (SD) 0 (11) +3(10) 0(11) +8(10)
PROMI S dyspnea® (20-80), mean (SD) +1(12) —4(13) -1(10) -2(13)
PROMIS cognition” (20-80), mean (SD) -1(9) +2(9) 0(13) +4(9)

3PRO: patient-reported outcome.

bRanges of PRO scores are indicated in parentheses. PROMIS T-scores have a mean of 50 and an SD of 10 in the reference population and typically
fall between 20 and 80. Data from symptom severity scoresis not included due to limited sample sizes, since only those who have reported a symptom
would receive follow-up questions about that symptom in the next round of questionnaires.

°MVPA: moderate to vigorous physical activity.
dPHQ-2: Peatient Health Questionnaire-2.

€0n PHQ-2, GAD-7, and all PROMIS subscales except physical function, socia roles, and cognition, a higher score indicates more severe problems
or concerns.

'PROMI1S-29: Patient- Reported Outcomes Measurement Information System-29.
9GAD-7: Generalized Anxiety Disorder-7.
hon PROMIS physical function, social roles, and cognition subscales, alower score indicates more severe problems or concerns.
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L ongitudinal Associations Between MVPA and PROs

LME anaysis indicated a statisticaly significant effect of
MVPA level on scores of several PROs over time. For every 3
months of being MV PA-active compared with MV PA-inactive,
the coefficient estimates are —1.94 (95% CI —3.05 to -0.82,
P<.001) for raw scores of PROMIS-29 ahility to participate in
socia roles and activities scale (abbreviated as PROMIS-29
socid roles) and —4.21 (95% Cl —6.64 to —1.78, P<.001) for its
T-scores. The latter is greater than both the general meaningful
change threshold of 3 T-score points for group comparison on
PROMIS scales and the minimal important change values of
0.4-2.2 T-score points estimated by previous studies for the
PROMIS-29 social rolesscale[43,44]. For raw physical function
scores, this coefficient is—1.00 (95% CI —1.97 to —-0.04, P=.04)
but is no longer significant when regressing on T-scores
(estimate=—1.35, 95% CI —3.00 to 0.30, P=.11). Considering
that a lower score indicates more severe problems on both
physical function and socia roles subscales, these negative
coefficient estimates suggest a potential negative effect of high
MVPA levels or a beneficia effect of low MVPA levels over
time. Aligning with LME regression results, average individual
change scores (Table 4) on physical function and social roles
scales show that the scores of MV PA-active patients remained
around the same on average, while patients in the
MVPA-inactive group had increased scores on average.
Together, these findings indicate that MV PA-inactive patients
experienced more improvements in outcomes on average after
6 months compared to MV PA-active patients, especialy in the
ability to participatein socia roles.

LME regression of long COVID symptom severity scores
identified a statistically significant effect of MV PA group over
time on symptomsrelated to sleep quality (ie, problems getting
to deep, seeping through the night, or waking up on time), with
a coefficient estimate of 2.06 (95% CI 0.40 to 3.71, P=.02) for
being MV PA-active over 3 months. Similar to the observations
from PROMIS-29 scores, this positive estimate suggests that
MV PA-inactive patients had more improvementsin sleep quality
after 6 monthsthan MV PA-active patients. However, this effect
was not reflected by the PROMIS-29 sleep disturbance scale.

The effect of MVPA level over timeis not significant for any
other PROs. In addition, the main effects of MVPA groups at
baseline in LME regression are consistent with baseline
comparisons in Table 3 when baseline PRO scores are not
included as a predictor. The addition of other Fitbit or
demographic variables did not result in improved model fitness.
Theonly new variablethat appeared to be statistically significant
was step count, whichishighly correlated with MV PA minutes.
Model diagnostic tests indicated that the fitted models were
valid. Subseguent sensitivity analysis using slightly different
thresholds for the classification of MVPA groups and data
inclusion in LME regression produced the same findings, with
only small fluctuations in coefficient estimates and P values.
For example, 2 patients had average daily MVPA levels near
the classification cutoff. After moving them to the other group,
the coefficient estimate of MV PA-time interaction remained
significant. Removal of patients with near-cutoff numbers of
valid wear days and overly skewed or scattered valid wear days
(eg, patient 039, 064, and 137) produced the samefindings. We

https://formative.jmir.org/2025/1/€77644

Zhang et a

also tried removing 9 patientswho had valid PRO scores at only
onetime point, and findings remained the same. PRO datafrom
patients who missed 1 time point were considered valid and
included in LME models.

Exploratory Analyses

The GMM of day-level Fitbit time seriesidentified 1 cluster of
resting HR, 1 cluster of step counts, and 2 clusters of MVPA
minutes. The GMM model of daily resting HR has an intercept
of 71.5 (P<.001) beats per minute, and aslope of —0.023 (P=.01)
beats per minute per day, indicating a slight decreasing trend
in resting HR over time on average. The intercept represents
the modeled average value on day 0 of Fitbit deployment under
specified model settings and model constraints. The step count
model has an intercept of 7289 steps (P<.001) and a slope of
2.51 (P=.53) steps per day, indicating that the average step count
of the patients was stable over time in general. The 2 clusters
of daily MVPA minutes have sizes of 70 and 12 patients,
intercepts of 18.4 and 68.2 minutes (both with P<.001), and
slopes of —0.029 (P=.46) and 0.20 (P=.39) minutes per day,
respectively. This indicates that there were an MV PA-active
subgroup and an MV PA-inactive subgroup, but the activities
of both subgroups did not exhibit a clear trend over time. As
GMM does not provide specific cutoffs for patient clusters and
GMM-identified clusters may be of insufficient sample size,
we did not use GMM-identified clusters for further analysis,
but instead selected the WHO guideline, which ismore reusable
and comparable for future studies. Due to concerns over the
missingness and quality of the sleep data from Fithit, we did
not analyze this data.

Further analyses were conducted to study potential factors
related to the observed MVPA levels. Employment status at
baseline was similar between MV PA-active and MV PA-inactive
groups, and differencesin Fitbit measures remained significant
after adjusting for employment in a 2-way ANOVA, indicating
that MVPA differences were not explained by employment
status alone. Multivariate linear regression of MVPA minutes
against demographic characteristics and baseline survey scores,
with either a logistic model or a 0-inflated negative binomial
model, revealed sex and baseline PROMIS-29 fatigue score as
significant predictors. Specifically, males and individuals with
less severe fatigue at basdline were correlated with being
MV PA-active during this study’s period.

Other exploratory analyses on the Fithit data, including
dimensionality reduction of average Fitbit features (to study
potential patient clusters), time series clustering of minute-level
data (to study daily activity patterns), weekday-to-weekend and
weekly comparisons (to study weekly patterns), and alignment
of patient activities on adjacent days (to study day-to-day
variations or potential activity pacing behaviors), did not
produce meaningful findings beyond reported results and
existing literature.

Discussion

Principal Findings
This study collected Fitbit-measured physical activity dataand
PROs from a subset of long COVID and ME/CFS patients in
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the LC&FIRP study to identify longitudinal patterns and
examine the overlay of PROs in relation to patient
characteristics. The results showed that patients could remain
MV PA-active despite experiencing symptoms. According to
the Physical Activity Guidelines for Americans, moderate
housework or yardwork, such as carrying groceries or raking
theyard, may reach the threshold of moderate activity [45]. One
of the main characteristics of long COVID is the impact of
symptoms that can alter functionality within these critical
everyday tasks [46]. While we do not have records of why or
how some patients maintained high activity levels, one factor
to consider is the socioeconomic status of our patient cohort.
FHCSD is one of the ten largest FQHCs in the nation, and the
vast majority of patients are low-income [47]. It is important
to analyze data across diverse patient populations, as those at
an FQHC may have experienced household or financial
demands, including the need to continue working. Further study
of employment type and partner’'s employment may provide
additional insight. These factors highlight both the need for
pacing, planning, and prioritizing aswell asthereal challenges
that prevent their implementation [48].

Inlong COVID, wherefatigue and PEM are common, physical
activity should be recommended with carein an individualized
approach. In our study, 75.6% (62/82) of patientsreported PEM,
and the proportions in the 2 MVPA subgroups were not
significantly different (P=.80). The high rate of PEM may reflect
our patient population’s responsibilities when it comes to
providing and caring for their families. Although some studies
have demonstrated improvementsin metricsrelated to physical
function after physical rehabilitation programs, few addressed
PEM, and those that did found no improvement in exercise
performance following structured exercise interventions[49-54].

In our attempts to quantify PEM, we found that it was difficult
to establish parameters due to the diversity in patient
experiences. Although symptoms of PEM vary, fatigue,
cognitive dysfunction, and sleep problems are reported with
high frequency [55]. Velez-Santamaria et al [46] examined the
changesin fatigue severity inlong COV D participants, finding
that it worsened significantly, with 92.4% of participants
meeting the criteria for ME/CFS, while Stussman et a [56]
highlighted the diverse onset, duration, and recovery patterns
of PEM symptoms. Similar to our study, this heterogeneity
underscores the need to tailor treatment strategies based on the
severity of fatigue, symptoms, and the patient’s lifestyle [56].

Of the 11 published studies on long COVID and wearable
devices, ourswasthe only oneto use PROMIS-29 asthe primary
PRO measure [26]. We found that at baseline, MV PA-inactive
patients experienced more severe problems with physical
function, fatigue, dyspnea, and sleep quality than MV PA-active
patients. On average, after 6 months, MV PA-inactive patients
reported some recovery in the domains of sleep quality and the
ability to participate in social roles, compared to MV PA-active
patients whose metrics worsened or remained around the same.
Other studies used different PROS, including the Fatigue
Assessment Scale [49], Short Form 36 Health Survey [50], or
the COVID-19 Yorkshire Rehabilitation Scale [57], making
comparisons challenging due to heterogeneity in scales,
symptom emphasis, and reference periods. AsPROMIS-29 was
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not used in prior studies, direct trgjectory comparisons with
other cohorts are limited.

Previous studies a so examined the associ ation between physical
activity and patient with long COV 1D’ s experiences. Humphreys
et al [58] conducted qualitative interviews with patients with
long COVID, with one of the main themes being the struggle
with impaired physical function. In a cross-sectional study by
Wright et a [59], about 75% of the participants reported that
physical activity worsened their long COVID symptoms. A
later cross-sectional study by Vélez-Santamaria et a [46],
involving multiple quantitative questionnaires similar to our
study, revealed a significant association between impaired
functionality, lower physical activity levels, and worsened
quality of lifein patientswith long COVID. Rekeland et al [60]
also reported similar associations between physical activity,
ME/CFS severity, and PROsin patientswith ME/CFS. Findings
in our study are consistent with and complementary to those
studies. To our knowledge, our study is the first to report
longitudinal patterns of physical activity in lower-income
patients with long COVID using a wearable device and PROs.
Other studies exist, but do not focus on similar cohorts[61-63].

Our finding that alower MV PA level was associated with more
improvements in outcomes in the long-term seems to suggest
some benefit from reduced activity. Given our observational
results, we propose that it may be beneficial for health
professionals to ask patients about their normal pattern of
physical activity and symptoms that follow or worsen after
activity. If the patient’s responsibilities require a substantial
amount of MVPA, strategies for mitigating its potentially
negative effects on symptoms could be explored. One potential
strategy is activity pacing, that is, dividing physical activities
into multiple portions that are more manageable and balancing
them with rests [64]. In our study, we did not observe clear
indications in the exploratory analysis (result not shown) that
patients paced their activities on the day level because they
maintained a relatively stable amount of MVPA on weekdays
over time. In addition, our PROs were only conducted every 3
months, which may have resulted in difficulty for the patient
to recall certain activities that caused PEM. Due to the
exploratory nature of our study, results should be interpreted
as hypothesis-generating.

The findings of this study should be interpreted in light of its
limitations. First, the sample size of this study was relatively
small (n=82 for valid wear patients) and was observational in
nature, which limits the extent to which results can be
generalized. Second, exploratory analysis is typically used to
generate hypotheses of effects and associations rather than to
confirm them definitively. The goal is often to identify potential
patterns, associations, or areas for further study, rather than to
make conclusions about the data. It isimportant to interpret the
P values reported with caution, given that the number of
statistical tests performed increases the risk of type | errors
(false positives). Assuch, our findings provide insightsinto the
longitudinal trajectory of patientswith long COVID and should
be used to guide future research. Third, due to concerns over
the missingness and quality of Fitbit data on sleep and HRV,
we were unable to investigate these characteristics. Future
studies could consider collecting these measures through other
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wearable devices or even including biological markersto better
understand these behavioral and physiological aspects among
patients with long COVID and related IACCs. Fourth, as a
substudy of a large intervention program, this study did not
contain a healthy control group or other illness comparison
groups, unlike other studies [62,63]. Therefore, patients were
compared to themselves in the past or to other patients with
different characteristics. Fifth, the applicability of the WHO
MVPA guideline to patients with long COVID’s needs further
validation. Lastly, our ssmplewasfocused on patientsat asingle
site, which may affect generalizability to broader populations,
whereas other studies had a more diverse population [26].

Considering that repeated measures studies could be undermined
by the regression to the mean phenomenon, we conducted
baseline-adjusted LME regression analysi s, which appropriately
accounts for patient-level variability in repeated measures.
Moreover, the major effect we observed on the PROMIS-29
social roles scale is greater than the meaningful change
thresholds of the PROMI S scales, whichisunlikely to be solely
dueto regression to the mean. Nevertheless, alarge, real-world
interventional cohort that includes a diverse set of patients may
help phenotype patients in a more comprehensive manner,
potentially leading to a better understanding of the disease,
treatment strategies, and the development of effective
interventions. Lastly, our project lacked the ability to monitor

Zhang et a

and follow up with patients in real time when they were
experiencing a worsening symptom or PEM. The use of
ecological momentary assessment isacrucial next step to better
comprehend the sporadic nature of symptoms and PEM in
patients with the goal of gathering information about daily
patterns of symptoms to identify triggers for the worsening of
symptoms [65].

Conclusions

In conclusion, our results highlight the complex nature and
diverseimpact of long COVID and ME/CFS, drawing attention
to the value of combining self-reported symptomsand objective
physical activity datawhen evaluating individuals. Furthermore,
the results suggest that disease experienceisindividualized. As
this study was exploratory in nature, our findings could help
lay the groundwork for clinician-patient interactions and for
tailoring rehabilitation efforts and guiding future research. Our
paper highlights the importance of continuing research in the
field of long COVID and ME/CFS. Next steps could include a
deeper diveinto physiological aspects such asresting metabolic
rate, ecological momentary assessment, HRV, and sleep over
acontinuous period. Using acombination of different wearables
in alarger sample size could help to further the understanding
of personal trajectories of long COVID experience, hopefully
leading to personalized treatment options and better tracking
of disease progression.
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Distributions of valid wear days of each valid wear patient between Fitbit deployment and 6-month PRO assessment. Each point
marks a valid wear day. Patients are colored by their MVPA group. The x-axis does not correspond to survey dates. MV PA:
moderate to vigorous physical activity; PRO: patient reported outcomes.
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