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DEFINITIONS

Patient-reported outcome (PRO)

Patient-reported outcome

measure

Questionnaire

Electronic patient-reported

outcome measure

Remote PRO-based follow-up or
telePRO

PRO-based algorithm

PRO overview

Remote PRO-based monitoring *

Patient-initiated follow up

Remote patient-initiated PRO-
based follow-up or open access
telePRO *

A measurement of any aspect of a patient’s health that comes directly
from the patient without interpretation of the patient’s response by a

clinician or anyone else (1,2).

A questionnaire that measures patients' perceptions of the impact of a

condition and its treatment on their health (3).

A term often used to describe a patient-reported outcome or other

collection of self-reported items (2).

A PRO measure that is completed electronically (3).

PRO measures are used as the basis for follow-up in which scheduled
questionnaires replace in-clinic visits. A red flag approach/PRO-based

algorithm is used to identify patients who need or wish clinical attention

(4)-

PRO measures are divided into three colors: green, yellow, or red based
on what the clinicians consider clinically important to react on to identify

patients who need attention (4).

A graphical overview displaying PRO measures. Clinicians use the

interface to guide clinical decision-making (4).

PRO measures are used to monitor symptoms distress between

scheduled in-clinic visits.

Follow-up activities that allow patients to initiate hospital outpatient
follow-up appointments on an “as required” basis compared with the
traditional “regular in-clinic appointment” model. The main principle is
to reduce inappropriate regular follow-up appointments at times when

patients are feeling well and symptom-free (5,6).

PRO measures are used as the basis for follow-up by which non-
scheduled questionnaires initiated by the patients replace scheduled in-

clinic visits.

* Ad hoc definition used in this PhD dissertation
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INTRODUCTION

The number of people with long-term chronic conditions is increasing worldwide (7). This is also
the case in Denmark, as chronic conditions involve two-thirds of the adult population (8,9). This
increase puts pressure on the healthcare system to manage the balance between rapid acute care
management and the needs of patients with chronic conditions (10). Moreover, the healthcare
system focuses on the goal of involving patients' perspectives on their own health and healthcare
delivery to improve quality of care (11). The patient perspective can only be evaluated by the
patients themselves; hence, the use of patient-reported outcome (PRO) measures has gained
attention during the last decade at all levels of the healthcare system (3,12). These outcomes are of
major importance as the ultimate goal in healthcare is to reduce symptoms and improve patients'
health status as well as how they function in daily life (13). PRO measures have the potential to
facilitate patient-centered care through different types of use (14-16) and could contribute to the

reorganization of healthcare delivery to patients with chronic conditions (17).

Group-level PRO data could have a role in organizational use to evaluate quality of care, the
performance of healthcare providers or organizations, population monitoring, and in value-based
healthcare delivery (3,18). Group-level PRO data could also be used at the individual patient level
in clinical practice in which PRO data may have a role in shared decision-making and individual
prognosis on functioning and symptoms (14,16). Individual patient-level PRO data could be used
in the clinical encounter between patients and clinicians to guide the conversation and to focus on
issues reported as important by the patients themselves (3,16,19). In addition, individual patient-
level PRO data can be used to flag the need for further clinical attention in remote patient
management (14,17). This could support cost-saving activities and reduce unnecessary outpatient
visits for stable patients with long-term conditions and perhaps also enhance patient-centered care
(17). This dissertation focuses on the individual use of patient-level PRO data in remote outpatient
follow-up.
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PATIENT-REPORTED OUTCOMES

Patient-reported outcome (PRO) is defined as: “any report of the status of a patient’s health condition
that comes directly from the patient, without interpretation of the patient’s response by a clinician or anyone
else” by the US Food and Drug Administration (1). Thus, PRO is an umbrella term that covers a
broad range of different constructs, such as, symptoms; physical, social, and mental function;
health perceptions; and health-related quality of life (HRQOL) (20,21). These aspects encompass
different levels of patient health status or outcomes and are often non-observable subjective
aspects (e.g. pain, fatigue, and depression) that only can be assessed by the patients themselves.
Since these aspects cannot be observed directly, they need to be operationalized to be measured.
Non-observable constructs can be measured in a standardized questionnaire, also called a PRO
measure (19). A PRO measure includes specific domains relevant to the patient's condition and
health status (22). Each domain includes one or more items that reflect the construct to be
measured. The items are scored and often based on a procedure to calculate a summary score. A
PRO measure can be generic, domain, or disease specific (22). PRO measures can play a central
role in clinical practice and health research as they can be used in diagnosis, prognosis, and

evaluation of the effects of a medical treatment or intervention (22).

Measurement properties of PRO measures

A PRO measure must be used adequately according to its purpose, contain valid and reliable
information, and users must know how to interpret the results a PRO measure produces (22). In
both the development and evaluation of a PRO measure, measurement properties such as validity
and reliability must be considered. The variation in terminology and definitions can be confusing
in the literature; therefore, an international Delphi study was accomplished in 2010 to achieve
consensus based standards for the selection of health measurement instruments (COSMIN) (22-24).

COSMINSs terminology is used throughout this dissertation.

Figure 1 shows the COSMIN taxonomy, which includes three main measurement properties:
reliability, validity, and responsiveness (23,25). Reliability relates to how consistently patients
respond to a PRO measure over time, for example, if the PRO measure was measured again one
week later, would it show the same results if the patient's health status did not change? Further, to
what degree are the repeated PRO measures free from measurement error? (23). This can be tested
in a test-retest reliability design. The validity of PRO measures refers to whether they measure
what they are intended to measure. Validity can be divided into several measurement properties;
two that are highly relevant to PRO measures are content and construct validity. Content validity
relates to whether all aspects of the construct of interest are covered in the PRO measure and
whether the target population finds the PRO measure relevant and comprehensible (face validity)
(23). Construct validity relates to how well the PRO measure performs compared to other PRO

measures that aim to measure the same construct (23). Criterion validity could also be relevant and
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relates to the degree to which a PRO measure is an adequate reflection of a measurement gold
standard (23); however, often a gold standard is not available. The responsiveness of a PRO
measure relates to whether it can detect a change in the measured construct over time (23). This is
a relevant measurement property if the PRO measure is intended for evaluation of an effect of an

intervention.

Figure 1 Overview of measurement properties according to the COSMIN taxonomy (23,25)

Measurement Properties of
Outcome Measurement Instruments
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Administration of PRO measures

Traditionally, PRO measures have been developed for paper-and-pencil administration. However,
electronic data collection of PRO measures, termed ePRO, are more commonly used since the use
of electronic devices, such as computers, tablets, and smart phones has become more widespread,
not only in everyday life, but also to capture data in the healthcare system and health research (26).
Several advantages of using ePRO data collection have been pointed out, such as less
administrative burden, automatic scoring of data, immediately accessible data, and more accurate
and complete data (27,28). In the PRO Guidance document, the US Food and Drug Administration
states that the migration of paper-based PRO measures to a web-based PRO version should be
supported by evidence (1). On the basis of this statement, the International Society for
Pharmacoeconomics and Outcome Research (ISPOR) has developed recommendations to ensure
comparability of electronic and paper-based PRO measures (29). The recommendations are
divided into three levels based on the magnitude of modifications of the paper-based version
needed to convert it to a web-based version for use in an integrated electronic platform. In the
literature, four comprehensive systematic reviews and meta-analyses including studies from 1991
to 2015 have examined the relationship between web- and paper-based methods of PRO
administration. The results indicate that web- and paper-administered PRO measures are
equivalent (28,30-32).
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USE OF PATIENT-LEVEL PRO MEASURES IN CLINICAL PRACTICE

PRO measures are increasingly being used in clinical practice and have attracted more attention
from health authorities and decision-makers in the healthcare system during the last decade (14).
The value of integrating the patient perspective into healthcare is considered to be of major
importance (11). PRO measures could be considered as a means of achieving the goal of involving
patients in the healthcare process (3,12,14). Individual use of group-level PRO data involves shared
decision-making or individual prognosis on functioning or symptoms (14). As the focus of this
dissertation is the individual use of patient-level PRO data, the use of group-level PRO data at the

individual patient-level will not be further elaborated on.

Applications of patient-level PRO measures in clinical practice

In 1992, the three significant applications of health status information in clinical practice were
screening, decision-making regarding care, and monitoring the effect of care (33). Today, PRO
measures are applied for a broad range of purposes (14,19,34). However, defining different
applications of individual patient-level PRO measures in clinical practice is not straightforward.
This is because the intervention and implementation of PRO into clinical practice is complex and
far from a “one size fits all” solution (34). Moreover, often multiple applications of PRO measures

occur in clinical practice.

The majority of theoretical and empirical explorations on individual patient-level PRO data focus
on the clinical encounter between a patient and a clinician. In this case, the patient responds to
PRO measures at home or in the clinic before an in-clinic visit. In 2008, Greenhalgh et al. outlined a
taxonomy of different applications for using PRO measures in clinical practice (16). Others have
described similar applications (3,19,34,35). They all point out three main applications if the aim of
individual patient-level PRO data is to improve care at the patient-clinician interface. Firstly, PRO
data can be used as a screening tool to detect physical, social, or mental problems. Secondly, PRO
data can be used as a monitoring tool to identify treatment effects. In both cases, the PRO data can
be used to support clinical decision-making, whether to stop, modify, or add plans for treatment
and supportive care, e.g. diagnosis and referral. Thirdly, PRO data can be used as a means to
establish patient-centered care by fostering a prompt discussion between patients and clinicians
regarding issues reported as important by the patient. Hence, patients may become more involved
in decisions about their care, which may increase their ability to manage their own health. This
could contribute to increased patient satisfaction, self-management, and improved health
outcomes (16). This mechanism is supported by a theoretical framework reported by Santana et al.
(36).

Use of PRO measures in the clinical encounter is added to the current work flow in which patient
care is organized around visits. In 2008, Donaldson outlined that other means of contact can be
valuable and that PRO measures in the future could be used as a way to organize healthcare
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delivery (37). If PRO measures are used to help organize the care process, the PRO measures

should be used at the center of healthcare, and not an added task to usual care (37).

In 2014, Hjollund et al. described the use of PRO measures as the basis for remote outpatient
follow-up in Denmark (17). And in 2017, Basch described the use of PRO measures in remote
patient monitoring in which PRO measures are captured electronically between in-clinic
appointments (38). In 2019, both applications were included in a paper by Calvert et al. (14).
Although remote management has been used for decades in telemedicine solutions in the
healthcare system, the use of PRO measures in remote patient management is a relatively new
initiative in clinical practice (17). This allows new opportunities such as real-time monitoring of
symptoms, flexible scheduling of hospital appointments, early detection of problems, and a
prompt clinical intervention if needed (14). In such cases, PRO measures could contribute to the
reorganization of the healthcare system for follow-up activities in patients with long-term
conditions by prioritizing or optimizing the use of healthcare resources and promoting patient-
centered care. However, the applications of using PRO measures in remote patient management

depend on the purpose of the PRO intervention and perhaps also the disease complexity.

In this dissertation, the following terms are used: remote PRO-based monitoring, remote PRO-based

follow-up, and remote patient-initiated PRO-based follow-up.

In remote PRO-based monitoring, PRO measures can facilitate closer monitoring of symptom distress
between scheduled in-clinic visits. If real time monitoring of symptoms is fed back to clinicians
using alerts, a prompt clinical intervention could be performed and progression of disease activity
may be avoided (38). Remote PRO-based monitoring could be used in the management of complex
conditions with fluctuating disease activity, for example, cancer, heart failure, renal failure, and

chronic obstructive pulmonary disease.

In remote PRO-based follow-up, PRO measures are used as the basis for follow-up, scheduled
questionnaires replacing in-clinic visits. In this case, PRO measures could be used to identify
patients who need clinical attention by using red flag alerts to clinicians. This enables a more
tailored and flexible individual follow-up activity, and unnecessary visits can be avoided (17).
Remote PRO-based follow-up could be used in the management of stable chronic conditions,
which is often the case for patients with, for example, asthma, diabetes, rheumatoid arthritis, and
epilepsy.

In remote patient-initiated PRO-based follow-up, PRO measures can be used as the basis for follow-up,
non-scheduled questionnaires initiated by the patients replacing in-clinic visits. In patient-initiated
follow-up, patients are not routinely seen in hospital, but are instructed to contact the hospital if a
real or perceived clinical event arises (5). This model could potentially provide patients with more
control over their own health and may increase patients' self-management concurrent with better
utilization of healthcare resources. Using PRO measures in remote patient-initiated follow-up must
be considered as a theoretical application, as I have not been able to identify studies that describe
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usage of PRO-based patient-initiated follow-up, but only patient-initiated follow-up using
telephone contact as the main approach for patients to initiate contact to the healthcare system (5).

The evidence related to patient-initiated follow-up is described in a separate section.

Based on different applications described in the literature (3,14,16,17,19,34,35,38) and patient-
initiated follow-up, a summary of potential applications of individual use of patient-level PRO

data in clinical practice is presented in Table 1.

Table 1 Summary of potential applications of individual use of patient-level PRO data

Clinical setting Purpose Description
Patient-clinician Screening PRO data help identify undetected problems.
encounter Monitoring Repeated PRO data help track progress over time and/or evaluate treatment

effect over time.

Patient-centered care Review of PRO data helps improve patient-clinician communication by
prioritizing and addressing problems or concerns important to the patients.
PRO data increase patients' understanding of symptoms and disease.

PRO data increase patients' ability to manage their own health.

. Prioritize and/or PRO-based monitoring;:
Remote patient
optimize use of PRO data facilitate closer monitoring of disease activity and prompt clinical
management
healthcare resources interventions to prevent disease progression between scheduled in-clinic
and promote patient- visits.
centered care PRO-based follow-up:

PRO data help promote individual flexible scheduling of follow-up

appointments by which scheduled questionnaires replace in-clinic visits.

Patient-initiated PRO-based follow-up:
PRO data help promote individual flexible scheduling of follow-up
appointments by which non-scheduled questionnaires initiated by the

patients replace in-clinic visits.

References (3,14,16,17,19,34,35,38)

Evidence of the effect of using patient-level PRO measures in the clinical encounter

The evidence on this topic is comprehensive; hence, the summary of the evidence is based on
secondary literature including systematic or literature reviews identified after a systematic

literature search (Appendix 1) and by reviewing relevant references.

Several reviews have investigated the effect of using patient-level PRO measures in clinical
practice in which PRO measures are collected from patients before a consultation, with feedback to
the healthcare providers who aim to use the PRO measures in the clinical encounter (39-50). In
addition, two upcoming reviews have recently been presented at the 26th annual conference of the
International Society for Quality of Life Research (ISOQOL) in October 2019 (51). The included
reviews are primarily based on randomized controlled trials (RCT) in various patient populations
and clinical settings. The measured effects of using PRO measures in the clinical encounter are

traditionally divided into three outcome categories: process of care, patient health outcomes, and
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patient satisfaction. In the present summary, a fourth outcome category regarding use of
healthcare services has been included. The process of care was related to how care was delivered,
for example, the quantity and quality of patient-clinician communication, problem-detection,
referral and treatment rates, and patients' adherence to treatment. Patient health outcomes
involved, for example, changes in patients’ HRQOL, symptoms, well-being, functioning, or
psychological distress.

The effect of using PRO measures in the clinical encounter was often related to the process of care.
Improved patient-clinician communication has been reported in nine reviews (39,41,43,44,46-50).
PRO measures were found effective in prompting discussion of troublesome symptoms, which
made it possible to focus the conversation on issues relevant to the patient. Five reviews found that
use of PRO measures increased the detection of problems; the detection of mental issues was
particularly improved (43,44,46,47,49). In addition, four reviews reported improved changes in
patient management; for example, increase in the rates of diagnosis and higher referral rates to
other professionals have been reported in four reviews (43,47-49). In an unpublished review
presented at the annual ISOQOL conference in October 2019, Sidey-Gibbons et al. stated that the
most profound finding was related to identifying health issues leading to appropriate diagnosis
and referral (51). Increased patient satisfaction in the PRO intervention group has been reported in
four reviews (41,43,46,48). Clinician acceptability has not been the focus of many of the studies
included in the reviews. Only one review reported that clinician acceptability regarding managing
and enhancing care was moderate to high, and that nurses were more positive (41). Similarly, in
another review, most of the clinicians considered the feedback to be useful (48). Furthermore, one
review reported that the PRO interventions improved clinicians' adherence to recommended
clinical practice (40). The impact of using PRO measures in the clinical encounter on patient health
outcomes and healthcare service outcomes is more uncertain. A review from 2018, including 18
RCTs with health outcomes as primary outcome, found only three studies with robust positive
effects, such as improvement in HRQOL and psychosocial health (39). The other studies reported
either non-robust effects or no significant differences (39). Similarly, in other reviews only few
positive effects on patient health outcomes was found (41-47,49). Few studies have evaluated the
use of healthcare services when using PRO measures in the clinical encounter. One review
included five studies that assessed the number of patients making use of healthcare services and
the frequency of contact with clinicians; however, the results are conflicting (41). Cost-effectiveness
evaluations related to this topic were not identified.

Heterogeneity in terms of PRO interventions, outcome measures, and the methodological quality
of the included studies is described as a general weakness in all reviews. The inconclusive impact
of PRO interventions on patient health outcomes could be related to the focus on distal outcomes,
without understanding the effect upon proximal outcomes, such as how the PRO intervention

operates between patients and clinicians in clinical practice (19).

11
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Evidence of the effect of using patient-level PRO measures in remote patient
management

The evidence on this topic is scant; hence, the summary of the evidence is based on primary
literature including identified RCT studies after a systematic literature search (Appendix 1) and by

reviewing relevant references.

A study was included if it evaluated a remote PRO-based intervention that either replaced in-clinic
visits or was used to monitor symptoms between in-clinic visits. It was also a criterion that the
PRO data were fed back to clinicians, but there were no restrictions on types of PRO measures
used, health condition, or the setting or country in which the study was conducted. Feasibility or
pilot RCTs were not included. The measured effect of using PRO measures in remote follow-up or
monitoring was also divided into four outcome categories: process of care, patient health

outcomes, patient satisfaction, and use of healthcare services.

Four studies were identified that investigated the effect of a PRO-based intervention in remote
follow-up in which PRO data replaced in-clinic visits (52-55). However, in three of the studies, the
PRO-based interventions were supplemented with in-clinic visits; thus, only some of the in-clinic
visits were replaced by PRO measures during follow-up (52,53,55). A Danish non-inferiority RCT
study examined the effect of a PRO-based intervention in patients with stable rheumatoid arthritis
(52). As hypothesized, the study found no differences in disease activity between the study groups.
The study showed no differences in HRQOL and self-efficacy in the PRO-based interventions
compared to traditional follow-up with scheduled in-clinic visits. However, the study showed that
patients in the PRO-based intervention groups had fewer outpatient visits (52). A RCT study from
the Netherlands examined the effect of a PRO-based telemedicine intervention in patients with
inflammatory bowel disease (53). The study showed that PRO-based follow-up resulted in fewer
outpatient contacts and hospital admissions, and improved medicine adherence compared to
traditional in-clinic follow-up. The study found no differences in patient health outcomes such as
disease progression, HRQOL, and self-efficacy. Furthermore, no difference was found in patient
satisfaction (53). A Canadian RCT study in patients undergoing ambulatory breast reconstruction
showed that patients that used a remote PRO-based mobile application had fewer in-clinic visits
than patients with scheduled in-clinic follow-up during the first 30 days after the operation (54).
The study found no differences in complication rates or satisfaction between the groups, but the
PRO intervention group reported a higher convenience score than the control group (54). A RCT
study from the UK investigated the use of remote ePRO for early rheumatoid arthritis
management (55). The study found no differences in disease activity after 3, 6, and 12 months of
management, and the patients' adherence to treatment was statistically significantly higher in the

PRO intervention group than the control group after 12 months of treatment (55).

Four studies which investigated the effect of a PRO-based intervention in remote monitoring in
which PRO data were used to monitor symptoms between in-clinic visits were identified. A French
RCT study investigated the effect of weekly PRO monitoring in patients with lung cancer in order

12



Introduction

to prevent disease progression. The study showed an increase in survival of patients who were
PRO monitored compared to patients in traditional follow-up (56,57). In addition, the PRO
intervention was considered cost-effective (58). Furthermore, a RCT study from the US has shown
positive effects of monitoring symptoms during chemotherapy in patients with metastatic cancer
(59). The patients in the PRO-based monitoring group had an improvement in HRQOL after 6
months and increased survival compared to patients who received usual care (59,60). A RCT study
from the US examined web-based symptom management after treatment for breast cancer (61).
The study evaluated its impact on use of healthcare resources; however, no differences compared
to standard care were reported (61). Furthermore, another RCT study from the US showed
reductions in symptom burden when symptoms were monitored daily using an interactive voice
system in patients undergoing chemotherapy treatment (62). Following this study, a
comprehensive PRO system has been developed to track and respond to PRO data between clinic
visits (63).

The included RCT studies in this section are presented in Table 2. In summary, the research
indicates that remote follow-up based on PRO measures maintain quality of care and contribute to
lower use of healthcare services in patients with long-term conditions. For patients with complex
health conditions who may have a risk of a high degree of symptom burden, frequent PRO
monitoring between in-clinic visits indicates positive effects on patients' health outcomes such as
HRQOL, symptom burden, and survival. Limitations of the studies are mainly related to lack of
blinding, missing outcome data, measurement of self-reported outcome data, or lack of
generalizability due to a selected patient group or single-center study. Further research is
important to gain deeper insight into the impact of using PRO measures in remote patient
management. Several RCT protocols related to this topic have been identified in both patients with

kidney disease and in oncology patient populations (64-68).
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Table 2 Overview of randomized controlled trials regarding use of PRO measures in remote patient management

Publication Setting (e.g. Healthcare Patient population n Intervention Type of PRO Method of Primary and selected secondary
ID primary care, providers (Intervention versus measure administration outcomes
Country outpatient care) control)
de Thurah Outpatient, Rheumatologists Rheumatoid arthritis (RA),  Online or paper PRO The Flare-RA Self-administered  Disease activity
(52), 2018 hospital-based Rheumatology stable disease activity response prior to scheduled  instrument Web or paper Level of function
Denmark nurses Intervention (nurse) = 97 telephone consultation every Quality of Life

Intervention (doctor) = 99 3—-4 months combined with Self-efficacy

Control =98 one yearly in-clinic visit
de Jong Outpatient, Gastroenterologist Inflammatory bowel Online PRO response at least The Monitor IBD  Self-administered  Use of healthcare resources
(53), 2017 hospital-based Nurses disease (IBD) every 3rd month combined At Home (MIAH) Web Quality of care
Netherland Intervention = 465 with one yearly in-clinic visit  questionnaire Self-efficacy

Control = 444 Adherence to treatment
Armstrong Outpatient, Physicians Patients undergoing Daily online PRO responses ~ Pain visual analog  Self-administered  Use of healthcare resources
(54), 2017 hospital-based elective breast for 2 weeks and then weekly  scale and 9-item Web Satisfaction
Canada reconstruction for the remaining 2 weeks quality of Convenience

Intervention = 34 recovery Adverse events

Control = 36 questionnaire
Denis Outpatient, Oncologists Lung cancer Weekly online PRO 12 symptom items  Self-administered  Owverall survival
(56), 2017 cancer clinic Nurses Intervention = 67 monitoring combined with Web
France Control = 66 in-clinic visits every 3rd

month

Mooney Outpatient, Oncologists Patients receiving cancer Patients called the IVR- 11 symptom items  Self-administered  Owverall symptom severity
(62), 2017 cancer clinic Nurses chemotherapy system daily reporting Phone Number of symptom days
USA Intervention = 180 severity of symptoms

Control =178
Basch Outpatient, Oncologists Metastatic cancer Weekly online PRO 12 common Self-administered  Change in quality of life
(59), 2016 cancer clinic Nurses (computer-experienced) monitoring between symptom items Web Emergency room visits and
USA Intervention = 286 scheduled in-clinic visits hospitalization

Control = 253 during chemotherapy Survival
El Miedany Rheumatology Rheumatologists Rheumatoid arthritis, Monthly ePRO A PRO instrument  Self-administered  Disease activity
(65), 2016 centers Rheumatology early stage questionnaires between including 11 Web Adherence to treatment
UK nurses Intervention = 112 scheduled in-clinic visits domains

Control =112 every 3rd month
Wheelock Outpatient, Oncologists Breast cancer Online PRO response every ~ SF-36 Self-administered  Time between symptom reporting
(61), 2015 cancer clinic Nurses Intervention = 59 3rd month combined with3 ~ PHQ-8 Web and remote evaluation of symptoms
USA Control =41 in-clinic visits during 18 mo.  Symptom items Use of healthcare resources

Abbreviations PRO: patient-reported outcome; IVR: interactive voice response; SF-36: Short Form 36 Health Survey; PHQ-8: 8 item Personal Health Questionnaire Depression Scale

14



Introduction

PATIENT-INITIATED FOLLOW-UP

I did not identify any studies that investigated the effect of a patient-initiated intervention
in which PRO measures were used to initiate contact with the healthcare system. Hence,
the literature search was expanded to include studies investigating the effect of a patient-
initiated intervention in which patients initiated contact with the healthcare system by
other methods, such as by telephone. The summary of the evidence is based on both the
primary and secondary literature after a systematic literature search (Appendix 1) and by

reviewing relevant references.

A mixed methods study from the UK published in 2019 examined experiences with
patient-initiated follow-up in patients with endometrial cancer. The study found that the
women who were offered patient-initiated follow-up contacted the clinic more often
during the first 6 months compared to the second 6 months. Qualitative data indicated
that some of the women perceived that they had more control over their own health, but
others reported that they missed a more personal face-to-face contact (69). A Danish RCT
study from 2018 also concerning patients with endometrial cancer (early stage) found that
patient-initiated follow-up increased “Fear of Cancer Recurrence Inventory”, and that
patients had fewer examinations at the department compared to traditional, scheduled in-
clinic follow-up. The study concluded that the use of patient-initiated follow-up should
balance benefits and harms (70). In a prospective cohort study from the UK published in
2017, in patients with curatively treated colorectal cancer no differences were seen in
satisfaction of patients with patient-initiated follow-up compared to patients with
traditional outpatient follow-up. Furthermore, healthcare service costs were found to be
higher in patient-initiated follow-up due to a self-management education program (71).
Additionally, a British RCT study from 2016 in patients with breast cancer found no
differences in HRQOL, depression, or anxiety between patient-initiated follow-up and

traditional follow-up (72).

We identified three systematic reviews, including RCT studies from 1980 to 2013, that
investigated the effect of patient-initiated follow-up (5,6,73). The studies involved patients
with breast cancer, rheumatoid arthritis, and inflammatory bowel disease. Overall, the
included studies did not find any differences in patient health outcomes, such as disease
activity, HRQOL, and self-efficacy, between patient-initiated follow-up and traditional
follow-up. However, better patient satisfaction and less use of healthcare services in
patient-initiated follow-up have been reported by some studies (5,6,73).

In summary, the evidence is inconclusive and based on studies with methodological
limitations. Despite effects indicating less use of healthcare resources and increased

patient satisfaction in some studies, no other effects have been documented. Furthermore,
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we lack evidence on the effect of using a patient-initiated intervention combined with

PRO measures as the basis for follow-up in outpatient care.

PRO IN DENMARK

The Danish Health Authority has established several ambitious initiatives to expand the
clinical use of PRO measures in the healthcare system nationally (8,74). For example, in
2016, in the national budget negotiations between the government, the regions, and the
municipalities, agreement was reached that implementation of PRO measures should be
initiated in hospital departments before 2020 in three disease areas: epilepsy, prostate
cancer, and breast cancer (8). This agreement was partly based on experiences with use of

PRO measures in the Danish generic PRO system, AmbuFlex (4,17).

THE AMBUFLEX MODEL

In AmbuFlex, PRO measures are used as the basis for remote follow-up instead of fixed
appointments in many chronic and malignant diseases (4). This is termed PRO-based
follow-up or telePRO. Typically, PRO data are captured at patients' homes and used to flag
whether a patient wants attention and used by clinicians to decide whether patients need
clinical attention. The overall aim is to achieve patient-centered care, improve quality of
care, and optimize the use of resources in the healthcare system (4). The AmbuFlex model
consist of three generic elements including PRO data collection, a PRO-based algorithm,
and a PRO-based graphical overview (4,17). AmbuFlex has been used in clinical practice
since 2012, and as of January 2020, AmbuFlex has been implemented in 35 different

patient groups in hospitals in three of the five Danish Regions.

The AmbuFlex history

In 2004, the generic PRO system WestChronic was developed for research purposes of
group-level PRO data in longitudinal epidemiological studies (17,75). In 2007, it was
decided to build on the positive experiences with the system in relation to feasibility and
high response rates and to further develop the system to use PRO data at the individual
patient level in clinical practice (75). This system was named AmbuFlex. Figure 2
illustrates the development from group-level projects to individual-level use of PRO data
from 2005 to 2020 (75). Patient-level use of PRO data has nearly completely taken over
since 2017.

16



Introduction

Figure 2 Distribution of questionnaires received by the WestChronic/AmbuFlex system according to use at
either group or patient level; updated from (75)
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The first version of the AmbuFlex system was tested among patients with heart failure in
2009 (17). In 2011, it was decided to develop and implement a PRO solution for
outpatients with epilepsy using the AmbuFlex system (4,17). During the first year, nearly
2000 patients were referred and the use of PRO data combined with a PRO-based
algorithm indicated that 48% of the patients did not need clinical attention (4). In 2013, it
was decided to implement three new AmbuFlex PRO solutions yearly in the Central
Denmark Region. In 2017, a joint steering group across all five Danish Regions was
established, and since then AmbuFlex has taken part in the national work and strategy

regarding use of PRO data at the individual patient level in Denmark.

AMBUFLEX/EPILEPSY

Epilepsy is a long-term condition with a prevalence of approximately 0.5-1% in the
general population (76,77). The incidence rate varies with age, ranging from a high level
in children to a low level between 20 and 40 years and thereafter a gradual increase is seen
(76). Epilepsy is characterized by recurrent seizures affecting both physiological and
socio-psychological aspects of life (78,79). These aspects can only be assessed by the
patients themselves and could be measured using PRO measures in the care of people

with epilepsy.

Nixon et al. identified 26 epilepsy-specific PRO measures that have primarily been used at
the group level in epilepsy research (80), and other sources have also been identified (81-
83). The use of PRO measures at the patient level in patients with epilepsy was first
described in 1995 by Wagner et al. (84). They pointed out that health status information
could reveal decline or improvement in patients' physical and mental functioning and

provide relevant information to the clinicians (84). However, in the following years, to my
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knowledge, only two minor studies regarding use of PRO measures in a clinical setting
involving patients with epilepsy have been published (85,86), and these studies do not

describe use of PRO measures in remote outpatient follow-up.

PRO-based follow-up in outpatients with epilepsy

A PRO solution was developed and implemented for outpatients with epilepsy in three
neurological departments in the Central Denmark Region in 2012. Before implementation,
follow-up was based on in-clinic visits or telephone consultations. The rationale for
developing the solution was based on an increased number of outpatients with stable
disease activity. Nonetheless, the need for monitoring patients and identifying potential
issues remained important. The use of PRO measures in remote follow-up was driven by
clinicians who worked with this patient group. The overall aim was to improve quality of
care by facilitating greater flexibility in individual care, promoting patient-centered care,

and achieving better utilization of healthcare resources (4).

In 2016, based on the national agreement by the health authorities, the process of
implementing the solution in the other Regions started. A standardized epilepsy
questionnaire and PRO-based algorithm is used in all five Danish Regions, three of which

use the AmbuFlex system.

In the Central Denmark Region, as of January 2020, a total of 3062 epilepsy outpatients
were attending PRO-based follow-up (Table 3), which is approximately 50% of the entire
population of patients with epilepsy. Patients who do not attend PRO-based follow-up
receive conventional follow-up including in-clinic visits or telephone follow-up. Figure 3
illustrates the pathway of using PRO-based follow-up in outpatients with epilepsy. The
different elements are described in the following sections.

Table 3 Number of outpatients with epilepsy in the Central Denmark Region

Aarhus Regional Regional Total
University Hospital Hospital
Hospital Holstebro Viborg
Outpatients with epilepsy
as of Nov. 2019 * 4000 1300 600 5900
Patients referred to PRO-based follow-up
from 2011 to 2020 4251 1026 462 5739
Patients attending PRO-based follow-up
as of January 2020 2100 611 351 3062

* Approximately number of patients based on information provided by the departments

18



Introduction

Figure 3 Overview of the pathway of PRO-based follow-up among outpatients with epilepsy
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Patient referral

Patients attending PRO-based follow-up are individually referred. Referral is managed in
daily clinical practice, and participation is determined by a clinician together with the
patient's own preferences and willingness to participate (4). Patients are referred to an
individual fixed questionnaire interval, which is either 3, 6, 12, or 24 months. Thus, we
also use the term fixed-interval PRO-based follow-up. No public standardized guidelines
related to referral to PRO-based follow-up have been developed for outpatients with
epilepsy. However, the solution is targeted to patients > 15 years old with no cognitive
disabilities. In addition, the patients must be able to read and understand Danish, as the
questionnaire and patient information are only available in Danish. Other aspects such as
co-morbidity and health literacy might also be relevant for clinicians to consider before

deciding whether to refer a patient to PRO-based follow-up.

The epilepsy questionnaire

Patients complete a disease-specific questionnaire at the pre-defined individual intervals.
If possible, the AmbuFlex system prompts patients through “e-Boks” (secure Danish
personal e-mail platform) to fill in the questionnaire, otherwise, it is sent via surface mail.
Thus, patients can complete either a web or paper version of the questionnaire. Up to
three reminders are sent if the patients do not respond. The patients have access to their

own questionnaire responses via secure login to the Danish eHealth Portal
(https:\ \Sundhed.dk).

The questionnaire includes 47 items covering several topics related to epilepsy, e.g.
number of seizures, medicine adherence, symptoms, general health, and psychosocial
function (Appendix 2). These aspects are measured using established PRO measures such
as the WHO-Five Well-Being Index (WHO-5) (87,88), items from the Short Form 36 Health
Survey (SF-36) (89,90), and items from the Symptom Checklist 92 (SCL-92) (91), or self-
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constructed ad hoc items. The questionnaire also includes an item regarding the patient's
own perceived need of contact to the outpatient clinic to ensure that patients can get an
appointment if they want to, regardless of their response to the other items in the

questionnaire.

The PRO-based algorithm

A clinical expert group has marked all the item response categories in the epilepsy
questionnaire with either a green, yellow, or red color based on what the clinicians
considered of clinically important to react to, in order to identify patients who need
clinical attention (4). The algorithm is based on a “red flag” approach; if a red color is
given to a response category, it indicates a need of clinical attention. For example,
planning pregnancy, seizure impairment, suicidal thoughts, or if the patient wishes
contact. The yellow color is given if the item response category is of minor concern, for
example, reporting seizures, symptoms related to side-effects, or mental problems. The
green color is only given to item response categories which indicate no problems at all.
Thus, the overall questionnaire response results in a color that indicates how the clinicians
should review the responses. A green color indicates no need of clinical attention; a
yellow color indicates possible need of attention; and a red color indicates need of
attention (4). A gray color is given to non-responders after three reminders. All green
responses are managed automatically by the AmbuFlex web system, and a new
questionnaire is sent to the patient at the pre-defined fixed interval, e.g. after 6 or 12
months. As a safety precaution, a patient with only green responses will turn yellow after

3 years.

Review of responses

The questionnaire responses are presented in a graphic PRO overview (Figure 4), which is
available for the clinicians via the Electronic Health Record system together with other
relevant data in the patient's record (e.g. blood test results, medication, etc.) (4). All the
red, yellow, and gray questionnaire responses are shown to the clinicians on an alert list.
For red responses, the clinicians contact the patient as quickly as possible either by
telephone or by scheduling an in-clinic appointment. For yellow responses, the clinicians
evaluate the PRO data together with other available data from the medical record. They
only contact the patient if they find it necessary. Non-responders are contacted by
clinicians based on a local procedure in each department. Table 4 presents an overview of
PRO responses and distribution of the PRO-based algorithm in the Central Denmark
Region during the period from March 2012 to January 2020. In all, 54% of the PRO
responses in this period have resulted in no further contact to the outpatient clinic.
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Figure 4 The PRO overview shown to the clinicians in the Electronic Health Record (4)

AmbuFlex / Epilepsy Next scheduled date: 03-09-2020
L e on 0 s g e iorabty 1@ Thursoamarte | Saioouarte |
Handling {andled ' ed {andle Handled Handlec
Seizures ‘
© Overall 12mo. No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0
0 Absences 3mo. No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0
© Seizures 3mo. No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0 No. of days: 0
Symptom ‘
0 Headache NN © I 7] © EHN 2 ° mIEm o
© Dizziness [N O BN 0 ° s 00 ° Em L —
© shaking | 0 I @ | o o I @
© Double vision |IEEEGEG—_— o © I @ . o . @
© Loss of appetite I © mm e mm o mm ° mm -]
© Eating too much N o mm ¢ mm ¢ W ° == b
O Memory I 0 — © I o mm ° mm °
© Concentration | © I e | o mm © ®
© Aggressiveness NN o I @ ¢ mm o I @
O Fatigue I © I @ © o N @

The PRO-based algorithm is shown by the color dots in the upper row (green: no need of attention; yellow:
possible need of attention; and red: definite need of attention). The color of the bars is identical with the PRO-
based algorithm for each of the questions shown. The length of the bars illustrates the degree of symptom

severity. Note: the text in the figure has been translated from Danish.

Table 4 Distribution of the PRO-based algorithm in outpatients with epilepsy in the Central Denmark Region
from 2012 to 2020, n(%)

Aarhus Regional Regional Total
University Hospital Hospital
Hospital Holstebro Viborg
PRO responses 14921 (100) 2770 (100) 967 (100) 18658 (100)
PRO-based algorithm
Green 2060 (14) 609 (22) 172 (18) 2841(15)
Yellow 9383 (63) 1658 (60) 661 (68) 11702 (63)
Red 3478 (23) 503 (18) 134 (14) 4115 (22)
No contact 7468 (50) 1942 (70) 666 (69) 10076 (54)
Contact 7448 (50) 792 (29) 289 (30) 8529 (46)
Pending* 5 (0.03) 36 (1) 12 (1) 53 (0.3)
* Await clinical assessment
SYNTHESIS

PRO measures are increasingly being used at the individual patient level in the healthcare
system. AmbuFlex is a model of remote PRO-based follow-up, and the model includes
different elements to support efficient use of PRO data in remote patient management.
However, the evidence related to use of PRO measures in remote PRO-based follow-up is
scant. Therefore, we set out to investigate different aspects related to the pathway of using
PRO-based follow-up in outpatients with epilepsy. Research is of major importance to all
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these aspects in order to ensure development and implementation of high-quality PRO-

based follow-up solutions. We decided to focus on three aspects.

Referral to PRO-based follow-up

Since 2012, approximately 50% of the outpatient epilepsy population in the Central
Denmark Region has been referred to PRO-based follow-up. Patients are individually
referred to PRO-based follow-up based on the patient's preferences and clinical profile.
Research on this topic is scant, and I have not been able to identify studies that have
investigated the characteristics of patients who attend PRO-based follow-up. However,
the characteristics of questionnaire non-responders could be relevant to consider, and
studies have reported non-response to be associated with, for example, male sex, younger
age, lower socioeconomic status, living alone, and poorer health status (92-98). Research
on this topic is relevant to healthcare planning when using PRO measures as a strategy in

remote outpatient follow-up.

Reliability of the epilepsy questionnaire and the PRO-based algorithm

The epilepsy questionnaire and the PRO-based algorithm have been developed and tested
in close cooperation with patients and clinicians and have been used in routine clinical
practice since 2012. During the questionnaire development process, content and face
validity were the primary focus, though validity and reliability have not yet been
documented (4). However, psychometric properties, such as reliability needs to be further
evaluated to ensure the consistency of both the included items and the PRO-based
algorithm. Moreover, the reliability of the WHO-5 scale has been evaluated in terms of
internal consistency in other studies (99-103); however, test-retest reliability and

measurement error of the WHO-5 scale have not been evaluated sufficiently.

The effect of patient-initiated PRO-based follow-up

In 2015, PRO-based follow-up using fixed questionnaire intervals was standard follow-up
of approximately 2500 outpatients with epilepsy at Aarhus University Hospital. However,
fixed-interval PRO-based follow-up may not be an adequate solution if patients have
fluctuating disease activity. Therefore, we found it reasonable to consider the benefits of
using patient-initiated PRO-based follow-up using non-scheduled patient-initiated
questionnaire intervals in a cohort of patients attending fixed-interval PRO-based follow-
up. In so doing, we focused not only on reducing the use of healthcare services but also on
providing patient-centered care in which the patients are empowered to react promptly to
symptom impairment and decide the need for outpatient contacts. To provide knowledge
to guide the use of future remote PRO-based interventions, possible benefits and
drawbacks of the effect of patient-initiated PRO-based follow-up need to be evaluated.
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AIMS

This dissertation set out to provide further insight into different aspects of the use of
remote PRO-based follow-up in outpatients with epilepsy. Figure 5 illustrates the aims

according to the PRO-based follow-up model.

Figure 5 Aims of the studies according to the PRO-based follow-up model
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Study I aimed to identify sociodemographic, personal, and disease-related factors
associated with referral to PRO-based follow-up (Paper I).

Study II aimed to evaluate the test-retest reliability of the PRO-based algorithm used for
clinical decision support in epilepsy outpatient follow-up and to analyze whether
different methods of administration (web, paper, or a mixture of the two modalities)
influenced the results. Moreover, the study aimed to evaluate the test-retest reliability of

the single items included in the epilepsy questionnaire (Paper II).

Study III aimed to evaluate the test-retest reliability and measurement error of the Danish
version of the WHO-Five Well-Being Index in outpatients with epilepsy and to evaluate to
what extent different methods of administration (web, paper, or a mixture of the two

modalities) influenced the results (Paper III).
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Study IV aimed to evaluate the effects of PRO-based patient-initiated follow-up in
outpatients with epilepsy. The study aimed to compare use of healthcare resources,
quality of care, and the patient perspective in two outpatient follow-up activities: patient-
initiated PRO-based follow-up and fixed-interval PRO-based follow-up (Papers IV & V).

Hypotheses
In Study I, we hypothesized that a low level of health literacy, self-efficacy, patient

activation, general health, well-being, education, household income and higher age, solo
living, passive labor market participation, and a high level of co-morbidity were

associated with lower probability of referral to PRO-based follow-up.

In Study IV, we hypothesized that the use of healthcare resources would be lower, quality
of care at least as good and patient self-management and patient satisfaction would be
improved among patients in the patient-initiated PRO-based intervention arm compared

with those in the fixed-interval PRO-based control arm.

We did not construct hypotheses in Studies II & III.
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METHODS

This dissertation is based on four studies applying three different study designs and
conducted in three different study populations. In this section, materials and methods will
be presented separately for Study I and Study IV, and combined for Studies II & III. For
further details, see the method sections of the appended papers. Table 5 presents an
overview of study design methodology, and Figure 6 presents an overview of the study

populations in the four studies.
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Table 5 Overview of study design methodology in the four studies

Study I Study II Study III Study IV
Topic Determinants of Test-retest Test-retest The effectiveness of
referral to PRO-based reliability of a reliability and patient-initiated PRO-
follow-up PRO-based measurement based follow-up
algorithm used error of the
for clinical Danish WHO-Five
decision support ~ Well-Being Index
Design Cohort study Test-retest study Test-retest study Randomized controlled
trial
Patients N =802 N =554 N =554 N=593
Data sources  National and regional =~ Questionnaires Questionnaires Regional register and
registers and questionnaires
questionnaires
Independent  Age, gender, N/A N/A Patient-initiated PRO-
variables cohabitation status, based follow-up versus
(exposures) education, household fixed-interval PRO-
income, labor marked based follow-up
affiliation, co- (standard care)
morbidity, psychiatric
disease, well-being,
general health, health
literacy, self-efficacy,
and patient activation.
Dependent Referral to PRO-based  N/A N/A Number of outpatient
variables follow-up contacts, hospital
(outcomes) admissions, emergency
room visits, mortality,
well-being, general
health, number of
seizures, side-effects,
health literacy, self-
efficacy, patient
activation, confidence,
safety, and satisfaction
Data analysis  Time to event analysis ~ Proportion and Intraclass Group comparison
using the pseudo-value unweighted and correlation using linear regression
regression approach weighted kappa coefficient models
Weighted kappa
Standard error of
the measurement
Paper I I III V&V
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Figure 6 Overview of study populations in the four studies
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Study 1

LITERATURE SEARCH

A systematic literature search was conducted according to specific themes and papers
(Appendix 1). The search strategy was developed in cooperation with a librarian from the
Hospital Library in the Central Denmark Region. The search is based on a thematic block
search and conducted from 2015 onwards, mainly in the Pubmed database. Moreover,

references from relevant papers were reviewed to identify additional relevant literature.

ETHICS

This dissertation adheres to Danish ethical research standards and the Helsinki
Declaration. In 2015, the PhD project was authorized and approved by the Danish Data
Protection Agency (reference number 1-16-02-691-14). Moreover, the Ethics Committee of
the Central Denmark Region was contacted and responded that according to Danish law
the study did not require approval from the Committee, as human biological material was
not included (§ 14) (104). In Study I, results were handled anonymous in Statistics
Denmark (DST number: 706981). Study IV was registered with ClinicalTrials.gov: number
NCT02673580. A license agreement was obtained to use the Health Literacy Questionnaire
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in Study I and Study IV. In accordance with guidelines from the Danish Data Protection
Agency, consent to participate in the studies was informed, specific, voluntary, and
explicit (105). In all four studies, patient information was given to the patient in a written
form together with a research questionnaire. The patient information also stated that
participation consent could be withdrawn at any time. The data were handled and stored
with confidentiality.

STATISTICAL PROGRAM

All statistical analyses were carried out using the statistical package STATA version 15
(Stata Corporation, College Station, Texas, USA).

STUDY I: DETERMINANTS OF REFERRAL TO PRO-BASED FOLLOW-UP

Study design and population

Study I was designed as a prospective cohort study in epilepsy outpatients at the
Department of Neurology at Aarhus University Hospital, Denmark. Using the Hospital
Business Intelligence (BI) Register in the Central Denmark Region (106), every second
week during the period from May 2016 to May 2018 we identified all patients aged >15
years who were visiting the department for the first time and were diagnosed with
epilepsy or suspicion of epilepsy according to the 10th version of the International
Classification of Diseases (ICD-10): DG40—-409, DZ033A, DR568E, and DR568.

Questionnaire

A questionnaire was sent to all eligible patients approximately 2 weeks after their first
visit at the department. The questionnaire covered a range of self-reported measures
including subscales 4, 6, and 9 from the Health Literacy Questionnaire (HLQ) (107,108),
the General Self-Efficacy Scale (GSES) (109-111), the WHO-Five Well-Being Index (WHO-
5) (87,88), a single item from the Short Form 36 Health Survey (SF-36) (89,90), and two
items modified from the Patient Activation Measure 13 (PAM-13) (112). Patients
completed either a paper or web version of the questionnaire. One reminder was sent

after 21 days to non-responders.

Registers

Supplementary to the questionnaire, we had access to the BI Register and a variety of
established Danish registers via Statistic Denmark (113). Information from the registers
can be combined at the individual level by means of a unique personal identification
(CPR) number given to all Danish citizens at birth and to residents upon immigration
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(114,115). In January 2019, questionnaire data and data from the BI Register were linked

with register data in Statistics Denmark.

The Hospital Business Intelligence (BI) Register

Since 2011, the Hospital BI Register has incorporated information about hospital-based
activities including hospital admissions, emergency room visits, and outpatient visits
from the public hospitals in the Central Denmark Region (106). Both primary and
secondary diagnoses are registered along with information on procedures and treatments,
and data are updated on a daily basis. We used the BI Register to identify eligible study
participants. Gender and date of birth was provided by information in the CPR number,
and we retrieved information on the date of exclusion of outpatient care, emigration, and

death from the register.

The Danish Civil Registration System

The Danish Civil Registration System contains information about vital status and
addresses of all Danish citizens and is updated daily (114). The register was used for two
different purposes. We retrieved information on the included participants' addresses and
vital status prior to sending a questionnaire to a participant via the AmbuFlex system.
Secondly, we retrieved information on cohabitation status the year before inclusion in the

study from Statistics Denmark.

The Danish Education Registers

The Danish Education Registers contain information on individuals' highest completed
education for 96.4% of the Danish population between 15 and 69 years of age (116). The
Danish educational institutions provide information about individual-level status on
enrollment, exams, and completed levels of education on a yearly basis. We retrieved
information on the participants' highest level of completed education the year before
inclusion in the study.

The Danish Registers on Income and Transfer Payments

The Danish Registers on Personal Income and Transfer Payments include many variables
that provide an overview of income composition for the entire Danish population (117).
We retrieved information on yearly household income and equivalised disposable
household income for the participants’ residence the year before inclusion in the study.
Equivalised household income takes into account differences in composition of the
household.

The Danish Register for Evaluation and Marginalization (DREAM)

The DREAM contains information on a persons' attachment to the labor market and many
temporary and permanent social benefits and is updated on a weekly basis (118). We
retrieved information on labor market participation for the participants within a 52-week
period from before the date of inclusion in the study.
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The Danish National Patient Register (DNPR)

The DNPR provides information on all diagnoses registered in relation to hospital
admissions (from 1977), emergency room visits and outpatient visits (from 1995) in
private and public hospitals in Denmark (119). We retrieved information on participants'
co-morbidity within 10 years before enrollment and psychiatric diseases within 2 years
before enrollment in the study.

Determinant variables

Determinants or independent variables included both questionnaire- and register-based
data. Table 6 shows an overview of the determinant variables and the data sources used
in the study (120).

Table 6 Overview of determinant variables and register and questionnaire data sources (120)

Determinant Data source

Age The Hospital Business Intelligence (BI) Register in Central Denmark Region
Gender

Cohabitation status The Danish Civil Registration System

Education The Danish Education Registers

Household income Danish Registers on Income and Transfer Payments

Labor market affiliation =~ The Danish Register for Evaluation and Marginalization (DREAM)
Co-morbidity The Danish National Patient Register (DNPR)

Psychiatric disease

Well-being WHO-Five Well-Being Index (WHO-5)

General health Short Form 36 Health Survey (SF-36)

Health literacy Health Literacy Questionnaire (HLQ)

Self-efficacy General Self-Efficacy Scale (GSES)

Patient activation Patient Activation Measure 13 (PAM-13)

Register-based data

Age was measured at the date of inclusion in the study and categorized into five age
groups. Cohabitation status was categorized into: "Living with a partner/family" or
"Living alone". Education was categorized into three groups: low (< 10 years), medium
(10-12 years), or high (> 12 years) educational level based on the International Standard
Classification of Education (121). Household income was categorized into three groups
according to tertiles (33.3rd and 66.6th percentile): low, medium, or high income level.
Labor market affiliation was categorized into four groups: self-supporting, normal
retirement, receiving temporary social benefits, and receiving permanent social benefits.
Co-morbidity was measured using the Charlson Comorbidity Index that categorized the
participants into three levels of co-morbidity: 0 (Low), 1-2 (Medium), and >2 (High) (122).
Psychiatric diseases were dichotomized into two groups: present or not.
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Questionnaire-based data

Health literacy was measured using the HLQ average scores across all items from the
subscales 4: Social support for health (five items); 6: Ability to actively engage with
healthcare providers (five items); and 9: Understanding health information well enough to
know what to do (five items). Higher subscale scores indicate better degrees of health
literacy (107,108). Self-efficacy was measured using the GSES average score across all 10
items in the scale. A higher score indicates a better degree of self-efficacy (109-111). Well-
being was measured using the WHO-5 average score across all five items in the scale. A
higher WHO-5 score indicates a better degree of well-being (87,88). All scale scores were
analyzed in their continuous form and dichotomized. For example, a WHO-5 percentage
score below 50 indicates increased risk of depression (123); therefore, we dichotomized
the WHO-5 score at 50, as the potential association would be easier to interpret. However,
due to risk of loss of information, we also decided to analyze the scores continuous.

Further details can be found in Paper I.

General health was measured using a single item from SF-36: “In general, would you say
your health is: excellent, very good, good, fair, or poor”. The variable was categorized into
three groups: “excellent/very good”, “good”, and “fair/poor” (89,90). Patient activation
was measured using two single items modified from the PAM-13: “I am confident that I
can tell when I need to get outpatient care” and “I am confident I can figure out solutions
when new situations or problems arise with my health condition” with the response
categories: “disagree strongly”, “disagree”, “agree”, and “agree strongly” (112). The

variables were categorized into “disagree strongly/ disagree” and “agree/agree strongly”.

Outcome variable

The outcome or event of interest was referral to PRO-based follow-up after the
participants' first visit at the Department of Neurology at Aarhus University Hospital. The
proportion of patients referred to PRO-based follow-up was evaluated within 6, 12, and
18 months after their first visit at the department. Patients were censored after 18 months
follow-up or in January 2019, or if the patients had no further need of outpatient care,
emigrated, or died. These data were extracted from the regional Hospital BI Register. The
date of referral to PRO-based follow-up was extracted from the AmbuFlex database (4,17).
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Statistical analysis

Power calculation

We assumed that approximately 50% of the patients were referred to PRO-based follow-
up. To detect a 15% difference where 55% patients with “excellent/very good” general
health and 40% patients with “fair/poor” general health were referred to PRO-based
follow-up, the power was estimated to be 92% with a sample size of 500 patients and a p-
value of 0.05. The risk of missing a real effect is then 8%. The power was estimated to be
74% if the total sample size number was reduced to 300.

Pseudo-value regression

Associations between determinants and referral to PRO-based follow-up were analyzed
using the pseudo-value regression approach estimating the cumulative risk ratio (RR) of
PRO-based follow-up at three time points: 6, 12, and 18 months after the participants' first
visit at the Department of Neurology at Aarhus University Hospital. The pseudo-value
regression approach involves a new set of observations/pseudo-values that are generated
and used in a generalized linear regression model (124,125). Moreover, the model can take
competing risks into account. In our study, competing risk factors included death,
emigration, and end of outpatient follow-up if these events took place before referral to
PRO-based follow-up. For all analyses, a p-value < 0.05 was considered statistically
significant, and 95% confidence intervals (CI) were reported. Confounder variables
included age, gender, cohabitation status, education level, and co-morbidity, which were
identified a priori based on previous studies about factors associated with questionnaire

non-response (92-98).

Multiple imputation

We used multiple imputation (MI) to handle the missing data problem in both the
questionnaire and register data (126,127). MI is a statistical approach that can be used if
data are missing at random (MAR) (126). In MAR, differences in observed data may be
used to explain any systematic differences between observed and missing data (127). For
example, missing health literacy measures may be lower than measured health literacy,
but only because lower educated people may be more likely to have missing health
literacy measures. Based on a MI model of relevant variables measured in the study
population and under the assumption that data were MAR, we created 100 complete
datasets. Two other MI models were created by modifying the observed variables to
evaluate the robustness of the first model. The three models are presented in Appendix 1
of Paper I. It is not possible to distinguish between MAR and missing not at random
(MNAR); thus, biases caused by data that are MNAR can be addressed only by sensitivity
analyses (127). We conducted sensitivity analyses in which we assumed that health
literacy data were MNAR.
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STUDY I AND STUDY Ill: TEST-RETEST RELIABILITY OF THE PRO-BASED
ALGORITHM AND WHO-5

Study design and population

Studies II & III were designed as test-retest reliability studies among outpatients with
epilepsy from three neurological departments in the Central Denmark Region. The
departments are located at Aarhus University Hospital, Regional Hospital Holstebro, and
Regional Hospital Viborg. Patients were included if they were > 15 years and were
attending PRO-based follow-up in the period from August 2016 to April 2017. The
participants responded to the disease-specific epilepsy questionnaire at two time points:
at test 1 and test 2.

Test 1: Firstly, the participants responded to a scheduled questionnaire from the
outpatient clinic. Participants completed either a web or paper version of the
questionnaire based on their preferred method of administration. Three reminders were

sent to non-responders.

Test 2: Secondly, the participants responded to the same questionnaire approximately 2
weeks after their first response. Based on their response method in test 1, the participants
were randomly assigned to fill in either a web or paper version of the second

questionnaire. No reminders were sent to non-responders.

In summary, based on the methods of administration of test 1 and test 2, participants were

divided into four test-retest groups: web-web, paper-paper, web-paper, and paper-web.

Development of the epilepsy questionnaire and the PRO-based algorithm

In 2011, a disease-specific questionnaire was developed that aimed to identify epilepsy
patients' health problems in order to support clinical decision-making in remote
outpatient follow-up (Appendix 2). The epilepsy questionnaire was developed and tested
in close cooperation with patients and clinicians. They are experts and know best which
aspects to include in the questionnaire in order to using it for clinical decision-making. It
was pivotal to develop a questionnaire that are clinical relevant to both patients and
clinicians (4). The primary focuses during the development process was content and face
validity (22,128). The development process was pragmatic and based on consensus
decision-making involving several face-to-face meetings. Overall, the process involved
three iterative phases: 1. defining aim, content and construction of the questionnaire, 2.

pilot-testing, and 3. defining the PRO-based algorithm.

First, a working group including clinical experts of epilepsy and PRO experts defined the
aim and the target population of the questionnaire. Thereafter, clinical experts of epilepsy
and PRO experts contributed with suggestions regarding the content and construction of

33



PRO measures in remote outpatient follow-up

the questionnaire. A systematic literature search identified validated PRO measures that
could be used to measure some of the included constructs, e.g. well-being was measured
using the WHO-5 (87,88), general health was measured using items from SF-36 (89,90),
and symptoms were measured using items from the SCL-92 (91). If established PRO
measures were not identified in the literature, self-constructed ad hoc items were
developed. Clinicians provided inputs to item content, and PRO experts provided inputs

to item formulation and scoring using established item response categories if appropriate.

Second, the first draft of the questionnaire was pilot-tested by 20 epilepsy outpatients
using cognitive semi-structural interviews (129). The purpose was to test understanding
of items, relevance of items, and lack of relevant themes (22). The pilot-test did not
identify any major problems as the patients found the content of the questionnaire

relevant and without critical problems regarding understanding (4).

Finally, based on the first draft of the epilepsy questionnaire, a clinical expert group
developed a PRO-based algorithm, whereby they classified all the item response
categories into a green, yellow, or red color based on what they found most important to
react to in order to identify patients who need clinical attention (4). The PRO-based
algorithm is based on a “red flag” approach in which specific answers of clinical
importance are given a red color indicating a need for clinical attention, e.g. suicidal

thoughts, seizure impairment, and pregnancy.

Both the epilepsy questionnaire and PRO-based algorithm were evaluated and revised

yearly at consensus meetings, until 2016.

The WHO-Five Well-Being Index

The construct “well-being” was measured using the generic questionnaire WHO-Five
Well-Being Index (WHO-5) (87,88). The WHO-5 has a single factor structure and consists
of five items (Figure 7). The five items have six ordinal response categories ranging from 0
“At no time” to 5 “All of the time”. The total raw score is estimated by summing item
scores (range from 0 to 25) and a total percentage score is estimated by multiplying the
raw score by four (range from 0 to 100). Lower scores indicate impaired emotional well-
being and a raw score < 13, or percentage score < 50, or a score of 0 or 1 in any of the items
indicate impaired well-being and risk of depression (123). The unidimensional structure
of the WHO-5 has been confirmed by the item response theory Rasch model in several
studies (88). Moreover, other psychometric properties, such as responsiveness in clinical
trials, predictive validity, and criterion validity of the WHO-5 as a screening tool for
depression have been evaluated to be adequate (88). The WHO-5 has been translated into
30 language versions and has been applied across many different patient populations and

clinical settings (88).
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Figure 7 The unidimensional structure of the WHO-Five Well-Being Index (WHO-5)
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Statistical analysis

Test-retest reliability was assessed by comparing the two questionnaire responses (test 1
and test 2). The test-retest interval was estimated by calculating the number of days
between the two responses. Test-retest reliability was also assessed according to the
different methods of administration in both Study II and Study III. According to the
COSMIN checklist for studies assessing validity and reliability, a sample size of at least 50
participants was considered to be sufficient (24,130). Missing items were omitted from the
analyses, and the WHO-5 score was not calculated if items were missing.

Kappa

In Study II, we used unweighted kappa (in nominal data) and weighted kappa with
squared weights (in ordinal data) to assess test-retest reliability (22,131). We assessed both
test-retest reliability according to the PRO-based algorithm (green, yellow, or red colors)
and the single items included in the epilepsy questionnaire. The following
recommendation from Landis et al. was used in the interpretation of the kappa
coefficients: <0.2 (slight), 0.21-0.4 (fair), 0.41-0.6 (moderate), 0.61-0.8 (substantial), and
0.81-1.0 (almost perfect) (132). In Study III, we used weighted kappa statistics with
squared weights to assess test-retest reliability of the five single WHO-5 items.

Intraclass correlation coefficient (ICC)

In Study III, we used intraclass correlation coefficient (ICC) agreement model 2.1 (133) to
assess test-retest reliability of the WHO-5 scale. At group level, an ICC of 0.70 is
considered acceptable, though at the patient level an ICC of 0.90 is recommended (22).
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Standard error of the measurement

In Study III, we used standard error of the measurement to assess measurement error.
First, we illustrated the differences between test 1 and test 2 using the Bland-Altman plot
in which the differences were plotted against the means of the two test-retest
measurements (22). Second, we estimated the standard error of the measurement which
reflects the intra-individual variation (134). Based on the standard error of the
measurement, we estimated the minimal detectable change (MDC) (134). The MDC points
to the smallest within-person change that can be explained as a real individual change
over the measurement error (134); hence, a change in scores smaller than the MDC can be

ascribed to measurement error and may not be a real change.

Sensitivity analyses and attrition

The time interval between test 1 and test 2 is of importance due to either recall or a real
change in the patients' health status. The patients were not asked whether their health
status had changed between the two time points. However, we performed sensitivity
analyses in both Study II and Study III to assess whether the length of the time interval
affected the results. We analyzed differences between responders and non-responders of
the second questionnaire based on data from the first questionnaire. We used a chi-

squared test for categorical variables and the Kruskal-Wallis test for continuous variables.

STUDY IV: THE EFFECTIVENESS OF PATIENT-INITIATED PRO-BASED
FOLLOW-UP

Study design and population

Study IV was designed as a pragmatic two-armed parallel randomized controlled study
with an intervention arm and a control arm. We followed the Consolidated Standard of
Reporting Trial (CONSORT) checklist in reporting parallel arm randomized trials (135)
and the CONSORT PRO extension (136). The trial included outpatients with epilepsy at
the Department of Neurology at Aarhus University Hospital, Denmark. Patients were
included if they were attending fixed-interval PRO-based follow-up, 15 years of age or

older, and web-responders.

Recruitment and procedures

From January 2016 to July 2016, all patients attending fixed-interval PRO-based follow-up
received a research questionnaire combined with their usual epilepsy questionnaire from
the department. Patients filled in the questionnaire either in a paper- or a web-based form.
Approximately 2 weeks after the questionnaire response, the patients who were web-

responders were randomized to the intervention arm or control arm. Patients in the
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intervention arm subsequently received detailed written information about the
intervention and guidance to use the intervention website ‘My Epilepsy’ (Appendix 3).
They were also informed that they could contact the study coordinator if they did not
want to participate and wanted to continue fixed-interval PRO-based follow-up. Patients
in the control arm continued usual care and no changes were implemented. Control arm
patients continued to receive the epilepsy questionnaire at fixed intervals during follow-
up. These fixed intervals were not the same for all patients, for example, some patients
filled in the questionnaire every 3rd month, some every 6th month, but the majority of
patients in the control arm filled in a scheduled epilepsy questionnaire once a year. Both
arms received a follow-up research questionnaire 18 months after randomization. Figure 8

presents an overview of the study design and procedures.

Figure 8 Overview of study design and procedures in Study IV

Patient initiated contact by
filling in a questionnaire

Patient information
about the intervention

Baseline research Inclusion/ Follow-up research
questionnaire  randomization questionnaire

< Time 0 2 weeks 3 mo. 6 mo. 9 mo. 12 mo. 15 mo. 18 mo. >

Baseline research Inclusion/ Follow-up research
questionnaire  randomization questionnaire

v

Patients contacted at individual
fixed questionnaire intervals (3, 6, or, 12 months)

CONTROL ARM (USUAL CARE)

Randomization and blinding

Eligible patients were pre-randomized in a ratio of 0.55:0.45 to either the intervention arm:
patient-initiated PRO-based follow-up (open access telePRO); or the control arm: fixed-
interval PRO-based follow-up (standard telePRO). We used a pre-randomization design
since all patients were already attending fixed-interval PRO-based follow-up (137).
Patients in the intervention arm were informed about the allocation following
randomization and no information about allocation was provided to patients in the
control arm who continued the standard follow-up activity with no changes. We used

simple and computer-generated randomization using the AmbuFlex web system (17).
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Blinding of the patients or those who provided the intervention was not possible due to

the nature of the intervention.

Intervention

In the intervention arm, fixed-interval questionnaires were replaced by a patient-initiated
follow-up method. This group of patients evaluated their own need of clinical attention if
they had symptoms or other concerns, and initiated contact with the outpatient clinic by
filling in a disease-specific questionnaire. A website called “‘My Epilepsy” was developed

for this purpose.

The development of the ‘My Epilepsy” website followed three steps:

1. Initial draft of the content and design of the prototype website by including
outpatients with epilepsy, clinical experts, researchers, and software developers.

2. Usability testing using cognitive interviewing techniques to collect feedback from
outpatients with epilepsy.

3. Final revision of the website based on the results from the patient interviews.

The final version contains four core elements (Figure 9) that gave patients access to: 1. fill
in the epilepsy questionnaire; 2. an overview of previously questionnaire responses; 3.
information about the website and the questionnaire; and 4. telephone number to the
epilepsy outpatient clinic (138). Further details about the intervention and the website can

be found in Paper IV and Paper V.

Figure 9 The patient-initiated/open access website ‘My Epilepsy’ (138)

AmbuFlex A Home

On this page you are able to answer a questionaire about

your epilepsy to get in contact with your outpatient clinic.
You can also see your previous answers.

)

Answer questionaire
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Contact

wiestchronic at HEV 2015
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Patients accessed the website via a secure login procedure to a Danish National eHealth
Portal (https:\ \Sundhed.dk). If the patient filled in a questionnaire, the response was fed
back to clinicians who accessed the response via an alert list in the AmbuFlex web system.
All patient-initiated responses were given a red algorithm color. A clinician reviewed the
patient's response and called the patient as soon as possible, and in some cases an in-clinic
visit was arranged. As a safety precaution, reminders to fill in the questionnaire were sent
to patients who did not fill in the questionnaire for a prolonged period; for example, a
reminder was sent after 12 months if a patient was referred with a 6-month questionnaire

interval to PRO-based follow-up prior to randomization.

Outcome measures

The primary outcome measure was number of outpatient contacts related to epilepsy in
an 18-month time span from baseline to follow-up. Outpatient contacts included both
telephone consultations and outpatient visits, which were evaluated separately. Data
were collected from the Hospital BI Register in Central Denmark Region (106). Data
regarding hospital admissions, emergency room visits, and mortality were also collected

from the BI Register.

Patients were also assessed at baseline and at 18-month follow-up by completion of a
questionnaire that included several secondary outcomes. These were selected patient
health outcomes such as well-being evaluated by the WHO-5 (87,88), general health
evaluated by one item from SF-36 (89,90), number of seizures and treatment side effects
evaluated by single items from the epilepsy questionnaire used in AmbuFlex (Appendix
2). The patient perspective included measures related to self-management, such as health
literacy evaluated by HLQ (subscale 4, 6, and 9) (107,108), self-efficacy evaluated by the
GSES (109-111), and patient activation evaluated by two items modified from the PAM-13
(112). Three single item measures related to confidence, safety, and satisfaction modified
from a satisfaction questionnaire from the Danish Cancer Society were used in health
service evaluation (139). An overview of the secondary self-reported outcomes, data

measures, and scoring can be found in Table 7.

Other measurements such as education level, cohabitation status, and duration of

epilepsy were collected from the baseline research questionnaire.
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Table 7 Secondary self-reported outcomes, data measures, and scoring

Secondary Data measures Items Scoring
outcomes
Well-being WHO-Five Well-Being Index (WHO-5) 5 items 0 (worst) — 100
General health The Short Form 36 Health Survey (SF-36) 1 item 1 (best) -5
Number of seizures The epilepsy questionnaire, AmbuFlex 1 item NA
Treatment side effects The epilepsy questionnaire, AmbuFlex 1 item 1 (best) -4
Health literacy The Health Literacy Questionnaire (HLQ):

Subscale 4: Social support for health 5 items 1 (worst) — 4

Subscale 6: Ability to actively engage with health

care providers 5 items 1 (worst) -5

Subscale 9: Understanding health information

well enough to know what to do 5 items 1 (worst) - 5
Self-efficacy General Self-Efficacy Scale (GSES) 10 items 10 (worst) — 40
Patient activation Patient Activation Measure (PAM):

I am confident that I can tell when I need to get

outpatient care 1 item 1 (worst) — 4

I am confident I can figure out solutions when

new situations or problems arise with my health 1 item 1 (worst) — 4
condition
Confidence Satisfaction questionnaire, Danish Cancer Society 1 item 1 (best) —4
Safety Satisfaction questionnaire, Danish Cancer Society 1 item 1 (best) —4
Satisfaction Satisfaction questionnaire, Danish Cancer Society = 1 item 1 (best) -4

References (87-90,107-112,139)

Statistical analysis

Sample size

A sample size calculation was performed before initiation of the trial. The calculation was
based on a two-sided statistical test with 90% power and a 5% level of significance, a
difference between the two arms of 1 outpatient contact, and a standard deviation (SD) of
3.41 in the intervention arm and a SD of 2.38 in the control arm. The SDs were based on
data from a RCT study that investigated the effect of an open access intervention (140).

The calculation led to an estimated sample size of 386 patients in total.

Linear regression

The main analysis was performed according to the intention-to-treat (ITT) approach and
was supported by per protocol analysis. The effect was analyzed using a linear regression
model for both primary and secondary outcomes. The bootstrap method was used to
estimate 95% confidence intervals if the normality distributions were skewed (141). A
simple linear regression model was used to estimate ITT between-arm differences of
primary outcome, and a multiple linear regression model was used to estimate ITT
between-arm differences of secondary outcomes by calculating differences at 18-month
follow-up adjusted for the baseline value. Furthermore, a multiple linear regression model
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was used to estimate per protocol between-arm differences for both primary and
secondary outcomes. These models included adjustment for age, gender, education level,
cohabitation status, duration of epilepsy, and number of seizures during last year. We
also performed explorative ITT analyses by stratifying age, gender, and high/low health
literacy (subscale 4) and sensitivity analyses to investigate the robustness of the ITT
results related to self-reported well-being (WHO-5).

Baseline characteristics and attrition

We analyzed differences in baseline characteristics, differences between paper and web
responders, and differences between responders and non-responders of the follow-up
research questionnaire. We used a chi-squared test for categorical variables and the

Wilcoxon Mann-Whitney test or unpaired t-test for continuous variables.
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RESULTS

This section presents the main results of the four studies. Results are presented separately
for Study I and Study IV, and combined for Studies II & III. Additional results and more
detailed presentations are available in the appended papers and supplemental materials
contained in the papers. Table 8 presents an overview of the study population
characteristics in the four studies.
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Table 8 Overview of study population characteristics in the four studies

StudyI*  Studies II & III'® Study IV ¢
Population N =802 N =554 N=593
Gender, male 1 (%) 415 (52) 286 (52) 297 (50)
Age, years, mean (SD) 49.3 (21.9) 55.0 (16.6) 46.6 (17.2)
Outpatient clinic, 1 (%)
Aarhus 802 (100) 409 (74) 593 (100)
Holstebro 115 (21)
Viborg 30 (5)
General health, 1 (%)
Excellent/very good 130 (32) 258 (47) 259 (44)
Good 149 (36) 209 (38) 243 (41)
Fair/poor 119 (29) 87 (16) 81 (14)
Missing 13 (3) 10 (2)
Well-being (WHO-5)
Mean (SD) 61.3 (23.9) 70.6 (19.5) 68.5 (19.1)
Median (IQR) 64 (48-80) 76 (60-84) 72 (58-80)
Missing, 1 (%) 17 (4.1) 5(0.9) 13 (2)
Social support for health (HLQ 4)
Mean (SD) 3.3 (0.60) N/A 3.3 (0.55)
Median (IQR) 3.4 (3-3.8) 3.4 (3-3.8)
Missing, n (%) 10 (2.4) 21 (3.5)
Ability to actively engage with healthcare providers
(HLQS6)
Mean (SD) 3.6 (0.95) N/A 3.8(0.87)
Median (IQR) 3.8(3-4.2) 4 (3.4-4.6)
Missing, 1 (%) 9(2.2) 24 (4)
Understanding health information well enough to
know what to do (HLQ 9)
Mean (SD) 3.6 (0.97) N/A 4.0 (0.82)
Median (IQR) 3.8 (3-4.3) 4 (3.6-4.6)
Missing, 1 (%) 9(22) 24 (4)
Self-efficacy (GSES)
Mean (SD) 274 (7.4) N/A 29.3 (6.4)
Median (IQR) 29 (23-33) 30 (26-34)
Missing, 1 (%) 3709) 23 (4)
Patient activationd, n (%)
Disagree strongly/disagree 133 (32)¢ N/A 41 (7)
Agree/agree strongly 264 (64) 533 (90)
Missing, 1 (%) 14 (3) 19 (3)
Patient activations, n (%)
Disagree strongly/disagree 135 (33) ¢ N/A 85 (14)
Agree/agree strongly 264 (64) 486 (82)
Missing, n (%) 12 (3) 22 (4)

Abbreviations SD: standard deviation; IQR: interquartile range; HLQ: Health Literacy Questionnaire; GSES:
General Self-Efficacy Scale; WHO-5: WHO-Five Well-Being Index.
2Based on the 411 (51%) patients who answered the research questionnaire; ®Data from test 1; Data from
baseline; I am confident that I can tell when I need to get outpatient care; ¢ I am confident I can figure out

solutions when new situations or problems arise with my health condition
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STUDY I: DETERMINANTS OF REFERRAL TO PRO-BASED FOLLOW-UP

Study population

In all, 802 patients were included during the period from May 2016 to May 2018 (Figure
10) (120). The mean age was 49.3 SD (21.9) and 52% were men (Table 8). The original
questionnaire-based analyses only included 411 responders (51%); however, all 802
patients were available for the register-based analyses. The patients' mean follow-up time
in the study was 10.6 months (SD 6.6 months). By the end of follow-up (after 18 months or
in January 2019), a total of 185 patients were referred to PRO-based follow-up, 172
patients had terminated outpatient care, and 52 patients had died (Table 9).

Figure 10 Flowchart of patients included in the study (120)

Patients with first visit
at Department of Neurology,
Aarhus University Hospital during the
period from May 2016 to May 2018

N =822
Excluded due to emigration,
unknown address , end of
patient care, or death
v N=20
Eligible study participants
N =802
Questionnaire non-
> responders
N =391

Questionnaire responders
N=41

\
Study participants available for:
+ register-based analyses (N = 802)
- questionnaire-based complete case
analyses (N = 411)
- questionnaire-based analyses by
using multiple imputation (N = 802)

Table 9 Number of patients who had been referred to PRO-based follow-up, terminated outpatient care, or
died at the three time points used in the study, N=802 *

6-month 12-month 18-month
follow-up follow-up follow-up
Referred to PRO-based follow-up 139 173 185
Terminated outpatient care 95 129 172
Died 26 43 52

* Fewer than 5 patients had emigrated at all three time points
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Register-based determinants of referral to PRO-based follow-up

Compared to patients who lived with a partner/family, patients who lived alone had a
lower probability of referral to PRO-based follow-up. Similarly, patients with a low level
of education and household income had a lower probability of referral to PRO-based
follow-up than patients with high levels. These results were consistent at all three
measured time points. Among other variables associated with lower probability of
referral to PRO-based follow-up were receiving temporary or permanent social benefits
compared to self-supporting and having a psychiatric diagnosis compared to no
diagnosis. These results were only statistically significant at 18-month follow-up.
Moreover, men were more likely to be referred to PRO-based follow-up than women at
18-month follow-up. Patients with a medium level of co-morbidity were associated with
lower probability of referral to PRO-based follow-up than patients with a low level of co-
morbidity; however, this result was only statistically significant at 12-month follow-up.

Referral to PRO-based follow-up was not related to age levels.

Questionnaire-based determinants of referral to PRO-based follow-up

Patients who reported a low level of perceived confidence to find solutions or resolve
problems related to their health condition had a lower probability of referral to PRO-
based follow-up than patients with high levels. This finding was consistent at all three
time points. Furthermore, it was found that patients who reported a low level of
perceived confidence to decide their need for outpatient care, well-being, health literacy
(HLQ subscale 9: understanding health information well enough to know what to do),
and general health had a lower probability of referral to PRO-based follow-up than
patients who reported high levels or excellent/very good general health. These findings
were consistent at two time points (at 12- and 18-month follow-up). Only at 18-month
follow-up was a lower probability of referral found in patients with low self-efficacy
compared to high self-efficacy. We also found that a 1-unit increase in mean scale scores
of HLQ subscale 6 (ability to actively engage with healthcare providers) and HLQ
subscale 9 increased the probability of referral to PRO-based follow-up at all three time
points. In addition, 1-unit increase in mean scale scores of HLQ subscale 4 (social support
for health) increased the probability of referral to PRO-based follow-up at 12- and 18-

month follow-up.

Original data analyses and sensitivity analyses

The original data analyses were consistent compared to the results based on multiple
imputations. The results also remained consistent in the performed sensitivity analyses.

Further details can be found in the supplemental materials of Paper I.
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STUDY I AND STUDY Ill: TEST-RETEST RELIABILITY OF THE PRO-BASED
ALGORITHM AND WHO-5

Study population

A total of 554/1640 (34%) patients completed the questionnaire at both test 1 and test 2.
The mean age was 55.0 SD (16.6) years and 52% were men (Table 8). As shown in Figure
11, the response-rates varied across the four test-retest groups: 48% in the paper-paper
and web-paper groups, 34% in the web-web group, and 9% in the paper-web group (142).
Non-responders of the second questionnaire were younger, more likely paper-responders
of the first questionnaire and reported a lower self-reported well-being and general health
than responders. The median response time between test 1 and test 2 was 22 days, and the
interquartile range (IQR) was 10 days. Missing values of the WHO-5 scale in either test 1
or test 2 were present for 14 patients, and these patients were not included in the analysis
of Study IIL

Figure 11 Flowchart of response method in test 1, randomization of response method in test 2, non-responders

in test 2, and number of patients included in the analyses (142)

Completed 15t PRO at test 1, N=1640

Web
N=986

Paper
N=654

Randomised to 2" PRO, N=1640

Paper-paper Paper-web Web-web Web-paper
N=235 N=419 N=490 N=496
Non-responders Non-responders Non-responders Non-responders
N=123 N=382 N=324 N=257
Analysed Analysed Analysed Analysed
N=112 (48%) N=37(9%) N=166 (34%) N=239 (48%)

Agreement and test-retest reliability of the PRO-based algorithm

Perfect PRO-based algorithm agreement was observed in 82% (n = 454) and disagreement
was observed in 18% (n = 100) of the test-retest cases (Table 10) (142). The estimated test-
retest reliability of the PRO-based algorithm in terms of weighted kappa statistic was 0.67
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(95% CI 0.60 to 0.74). However, the kappa estimates varied across different methods of
administration and were substantial in the web-web group; 0.78 (95% CI 0.67 to 0.86), but
only 0.69 (95% CI 0.57 to 0.81) in the paper-paper group and 0.59 (95% CI 0.48 to 0.69) in
the mixed-method group. Although the estimates varied between the groups, there were
overlapping Cls (Figure 12) (142). The results did not alter markedly with restricted
intervals between test 1 and test 2; however, a tendency towards a decrease of the kappa

values was found if different methods of administration were used.

Table 10 Agreement between the automated PRO-based algorithms from test 1 to test 2 (142)
PRO-BASED ALGORITHM TEST 2

(%)

104 (19) | 42 (8)

PRO-BASED ALGORITHM
TEST 1

Total
(%)
147 (27)

YELLOW 34(6) |328(59) | 18(3) | 380 (69)

‘ 0(0) 5(1) 22 (4) | 27 (5)

138 (25) | 375 (68) | 41 (7) | 554 (100)

Green: No need of contact; Yellow: May need contact; Red: Need of contact

Figure 12 Test-retest reliability from test 1 to test 2 of the pooled PRO-based algorithms (1 = 554), web-web (n
=166), paper-paper (n = 112), and the mixed groups (web-paper or paper-web, n = 276) (142)

Kappa values with 95% confidence interval
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Test-retest reliability of the items

The test-retest reliability parameters in terms of both unweighted and weighted kappa
statistics of the single items in the epilepsy questionnaire (Appendix 2) were overall
moderate to substantial. Moreover, in item categories within the framework of the PRO-
based algorithm, kappa estimates were overall found to range from fair to substantial. In
all items, missing values were under 5%; however, a ceiling effect occurred in the majority

of the items, as we observed proportions of more than 15% at the upper ends of the scale.

Test-retest reliability and measurement error of the WHO-Five Well-Being
Index

No systematic difference in the total WHO-5 scores between test 1 and test 2 was
observed. The difference was 0.18 (95% CI -0.84 to 1.20). On the matter of measurement
error, the Bland-Altman plot (Figure 13a) illustrates the 95% limits of agreement (143). The
standard error of the measurement was 8.51 points (95% CI 8.03 to 9.05), which gave a
MDC? of 23.60 points (95% CI 22.27 to 25.10). The ICC was 0.81 (95% CI 0.78 to 0.84). The
analysis was repeated across different methods of administration; however, this did not
noticeably change the results (Figure 13b) (143). Nor did the results change with restricted
intervals between test 1 and test 2. Cronbach's alpha estimates of the WHO-5 scale were
nearly identical in test 1 and test 2: 0.89 (95% CI 0.87 to 0.90) and 0.89 (95% CI 0.87 to 0.91).

Figure 13a Bland-Altman plot of differences in WHO-5 score between test 1 and test 2 plotted against the
mean, N =540 (143)
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Fig. 13b Differences in the WHO-5 score between test 1 and test 2 plotted against the mean in the four
methods of administration groups: web-web (n = 164), paper-paper (n = 107), web-paper (n = 233), and paper-
web (1 =36) (143)
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STUDY IV: THE EFFECTIVENESS OF PATIENT-INITIATED PRO-BASED
FOLLOW-UP

Study population

A total of 593 patients were included in the study; 346 patients were randomized to

receive the patient-initiated PRO-based intervention and 247 patients were randomized to
the control arm (Figure 14) (144). The mean age of the 593 patients was 46.6 SD (17.2)

years and 50% were men (Table 8). Patients in the two comparison arms were equally

balanced with respect to baseline characteristics. Follow-up was 99% for primary outcome

and 59% for self-reported secondary outcomes. A total of 43 patients were excluded in the

per-protocol analyses because they declined to participate in the intervention arm.

Figure 14 The study CONSORT flow diagram (144)

[ Enroliment ]

Epilepsy outpatients who
received/responded to the baseline
questionnaire from Aarhus University
Hospital during the recruitment period:

n=1347/1043

A 4

Responders not included: n = 450

” Paper respondents (n = 395)

" Excluded from AmbuFlex! (n = 29)
” Not randomized (n = 26)

Randomized (n = 593)

. [

Allocation

] ‘

Allocated to intervention, patient-initiated PRO-based
follow-up / open access telePRO (n = 346)

Allocated to control, standard PRO-based follow-up /
standard telePRO (n = 247)

—

Follow-Up

] y

J

Lost to follow-up of primary outcome (1 = 3)
+ Dead(n=2)
* Moved from Denmark (n = 1)

Lost to follow-up of primary outcome (n = 4)
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Analysis
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J
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Primary outcome: number of contacts (n = 343)
Secondary outcomes: responded to questionnaire
follow-up (n = 202/ 58%)

1

Analyzed:

Primary outcome: number of contacts (n = 243)
Secondary outcomes: responded to questionnaire
follow-up (n = 150/ 61%)

Patients who were excluded from standard telePRO after clinical assessment by a clinician of the patient’s fixed-interval questionnaire response

51



PRO measures in remote outpatient follow-up

Use of healthcare resources (primary outcome)

No statistically significant between-arm differences were found in the mean number of
outpatient visits and telephone consultations (Table 11) (144). Patients in the intervention
arm had a statistically significant, slightly lower number of emergency room visits, with
an estimated difference of —0.11 (95% CI -0.21 to —0.01) compared to patients in the control
arm. No statistically significant differences were found in the mean number of hospital
admissions. Moreover, no statistically significant differences were found in the per-

protocol analysis.

Table 11 Healthcare utilization during an 18-month follow-up period (144)

Intention-to-treat population

Primary outcome Intervention arm Control arm Mean difference
n =343 n=243 (95% CI)
Outpatient visits?
Mean (SD) 0.45 (0.95) 0.42 (0.86) 0.03 (-0.11 to 0.18)
Median (Range) 0(0-7) 0 (0-6)
Telephone consultations?
Mean (SD) 0.99 (1.88) 1.30 (2.46) -0.32 (-0.68 to 0.05)
Median (Range) 0 (0-12) 1(0-22)
Hospitalizations?
Mean (SD) 0.05 (0.29) 0.09 (0.49) -0.04 (-0.10 to 0.03)
Median (Range) 0 (0-3) 0 (0-5)
Emergency room visits®
Mean (SD) 0.07 (0.38) 0.19 (0.72) -0.11 (-0.21 to -0.01)
Median (Range) 0 (0-4) 0 (0-7)

Abbreviations SD: Standard deviation; CI: Confidence interval
2at the Department of Neurology, Aarhus University Hospital; bat Aarhus University Hospital

Patient health outcomes and the patient perspective (secondary outcomes)

No statistically significant between-arm differences were found in number of seizures
during last year, treatment side effects, and general health (Table 12) (144). Patients in the
intervention arm had a statistically significant lower well-being; -3.21 (95% CI -6.38 to
—0.05) than patients in the control arm. No statistically significant differences were found
in health literacy, self-efficacy, patient activation, confidence, safety, or satisfaction.

Moreover, no statistically significant differences were found in the per-protocol analysis.

Attrition and sensitivity analyses

The study population only included web responders; thus 395 paper responders were
excluded (Figure 14) (144). Web responders did differ from paper responders: they were
younger, better educated, and had a higher level of health literacy and self-efficacy. No
differences were found in gender, general health, or well-being between web and paper
responders. Approximately 60% of the participants in both arms responded to the

research questionnaire at 18-month follow-up. Non-responders did differ from
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responders, as non-responders were younger, less educated, and reported a lower level of
well-being, general health, and health literacy (HLQ 6: Ability to actively engage with
healthcare providers) at baseline. No differences were found in gender, cohabitation
status, self-efficacy, disease activity and duration, or health literacy (HLQ 4: social support
for health and HLQ 9: understand health information well enough to know what to do).
The sensitivity analysis of the WHO-5 score indicated that the results could be biased in
both directions based on four different scenarios. Further details can be found in the

supplemental materials of Paper V.

Process outcomes

The number of logins to the intervention website ‘My Epilepsy’ and the number of
completed questionnaires initiated by the included patients were generally low and

decreased over time. Further information can be found in Paper V.
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Table 12 Patient-reported outcomes measured 18 months after randomization (144)

Intention-to-treat population

Secondary outcomes Intervention arm Control arm Difference? at 18-mo.
n =202 n =150 follow-up (95% CI)
Well-being (WHO-5)
Mean (SD) 66.99 (19.45) 69.29 (18.01) -3.21 (-6.38 to -0.05)
Missing, n (%) 4(2) 4(3)
Social support for health (HLQ 4)
Mean (SD) 3.24 (0.60) 3.38 (0.53) -0.08 (-0.17 to 0.02)
Missing, 1 (%) 5(2) 43)

Ability to actively engage with
healthcare providers (HLQ 6)

Mean (SD) 3.84 (0.82) 3.87(0.89) -0.05 (-0.21 to 0.10)
Missing, 1 (%) 6 (3) 4(3)

Understanding health

information well enough to know

what to do (HLQ 9)
Mean (SD) 4.03 (0.77) 3.97 (0.85) 0.009 (-0.13 to 0.15)
Missing, 1 (%) 6 (3) 4 (3)

Self-efficacy (GSES)
Mean (SD) 29.78 (5.69) 29.73 (6.14) -0.22 (-1.22 t0 0.78)
Missing, n (%) 7 (3) 4(3)

General health
Mean (SD) 2.63 (0.93) 2.60 (0.82) 0.05 (-0.10 to 0.19)
Missing, n (%) 1 (0.05) 1(0.07)

No. of seizures last year
Mean (SD) 2.50 (11.89) 3.20 (10.21) -0.72 (-3.20 to 1.75)
Missing, 1 (%) 36 (18) 28 (19)

Side effects
Mean (SD) 1.54 (0.76) 1.56 (0.83) -0.03 (-0.18 to 0.11)
Missing, 1 (%) 6 (3) 1 (0.07)

Patient activation®
Mean (SD) 3.42 (0.65) 3.34 (0.77) 0.04 (-0.10 t0 0.17)
Missing, 1 (%) 6 (3) 4 (3)

Patient activation®©
Mean (SD) 3.22 (0.72) 3.12 (0.75) 0.01 (-0.13 t0 0.16)
Missing, 1 (%) 5(2) 4 (3)

Confidence
Mean (SD) 1.39 (0.65) 1.33 (0.53) 0.03 (-0.9 to 0.16)
Missing, 1 (%) 21 (10) 9 (6)

Safety
Mean (SD) 1.41 (0.70) 1.35 (0.56) 0.02 (-0.12 t0 0.16)
Missing, 1 (%) 37 (18) 14 (9)

Satisfaction
Mean (SD) 1.63 (0.68) 1.61 (0.59) 0.01 (-0.13 t0 0.15)
Missing, 1 (%) 35 (17) 18 (12)

Abbreviations SD: Standard deviation; CI: Confidence interval; WHO-5: WHO-Five Well-Being Index; HLQ:
Health Literacy Questionnaire; GSES: General Self-Efficacy Scale
2Adjusted for the baseline measure; I am confident that I can tell when I need to get outpatient care; < am

confident I can figure out solutions when new situations or problems arise with my health condition
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DISCUSSION

In this section the key results for each study are discussed. In addition, a critical
evaluation of methodological aspects are discussed separately for Study I and Study IV,
and combined for Studies II & III.
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DISCUSSION OF RESULTS

Study I: Determinants of referral to PRO-based follow-up

The results from our study indicate that PRO-based follow-up is offered to a selected
group of socioeconomically advantaged patients with epilepsy. PRO-based follow-up is a
new model of care and to the best of my knowledge, no other studies have investigated
associations between sociodemographic, personal, or disease-related determinants and
referral to PRO-based follow-up. Therefore, this study is explorative where the results can
provide hypothesis-generating evidence indicative of a potential association between a
specific factor and the outcome (145). Since the essence of PRO-based follow-up is that
patients regularly fill in questionnaires, I found it relevant to consider studies of factors
associated with questionnaire non-response. Results from such studies show that lower
socioeconomic status, male gender, younger age, solo living, and poorer health status are
associated with questionnaire non-responses (92-98,146). In our study, we found an
association between a lower level of education, household income, and solo living and
non-referral to PRO-based follow-up. However, we did not find an association between
younger age and referral to PRO-based follow-up. This may be related to study
differences, as our study did not investigate factors associated with questionnaire non-
response in PRO-based follow-up but to referral to PRO-based follow-up decided in the
clinical encounter. In line with our findings, other studies have also found an association
between lower probability of participation in self-management interventions if patients
had a lower level of education (147) or had lower self-efficacy (148). Furthermore, a study
found that referral to advanced heart therapy was associated with higher patient
activation among patients selected for therapy compared to patients who were not
selected (149). A Danish study found that well-educated patients with endometrial cancer
more often initiated medical attention if symptoms of recurrence occurred (150). Thus,
there seems to be a selection of patients with regard to participation and use of different

initiatives in the healthcare system.

The healthcare system seeks for solutions that aim to manage the balance between
resources used for acute care management and the needs of patients with chronic diseases
(10,151). Self-management interventions may be a means to bridge the gap between
patients' needs and healthcare capacity, as they have been shown to give patients
knowledge and skills to manage chronic diseases (147) and have the potential to reduce
the use of healthcare resources (44). However, successful patient self-management
requires sufficient ability to manage the consequences inherent in living with a chronic
disease (151). The patients' capacity should balance the burden of disease and treatment,
as low capacity and high disease and treatment workload may inhibit self-management,

treatment adherence, and health outcomes (152). This may support the need for
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differential follow-up activities in the care for patients with chronic diseases. PRO-based
follow-up is one solution that aims to offer individual and flexible remote follow-up and
optimize the use of healthcare resources, avoiding unnecessary in-clinic visits if patients
are well-treated (4). The results from our study indicate that PRO-based follow-up is
mainly offered to a selected group of socioeconomically advantaged patients with
epilepsy, while the less advantaged patients remain with the traditional follow-up
method. In a qualitative study, clinicians experienced that patients seen in-clinic have
more complex problems after implementation of PRO-based follow-up (153), which
clearly demonstrates that use of PRO-based follow-up means that resources can be

reallocated for use in patients with a high symptom burden.

A Danish qualitative study in patients with rheumatoid arthritis found that some patients
valued the autonomy and independence of remote PRO-based follow-up, while others
preferred face-to-face contact (154), which was also the case in PRO-based follow-up
among outpatients with epilepsy (155). These findings support the notion that this type of
follow-up is not optimal for the whole outpatient population, but referral to PRO-based
follow-up must be based on an individual clinical decision and the patient's preferences
(4,155). However, since no standardized guidelines were defined regarding which
patients the clinicians should refer to PRO-based follow-up, the personal preferences
among the clinicians probably played a role when deciding to refer or not. Two
qualitative studies regarding the use of PRO-based follow-up in outpatients with epilepsy
have identified barriers related to participation among both patients and clinicians
(153,155). For clinicians, the lack of interpersonal contact was a negative consequence of
remote PRO-based follow-up (153). Some clinicians felt unsure about some of the patients'
capabilities to participate in PRO-based follow-up even though the patients had already
been referred. Another qualitative study found that clinicians perceived health literacy to
be a potential barrier for patients completing PRO measures (156). For patients,
participation in PRO-based follow-up could result in a sense of rejection and
disconnection from the clinic, and some patients felt a lack of confidence in their own
ability to participate in PRO-based follow-up (155). These findings underline the need for
shared decision-making between the patient and the clinician before referral to PRO-
based follow-up (153,155).

The use of PRO data in clinical practice has the potential to enhance patients' capacity for
self-management (157) by, for example, improving communication (39,41,43,44,46-50),
increasing awareness of psychosocial problems (43,44,46,47,49), and increasing the
patients' understanding of the disease (36,44,154,155,158). In our study, we found that
only a selected group of socioeconomically advantaged patients are able to obtain these
benefits when PRO data are used in remote follow-up. Therefore, to prevent health

inequality, it is relevant to pay attention to how PRO data can be used in outpatient
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follow-up among vulnerable patients. For example, PRO data could be used prior to
telephone consultations or in-clinic appointments. Moreover, proxy solutions could be
used among patients with cognitive disabilities who are unable to complete a

questionnaire by themselves.

Study II: Test-retest reliability of the PRO-based algorithm

Our study is the first reliability study of an epilepsy questionnaire coupled with a PRO-
based algorithm used to identify patients who need clinical attention. The questionnaire
and PRO-based algorithm are now used among outpatients with epilepsy at hospitals in
all five Danish Regions. Overall, we found that test-retest reliability in terms of kappa
values and percentage agreement was moderate to substantial for both the PRO-based
algorithm and the items included in the questionnaire. However, kappa values are
influenced by skewed distribution, number of classes, and systematic differences between
the two measurements (22,159). Thus, it is recommended to present study results in cross
tables in addition to giving the kappa values. A cross table such as Table 10 was only used
to present results regarding agreement of the PRO-based algorithm. A skewed
distribution leads to less room for real agreement due to a higher fraction of chance
agreement (22). In our data, we saw a skewed distribution in several items in the epilepsy
questionnaire because it was filled in by a homogeneous population with stable disease
and low symptom burden. This was also supported by the finding that the PRO-based
color algorithm gave only a few red responses. This skewed distribution may have

resulted in an underestimation of the kappa values in our study.

We found the web- and paper-based methods of administration to be equivalent, and this
is supported by other studies (28,30-32). According to the ISPOR’s guideline, it is
important to assess the comparability of web- and paper-based versions of a
questionnaire (29). In 2015, mixed-mode administration methods in terms of use of both
web- and paper-based questionnaires were nearly equally balanced in the AmbuFlex
system; however, in recent years, the web-based questionnaire has taken over and in 2019,
only 4.3% of the questionnaire responses were paper-based (75). We expect this process to
continue, as it follows the dissemination of web-based solutions in Danish society (160). In
light of this, our study aim regarding whether the mixed administration methods would
influence our results may not have the same relevance in the future. We found, contrary
to other studies (30,161-164), a tendency toward lower equivalence between the two
methods if they were used interchangeably. This may be related to our study design in
which patients could select their preferred mode of administration at the first test and
were thereafter randomized to a compulsory mode of administration at the second test.
This probably caused both a low response rate of only 9% in the paper-web group and
perhaps also affected the patients' habits and reflection in items of the second test, which
may have caused a lower equivalence between the two mixed methods.
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Among the three main measurement property domains in the COSMIN framework, we
only investigated reliability. A measurement can be reliable without being valid, but
cannot be considered valid if it is not reliable (22). Content validity is considered one of
the most important measurement properties of a PRO measure (165). During the
development process of the epilepsy questionnaire, we attached importance to the content
validity aspect, since the relevance of a PRO measure to both patients and clinicians is
pivotal to their utility in clinical practice (4). The validity of some of the constructs in the
questionnaire has been documented, such as the WHO-5 scale (87,88), items from SF-36
(89,90), and items from the SCL-92 (91). However, some of the items were self-
constructed, and the validity of these items has not been documented. Moreover, the
validity of the PRO-based algorithm has also not been documented, and this should be an

area of investigation in future research.

Study III: Test-retest reliability and measurement error of WHO-5

Our study is one of the first studies to investigate the reliability of the WHO-5 scale, not
only including internal consistency but also test-retest reliability and measurement error.
Internal consistency of the WHO-5 scale has been well documented in several studies
across many patient populations and countries. We found a Cronbach's alpha of 0.89,
which is in line with other studies that have reported estimates that ranged from 0.82 to
0.95 (99-103,166-170). However, only two studies regarding test-retest reliability of the
WHO-5 scale have been identified (171,172). A study by Bonnin et al. evaluated the test-
retest reliability of the Spanish version of the WHO-5 scale in a euthymic patient
population with bipolar disorder (171). They compared the WHO-5 score at baseline and
after 10 days of the first administration. The reliability of the WHO-5 scale was reported
to be high, with a Pearson correlation coefficient of 0.83, and no statistically significant
changes were found. However, they did not report measurement error, and the result was
based on a small sample size of only 16 patients (171). Another study from Germany by
Englbrecht et al. has also assessed the test-retest reliability of the WHO-5 scale among
patients with rheumatoid arthritis (172). The correlational estimate of the retest reliability
was 0.67, which was below the a priori criterion of a correlation of p > 0.70, and again a
measurement error was not reported. The WHO-5 scale was measured at two time points
with a range of 10-14 weeks between the two measurements. Only patients without
depression and patients who had not received antidepressant treatment between the two
measured time points were included in the analysis, but the actual number of patients
was not reported (172). The findings from these two studies are not directly comparable to
our study, as we used ICC to measure the test-retest reliability estimates in a different

patient population, thus there is a need for further research.
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Issues related to reliability of PRO measures at the individual level compared to group
level have been raised in the literature (22,173). A reliability coefficient of 0.70 is
considered adequate for use of measures at group level, whereas for individual level use a
minimum threshold of 0.90 has been suggested (22,173). However, it depends on how the
measurement instruments are used in a population. For diagnostic and prognostic
purposes, the intention is to distinguish between different levels or courses of diseases;
hence, reliability parameters are relevant. However, if the intention is to evaluate changes
in health status, parameters of measurement error are relevant (22). In PRO-based follow-
up, the WHO-5 is used to identify risk of depression among outpatients with epilepsy. In
our study, the ICC of the WHO-5 scale ranged from 0.78 to 0.84; hence it was not above
the recommended threshold of 0.90. The ICC estimates in our study were probably to
some extent underestimated due to a homogeneous study population. However,
clinicians should be aware of the scale's limitations and how to interpret the scale when

using WHO-5 at the individual patient level.

To the best of my knowledge, our study is the first to evaluate the measurement error of
the WHO-5 scale. The large measurement error in terms of minimal detectable change
(MDC) found in our study is an interesting finding if the WHO-5 scale is used to measure
change in well-being over time, for example, to measure the effect of an intervention in a
RCT. However, a change can be statistically significant though not clinically important or
relevant to the patients (22). The term minimal important change (MIC) is related to the
smallest change in the score that is considered to be important by the patients. Therefore,
the MIC can be used to look for clinically relevant changes in a RCT (22). To the best of
my knowledge, an MIC has not previously been estimated for the WHO-5 scale; however,
an important change has been reported to be at least 10 points (88). We observed an MDC
of 23 points. If the MDC is larger than the MIC, it is not possible to determine whether the
change is an important, clinically relevant change or whether it is due to measurement
error (22). As a result of this potential limitation of the WHO-5 scale, the use of WHO-5 as

an outcome to measure change over time should be carefully considered.

Study IV: The effectiveness of patient-initiated PRO-based follow-up

We did not identify a difference in healthcare use between patient-initiated PRO-based
follow-up and fixed-interval PRO-based follow-up. This is not in line with results from
RCT studies that have shown that patient-initiated follow-up has the potential to reduce
healthcare use compared to that used in control groups with conventional follow-up in
patients with rheumatoid arthritis (174), inflammatory bowel disease (140,175), and
endometrial cancer (70). Furthermore, in patients with epilepsy, a retrospective evaluation
showed that an open access model of healthcare delivery using telephone consultations
could prevent in-clinic appointments (176). As hypothesized, we did not find any

differences in clinical outcome measures between the intervention arm and the control
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arm in our study. This finding is in line with results from RCT studies evaluating the
effect of patient-initiated follow-up in patients with rheumatoid arthritis (174),
inflammatory bowel disease (175), and chronic obstructive pulmonary disease (177).
Furthermore, a systematic review of RCT studies evaluating patient-initiated
interventions found no differences in HRQOL and psychological outcome measures
compared to traditional follow-up (73). In the intervention arm, we found a statistically
significant lower self-reported mental well-being of 3 points. However, since a clinically
relevant change on the WHO-5 scale is considered to be at least 10 points (88), the

difference was probably not clinically significant.

Contrary to our study, the control groups in the above-mentioned RCT studies were
offered fixed-interval in-clinic visits at the department and not fixed-interval
questionnaires as the basis for follow-up. Therefore, the difference in number of contacts
between the two arms in our study was probably smaller than in the other studies. When
designing the study, we discussed the opportunity to include a control arm with
scheduled in-clinic visits. However, as our study was a pragmatic RCT, we had to
customize the intervention to real-world clinical practice, and a control group with in-
clinic visits was not possible for the following reason. The Department of Neurology at
Aarhus University had already implemented AmbuFlex with fixed-interval PRO-based
follow-up in early 2012, and in 2016, this was considered standard care for approximately
2500 outpatients with epilepsy. Hence, the target group of patients to be included in our
study was primarily offered fixed-interval PRO-based follow-up as standard care and not
scheduled in-clinic visits. To test the effectiveness of patient-initiated PRO-based follow-
up versus in-clinic visits follow-up, we could have decided to include incident patients.
However, a single unit study may have been less feasible, as it would have required a

very long inclusion period.

Non-adherence to health technologies by their intended users is a common problem (178).
We collected process outcomes during follow-up, and our data indicated that the patients
did not use the intervention website very often, and usage decreased during follow-up. It
is possible that some patients found it easier to call the clinic instead of using the web-
based intervention. On the other hand, it could also be explained by a lack of a need for
clinical attention. Greenhalgh et al. developed a theoretical framework regarding non-
adoption, abandonment, scale-up, spread, and sustainability (NASSS) of healthcare
technologies (Figure 15) (179). The framework can help address key challenges in seven
different domains: 1) the condition, 2) the technology, 3) the value proposition, 4) the
adopters, 5) the organization, 6) the wider context, and 7) interaction and adaptation
between all these domains over time (179). The framework can be related to both the
design and development phases of a new technology or in a scale-up of technology

programs, but can also be used retrospectively to explain program failures (179). In the
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following, potential key challenges related to usage of our intervention will be discussed

based on this framework.

Figure 15 The non-adoption, abandonment, scale-up, spread, and sustainability framework from Greenhalgh
etal. (179)
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The condition: The included patients were already attending fixed-interval PRO-based
follow-up. In this follow-up method, many patients have a stable disease activity, and
need of clinical attention might not be necessary for a prolonged period. Before
enrollment in the study, a clinician had evaluated the patient's capabilities regarding
participation in fixed-interval PRO-based follow-up, and the patient was involved in this

decision.

The technology: The AmbuFlex system was implemented at the department in 2012; hence,
the technology system was well-integrated and used in everyday practice before the start
of the study. However, due to data security, patients needed to login to a national eHealth
Portal (https:\\Sundhed.dk) to access the intervention website ‘My Epilepsy’. This
process involved some extra login steps compared to accessing the questionnaire in the
control arm. In the case of technical problems, external support from Sundhed.dk was
needed. Technical issues occurred a few times during follow-up, but the problems were

solved as quickly as possible and often within a couple of days.

The value proposition: The intervention aimed to reduce the use of healthcare resources and
provide patient-centered care, which was desirable for both patients and the healthcare

system. Results from RCT studies indicate that patient-initiated interventions are safe and
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do reduce healthcare use (5,6,73). Both patients and clinicians were involved during the
intervention development to increase the utility. During this process, some patients saw
the value of selecting the time and content of their own individual follow-up as well as

having access to previous questionnaire responses.

The adopters: For patients, the intervention demanded some skills related to self-
management, as the patients had to decide their own need of contact with the healthcare
system. Some patients may appreciate this autonomy, while others may value security
and prefer health professionals deciding for them (154,155). Furthermore, as pointed out
by May et al., a shift in healthcare from clinic to home places new demands on the patient,
hence, a growing burden for some patients (180). A higher degree of responsibility
regarding self-management could be perceived as a burdensome task for some patients
who did not have the capacity to meet these demands, e.g. self-referring when they
needed to be seen by a clinician. Patients received only written information about the
intervention, and we assumed that the patients agreed to and understood the intervention
if they did not decline to participate. The introduction may have been improved by
supplemental initiatives such as a brief informative film about the intervention and an
interactive dialogue with a clinician. This would be more time-consuming, but the
included patients may have felt better informed about their active role during follow-up.
For clinicians, the intervention did not demand that the staff learned new skills. They
handled the incoming intervention PRO responses in the same web system as was used in

the control arm.

The organization: The organizational readiness seemed to be sufficient; as the department
had a highly effective leadership who was engaged in the development and
implementation of a new patient-centered intervention. However, the work related to
implementation of the intervention may have been underestimated, as the technology
used was already implemented at the department. A shared vision of the intervention's
potential compared to fixed-interval PRO-based follow-up may have been unclear to

some in the local clinical team.

The wider context and adaptation: A system-wide shift to patient-initiated PRO-based
follow-up and ongoing adaptation in an outpatient epilepsy population has not taken
place after the project ended. The department continues using fixed-interval PRO-based
follow-up, and the patients can always call the department between the scheduled

questionnaires if needed.

In summary, by using the NASSS framework retrospectively, challenges were identified
primarily in the adopter domain. Non-adherence in our study may have been related to
the complexity of the patients' tasks in patient-initiated follow-up, which demanded that
the patients had to both judge their need of and initiate contact. Patient-initiated PRO-

based follow-up should be considered as a complex intervention in the healthcare system.
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Complex interventions have to be evaluated to identify whether they are effective in
everyday practice (181). The Medical Research Council's framework regarding
development and evaluation of complex interventions consists of four iterative phases:
development, feasibility and piloting, evaluation, and implementation (181). It may have
been helpful if we had used this framework or the NASSS framework prospectively in our
study, thereby enabling us to address some of the key challenges.

CRITICAL EVALUATION OF THE METHODS

The methodological quality of a study is important, as the quality indicates the
trustworthiness of the findings. In research, bias can occur if any systematic flaws in the
design or conduct of a study distort the findings (182). Bias can either underestimate or
overestimate the association or the intervention effect. In this section, evaluation of
internal validity and risk of bias is supported by standardized guidelines according to the
study designs (183-185). In Study IV, other methodological aspects are also discussed,
such as ethical considerations and selection of self-reported outcomes. Finally,

generalizability (external validity) of the results is discussed.

Study I: A prospective cohort study

Observational studies are well-accepted in the study of risk factors and prognosis (186).
However, as in all observational studies, systematic errors and lack of methodological
quality could affect the results in our study. The Quality In Prognosis Studies (QUIPS)
tool was used in the critical evaluation of the applied method and to assess risk of bias
(183). The following aspects are discussed below: selection bias (study participation and
attrition), information bias (determinants and outcome measurement), confounding, and

statistical analysis and reporting.

Selection bias

The enrollment of patients in the study is considered to be without bias, because patients
were consecutively enrolled during a 2-year period. Eligible patients were identified in a
regional register based on four selected ICD-10 codes. The code selection was based on a
review of ICD-10 codes in a random sample of outpatients with epilepsy attending PRO-
based follow-up at Aarhus University Hospital from January 2015 to March 2015 and
given advice from a clinical epilepsy expert. Data from the random sample showed that
the four selected ICD-10 codes covered 96.4% of the diagnoses.

The study had complete register-based data regarding several determinant variables and
the outcome in all included participants. Hence, selection bias in the register-based results
is considered to be limited. However, this was not the case in questionnaire-based data, as
the response rate of the research questionnaire was only 51%. The low response rate could
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lead to biased results in both directions. Non-responders did differ from responders, and
non-responders were less likely to be referred to PRO-based follow-up and, hence, would
be related to the outcome. Multiple imputation (MI) combined with sensitivity analysis is
considered to be one of the most reliable statistical methods for handling missing
questionnaire data (187). Therefore, we used MI to deal with the missing data problem
based on the assumption that data were missing at random (MAR). We took advantage of
using register-based data in the MI model, since we had access to register-based data of
all patients including the non-responders. We also performed sensitivity analyses by
changing the variables used in the MI model and by changing the imputed values, as the
MAR assumptions could not be validated. These analyses did not change the associations

markedly, and therefore support unbiased estimates.

Information bias

The quality of register-based data highly depends on the completeness and validity of the
registers used (188). The data quality in the regional Hospital Business Intelligence (BI)
Register has not been documented; however, Central Denmark Region points to the
importance of the valid data that are used for several purposes in the Region (106). We
obtained data about ICD-10 codes, emigration, and death, and these data are considered
to be of high quality in the BI Register. The validity of the ICD-10 codes has not been
documented in the BI Register, but the register monthly submits standardized data to the
Danish National Patient Register (DNPR). The validity in terms of positive predictive
value for the epilepsy diagnoses in the DNPR has been estimated to be 81.4% (95% CI 75.2
to 86.3) (189). Lack of registration of ICD-10 codes could potentially occur, but the
registration is based on administrative requirements; hence, the lack is considered to be
random and will not lead to bias. We also obtained data about patients who had stopped
attending outpatient care, and the quality of this data depends on the procedure the
department uses to register this type of data. We only had access to a registered date and
it could thus be possible that the number of patients who ended outpatient care during

follow-up was underreported; however, I do not believe this has influenced our findings.

According the national registers, information in the Danish Civil Registration System is
used continuously for administrative purposes, and high quality is ensured through
ongoing validation of the data recorded (114). Further, the education registers are of high
validity; however, Statistics Denmark reports misclassification ranging from 0-3% up to
10% (116). The income data from the Danish Registers in Income and Transfer Payments
are assumed to equal the real income and are of high quality. However, data of direct
importance to the administrative authority are assumed to be more reliable than data
without that kind of importance (117). Data in the Danish Register for Evaluation and
Marginalization (DREAM) is generally of acceptable quality. Agreement between data in
DREAM and self-reported information has been found to be highest for self-supporting
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and retirement pension and poorest for labor market-related benefits (118).
Misclassification in the DNPR is primarily related to changes of codes over time and
multiple definitions used in the system. Data are assumed complete since 2000, as since
then the DNPR formed the basis for payment to public hospitals (119). We used historical
data related to co-morbidity before patients were included in the study, and
misclassification of the ICD-10 codes is considered to be limited. Overall, any
misclassification of register-based determinants is considered to be non-differential,
which may have biased our results toward the null. This assumption is based on the
premise that the misclassification was random, as the data collection in the registers is
based on administrative requirements. Moreover, any misclassification took place before

referral to PRO-based follow-up and, hence, would not be related to the outcome.

Misclassification of the outcome, referral to PRO-based follow-up, is considered to be
limited. This information was also register-based and retrieved from the AmbuFlex
database (4). The system is used in daily clinical practice, and referral is registered by a
clinician in the system. Potentially, the clinician could forget to register the patient in the
system; however, I believe this registration error to be of minimal importance to our
study. The clinicians were not involved in the data collection in the study; thus, any

misclassification was not related to the determinants.

Self-reported bias could be related to, for example, social desirability or recall bias (190).
Some of the constructs of interest could be private and sensitive topics for some patients.
For example, patients with low health literacy may have overestimated their exact level.
In all questions, patients respond to their current status, except for the WHO-5 scale, in
which the patients were instructed to consider mental well-being within the previous 2
weeks. This could have been confusing for some patients. However, the participants filled
in the questionnaire before referral to PRO-based follow-up took place. Therefore, any
misclassification of self-reported data probably resulted in non-differential bias, which

may have biased our results toward the null.

Confounding

Potential confounding variables were selected a priori based on previous studies
regarding factors associated with questionnaire non-response (92-98). Thus, we assumed
that these factors also could be associated with PRO-based follow-up. The confounder
variables were register-based and nearly complete with few missing values. In addition,
the confounder variables were included in a statistical regression model. However, we do
not know whether inclusion of other potential confounding variables would have
influenced our results. For example, we did include co-morbidity, but it may have been
relevant to include epilepsy disease severity as a confounder variable as well; however,

we did not have access to the patients' medical records to gather this information. If
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disease severity was a confounder in the associations in our study, these associations may

have been overestimated due to lack of adjustment.

Statistical analysis and reporting

The choice of statistical model is considered adequate, and data have been presented in a
transparent way. All analyses were based on a pre-defined statistical analysis plan; thus,
no selective reporting of the results took place. Furthermore, we have used robust
statistical techniques (multiple imputation) and sensitivity analyses to investigate the

potential impact of bias, especially related to missing self-reported data.

Overall, bias of our findings is considered low in all aspects except regarding missing self-
reported data. I do not, however, expect this selection bias to have had an impact on the
internal validity of our study.

Study II and Study III: Test-retest reliability studies

A test-retest design with at least two measurement time points is recommended in the
evaluation of reliability and measurement error properties (22). However, lack of
methodological quality could have affected the results in our study. We followed the
recommended COSMIN guidelines regarding risk of bias related to reliability and
measurement error (184,191). Two aspects that could bias our findings, selection bias and

design requirements, are discussed below.

Selection bias

The enrollment of patients in our study is considered adequate, as patients attending
PRO-based follow-up from three departments were consecutively enrolled during a 9-
month period. However, the response rate at the second measurement time point was
only 34%; thus, selection bias cannot be ruled out. The differences between responders
and non-responders of the second test indicated that the responders were a healthier
group of patients than the non-responders. This could potentially underestimate the
reliability parameters due to the homogeneous study population. The measurement error,
however, was affected to a less extent since standard error of the measurement is a

parameter of the measurement error reflecting the within-patient variation (134).

Design requirements

Two of the design requirements stated in the COSMIN checklists are to ensure that the
patients are stable with respect to the construct under investigation in the interim period,
by using an appropriate time interval between the two measurements (130,191). Based on
clinical experiences, we assumed that outpatients with epilepsy had stable disease activity
between the two time points. However, some data indicated a worsening of health status
in the patients' second response, and we allowed for quite a long time interval for some

patients: the maximum range was 104 days and the median range was 22 days. If the
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study population was not stable due to fluctuating disease activity, this could have
reduced the reliability parameters and made the PRO measures look unreliable even
though it may accurately detect responsiveness (192). Assessing no real change in the
measured constructs could be based on measurement of similar well-known reliable
constructs at the same time or a question regarding change in health status included in the
second questionnaire; however, the latter may induce the risk of recall bias. We
performed sensitivity analysis, including only patients with a shorter interval, and we
found a tendency toward increased reliability if the same method of administration was
used and decreased reliability if two different methods of administration were used. A
third requirement of the COSMIN checklist is to ensure similar test conditions (130,191).
However, our aim was to investigate whether the methods of administration influenced
the results. The patients completed the first questionnaire according to their preferred
method of administration, but for some patients a compulsory change in administration
method took place with regard to filling in the second questionnaire. Therefore, it is
possible that the decrease in reliability found in the sensitivity analyses of the mixed
methods was caused by this test-retest variation, rather than by unstable disease activity

among the participants.

Other requirements stated in the COSMIN checklist, such as sample size and statistical

methods, are considered to be sufficient in this study (130,191).

Overall, bias is considered to have played a moderate role in our findings due to the
homogeneous study population, lack of clarity regarding change in health status between
assessments, and environmental disruption. These aspects may have underestimated the

reliability estimates in our study.

Study IV: A pragmatic randomized controlled study

The RCT design is considered to be the standard method for evaluation of effectiveness of
a therapy or other interventions to improve health outcomes (186). We conducted a
pragmatic RCT which involves a complex intervention tailored to real-world practice.
Different methodological aspects of our study merit further discussion. We followed the
Cochrane risk of bias tool for randomized trials in the critical evaluation of the method
(185,193). Risk of bias in a RCT should be evaluated according to 5 domains: 1. bias
arising from the randomization process, 2. bias due to deviations from intended
interventions, 3. bias due to missing outcome data, 4. bias in the measurement in the

outcome, and 5. bias in the selection of the reported result (185).

Bias arising from the randomization process
If the randomization is successfully accomplished, an influence of either known or
unknown confounder factors is avoided (182,193). We generated the two comparison

arms using simple randomization and a computer-generated random assignment code
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calculated by the AmbuFlex-system (4). No differences in baseline characteristics between
the arms were found, and hence, I believe that risk of bias related to the randomization

process was low.

Bias due to deviations from intended interventions

The effect of assignment to the intervention was based on intention-to-treat (ITT) analyses
as recommended, whereas the effect of adhering to the intervention was supported by
per-protocol analyses (193). However, if there is non-adherence to the assigned
intervention, an ITT analysis is expected to underestimate the intervention effect that
would have been seen had all patients adhered to the intervention (193). In our study,
non-adherence of patients to the intervention may have affected the results. The patients
received detailed written information about the intervention after randomization and
were informed to take action by themselves if they declined to participate. We cannot rule
out the possibility that some of the allocated patients may not have fully understood how
to react during the intervention. Potentially, this would have made us underestimate the
effect of, e.g. self-management and satisfaction. One the other hand, outcome measures
were perhaps less likely to have been affected, as the patients could call the outpatient
clinic instead of using the intervention to seek advice. Further, it was difficult to define
adherence, as some patients with stable disease would not have had a need of contact
during follow-up. Blinding was not appropriate in our study as it was a pragmatic trial
that aimed to evaluate the effect of an intervention in patients who were aware of their
care (193). We wused a pre-randomization design, which prevented allocation
disappointment and attrition bias (137). Furthermore, I do not believe that lack of blinding
in our study contributed to group differences in healthcare delivery performed by
clinicians, but I cannot rule out bias related to the lack of blinding. Overall, some concerns

are appropriate due to lack of blinding and non-adherence to the intervention.

Bias due to missing outcome data

The primary outcome including number of outpatient contacts was register based, and
complete data were available for all participants in both groups, despite the seven
patients who died during follow-up. Hence, risk of bias due to missing outcome data is
related to a potential loss of self-reported secondary outcomes. Only approximately 60%
of the patients responded to the follow-up research questionnaire in both groups. We
have no information about the true value of patients with missing self-reported data, nor
the process that led to data being missing. For example, patients with lower mental well-
being were potentially less likely to respond to the follow-up questionnaire, and then the
missing data of well-being depends on its true value. The missing well-being data will
lead to bias if the missing data depend on both the true value and the assigned groups
(193). It is not possible to prove whether the missingness in our study depended on both

the true value and the assigned groups. We conducted sensitivity analysis to examine the
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magnitude of missingness regarding mental well-being. We used “baseline observation
carried forward” (193) and changed the baseline value in four analyses. The results
indicated that the effect could either be overestimated or underestimated depending on
the criteria. Multiple imputation is another approach to handle missing data (187);
however, in this method, the missingness needs to be explained by measured variables.
Overall, there is low risk of bias regarding the primary outcome, but a high risk of bias
regarding the secondary, self-reported outcomes.

Bias in the measurement in the outcome

Measurement of primary outcome was register-based, and misclassification of procedure
codes with respect to telephone consultations and outpatient visits cannot be ruled out.
However, I believe that the potential misclassification is non-differential, as it was
unrelated to the intervention assignments. Secondary outcomes were based on validated
questionnaires. The patients responded to the baseline research questionnaire before
randomization; thus, any misclassification was unrelated to the intervention assignments.
The outcome assessor of the follow-up research questionnaire was the included patients
because the secondary outcomes were based on self-reported information; thus, blinding
was impossible. The assessment of self-reported outcomes could potentially be influenced
by the knowledge of the intervention patients received during our study, and therefore,
some concern regarding risk of bias in both directions should be considered. However,

risk of bias with respect to the primary outcome was low.

Bias in the selection of the reported result

Bias in the selection of the reported results is considered low in our study. We devised a
statistical analysis plan, and we followed this plan in the reporting. Additionally, we
performed explorative analyses to investigate whether the intervention had an effect on
subgroups in the population; however, results from these analyses were discussed as

secondary findings.

Ethical considerations

We used a pre-randomization design in which group allocation information is only given
to the participants in the intervention group after randomization. The design introduces
some ethical issues that are not present in conventional RCTs, since the control arm
participants are not informed about group assignment after randomization (137). Zelen
points to three ethical issues: 1. should control group patients be informed about their
assignment?, 2. should permission to use patient data be obtained?, and 3. is it proper to
offer the intervention to only a group of patients? (137). According to the first issue, all
patients in our study received a baseline and follow-up research questionnaire. However,
patients in the control group were not informed about their assignment because they

continued standard care. We could have included a question in the baseline questionnaire
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regarding willingness to participate in a future RCT and made it known that only patients
assigned to the intervention group would be contacted. This was done in “cohort multiple
RCTs” from the Netherlands, whereby patients were asked for informed consent to be
randomized in future RCTs (194). In that study, patients were informed that they would
be offered the intervention if they were randomly selected; otherwise, they would serve as
controls without being notified (194). If patients refused to participate in a future RCT,
data from the cohort study could be used to provide information on the extent to which
RCT participants represent the full cohort (195). With regard to the second issue, the
patients in our study were informed that the questionnaire data were used for research.
Other patient data were register-based, and approval from the Danish Data Protection
Agency was obtained before enrollment of patients. Regarding the third issue, the
intervention in our study was similar to what was offered to the control group. To test the
effectiveness in a RCT design, only a subgroup of patients can be offered the intervention,
as benefits and drawbacks have to be investigated before the intervention can be
recommended for routine use. Despite these ethical considerations, I consider the pre-
randomization to be feasible, since we had a large cohort of patients attending fixed-

interval PRO-based follow-up, which was the target group for this study.

Selection of self-reported outcome measures

For PRO data to provide valuable and valid conclusions in RCTs, self-reported outcomes
must be measured in a standardized manner using scales with robust measurement
properties such as reliability, validity, and responsiveness (192). ISOQOL and COSMIN
have both developed guidelines for selection of PRO measures for use in research
(192,196). We selected several PRO instruments to measure secondary outcomes in our
study, for example, the WHO-Five Well-Being (WHO-5) (87,88), the Health Literacy
Questionnaire (HLQ) (107,108), and the General Self-Efficacy Scale (GSES) (109-111).
These instruments aimed to evaluate the effect of the patient-initiated PRO-based
intervention in relation to the patient perspective. We hypothesized that the level of well-
being would be the same in the intervention and control arms and that improvements in
health literacy and self-efficacy would be seen in the intervention arm. If PRO measures
are used to evaluate whether an improvement has taken place in specific constructs in the
intervention arm in a RCT, the instruments used to measure the change should be
responsive. COSMIN defines responsiveness as "the ability of an instrument to detect
change over time in the construct to be measured" (23). However, to my knowledge, the
responsiveness of HLQ as an outcome in clinical trials has not been documented. In our
study, the mean HLQ subscale 6 (ability to actively engage with healthcare providers)
baseline scores were 3.87 in the intervention arm and 3.82 in the control arm, compared to
3.99 in the Danish population (108). In addition, to my knowledge, the responsiveness of
GSES has not been reported. The GSES, however, has been used as an outcome in several
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RCT studies. Some studies found an intervention effect on self-efficacy (197,198), while
others did not (199-201). In our study, the mean GSES baseline scores were 29.35 in the
intervention arm and 29.23 in the control arm. The mean GSES score is 32.87 in the Danish
background population (111). Thus, in our study, the baseline scores of both HLQ and
GSES were nearly the same as in the Danish background population. This led to a ceiling
effect, and it was unlikely to measure improvement in the constructs during follow-up. In
the design and planning phase, we did not identify studies that had used HLQ or GSES as
an outcome measures in RCTs in an adult outpatient epilepsy population; nevertheless,
we decided to use them. Generally, it was difficult to identify feasible instruments to

measure these constructs and decide which to use.

GENERALIZABILITY

All studies took place in real-world clinical practice in a single outpatient clinic (Studies I
and IV) or multiple outpatient clinics in the Central Denmark Region, with few inclusion
criteria. Outpatient follow-up for patients with epilepsy is considered to be consistent in
the Danish healthcare system; hence, I consider the results to be generalizable to other

epilepsy outpatient populations.

However, the four studies consist of three different epilepsy outpatient populations
(Figure 6 and Table 8). Study I included newly referred patients, Studies II and III
included patients attending PRO-based follow-up (paper and web responders), and Study
IV included patients attending PRO-based follow-up (web responders). Thus, Studies II,
III, and IV represent selected patient populations, which is relevant to consider with
regard to the generalizability of the results.

Lack of internal validity could affect the external validity. In Studies II and III, the
reliability estimates are based on a selected homogeneous study population composed of
a healthier group of patients than those in the target population. This could have
underestimated the reliability, whereas the measurement error in Study III was affected to
a lesser extent. In Study IV, non-adherence and loss of self-reported data at follow-up may
have affected the study results in both directions. For these different reasons, caution
must prevail with regard to the generalizability of the results in Studies II and IV.

Owing to the efforts to eliminate selection bias, Study I is considered to have high
generalizability. In Studies I and III, I expect that similar results would be achieved in
other epilepsy outpatient populations and perhaps also in other patient populations with
chronic diseases.
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CONCLUSION

This PhD project has contributed insights into different aspects of the use of remote PRO-
based follow-up in outpatients with epilepsy. As of January 2020, remote PRO-based
follow-up are used in outpatients with epilepsy at hospitals in all five Danish Regions.
Based on the results and the discussion of the four studies in this PhD dissertation, the

following conclusions can be drawn:

Among sociodemographic, personal, and disease-related variables, solo living, low
education or household income, temporary or permanent social benefits, psychiatric
diagnosis, female gender, low health literacy, self-efficacy, patient activation, well-being,
or general health were associated with lower probability of referral to PRO-based follow-
up, whereas age and co-morbidity were not noticeable factors. Overall, both register- and
questionnaire-based data were consistent and indicated that socioeconomically
advantaged patients were more likely to be referred to PRO-based follow-up than
vulnerable patients. Further research should explore how healthcare services including
PRO measures during outpatient follow-up can be of more support to less advantaged

patients.

The PRO-based algorithm used to flag need for clinical attention in outpatient epilepsy
clinics showed acceptable test-retest reliability. Different methods of administration
produced similar results. However, lower reliability estimates were found if two different
methods of administration were used. Test-retest of single questions in the epilepsy
questionnaire showed fair to moderate reliability. Further evaluation of psychometric

properties such as validity would be desirable in order to draw a more firm conclusion.

The Danish version of the WHO-Five Well-Being Index showed acceptable test-retest
reliability, also across different methods of administration in an epilepsy outpatient
population. However, the WHO-5 scale showed a relatively large measurement error,
which should be taken into account when evaluating changes in well-being over time.
Further research is required to explore the reliability of the WHO-5 scale in other

language versions and patient populations.

Patient-initiated PRO-based follow-up did not show less use of healthcare resources or
improved patient self-management or satisfaction compared to fixed-interval PRO-based
follow-up. There is insufficient evidence for recommending a system-wide shift to

patient-initiated PRO-based follow-up, but this model of care may be used as an
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alternative to fixed-interval PRO-based follow-up in patients who prefer having an active
role during their follow-up. Patients' individual self-management skills should be
considered and careful introduction should be given before enrollment in a patient-
initiated follow-up program. The effect of patient-initiated follow-up should be further
investigated, and, preferably, patients with this type of follow-up should be compared to
patients with scheduled in-clinic visits.

Overall, the findings of this dissertation have paid attention to reliability aspects and the
diversity in the use of patient-level PRO measures in remote outpatient follow-up. Patient
characteristics and preferences should be taken into consideration regarding both delivery
and usage of healthcare services. The ambitions of using PRO measures in clinical practice

for the benefit of vulnerable patients should be a future point of attention.

74



Perspective and future research

PERSPECTIVE AND FUTURE RESEARCH

Remote use of PRO measures in outpatient follow-up is a relatively new initiative in
clinical practice that aims to enhance patient-centered care and flexible individual
scheduling of hospital appointments. The large-scale implementation of AmbuFlex PRO
solutions that has taken place since 2012 in the Danish healthcare system can provide
material for further investigation. As of January 2020, AmbuFlex has been implemented in
35 different patient groups. Generally, there is a lack of evidence regarding all aspects
related to the use of PRO measures in remote follow-up. This PhD project provides insight
into some aspects related to use of PRO measures in remote outpatient follow-up. The
results contribute with knowledge which could be of advantage regarding the
implementation of this new model of care in a daily clinical setting in outpatients with
epilepsy. However, there are still many perspectives that could benefit from further

research.

Findings from our cohort study indicated that clinicians are aware of several aspects
before referring a patient to PRO-based follow-up, as socioeconomically advantaged
patients were more likely to be referred to PRO-based follow-up than vulnerable patients.
This type of follow-up is not tailored to the whole patient population. Patients' capability
and willingness to participate are of major importance, and the decision regarding referral
should be based on a shared decision between the patient and the clinician that enables
patients to freely choose their preferred method of outpatient follow-up. This could also
prevent non-response and dropouts during follow-up. However, our findings also
indicate that further research is needed. It could be beneficial to investigate how
healthcare services can to a larger extent be supportive of vulnerable patients. This does
not exclude use of PRO measures during follow-up, but may induce differential use of
PRO measures, such as using PRO measures prior to telephone consultations or in-clinic
visits, or as proxy solutions. For example, the Department of Neurology at Aarhus
University Hospital has developed a PRO-based proxy version for epilepsy outpatients
with cognitive disabilities, by which a relative or social worker completes the
questionnaire on behalf of the patient. As of January 2020, 154 patients were attending the
PRO-based proxy solution at two outpatient clinics in the Central Denmark Region.
Furthermore, it could also be beneficial to investigate factors associated with patients who
have dropped out of PRO-based follow-up. Qualitative research could be beneficial to
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explore reasons related to participation refusal that are based on both patients' initiatives

and clinicians' decisions.

The epilepsy questionnaire and the associated PRO-based algorithm described in our
study are used in daily clinical practice for outpatients with epilepsy, and a large-scale
implementation has taken place in the five Danish Regions since 2016. The questionnaire
and algorithm have not been evaluated or revised since 2016 due to the national
implementation process. The quality of the properties of the questionnaire measurements
is of major importance. Results from the test-retest study should be discussed and
evaluated by clinical experts, patients, and researchers during the next revision of the
questionnaire. Future work should evaluate the validity of single items and the PRO-
based algorithm. According to a legal change in the European Union's medical device
regulation in 2018, the PRO-based algorithms used in AmbuFlex are classified as a
medical device, and therefore, the PRO-based algorithms must be certified with a
certification marking (75). In order to meet this demand, the PRO-based algorithms'

validity has to be documented in the coming years.

The large measurement error found in the WHO-5 scale should also be discussed, as
should the interpretation of the scale if clinicians are to use the scale to monitor change in
mental well-being over time. The finding is also relevant to researchers who consider
using the scale as an outcome measure in a clinical trial, as the measurement error found
in our study is above the previously reported clinical relevant change of 10 points (88).
Furthermore, it is highly relevant to investigate the test-retest reliability and measurement
error of the WHO-5 scale in other patient populations and language versions.
Furthermore, evaluation of psychometric properties such as responsiveness and what
constitutes a minimal important change in the WHO-5 score is also desirable.

The healthcare system seeks new models of care to support more effective and patient-
centered care. New models of care need to be evaluated in order to identify possible
benefits or drawbacks. Use of PRO measures in remote follow-up often differs in scope
and procedures between patient groups. We set out to investigate the effect of a new
patient-initiated PRO-based intervention; however, the intervention did not provide
evidence that supports a system-wide shift from fixed-interval to patient-initiated PRO-
based follow-up in outpatients with epilepsy. If it is decided to use the patient-initiated
model, referral should be based on a shared decision between the patient and clinician.
The patient's self-management skills should be taken into consideration and the
implementation process should also be planned and discussed carefully. Nevertheless,
there remains a need for investigating whether a patient-initiated PRO-based model of
care could benefit the healthcare system. Mejdahl et al. has contributed with important
insight to the patient perspective in fixed-interval PRO-based follow-up (155), and she has

also collected qualitative data of patients who received patient-initiated PRO-based
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follow-up. Qualitative exploration of these data can hopefully address the question of

why the expected differences were not observed in our study.

Preferably, future RCTs should compare the advantages of the patient-initiated PRO-
based intervention by comparing results in patients who receive the intervention with
patients who receive conventional follow-up with scheduled in-clinic appointments. It
could also be beneficial to explore the effectiveness of the intervention in other patient
populations with long-term illnesses. Furthermore, the effectiveness of fixed-interval
PRO-based follow-up should also be investigated. Currently, two RCTs are in progresses
that investigate the effect of remote fixed-interval PRO-based follow-up compared to
fixed-interval in-clinic appointments in patients with chronic kidney disease (68) and type
1 diabetes (202). In addition, a RCT in patients with lung cancer explores the effect of

remote PRO-based monitoring compared to fixed-interval in-clinic appointments (203).

The studies that make up this PhD dissertation focuses on three of the phases in PRO-
based follow-up presented in Figure 3: referral, the questionnaire, and the PRO-based
algorithm. However, the last phase, review of PRO responses by clinicians including PRO
data presentation, interpretation, and clinical decision-making based on PRO data, has not
been investigated. This should be an area of further investigation. In addition, a few RCTs
related to use of PRO measures in remote patient management were identified (Table 2).
A next step should be a comprehensive systematic literature search and review of the

literature on this topic.
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English summary

ENGLISH SUMMARY

Patient-reported outcome (PRO) measures are increasingly being used at the patient level
in the healthcare system. In the generic Danish PRO system, AmbuFlex, PRO measures
are used as the basis for remote outpatient follow-up, called PRO-based follow-up. In
PRO-based follow-up, patients receive fixed-interval disease-specific questionnaires
instead of in-clinic appointments during outpatient follow-up. PRO measures are
captured at patients' homes and used to flag whether a patient needs further clinical
attention based on a PRO-based algorithm. Several aspects are important to consider in
remote PRO-based follow-up, for example, patient referral, the questionnaire and the
PRO-based algorithm, and review of the responses by clinicians. However, there is scant
research related to the use of remote PRO-based follow-up and little is known about the

effectiveness of different PRO-based follow-up models.

This PhD project aims to provide insight into different aspects of the use of remote PRO-
based follow-up in outpatients with epilepsy. The project is based on four studies with

different focuses.

Study I was designed as a prospective cohort study that aimed to identify
sociodemographic, personal, and disease-related determinants associated with referral to
PRO-based follow-up. The study included 802 outpatients with epilepsy from the
Department of Neurology at Aarhus University Hospital, Aarhus, Denmark. The study
found that a number of factors were associated with referral to PRO-based follow-up. The
study found that both self-reported and register-based analyses indicated that
socioeconomically advantaged patients were more often referred to PRO-based follow-up
than were vulnerable patients. Further research should explore how healthcare services
including PRO measures during outpatient follow-up can be supportive of vulnerable
patients.

Studies II & III were two test-retest reliability studies that aimed to evaluate the test-retest
reliability of the PRO-based algorithm and the epilepsy questionnaire, including the
Danish version of the WHO-Five Well-Being Index (WHO-5). The studies also evaluated
whether web- or paper-based methods of administration influenced the results. The
studies included 554 outpatients with epilepsy from three neurological departments in the
Central Denmark Region. Study II found that the PRO-based algorithm showed
acceptable test-retest reliability and that different methods of administration produced
similar results; however, lower reliability estimates were found if more than one method

was used. Study III showed acceptable test-retest reliability of the WHO-5 scale across
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different methods of administration. Further, a relatively large measurement error in the
scale was identified, and this should be taken into account when evaluating changes in

well-being over time.

Study IV was designed as a pragmatic randomized controlled trial that aimed to provide
insight into the effects of a patient-initiated PRO-based intervention on healthcare
resource utilization, quality of care, and the patient perspective. The study included 593
outpatients with epilepsy from the Department of Neurology at Aarhus University
Hospital, Aarhus, Denmark. The patients were randomized to either 1) patient-initiated
PRO-based follow-up or 2) fixed-interval PRO-based follow-up. The study found no
differences in use of healthcare resources, quality of care, patient self-management, or
patient satisfaction between the arms. A system-wide shift to patient-initiated PRO-based
follow-up is not recommended in outpatients with epilepsy, though this model of care
may be used as an alternative to fixed-interval PRO-based follow-up in patients who wish

to play an active role during their follow-up.
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DANSK RESUME

PRO-data (Patient Reported Outcome Data) anvendes i stigende grad pa individniveau i
sundhedsvasenet. AmbuFlex er et generisk PRO-baseret system, hvor patientens egne
oplysninger danner omdrejningspunkt for patientens ambulante opfelgning pa hospitalet.
Dette kaldes PRO-baseret opfelgning. I PRO-baseret opfelgning anvendes et
sygdomsspecifikt spergeskema, der sendes til patienten med regelmeessige intervaller, og
dermed kan patienten undgéa at komme ind til fastlagte besog pa hospitalet. Patienten
besvarer sporgeskemaet hjemmefra, og baseret pa en algoritme bruges svaret til at
vurdere, om patienten har behov for kontakt. Flere aspekter er vigtige at overveje ved
anvendelse af PRO-baseret opfolgning, eksempelvis visitationen af patienter,
sporgeskemaet og den tilherende PRO-baserede algoritme samt klinikernes vurdering af
patientens besvarelse. Der er sparsom forskning om anvendelse af PRO-baseret
opfelgning, og kun fa studier har undersogt effekten af forskellige PRO-baserede
opfelgningsmodeller.

Det overordnede formal med ph.d.-projektet er at undersege forskellige aspekter ved
anvendelse af PRO-baseret opfelgning hos ambulante epilepsipatienter. Projektet er
baseret pa fire studier med forskelligt fokus.

Studie I er designet som et prospektivt kohortestudie, hvor formalet var at identificere
socio-demografiske, personlige og sygdomsrelaterede faktorer associeret med visitation til
PRO-baseret opfelgning. Der blev i alt inkluderet 802 ambulante epilepsipatienter fra
Neurologisk Afdeling ved Aarhus Universitetshospital. Studiet viste, at en reekke faktorer
var associeret med visitation til PRO-baseret opfelgning. Bade selvrapporterede og
registerbaserede analyser indikerede, at ressourcesteerke patienter i hgjere grad blev
visiteret til PRO-baseret opfelgning sammenlignet med patienter med feerre ressourcer.
Fremtidig forskning ber undersegge, hvordan PRO-data kan anvendes i den ambulante
opfelgning af sarbare patienter.

Studierne II og III er designet som to test-retest reliabilitetsstudier, hvor formalet var at
evaluere reliabiliteten af det anvendte epilepsispergeskema og den tilherende PRO-
baserede algoritme samt den danske version af WHO-5 Trivselsindekset. Formalet var
ogsa at undersgge om patientens svarmetode (web eller papir) pavirkede resultaterne.
Der blev i alt inkluderet 554 ambulante epilepsipatienter fra Region Midtjylland. Studie II
viste acceptabel test-retest reliabilitet af den PRO-baserede algoritme, og de forskellige
svarmetoder viste konsistente resultater, dog var reliabiliteten lavere, hvis der blev

anvendt forskellige svarmetoder. Studie III viste acceptabel test-retest reliabilitet af WHO-
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5 skalaen pa tveers af forskellige svarmetoder. Der blev dog fundet en relativ stor malefejl
ved skalaen, og dette skal tages i betragtning, hvis skalaen skal bruges til at male

eendringer i trivsel over tid.

Studie IV er designet som et randomiseret kontrolleret forseg, hvor formalet var at
evaluere effekten af en patientinitieret PRO-baseret intervention. Formalet var at
sammenligne ressourceforbrug, behandlingskvalitet og patientperspektivet i to former for
PRO-baseret ambulant opfelgning. Der blev i alt inkluderet 593 ambulante
epilepsipatienter fra Neurologisk Afdeling ved Aarhus Universitetshospital. Patienterne
blev randomiseret til enten: 1) patientinitieret PRO-baseret opfelgning (spergeskema eller
anden henvendelse til hospitalet pa patientens initiativ) eller 2) PRO-baseret opfelgning
med faste sporgeskemaintervaller. Studiet viste ingen forskel i ressourceforbrug,
behandlingskvalitet, sygdomsrelateret egenomsorg eller tilfredshed mellem de to
opfelgningsmodeller. Patientinitieret PRO-baseret opfelgning kan anvendes som et
alternativ til patienter, der foretreekker at have en aktiv rolle i deres ambulante
opfelgning. Der er dog utilstraekkelig evidens for at anbefale udbredelse af patientinitieret

PRO-baseret opfelgning til ambulante epilepsipatienter.
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Abstract

Purpose We examined the association between sociodemographic, personal, and disease-related determinants and referral
to a new model of health care that uses patient-reported outcomes (PRO) measures for remote outpatient follow-up (PRO-
based follow-up).

Methods We conducted a prospective cohort study among outpatients with epilepsy at the Department of Neurology at
Aarhus University Hospital, Denmark. Included were all persons aged > 15 years visiting the department for the first time
during the period from May 2016 to May 2018. Patients received a questionnaire containing questions about health literacy,
self-efficacy, patient activation, well-being, and general health. We also collected data regarding sociodemographic status,
labour market affiliation, and co-morbidity from nationwide registers. Associations were analysed as time-to-event using
the pseudo-value approach. Missing data were handled using multiple imputations.

Results A total of 802 eligible patients were included in the register-based analyses and 411 patients (51%) responded to the
questionnaire. The results based on data from registers indicated that patients were less likely to be referred to PRO-based
follow-up if they lived alone, had low education or household income, received temporary or permanent social benefits, or
if they had a psychiatric diagnosis. The results based on data from the questionnaire indicated that patients were less likely
to be referred to PRO-based follow-up if they reported low levels of health literacy, self-efficacy, patient activation, well-
being, or general health.

Conclusion Both self-reported and register-based analyses indicated that socioeconomically advantaged patients were referred
more often to PRO-based follow-up than socioeconomically disadvantaged patients.

Keywords Patient-reported outcome measures - Ambulatory care - Outpatient clinics, hospital - Referral and consultation -
Cohort study

Introduction

In 2019, it was estimated that two-thirds of the adult Danish
population have one or multiple chronic conditions, a number
that is expected to increase [1]. This increase contributes to
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a growing burden on the healthcare system, and to manage
this challenge, several initiatives must be considered by the
health authorities. One of these initiatives could be systematic
use of patient-reported outcome (PRO) measures at the indi-
vidual patient level in the healthcare system. PRO measures
are defined as the patient’s own report on his/her health status
and symptoms without interpretation by a clinician or anyone
else [2]. The use of PRO measures in individual patient man-
agement has several applications; for example, it can facilitate
monitoring of symptoms before and after treatment, facilitate
communication between patients and clinicians, facilitate early
identification of problems, and reduce unnecessary outpatient
appointments for stable patients [3, 4].

@ Springer


http://orcid.org/0000-0003-2928-2569
http://orcid.org/0000-0003-0103-4328
http://orcid.org/0000-0002-9385-6435
http://orcid.org/0000-0002-5809-3508
http://orcid.org/0000-0003-0525-7254
http://orcid.org/0000-0001-7361-6082
http://orcid.org/0000-0002-2448-0403
http://orcid.org/0000-0001-7038-9566
http://orcid.org/0000-0002-6697-6597
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-019-02407-2&domain=pdf
https://doi.org/10.1007/s11136-019-02407-2

Quality of Life Research

The Danish PRO system, AmbuFlex, is a new model for
outpatient healthcare that uses PRO measures as the basis for
outpatient follow-up of patients with chronic and malignant
diseases [5]. The model uses PRO measures in remote outpa-
tient follow-up in which patients report essential information
about their health status and symptoms from home instead
at conventional follow-up with scheduled appointments. The
PRO data are used by clinicians to decide whether a patient
needs or want clinical attention, making it possible to reduce
the number of unnecessary outpatient appointments [6]. In
addition, the model aims to improve quality of care and pro-
mote patient-centred care. In this study, remote follow-up by
using PRO measures is termed PRO-based follow-up.

Since 2012, approximately 7000 outpatients with epilepsy
from five Danish neurological departments have been referred
to PRO-based follow-up [5, 7]. The criteria for referral to PRO-
based follow-up are not defined in a standardised guideline;
instead, referral is based on the individual clinicians’ assess-
ment of the patient together with the patients’ preferences and
capabilities. The use of PRO measures in remote outpatient
follow-up is a relatively new initiative that has expanded dur-
ing the last 5 years in Denmark. We have not been able to
identify other PRO systems that use PRO measures as the
basis for follow-up of outpatients with epilepsy or in any other
outpatient population, nor studies that have investigated fac-
tors associated with patients who participate in PRO-based
follow-up. However, studies regarding non-response to ques-
tionnaires have found that factors associated with non-response
were lower socioeconomic status [8, 9], male sex [8, 10, 11],
younger age [9, 10, 12], not living with a partner [8, 10, 13],
different ethnic background than Danish [10, 12], and poorer
health or quality of life [8, 9]. It is therefore important that the
clinicians consider these and similar aspects when deciding
whether to refer a patient to PRO-based follow-up. To the best
of our knowledge, no research has been conducted to explore
associations between patient characteristics and referral to
PRO-based follow-up.

This study aimed to identify sociodemographic, personal,
and disease-related factors associated with referral to PRO-
based follow-up. We hypothesised that a low level of educa-
tion and household income; higher age; solo living; passive
labour market participation; a low level of health literacy,
self-efficacy, patient activation, well-being, and general
health; and high level of co-morbidity were associated with
lower probability of referral to PRO-based follow-up.

Materials and methods
Study design, setting and participants

We conducted a prospective cohort study among outpatients
with epilepsy at the Department of Neurology at Aarhus
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University Hospital, Denmark. All persons aged at least
15 years visiting the department for the first time between
May 2016 and May 2018 with either a diagnosis or suspicion
of epilepsy were invited to participate. Eligible participants
were identified in the Hospital Business Intelligence (BI)
Register in the Central Denmark Region, which includes
information on diagnoses classified according to the inter-
national classification of disease—version 10 (ICD-10) [14].
Data were collected every second week in patients with epi-
lepsy (DG 40-DG409), suspicion of epilepsy (DZ033A),
first time unprovoked generalised seizure (DR568E), and
other non-specified seizures (DR568). A physician registers
all diagnoses at hospital discharge or termination of outpa-
tient contact. The regional registers are required by law to
submit standardised data to the Danish National Patient Reg-
istry (DNPR) at least monthly. The most frequently reported
measure of the validity of the records in the DNPR is the
positive predictive value (PPV), defined as the proportion of
patients registered with a disease who truly have the disease
and usually estimated using medical record review as the
reference standard to confirm the presence of disease. For
the diagnosis category epilepsy in the DNPR, the PPV is
estimated to be 81.4% (75.2-86.3) [15].

A research questionnaire was mailed to the study par-
ticipants approximately 2 weeks after their first appoint-
ment at the department. They could choose to complete
either a paper- or web-based version of the questionnaire.
Non-responders received one reminder after 21 days. In
addition, data on all participants including responders and
non-responders were obtained from regional and national
registers.

Determinant variables

Data regarding cohabitation status, education, income,
labour market affiliation, and co-morbidity were collected
from available registers from Statistics Denmark. All Danish
Citizens have a unique personal identification (CPR) number
[16], which can be used to generate linkages between reg-
isters. Data regarding health literacy, self-efficacy, patient
activation, well-being, and general health were collected by
standardised questionnaires. Questionnaire data were linked
with registry-based data from Statistics Denmark in Janu-
ary 2019 using patients’ CPR number. Table 1 presents an
overview of determinant variables and data sources.

Register data

Data on gender and age were obtained from the Hospital
BI register in Central Denmark Region [14]. We used the
age of the participants at the date of inclusion in the study.
Age was categorised into five age groups. Cohabitation
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Table 1 Overview of
determinant variables and

Determinant

Data source

registry and questionnaire data Age

sources Gender
Cohabitation status
Education
Household income

Labour market affiliation

Co-morbidity
Psychiatric disease
Well-being
General health
Health literacy
Self-efficacy
Patient activation

The Hospital Business Intelligence (BI) Register in
Central Denmark Region [14]

The Danish Civil Registration Register (CPR) [17]
The Danish Education Register [18]
Danish register on income and transfer payments [19]

The Danish Register for Evaluation and Marginalisa-
tion (DREAM) [20]

The Danish National Patient Registry (DNPR) [21]

WHO-Five Well-Being Index (WHO-5) [28]
Short Form Health Survey 36 (SF-36) [30, 31]
Health Literacy Questionnaire (HLQ) [23, 24]
General Self-Efficacy Scale (GSES) [25, 26]
Patient Activation Measure 13 (PAM-13) [32]

status was collected from The Danish Civil Registration
System [17] the year before inclusion in the study and
categorised into “Living with a partner/family” and “Liv-
ing alone”. Level of education was obtained from the
Danish Education Registers [18] the year before inclu-
sion and categorised into three groups: low (< 10 years),
medium (10-12 years), or high (> 12 years) educational
level. Data regarding household income were collected
from the Danish registers on personal income [19] the year
before inclusion and categorised into low, medium, or high
income according to tertiles (33.3rd and 66.6th percentile)
in the study population. If cohabitation status, education,
or household income data were missing in the year before
inclusion, data from the previous year were used. Infor-
mation about labour market affiliation was retrieved from
the Danish Register for Evaluation and Marginalisation
(DREAM) [20]. DREAM is a national register which con-
tains weekly updated information about a range of tem-
porary and permanent social benefits. Information about
labour market participation was gathered for the 52-week
period before the date of inclusion in the study. Based
on the amount of received benefits, the participants were
divided into five groups: Self-supporting (labour market
or education participation): receiving social benefits for a
maximum of 4 weeks; Temporary social benefits: receiv-
ing temporary social benefits for more than 4 weeks; Per-
manent social benefits: receiving permanent social benefits
for more than 4 weeks; and Normal retirement: receiving
normal retirement benefits for more than 4 weeks. Level
of co-morbidity and psychiatric diseases were extracted
from the DNPR [21]. The Charlson Comorbidity Index
was used to categorise the participants into three groups:
0 (Low); 1-2 (Medium); > 2 (High) level of co-morbidity
[22]. Psychiatric diseases (DF 00 — 99) were dichotomised
into present or not within 2 years before enrolment.

Questionnaire data

Health literacy was measured using the Health Literacy
Questionnaire (HLQ), which is a multi-dimensional ques-
tionnaire measuring a broad perception of health literacy
[23, 24]. The HLQ has well-documented psychometric
properties [23, 24] and consists of 44 items covering nine
subscales. The following subscales were used: 4: “Social
support for health”; 6: “Ability to actively engage with
healthcare providers”; and 9: “Understand health informa-
tion well enough to know what to do”. Subscale 4 has a
four-point ordinal response options ranging from 1 “strongly
disagree”, 2 “disagree”, 3 “agree” to 4 “strongly agree”.
Subscales 6 and 9 have a five-point ordinal response option
ranging from 1 “cannot do”, 2 “very difficult”, 3 “quite dif-
ficult”, 4 “quite easy” to 5 “very easy”. The average score
across all items were estimated for each of the subscales. If
items were missing, the mean score of the other items were
used to estimate the scale score. The score was not esti-
mated if more than two items were missing. Higher scores
indicate a higher degree of health literacy. Subscale 4 was
also dichotomised to identify participants who “strongly
disagree” or “disagree” (score <2) with having social sup-
port. And subscales 6 and 9 were dichotomised to identify
participants who “could not” or found it “very difficult” or
“quite difficult” (scores <3) to actively engage with health
care providers and understand health information. Self-effi-
cacy was measured using the General Self-Efficacy Scale
(GSE), which is a 10-item questionnaire measuring optimis-
tic self-belief to cope with difficult tasks in life [25, 26]. The
psychometric properties of the scale have been evaluated in
a range of different countries and populations [27]. The 10
items have four ordinal response options ranging from 1 “not
at all true”, 2 “hardly true”, 3 “moderately true” to 4 “exactly
true”. The GSE score ranges from 10 to 40 (best). In addi-
tion, the GSE scale was dichotomised at the median cut-off
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point in the study population: <30 (Low) and > 30 (High).
WHO-Five Well-being Index (WHO-5) is a questionnaire
consisting of five positively worded items reflecting current
mental well-being within the previous 2 weeks [28]. The
instrument has demonstrated sufficient psychometric proper-
ties in a wide range of chronic conditions [28, 29]. Items are
rated on a six-point ordinal scale ranging from 5 “all of the
time”, 4 “most of the time”, 3 “more than half of the time”,
2 “less than half of the time”, 1 “some of the time” to 0 “at
no time”. The score ranges from 0 to 100. Higher scores
indicate a better degree of well-being, and a score below
50 indicates increased risk of depression [28]. The WHO-5
score was also dichotomised at <50 (low) and > 50 (high).
The GSE and WHO-5 scores were not estimated if there
were missing items. The Short Form Health Survey (SF-36)
is a multi-dimensional questionnaire with eight subscales
measuring different aspects of physical and mental health
[30, 31]. In this study, only one single item was included: “In
general, would you say your health is: excellent, very good,
good, fair, or poor”. The variable was divided into three
groups: “excellent/very good”, “good”, and “fair/poor”.
Patient Activation Measure 13 (PAM-13) is a 13-item ques-
tionnaire measuring the aspect patient activation in health
[32]. In this study, only two single items were included,
which were modified from the PAM scale: “I am confident
that I can tell when I need to get outpatient care” and “T am
confident I can figure out solutions when new situations or
problems arise with my health condition”, with the response
categories: “disagree strongly”, “disagree”, “agree”, and
“agree strongly”. The item responses were dichotomised
into “disagree strongly/disagree” and “agree/agree strongly”.

Outpatient follow-up

Department of Neurology at Aarhus University Hospital
offers both PRO-based and conventional follow-up. In PRO-
based follow-up, outpatients receive fixed-interval disease-
specific questionnaires instead of in-clinic visits [5]. The
questionnaire is coupled with a pre-defined color-algorithm
used to determine whether the patients need clinical atten-
tion. Green color indicates no need of attention, red color
indicates need of attention, and yellow color indicates that
the patient might need attention [5, 7]. Clinicians assess the
questionnaire responses together with other relevant data
from the Electronic Health Record [5]. As of December
2019, 2110 epilepsy outpatients (approximately 50% of
the entire outpatient population) are attending PRO-based
follow-up at the department. In conventional follow-up,
patients receive in-clinic visits or telephone consultations.
A clinician together with the patient decides in each case
whether to refer to PRO-based follow-up or conventional
follow-up.
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Outcome

Patients were followed up from their first visit at the Depart-
ment of Neurology at Aarhus University Hospital (the date
of inclusion) until the event of interest: referral to PRO-
based follow-up. Patients were censored at study end (after
18 months’ follow-up or in January 2019) or in the event
of no further need for outpatient follow-up, emigration, or
death, whichever came first. Patients referred to PRO-based
follow-up are registered in the AmbuFlex-system by a cli-
nician [5]. We used the date of this registration to define
whether a patient was referred to PRO-based follow-up. The
date was gathered from the AmbuFlex-database [5, 6]. The
dates of other events (no further need for outpatient follow-
up, emigration, or death) were obtained from the Hospital
BI Register in the Central Denmark Region.

Statistical analysis

We analysed the associations between register- and ques-
tionnaire-based determinants and the proportion of patients
referred to PRO-based follow-up within 6, 12, and 18 months
after the patients’ first visit at the department. Not all par-
ticipants were followed for 12 and 18 months; therefore, the
analyses were based on time to event by using the pseudo-
value approach to examine the cumulative risk ratio (RR) at
the three time points [33, 34]. In the pseudo-value approach,
pseudo values are generated and used in a generalised linear
regression. Death, emigration, and end of follow-up were
considered competing risks in the model if they occurred
before the event of interest. All estimates were reported with
95% confidence intervals. Age, gender, cohabitation status,
education, and co-morbidity were included in the adjusted
analyses. The confounder variables were selected a priori
based on associations between these factors and question-
naire non-response in previous studies [8—13].

To manage the missing data problem, we decided to use
the multiple imputation method [35]. Based on the assump-
tion that data were missing at random, 100 complete data-
sets were created based on a model of all relevant variables
measured in the population (Appendix 1). The robustness
of the imputed model was evaluated by modifying the vari-
ables in the model. Furthermore, sensitivity analyses were
performed in which we assumed that data were not missing
at random; for example, if data were missing in patients with
lower health literacy than expected from the imputations.
For this group of patients, the imputed health literacy scores
were reduced with one point corresponding to approximately
one standard deviation (SD). Thereafter, the cumulative RRs
at the three time points were analysed in a generalised linear
regression using the pseudo-value approach.

Categorical data were presented as numbers and percent-
ages. For normally distributed continuous data, means and
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SDs were presented, and for non-normally distributed ques-
tionnaire data, median and interquartile ranges were also
presented. Data collected from registers were used to com-
pare non-responders of questionnaire data with responders.
All analyses were performed using STATA version 15 (Stata
Corporation, College Station, Texas, USA).

Results
Characteristics of the study population

From May 2016 to May 2018, a total of 822 patients had
their first visit at the Department of Neurology at Aarhus
University Hospital with either a diagnosis or suspicion of
epilepsy (Fig. 1). Twenty patients were excluded due to ter-
mination of outpatient care, emigration, or death before start
of follow-up, leaving 802 patients in the study. The mean age
of the study population was 49.3 years (SD 21.9 years) and
52% were male (Table 2). Only 13% had a high level of co-
morbidity (Charlson Comorbidity Index >2) and 12% had
a psychiatric disease diagnosis. Data were missing for three
register-based variables: cohabitation status (2%), education
level (7%), and household income (1%). The overall response
rate was 51%, 61% for patients referred to PRO-based fol-
low-up and 48% for patients not referred (p =0.003). Ques-
tionnaire non-responders were younger (p <0.001), lower
educated (p =0.03), more likely lived alone (p <0.001), had
lower household income (p=0.01), and received more often
temporary or social benefits (p < 0.001) than responders. No
differences were found with regard to gender, co-morbidity,
and psychiatric disease. Table 3 presents an overview of

Patients with first visit
at Department of Neurology,
Aarhus University Hospital during the
period from May 2016 to May 2018
N =822

Excluded due to emigration,
unknown address , end of
patient care, or death
N=20

Eligible study participants
N =802

Questionnaire non-
responders
N =391

Questionnaire responders
N=411

Study participants available for:
- register-based analyses (N = 802)
« questionnaire-based complete case
analyses (N = 411)
« questionnaire-based analyses by
using multiple imputation (N = 802)

Fig. 1 Flowchart of patients included in the study

Table 2 Baseline register characteristics of 802 patients and among
questionnaire responders and non-responders from the Department of
Neurology, Aarhus University Hospital May 2016-May 2018

Total n (%) Responders n (%) Non-

responders
n (%)
N=802 N=411 N=391
Age, years
15-24 168 (21) 78 (19) 90 (23)
25-39 136 (17) 46 (11) 90 (23)
40-59 187 (23) 93 (23) 94 (24)
60-69 124 (15) 76 (18) 48 (12)
70-99 187 (23) 118 (29) 69 (18)
Gender
Female 387 (48) 204 (50) 183 (47)
Male 415 (52) 207 (50) 208 (53)
Cohabitation status
Not living alone 492 (61) 280 (68) 212 (54)
Solo living 290 (36) 124 (30) 166 (42)
Missing 20 (2) 72) 13 (3)
Education
High (> 12 years) 135 (17) 79 (19) 56 (14)
Medium (10- 281 (35) 154 (37) 127 (32)
12 years)
Low (< 10 years) 327 (41) 154 (37) 173 (44)
Missing 59 (7) 24 (6) 35(9)
Household income®
High 266 (33)
Medium 267 (33)
Low 261 (33)
Missing 8 (1)
Labour market affiliation
Self-supporting 243 (30) 132 (32) 111 (28)
Normal retirement 234 (29) 151 (37) 83 (21)
Temporary social 174 (22) 69 (17) 105 (27)
benefits
Permanent social 151 (19) 59 (14) 92 (24)
benefits
Co-morbidity (Charlson index)
Low 0 463 (58) 231 (56) 232 (59)
Medium 1-2 233 (29) 122 (30) 111 (28)
High>2 106 (13) 58 (14) 48 (12)
Psychiatric disease
No 703 (88) 365 (89) 338 (86)
Yes 99 (12) 46 (11) 53 (14)

#According to guidelines from Statistics Denmark, the distribution of
household income was not reported for responders and non-respond-
ers because the missing number is below five observations

the self-reported questionnaire data from the 411 respond-
ers. There were fewer than 5% missing items for all scales
expect for the GSE scale, where 9% of items were missing.
The stratified data according to 18-month follow-up status
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indicated that patients who received conventional follow-up
reported lower levels of all measured constructs than did
patients referred to PRO-based follow-up.

Mean follow-up time was 10.6 months (SD 6.6 months).
At 6-, 12-, and 18-month follow-up, 139, 173, and 185
patients had been referred to PRO-based follow-up, 95,
129, and 172 patients were no longer visiting the outpatient
clinic, and 26, 43, and 52 patients had died, respectively.
Fewer than 5 patients had emigrated at all three time points.

Register determinants of referral to PRO-based
follow-up

The cumulative risk ratios of referral to PRO-based follow-
up 6, 12, and 18 months after the patients’ first visit at the
department in relation to register determinants are presented
in Table 4. At all three time points, a decreased adjusted
risk of referral to PRO-based follow-up was found among
patients who lived alone and patients with low education
or household income. At 18-month follow-up, a decreased
adjusted risk was also found in patients with temporary or
permanent social benefits and patients with a psychiatric
diagnosis. Further, at 18-month follow-up, men were more
likely to be referred to PRO-based follow-up than women.
At 12-month follow-up, a decreased adjusted risk of referral
was found in patients with a medium level of co-morbidity
compared to a low level of co-morbidity; however, no dif-
ferences were found at 6- or 18-month follow-up. No differ-
ences were found between age groups.

Questionnaire determinants of referral
to PRO-based follow-up

The cumulative risk ratios of referral to PRO-based follow-
up 6, 12, and 18 months after the patients’ first visit at the
department in relation to questionnaire determinants are pre-
sented in Tables 5 and 6. Patients who reported a low level
of perceived confidence regarding to figure out solutions or
problems related to their health condition had a decreased
adjusted risk of referral to PRO-based follow-up at all three
time points. At 12- and 18-month follow-up, a decreased
adjusted risk was found in patients with low health literacy
(HLQ9), well-being, or general health, and in patients who
reported a low level of perceived confidence to decide their
need for outpatient care. At 18-month follow-up, a decreased
adjusted risk of referral was also found in patients with low
self-efficacy. No adjusted differences were found in health
literacy (HLQ 4 and HLQ 6). The questionnaire scale scores
were also analysed (Table 6). In the adjusted analyses, we
found that a one-unit increase in mean scale scores of HLQ
6 and 9 increased the risk of referral to PRO-based follow-
up at all three time points. Similarly, at 12- and 18-month
follow-up, one-unit increase in mean scale scores of HLQ 4
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and WHO-5 also increased the risk of referral to PRO-based
follow-up. One-unit increase in mean scale score of GSE
increased the risk of referral at 18-month follow-up.

Other analyses

The results based on multiple imputations were comparable
to the original raw data analyses (Appendix 2). The imputa-
tions did not change the estimates markedly. In addition,
the results were not affected by modifying the variables in
the multiple imputation model. The sensitivity analyses of
the health literacy scores did not alter the results noticeably
(Appendix 3).

Discussion

This study showed that several sociodemographic, personal,
and disease-related factors play a role in referral to PRO-
based follow-up. Patients were less likely to be referred to
PRO-based follow-up if they lived alone or had low edu-
cation or household income, if they received temporary or
permanent social benefits, or if they had a psychiatric diag-
nosis. Furthermore, we found that patients were less likely
to be referred to PRO-based follow-up if they reported a
low level of health literacy, self-efficacy, patient activation,
well-being, or general health.

A shift toward more active involvement of patients in
chronic disease care management is taking place in the
healthcare system, characterised by productive interactions
between patients and health care providers [36, 37]. These
interactions do not necessarily require face-to-face visits
[37]. In addition, management of chronic diseases is shift-
ing from the clinic to the patients’ homes [38]. PRO-based
follow-up and telephone consultations provided by nurses
[39] are examples of care at a distance in epilepsy outpatient
follow-up. John et al. argue that telephone follow-up could
replace traditional scheduled appointments unless there is a
clear clinical need; for example, if the patient is considered
vulnerable [39].

Patients with chronic diseases need the skills, confi-
dence, and information necessary to make best use of their
involvement in self-management [37]. They must cope with
increasing treatment workload, e.g. taking medication, read-
ing information, and making lifestyle changes. The treatment
workload should balance the patients’ capacity [38, 40].
Low capacity concurrent with high workload may dimin-
ish self-management, adherence to treatment, and health
outcomes [38]. Increased risk of depression, poorer quality
of life, and more social stigma have been found in patients
with seizures compared to patients with no seizures [41,
42], which supports the need for tighter follow-up strategy
in patients with severe epilepsy than in patients with stable
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Table 3 Baseline self-reported
characteristics and stratified
according to status at 18 month
follow-up? among 411 patients
from the Department of
Neurology, Aarhus University
Hospital May 2016-May 2018

Total (%) PRO-based follow-up Conventional follow-up End of outpatient
care or emigrated
N=411 n=113 n=197 n=282

Social support for health (HLQ4)
Mean (SD) 3.3 (0.60) 3.4 (0.49) 3.2 (0.63) 3.2(0.67)
Median (IQR) 34(3.0-3.8) 3.4(3.0-3.8) 3.2 (3.0-3.6) 3.4 (3.0-3.8)
Missing, n (%) 10 (2.4)

Ability to actively engage with healthcare providers (HLQ6)
Mean (SD) 3.6 (0.95) 3.9(0.83) 3.5(0.98) 3.6 (0.99)
Median (IQR) 38(3.0-42) 4.034-44) 3.6 (3.0-4.2) 3.8(3.1-4.3)
Missing, n (%) 9(2.2)

Understanding health information well enough to know what to do (HLQ9)
Mean (SD) 3.6 (0.97) 3.9(0.78) 3.5(1.02) 3.7(0.95)
Median (IQR) 3.8(3.0-43) 4.0(3.5-44) 3.8 (2.8-4.2) 4.0 (3.2—-4.4)
Missing, n (%) 9(2.2)

Self-efficacy (GSE)
Mean (SD) 27.4 (7.4) 29.0 (5.9) 26.0 (7.8) 29.5 (6.6)
Median (IQR) 29 (23-33) 30 (26-32) 27 (20-32) 30 (26—34)
Missing, n (%) 37 (9.0)

Well-being (WHO-5)
Mean (SD) 61.3 (23.9) 66.8 (21.0) 56.2 (24.9) 66.9 (20.4)
Median (IQR) 64 (48—80) 72 (56—80) 60 (36—76) 72 (52—-80)

Missing, n (%) 17 (4.1)
General health, n (%)

Excellent 36 (8.8)
Very good 94 (22.9)
Good 149 (36.3)
Fair 86 (20.9)
Poor 33 (8.0)
Missing 13 (3.1)

Patient activation®, n (%)
Disagree strongly 31 (7.5)

Disagree 102 (24.8)
Agree 170 (41.4)
Agree strongly 94 (22.9)
Missing 14 (3.4)

Patient activation®, n (%)
Disagree Strongly 49 (11.9)

Disagree 86 (20.9)
Agree 190 (46.2)
Agree strongly 74 (18.0)
Missing 12 (2.9)

SD standard deviation; /QR interquartile range; HLQ Health Literacy Questionnaire; GSE General Self-

efficacy scale; WHO-5 WHO-Five Well-being Index

#According to Statistics Denmark’s guidelines, the distribution of variables was not reported if a cell con-
tained less than five observations. Among 411 patients, 19 patients had died at 18-month follow (data not

shown)

°T am confident that I can tell when I need to get outpatient care

I am confident I can figure out solutions when new situations or problems arise with my health condition
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Table 4 Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus Univer-
sity Hospital according to register determinants (N =_802)

6-month follow-up

12-month follow-up

18-month follow-up

Crude RR Adjusted RR* Crude RR Adjusted RR? Crude RR Adjusted RR?

Age, years

15-24 Ref Ref Ref Ref Ref Ref

25-39 1.04 (0.63-1.70)  0.99 (0.57-1.71) 0.91 (0.59-1.40) 0.85 (0.54-1.36) 0.90 (0.59-1.36) 0.84 (0.54-1.30)

40-59 1.08 (0.68-1.71) 0.98 (0.58-1.65) 1.02 (0.69-1.50) 0.94 (0.60-1.46) 1.01 (0.70-1.47) 0.92 (0.60-1.40)

60-69 1.08 (0.65-1.80) 0.77 (0.43-1.37) 0.98 (0.63-1.52) 0.83 (0.50-1.37) 0.85 (0.55-1.30) 0.73 (0.45-1.19)

70-99 1.01 (0.64-1.60) 0.92 (0.52-1.62) 0.90 (0.60-1.34) 1.06 (0.62-1.78) 0.84 (0.57-1.24) 0.95 (0.58-1.58)
Gender

Female Ref Ref Ref Ref Ref Ref

Male 1.32 (0.97-1.80) 1.35(0.95-1.92) 1.29(0.99-1.69) 1.28 (0.96-1.69) 1.39 (1.07-1.81) 1.36 (1.03-1.79)

Cohabitation status
Living with a partner/family
Living alone
Education
High (> 12 years)
Medium (10-12 years)
Low (< 10 years)
Household income
High
Medium
Low
Labour market affiliation
Self-supporting
Normal retirement
Temporary social benefits
Permanent social benefits

Co-morbidity (Charlson Index)

Low 0
Medium 1-2
High>?2
Psychiatric disease
No
Yes

Ref
0.61 (0.43-0.86)

Ref
1.03 (0.70-1.51)
0.53 (0.34-0.81)

Ref
0.46 (0.32-0.67)
0.49 (0.34-0.71)

Ref

0.71 (0.49-1.01)
0.69 (0.47-1.03)
0.38 (0.22-0.67)

Ref
0.79 (0.54-1.14)
1.09 (0.72-1.66)

Ref
0.65 (0.37-1.15)

Ref
0.60 (0.41-0.89)

Ref
0.97 (0.66-1.46)
0.46 (0.28-0.75)

Ref
0.61 (0.39-0.94)
0.59 (0.38-0.90)

Ref

0.69 (0.42-1.13)
0.68 (0.45-1.05)
0.55 (0.29-1.04)

Ref
0.73 (0.48-1.12)
1.08 (0.68-1.71)

Ref
0.75 (0.42-1.36)

Ref
0.55 (0.40-0.75)

Ref
1.25 (0.88-1.78)
0.65 (0.44-0.96)

Ref
0.52 (0.38-0.71)
0.43 (0.30-0.60)

Ref

0.74 (0.54-1.02)
0.78 (0.55-1.09)
0.44 (0.27-0.71)

Ref
0.72 (0.52-1.00)
0.88 (0.60-1.29)

Ref
0.47 (0.26-0.85)

Ref
0.55 (0.39-0.78)

Ref
1.22 (0.86-1.74)
0.62 (0.41-0.94)

Ref
0.69 (0.48-1.00)
0.51 (0.35-0.75)

Ref

0.86 (0.55-1.37)
0.79 (0.56-1.13)
0.60 (0.35-1.02)

Ref
0.69 (0.46-0.97)
0.89 (0.60-1.33)

Ref
0.55 (0.30-1.01)

Ref
0.58 (0.43-0.79)

Ref
1.20 (0.85-1.69)
0.69 (0.47-1.01)

Ref
0.50 (0.37-0.68)
0.41 (0.29-0.57)

Ref

0.65 (0.48-0.89)
0.68 (0.49-0.95)
0.39 (0.24-0.62)

Ref
0.74 (0.54-1.01)
0.78 (0.53-1.14)

Ref
0.44 (0.24-0.82)

Ref
0.63 (0.45-0.89)

Ref
1.15 (0.82-1.62)
0.65 (0.44-0.97)

Ref
0.64 (0.44-0.93)
0.47 (0.32-0.68)

Ref

0.77 (0.49-1.20)
0.69 (0.49-0.96)
0.51 (0.31-0.84)

Ref
0.74 (0.52-1.04)
0.82 (0.55-1.23)

Ref
0.50 (0.27-0.93)

Numbers in round brackets are 95% confidence intervals (CIs). The estimated RRs and 95% CIs were obtained after multiple imputations in a

generalised linear regression using the pseudo-value approach

*Mutual adjusted for age, gender, cohabitation status, education, and co-morbidity

disease. PRO-based follow-up aims to optimise the health-
care resources, as patients with no need of clinical attention
are not routinely seen in-clinic. Hence, resources can be used
to respond rapidly to patients with a high symptom burden.
A qualitative study found that clinicians experienced that
problems were more complex in the patients seen in-clinic
after implementation of PRO-based follow-up [43].

We found that PRO-based follow-up is offered to a
selected group of socioeconomically advantaged patients.
The goal has never been to refer the whole outpatient popula-
tion. The decision must be based on the patient’s preferences

@ Springer

and clinical profile. In PRO-based follow-up, patients fill in
scheduled questionnaires during follow-up; hence, we con-
sidered it relevant to consider factors related to questionnaire
non-response. We found that lower sociodemographic status
was associated with a decreased probability of referral to
PRO-based follow-up. This finding is supported by studies
regarding questionnaire non-response [8, 9]. A Danish study
among patients with endometrial cancer found that well-
educated patients more often sought medical attendance if
symptoms of recurrence occurred than did less educated
patients [44]. We also found an association between a lower
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Table 5 Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus Univer-
sity Hospital according to questionnaire determinants (N=_802)

6-month follow-up

12-month follow-up

18-month follow-up

Crude RR Adjusted RR* Crude RR Adjusted RR*? Crude RR Adjusted RR?

Social support for health (HLQ4)

High (>2) Ref Ref Ref Ref Ref Ref

Low (£2) 0.47 (0.09-2.44) 0.43 (0.07-2.48) 0.43(0.09-2.02) 0.40 (0.08-2.06) 0.38 (0.07-2.02) 0.40 (0.07-2.20)
Ability to actively engage with healthcare providers (HLQ6)

High (>3) Ref Ref Ref Ref Ref Ref

Low (£3) 0.60 (0.37-0.98) 0.73 (0.42-1.28) 0.55 (0.35-0.88) 0.63 (0.38-1.05) 0.55(0.35-0.89) 0.64 (0.39-1.05)
Understanding health information well enough to know what to do (HLQ9)

High (>3) Ref Ref Ref Ref Ref Ref

Low (£3) 0.42 (0.24-0.75) 0.53 (0.28-1.01) 0.41 (0.23-0.71) 0.48 (0.26-0.87) 0.40 (0.23-0.69) 0.45 (0.25-0.82)
Self-efficacy (GSE)

High (>30) Ref Ref Ref Ref Ref Ref

Low (<30) 0.61 (0.42-0.89) 0.69 (0.46-1.04) 0.63 (0.46-0.88) 0.73 (0.52-1.03) 0.60 (0.43-0.84) 0.69 (0.49-0.98)
Well-being (WHO-5)

High (>50) Ref Ref Ref Ref Ref Ref

Low (<50) 0.67 (0.43-1.03) 0.73 (0.45-1.18) 0.54 (0.36-0.82) 0.59 (0.38-0.91) 0.50 (0.33-0.78) 0.55 (0.35-0.86)
General health

Excellent/very good Ref Ref Ref Ref Ref Ref

Good 1.02 (0.67-1.54) 1.07 (0.69-1.65) 0.82 (0.56-1.19) 0.88 (0.60-1.30) 0.71 (0.50-1.02) 0.76 (0.52-1.12)

Fair/poor 0.61 (0.36-1.02) 0.72 (0.41-1.25) 0.47 (0.29-0.75) 0.57 (0.34-0.94) 0.38 (0.24-0.61) 0.46 (0.28-0.76)

Patient activation®
Agree strongly/agree
Disagree strongly/disagree
Patient activation®
Agree strongly/agree
Disagree strongly/disagree

Ref
0.55 (0.36-0.86)

Ref
0.54 (0.34-0.86)

Ref
0.64 (0.38-1.07)

Ref
0.58 (0.34-0.97)

Ref
0.57 (0.38-0.85)

Ref
0.56 (0.37-0.86)

Ref
0.65 (0.42-0.99)

Ref
0.59 (0.37-0.93)

Ref
0.51 (0.34-0.76)

Ref
0.50 (0.33-0.76)

Ref
0.57 (0.38-0.88)

Ref
0.54 (0.35-0.83)

HLQ Health Literacy Questionnaire; GSE General Self-efficacy scale; WHO-5 WHO-Five Well-being Index

Numbers in round brackets are 95% confidence intervals (CIs).The estimated RRs and 95% CIs were obtained after multiple imputations in a
generalised linear regression using the pseudo-value approach

#Adjusted for age, gender, cohabitation status, education, and co-morbidity

®] am confident that I can tell when I need to get outpatient care

‘I am confident I can figure out solutions when new situations or problems arise with my health condition

degree of self-reported patient activation and non-referral
to PRO-based follow-up. A recent study of patients referred
to advanced heart failure therapy used the PAM scale to
measure the degree of patient activation [45]. In accordance
with our findings, they also found that those not selected for
therapy were more likely to have lower patient activation
than those who were selected [45].

A qualitative study has documented a variation in
patients’ preferences for being active and taking responsi-
bility in PRO-based follow-up, as some patients experienced
a lack of confidence in their own capability to participate
[46]. In addition, a study regarding the clinician perspective
indicated that some clinicians had concerns regarding some
patients’ capability to participate in PRO-based follow-up,
even though the patient had already been referred [43]. We

cannot rule out that some clinicians were more reluctant to
introduce PRO-based follow-up and did not refer all relevant
patients. On the other hand, patients could also have been
referred without having the skills or confidence to partici-
pate. Preferably, referral to PRO-based follow-up should be
based on a shared decision between the patient and the cli-
nician in which both advantages and disadvantages are dis-
cussed. This may strengthen the patients’ expectations and
willingness to participate in PRO-based follow-up and pre-
vent non-response and dropout during PRO-based follow-up.

A high level of health literacy skills has been associ-
ated with health-promoting behaviours and better health
outcomes in relation to self-reported health status, dietary
habits, physical activity, smoking, alcohol consumption, and
glycaemic control of diabetes [47-49]. We found that lower
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Table 6 Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus Univer-

sity Hospital according to questionnaire scale scores (N=2802)

6-month follow-up

12-month follow-up

18-month follow-up

Crude RR Adjusted RR*?

Crude RR

Adjusted RR*? Crude RR Adjusted RR?

Social support for health (HLQ4
score)

1.40 (1.04-1.87) 1.35(0.99-1.87)

Ability to actively engage with 1.35 (1.12-1.64) 1.26 (1.00-1.59)
healthcare providers (HLQ6

score)

Understanding health informa- 1.30 (1.04-1.63)
tion well enough to know what
to do (HLQ9 score)

Self-efficacy (GSE score) 1.03 (1.01-1.05) 1.02 (0.99-1.05)

Well-being Index (WHO-5 score) 1.01 (1.00-1.02) 1.01 (0.99-1.01)

1.39 (1.15-1.67)

1.38 (1.06-1.80) 1.31 (1.00-1.72)

1.38 (1.16-1.65) 1.32(1.09-1.61)

1.35 (1.16-1.57) 1.30 (1.09-1.54)

1.03 (1.01-1.05)  1.02 (0.99-1.04)
1.01 (1.00-1.02) 1.02 (1.00-1.02)

1.49 (1.13-1.97) 1.40 (1.05-1.87)

1.40 (1.18=1.66) 1.34 (1.12-1.61)
1.40 (1.19-1.65) 1.36 (1.13-1.62)

1.03 (1.01-1.06) 1.03 (1.00-1.05)
1.01 (1.01-1.02) 1.01 (1.00-1.02)

HLQ Health Literacy Questionnaire; GSE General Self-efficacy scale; WHO-5 WHO-Five Well-being Index
Numbers in round brackets are 95% confidence intervals (CIs).The estimated RRs and 95% CIs were obtained after multiple imputations in a

generalised linear regression using the pseudo-value approach

#Adjusted for age, gender, cohabitation status, education, and co-morbidity

health literacy was associated with a decreased probability
of referral to PRO-based follow-up. Although our finding
indicated that clinicians are aware of the patients’ health
literacy before referring a patient to PRO-based follow-up,
a future focus should be on how healthcare services can be
supportive toward vulnerable patients. Follow-up care for
patients with a low level of health literacy may need to be
more clinician-driven, clinicians needing to concentrate on
increasing the health literacy level to prevent diminished
participation in activities in relation to disease prevention or
progression. PRO measures during follow-up of vulnerable
patients may be difficult because some patients with epilepsy
have cognitive disabilities and are not capable of filling in a
questionnaire on their own. For this reason, the department
has developed a PRO-based proxy solution in which a rela-
tive or social worker fills in the questionnaire on behalf of
the patient. As of December 2019, 85 patients are attending
the proxy solution at the department.

This is a large Danish prospective cohort study among
outpatients with epilepsy in which register data from all
the included participants were used. The study population
was identified in the Hospital BI Register in the Central
Denmark Region by using four selected ICD-10 codes.
The selection of codes was based on a random sample
of epilepsy outpatients attending PRO-based follow-up in
2015 and advice from a neurologist at the department.
The four codes covered 96.4% of the diagnoses given to
the patients in the random sample. Although the PPV of
epilepsy diagnoses was high in the DNPR, the complete-
ness of the four ICD-10 codes in the register is unknown;
hence, there may have been patients with epilepsy or
suspicion of epilepsy at the department who were not
recorded in the database. However, lack of registration in
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the DNPR or the BI register is considered to be random;
thus, the risk of bias related to selection of the study popu-
lation is considered to be limited. Information bias related
to registry-based analyses is also considered to be limited.
Misclassification of data from registers is most likely ran-
dom since the data collection is based on administrative
requirements. Any potential bias would be non-differential
as any missing data or misclassification took place before
the event of interest (PRO-based follow-up).
Questionnaire non-response could potentially bias the
estimates in both directions. The response rate was only
51% and non-responders differed from responders, as they
were younger, lower educated, and received more tempo-
rary social benefits. Questionnaire non-responders were
also related to the event of interest as they were less likely
to be referred to PRO-based follow-up. We assumed that
data were missing at random, but it is not possible to prove
this. Because data may not have been missing at random, we
assumed in the sensitivity analyses that the scores of HLQ
were lower than the imputed values for patients with missing
HLQ scores. However, the results did not change noticeably.
The risk of information bias should also be considered for
self-reported data. The questionnaire response took place
before referral to PRO-based follow-up; thus, any misclas-
sification of self-reported information most likely resulted
in non-differential bias. We decided to dichotomise the ques-
tionnaire scale scores into a low or high level of the con-
struct of interest to better interpret and present the results.
However, dichotomisation of continuous variables entails
loss of information and statistical power [50]. As can be seen
in the wide confidence intervals of HLQ4 in Table 5, few
participants reported ‘disagree or disagree strongly’ to the
questions regarding social support for health. Thus, in this
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study, the continuous HLQ4 scale contained more informa-
tion and statistical power than the dichotomised form.

The study population was recruited from only one neu-
rologic department in Denmark. The department is a large,
highly specialised department with a large number of epi-
lepsy patients compared to minor regional hospitals. The
department was also the first department in Denmark to offer
PRO-based follow-up for outpatients with epilepsy, and has
a long experience with the use of PRO measures in remote
outpatient follow-up. However, despite this being a single-
unit study, we expect that the results may be generalised to
outpatients with epilepsy and perhaps also to other patient
populations with a chronic or long-term condition.

Conclusion

PRO-based follow-up has been used in Denmark since 2012,
and since then, approximately 7000 epilepsy outpatients
have been referred to PRO-based follow-up at five hospitals.
Several sociodemographic, personal, and disease-related fac-
tors play a role in referral to PRO-based follow-up. Both
register and questionnaire data were consistent and indicated
that socioeconomically advantaged patients were more likely
to be referred to PRO-based follow-up than less socioeco-
nomically advantaged patients. Further research should
explore how health care services to a larger extent can be
supportive towards less advantaged patients.
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Appendix 1: Multiple imputation models

Based on the assumption that data were missing at random, 100 complete datasets were created based on a model (model 1) of all relevant variables measured
in the population (age, gender, cohabitation status, education, household income, labour market affiliation, co-morbidity, psychiatric diseases, duration of

epilepsy diagnosis, and questionnaire scores). The robustness of the imputed model was evaluated by modifying the variables in the model (model 2 and 3).

MODEL 1
(  logit , include( alder sex udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode psyk hig_4_score hlg_6_score hlg_9_score gse_score pseudol pseudo2 pseudo3 )) bor_alene 11/
( ologit , include( alder sex bor_alene udd_grp dream_grp_recode psyk hlg_9_score gse_score pseudol pseudo2 pseudo3 )) AEKVIVADISP_13_grp_recode ///
( ologit , include( alder sex bor_alene AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_lpr_recode psyk hlg_4_score hlq_6_score hlq_9_score gse_score who5 sf _ghlth pam 5 pam_12 pseudol pseudo2 pseudo3 )) udd_grp 11/
( regress , include( alder sex bor_alene udd_grp dream_grp_recode psyk hlg_6_score hlg_9_score gse_score who5 sf ghlh pam 5 pam_12 pseudol pseudo2 pseudo3 )) hig_4_score 11/
(  regress , include( alder sex bor_alene udd_grp dream_grp_recode charlson_index_Ipr_recode psyk dg40_varighed_aar_ny hiq_4_score hilq_9_score gse_score who5 sf ghlh pam_5 pam_ 12 pseudol pseudo2 pseudo3 )) hlg_6_score 11/
(  regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode charlson_index_lpr_recode psyk dg40_varighed_aar_ny hlq_4_score hiq_6_score gse_score who5 sf_ghlh pam 5 pam_12 pseudol pseudo2 pseudo3 )) hlq_9_score i
( regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_lpr_recode psyk dg40_varighed_aar_ny hiq_4_score hlg_6_score hlq_9_score who5 sf_ghlh pam_ 5 pam_12 pseudol pseudo2 pseudo3 )) gse_score 11/
( regress , include( alder sex dream_grp_recode charlson_index_Ipr_recode psyk hig_4_score hlg_6_score 9 gse_score sf_ghlh pam 5 pam_12 pseudol pseudo2 pseudo3 )) who5 11/
( ologit , include( alder sex AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_Ipr_recode psyk hig_4_score hlg_6_score gse_score who5 pam_5 pam_12 pseudol pseudo2 pseudo3 )) sf_ghih 11/
( ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode charlson_index_lpr_recode psyk hlg_4_score hlq_6_score gse_score who5 sf_ghlh pam_12 pseudol pseudo2 pseudo3 )) pam_5 11/
(  ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_lpr_recode psyk hlg_4_score hlg_6_score gse_score who5 sf_ghih pam_5 pseudol pseudo2 pseudo3 )) pam_12 11/

MODEL 2
( logit , include( alder sex udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode hig_4_score hlg_6_score hlg_9_score gse_score pseudol pseudo2 pseudo3 )) bor_alene 11/
( ologit , include( alder sex bor_alene udd_grp dream_grp_recode hiq_9_score gse_score pseudol pseudo2 pseudo3 )) AEKVIVADISP_13_grp_recode ///
( ologit , include( alder sex bor_alene AEKVIVADISP_13_grp_recode dream_grp_recode hlg_4_score hlq_6_score hlq_9_score gse_score who5 sf _ghlth pam 5 pam_ 12 pseudol pseudo2 pseudo3 )) udd_grp i
( regress , include( alder sex bor_alene udd_grp dream_grp_recode hlg_6_score hlq_9_score gse_score who5 sf _ghih pam 5 pam_12 pseudol pseudo2 pseudo3 )) hiq_4_score 11/
( regress , include( alder sex bor_alene udd_grp dream_grp_recode hig_4_score hilg_9_score gse_score who5 sf ghih pam_5 pam_12 pseudol pseudo2 pseudo3 )) hlg_6_score 11/
( regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode hig_4_score hlq_6_score gse_score who5 sf_ghlh pam 5 pam 12 pseudol pseudo2 pseudo3 )) hlg_9_score 111
(  regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode hlg_4_score hlq_6_score hlq_9_score who5 sf_ghlh pam 5 pam_12 pseudol pseudo2 pseudo3 )) gse_score 11/
( regress , include( alder sex dream_grp_recode hlg_4_score hlg_6_score hlg_9_score gse_score sf_ghlh pam 5 pam_12 pseudol pseudo2 pseudo3 )) who5 11/
( ologit , include( alder sex AEKVIVADISP_13_grp_recode dream_grp_recode hig_4_score hlq_6_score hlg_9_score gse_score who5 pam_5 pam_12 pseudol pseudo2 pseudo3 )) sf_ghih 111
( ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode hiq_4_score hlg_6_score hlg_9_score gse_score who5 sf_ghlh pam_12 pseudol pseudo2 pseudo3 )) pam_5 11/
( ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode hlg_4_score hlq_6_score hlq_9_score gse_score who5 sf _ghih pam 5 pseudol pseudo2 pseudo3 )) pam_12 11/

MODEL 3
( logit , include( alder sex udd_grp AEKVIVADISP_13_grp_recode dream_grp_recode psyk pseudol pseudo2 pseudo3 )) bor_alene i
( ologit , include( alder sex bor_alene udd_grp dream_grp_recode psyk pseudol pseudo2 pseudo3 )) AEKVIVADISP_13_grp_recode ///
( ologit , include( alder sex bor_alene AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_Ipr_recode psyk pseudol pseudo2 pseudo3 )) udd_grp 11/
( regress ,include( alder sex bor_alene udd_grp dream_grp_recode psyk pseudol pseudo2 pseudo3 )) hiq_4_score 11/
( regress , include( alder sex bor_alene udd_grp dream_grp_recode charlson_index_Ipr_recode psyk dg40_varighed_aar_ny pseudol pseudo2 pseudo3 )) hlg_6_score 11/
( regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13 grp_recode dream grp_recode charison_index_lpr_recode psyk dg40_varighed_aar_ny pseudol pseudo2 pseudo3 )) hlg_9_score 11/
(  regress , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode charlson_index_lpr_recode psyk dg40_varighed_aar_ny pseudol pseudo2 pseudo3 )) gse_score 11/
( regress ,include( alder sex dream_grp_recode charlson_index_Ipr_recode psyk pseudol pseudo2 pseudo3 )) who5 11/
( ologit , include( alder sex AEKVIVADISP_13_grp_recode dream_grp_recode charlson_index_lpr_recode psyk pseudol pseudo2 pseudo3 )) sf_ghih 11/
( ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode charlson_index_Ipr_recode psyk pseudol pseudo2 pseudo3 )) pam_5 11/
( ologit , include( alder sex bor_alene udd_grp AEKVIVADISP_13_grp_recode dream grp_recode charlson_index_Ipr_recode psyk pseudol pseudo2 pseudo3 )) pam_12 11/
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Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus University Hospital
according to register determinants (N=802)

6-month follow-up

12-month follow-up

18-month follow-up

Crude RR Adjusted RR"  Crude RR Adjusted RR’ Crude RR Adjusted RR’

Age, years

15-24 Ref Ref Ref Ref Ref Ref

25-39 1.03 (0.63-1.67) 0.98 (0.58—1.66) 0.90 (0.59-1.37) 0.84 (0.53—-1.31)  0.89 (0.59-1.32) 0.79 (0.51—-1.24)

40-59 1.04 (0.66-1.65) 0.87 (0.52—1.44) 0.98 (0.67—-1.44) 0.83 (0.54-1.28)  0.97 (0.67—-1.40) 0.83 (0.55-1.25)

60-69 1.08 (0.65-1.77) 0.74 (0.42-1.30) 0.97 (0.63-1.48) 0.74 (0.45-1.21)  0.83 (0.55-1.26) 0.66 (0.40—-1.06)

70-99 0.97 (0.61-1.54) 0.85(0.48-1.49) 0.85(0.57-1.27) 0.95(0.57-1.61)  0.78 (0.53—-1.16) 0.87 (0.52—1.43)
Gender

Female Ref Ref Ref Ref Ref Ref

Male 1.32(0.97-1.79) 1.33(0.94-1.87) 1.29(0.99-1.69) 1.28 (0.97-1.70) 1.39 (1.07-1.80) 1.34 (1.02-1.75)

Cohabitation status
Living with a partner/family
Living alone
Education
High (> 12 years)
Medium (10—-12 years)
Low (< 10 years)
Household income
High
Medium
Low
Labour market affiliation
Self-supporting
Normal retirement
Temporary social benefits
Permanent social benefits
Co-morbidity (Charlson Index)
Low 0
Medium 1-2
High > 2

Ref
0.62 (0.44-0.87)

Ref
1.06 (0.72-1.55)
0.56 (0.36-0.86)

Ref
0.46 (0.31-0.66)
0.50 (0.35-0.72)

Ref

0.69 (0.48-1.00)
0.69 (0.46-1.02)
0.38 (0.21-0.66)

Ref
0.77 (0.53-1.12)
1.02 (0.66-1.59)

Ref
0.65 (0.44-0.95)

Ref
1.00 (0.67—-1.49)
0.47 (0.29-0.76)

Ref
0.61 (0.39-0.96)
0.65 (0.43-0.99)

Ref

0.71 (0.43-1.19)
0.68 (0.45-1.03)
0.52 (0.27-0.99)

Ref
0.73 (0.48-1.11)
0.98 (0.61-1.57)

Ref
0.56 (0.41-0.76)

Ref
1.31(0.91-1.87)
0.69 (0.47-1.03)

Ref
0.52 (0.38-0.71)
0.44 (0.32-0.62)

Ref

0.71 (0.52-0.98)
0.76 (0.54-1.07)
0.43 (0.26-0.70)

Ref
0.70 (0.50-0.97)
0.79 (0.52-1.20)

Ref
0.61 (0.43-0.86)

Ref
1.25(0.87-1.78)
0.63 (0.41-0.96)

Ref
0.71 (0.48-1.04)
0.59 (0.41-0.85)

Ref

0.94 (0.57-1.54)
0.79 (0.55-1.11)
0.56 (0.32-0.98)

Ref
0.67 (0.46-0.97)
0.80 (0.51-1.24)

Ref
0.58 (0.43-0.79)

Ref
1.26 (0.88—1.78)
0.73 (0.50-1.07)

Ref
0.49 (0.36-0.67)
0.43 (0.31-0.59)

Ref

0.63 (0.46-0.86)
0.67 (0.49-0.94)
0.39 (0.24-0.62)

Ref
0.71 (0.52-0.97)
0.68 (0.44-1.05)

Ref
0.67 (0.48-0.93)

Ref
1.19 (0.85-1.68)
0.66 (0.44-0.98)

Ref
0.67 (0.46-0.97)
0.52 (0.36-0.75)

Ref

0.82(0.51-1.34)
0.66 (0.47-0.93)
0.48 (0.28—0.82)

Ref
0.73 (0.51-1.03)
0.72 (0.45-1.13)
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Psychiatric disease
No Ref Ref Ref Ref Ref Ref
Yes 0.65 (0.37-1.15) 0.77 (0.43-1.38) 0.48 (0.27-0.86) 0.57 (0.31-1.04)  0.46 (0.25-0.83) 0.52 (0.28-0.96)

Numbers in round brackets are 95% confidence intervals (CIs).The estimated RRs and 95% Cls were obtained after multiple imputations in a generalised linear regression using the pseudo-
value approach.
*Mutual adjusted for age, gender, cohabitation status, education, and co-morbidity



Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus University Hospital

according to questionnaire determinants (N=411)

6-month follow-up

12-month follow-up

Quality of Life Research

18-month follow-up

Crude RR Adjusted RR’ Crude RR Adjusted RR’ Crude RR Adjusted RR"
Social support for health (HLQ4)
High (> 2) Ref Ref Ref Ref Ref Ref
Low (£2) 0.57 (0.13-2.58) 0.32(0.04-2.45)  0.50(0.12-2.03) 0.32(0.04-2.32)  0.45(0.10—-1.93) 0.34(0.05-2.51)

Ability to actively engage with
healthcare providers (HLQ6)

High (> 3)

Low (£3)
Understanding health information well
enough to know what to do (HLQ?9)

High (> 3)
Low (£3)
Self-efficacy (GSE)
High (= 30)
Low (< 30)
Well-being (WHO-5)
High (> 50)
Low (< 50)
General health
Excellent/ Very good
Good
Fair/ Poor
Patient activation
Agree Strongly/ Agree
Disagree Strongly/ Disagree
Patient activation °
Agree Strongly/ Agree
Disagree Strongly/ Disagree

Ref
0.70 (0.42-1.19)

Ref
0.41(0.21-0.82)

Ref
0.63 (0.43-0.93)

Ref
0.71 (0.45-1.12)

Ref
1.21(0.80-1.82)
0.66 (0.39-1.14)

Ref
0.54 (0.33-0.87)

Ref
0.53 (0.33-0.87)

Ref
0.78 (0.42-1.45)

Ref
0.48 (0.23-0.98)

Ref
0.73 (0.48-1.13)

Ref
0.78 (0.46-1.30)

Ref
1.20 (0.76-1.87)
0.73 (0.42-1.27)

Ref
0.54 (0.29-1.02)

Ref
0.51(0.29-0.91)

Ref
0.64 (0.39-1.04)

Ref
0.32(0.16-0.65)

Ref
0.64 (0.45-0.90)

Ref
0.57 (0.37-0.89)

Ref
0.99 (0.70-1.41)
0.53 (0.32-0.86)

Ref
0.57 (0.37-0.86)

Ref
0.52 (0.34-0.81)

Ref
0.68 (0.38-1.23)

Ref
0.35(0.17-0.74)

Ref
0.72 (0.49-1.07)

Ref
0.62 (0.38-1.02)

Ref
0.97 (0.63—-1.48)
0.61 (0.36-1.02)

Ref
0.59 (0.35-0.99)

Ref
0.52 (0.31-0.89)

Ref
0.64 (0.39-1.05)

Ref
0.33(0.17-0.66)

Ref
0.64 (0.46-0.90)

Ref
0.50(0.32-0.79)

Ref
0.87 (0.62-1.21)
0.43 (0.26-0.71)

Ref
0.49 (0.32-0.76)

Ref
0.46 (0.29-0.72)

Ref
0.69 (0.39-1.23)

Ref
0.35(0.17-0.73)

Ref
0.70 (0.49-1.01)

Ref
0.57 (0.36-0.92)

Ref
0.84 (0.57-1.23)
0.48 (0.29-0.82)

Ref
0.50 (0.30-0.85)

Ref
0.45 (0.26-0.77)

Abbreviations HLQ: Health Literacy Questionnaire; GSE: General Self-efficacy scale; WHO-5: WHO-Five Well-being Index

Numbers in round brackets are 95% confidence intervals (Cls).The estimated RRs and 95% Cls were obtained after multiple imputations in a generalised linear regression using the pseudo-
value approach. * Adjusted for age, gender, cohabitation status, education, and co-morbidity

° am confident that I can tell when I need to get outpatient care

‘T am confident I can figure out solutions when new situations or problems arise with my health condition
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Appendix 3: Sensitivity analysis

We assumed that self-reported health literacy missing data were lower than expected from the imputed dataset. For patients with missing self-reported health
literacy data, health literacy scores were reduced with one point corresponding to approximately one standard deviation. Subsequently, the cumulative risk

ratio (RR) was analysed by a generalised linear regression using the pseudo-value approach at the three time points.

Risk ratio (RR) of referral to PRO-based follow-up 6, 12, and 18 months after the first visit at Department of Neurology, Aarhus University Hospital according
to self-reported health literacy (N=802)

6-month follow-up 12-month follow-up 18-month follow-up

Crude RR Adjusted RR” Crude RR Adjusted RR’ Crude RR Adjusted RR"
Social support for health (HLQ4 score) 1.45(1.19-1.77) 1.32(1.04-1.67)  1.38 (1.16-1.65) 1.24(1.02-1.51) 1.42 (1.18-1.71) 1.30(1.06—1.59)
Ability to actively engage with healthcare
providers (HLQ6 score) 1.40 (1.19-1.64) 1.27(1.04-1.55)  1.38(1.20-1.58) 1.28(1.10-1.49) 1.39 (1.21-1.58) 1.30(1.13-1.51)

Understanding health information well
enough to know what to do (HLQ9 score) 1.42 (1.22-1.65) 1.30(1.08-1.56)  1.35(1.19-1.54) 1.26 (1.09-1.46) 1.38 (1.21-1.57) 1.31(1.13-1.52)

Abbreviations HLQ: Health Literacy Questionnaire; GSE: General Self-efficacy scale; WHO-5: WHO-Five Well-being Index

Numbers in round brackets are 95% confidence intervals (CIs).The estimated RRs and 95% CIs were obtained after multiple imputations in a generalised linear regression using the pseudo-
value approach.

* Adjusted for age, gender, cohabitation status, education, and co-morbidity
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Including online supplemental materials:
Appendix 1: The questionnaire and PRO-algorithm development process

Table 1: Agreement and reliability between the items from test 1 to test 2 in original
categories and categories within the framework of the PRO- algorithm

Note: The epilepsy questionnaire can be found in the Appendices section (Appendix II)



Open access Research

Patient-reported outcome (PRO)
measure-based algorithm for clinical
decision support in epilepsy outpatient
follow-up: a test-retest reliability study

BM)J Open

To cite: Schougaard LMV, de
Thurah A, Christiansen DH,

et al. Patient-reported
outcome (PRO) measure-based
algorithm for clinical decision
support in epilepsy outpatient
follow-up: a test—retest
reliability study. BMJ Open
2018;8:€021337. doi:10.1136/
bmjopen-2017-021337

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2017-
021337).

PS is deceased

Received 22 December 2017
Revised 26 March 2018
Accepted 6 June 2018

| '.) Check for updates

© Author(s) (or their
employer(s)) 2018. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Liv Marit Valen Schougaard;
livschou@rm.dk

Liv Marit Valen Schougaard,’ Annette de Thurah,?® David Hoyrup Christiansen,*

Per Sidenius,’ Niels Henrik Hjollund™®

ABSTRACT

Objectives Patient-reported outcome (PRO) measures
have been used in epilepsy outpatient clinics in Denmark
since 2011. The patients’ self-reported PRO data are used
by clinicians as a decision aid to support whether a patient
needs contact with the outpatient clinic or not based on

a PRO algorithm. Validity and reliability are fundamental

to any PRO measurement used at the individual level in
clinical practice. The aim of this study was to evaluate the
test-retest reliability of the PRO algorithm used in epilepsy
outpatient clinics and to analyse whether the method of
administration (web and paper) would influence the result.
Design and setting Test-retest reliability study
conducted in three epilepsy outpatient clinics in Central
Denmark Region, Denmark.

Participants A total of 554 epilepsy outpatients aged 15
years or more were included from August 2016 to April
2017.The participants completed questionnaires at two
time points and were randomly divided into four test—
retest groups: web—web, paper—paper, web—paper and
paper—web. In total, 166 patients completed web—web,
112 paper—paper, 239 web—paper and 37 paper—web.
Results Weighted kappa with squared weight was 0.67
(95% Cl 0.60 to 0.74) for the pooled PRO algorithm, and
perfect agreement was observed in 82% (95% Cl 78% to
85%) of the cases. There was a tendency towards higher
test—retest reliability and agreement estimates within
same method of administration (web—web or paper—paper)
compared with a mixture of methods (web—paper and
paper—web).

Conclusions The PRO algorithm used for clinical decision
support in epilepsy outpatient clinics showed moderate

to substantial test-retest reliability. Different methods of
administration produced similar results, but an influence of
change in administration method cannot be ruled out.

INTRODUCTION

Patient-reported outcome (PRO) measures
are defined as a measurement concerning
the patient’s health status reported
directly from the patient." The use of PRO
measures in clinical practice has increased
during the last decade, and potential bene-
fits have been described such as better

"1ybuAdoa Aq paroslold 1sanb Aq 8102 1snbBny 2 uo jwod fwg uadolwa//:dny wouy papeojumoq "8T0Z AINC GZ Uo ZEE€TZ0-/T0Z-uadolwag/9eTT 0T se paysiignd 1say :uado rINg

Strengths and limitations of this study

» This study explores the quality in terms of test—retest
reliability of a patient-reported outcome instrument
used as a decision aid for identifying outpatients in
need of clinical attention.

» The study contributes with knowledge whether the
method of administration (web, paper or a mixture of
the two modalities) influences the results.

» The study includes a large sample size, however, the
response rate was low.

» The study population was a homogeneous and
healthier group of patients compared with the
non-responders, which may have lead to underes-
timation of the results.

» The study has low prevalence of the measured event
and this could affect the agreement estimates.

patient—clinician communication, better
identification of patients’ functional or
mental health issues, better monitoring
of treatment on patients’ health, a better
tool to inform clinical decision-making
and support patient self-management.*”
However, barriers have been identified
as well, for example, practising physi-
cians prefer talking to the patients rather
than using standardised PRO measures.’
Furthermore, if clinicians do not rely on
the PRO measures to judge treatment, the
use of PRO may raise concerns related to
both validity and interpretation.” ® PRO
typically developed for
research purposes and used at an aggre-
gated level.” These measures are not neces-
sarily suitable for use in clinical practice.
PRO measures used in clinical practice at
the individual level should reflect clini-
cally relevant aspects and should be mean-
ingful to patients as well as clinicians."
Furthermore, validity and reliability are

measures are

BM)
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fundamental to any PRO measurement used at the
aggregated level in research as well as at the individual
level in clinical practice.'!

Epilepsy is a long-term chronic condition affecting
approximately 1% of the general population.'? Epilepsy
represents a major socioeconomic burden for patients
as well as for society."” The condition is characterised by
recurrent seizures affecting physiological, psychological
and social aspects of daily life,"* '* aspects that can only
be reported by the patients themselves. However, PROs
have not been routinely collected in neurological outpa-
tient clinics. A study that included patients with epilepsy
as well as other neurological conditions concluded that
systematic collection of PROs may be feasible in a clin-
ical setting.'® Additional studies regarding use of PROs
in epilepsy clinics have not been identified, but the way
epilepsy is managed differs greatly between countries.'”

In Denmark, outpatient follow-up in patients with
epilepsy has traditionally been based on regular consulta-
tions at a neurological department. However, since 2011,
PROs have been used in three epilepsy outpatient clinics
in the Central Denmark Region.'® The clinicians use PRO
measures as the basis for outpatient follow-up. Instead of
prescheduled appointments, the patients fill in either a
web or paper questionnaire at home regarding daily life
with epilepsy. The patients’ self-reported PRO data are
used by clinicians as a decision aid to support whether a
patient needs contact with the clinic or not based on an
automated PRO algorithm."® Furthermore, the PRO data
are used to monitor treatment effects and potential side
effects, and to facilitate patient-centred communication
between the patient and the clinician.'”® As of October
2017, approximately 5000 outpatients have been referred
to PRO-based follow-up in three epilepsy outpatient
clinics in Central Denmark Region. The Danish govern-
ment and the regions, who run the public hospitals, have
decided on a national strategy regarding implementation
of PROs in patients with epilepsy before 2020.

In 2011, a disease-specific PRO instrument combined
with a PRO algorithm used as decision aid in outpatients
with epilepsy was developed and tested in close cooper-
ation with clinicians and patients from three epilepsy
outpatient clinics in Denmark. Content and face validity
have been crucial during the development process. The
test—retest reliability of the PRO algorithm and the ques-
tionnaire has not been evaluated, but is pivotal in the
development of the instrument.'” Furthermore, few test—
retest studies” *! have evaluated whether the method of
administration has any influence on the results.

AIMS

The aim of this study was to evaluate the test-retest reli-
ability of the PRO algorithm used for clinical decision
support in epilepsy outpatient follow-up and to analyse
to what extent the four different methods of administra-
tion (web—web, paper—paper, web—paper and paper-web)
would influence the result. A further aim was to evaluate

the test-retest reliability of the single items included in
the questionnaire.

METHODS

The epilepsy questionnaire

Development

Clinicians working with epilepsy experienced an
increased volume of patients in the outpatient clinic
and the majority of these patients were well treated.
However, the need of monitoring treatment effect and
screen for functional and mental health issues were
still necessary. Therefore, self-reported data collected
from the patients’ home were assumed to have a great
potential in this patient group. Several epilepsy-specific
PRO instruments have been developed22; however, no
established instruments covering the purpose of identi-
fying patients who need clinical attention were found.
In 2011, a research consensus team that included clin-
ical experts and experts in PRO provided inputs to the
content and construct of an epilepsy questionnaire. The
purpose was to develop an instrument which could screen
for epilepsy patients’ health problems to support clinical
decision-making in outpatient follow-up.'”'® The target
group was patients with epilepsy 215 years with no cogni-
tive impairments. The content was based on validated
PRO instruments or items; however, ad hoc items were
developed if existing instruments or items were not avail-
able. This process was based on inputs from specialists in
epilepsy, a literature search and interviews with patients.”
The first version of the questionnaire was pretested by
using semistructural interviewing techniques in 20 repre-
sentative epilepsy patients from two outpatient clinics in
Central Denmark Region. The aim of the pilot test was
to identify potential problems such as low relevance of
items, ambiguity of items and lack of important topics.**
The majority of the patients found the questionnaire
content relevant, and no critical comprehension diffi-
culties were identified. Some patients pointed out recall
problems regarding some of the seizure items. They did
not report lack of any essential topics nor did the time
used to fill in the questionnaire raise any criticism. Subse-
quently, the PRO questionnaire was implemented and
used in clinical practice, and experiences have been eval-
uated yearly since 2011 at consensus meetings.'"® Addi-
tionally, information regarding the development process
and the fourth version of the questionnaire can be found
in the online supplementary material.

Content

The questionnaire included information specific to
aspects of daily life with epilepsy, for example, seizures, side
effects, well-being, general health and social problems.
The questionnaire included WHO-5 Well-Being Index
(WHO-5),% items from the Short-Form 36 (SF-36)?° and
items from the Symptom Checklist 92 (SCL-92).” WHO-5
is a generic questionnaire including five items reflecting
the construct mental well-being.”® The instrument has
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demonstrated sufficient psychometric properties in
other patient populations.”” The percentages scores
range from 0 to 100, and a percentage score below 50
indicates increased risk of poor mental well-being, and
an evaluation for depression is recommended. SF-36 is
a generic questionnaire with eight subscales measuring
physical and mental health,? and the psychometric prop-
erties of the Danish SF-36 have been documented.” Two
single items regarding general health from SF-36 were
included in the epilepsy questionnaire. SCL-92 consists
of nine subscales measuring, for example, somatisation,
anxiety and depression, and validity has previously been
measured in a Danish population.”’” Ten single items
from SCL-92 have been used in the epilepsy question-
naire, three of which have been partly modified. In addi-
tion, the epilepsy questionnaire included self-composed
items, for example, regarding seizures, symptoms, medi-
cation adherence and pregnancy. Online supplementary
appendix 1 presents the items evaluated in this study.

Decision aid

The questionnaire is used to support clinical deci-
sion-making in clinical practice. A clinical expert group
in epilepsy has assigned the response options for each
item in three colours: green, yellow or red based on what
the doctors considered clinically important to react on
to identify patients with need of attention. The colours
represent a computerised algorithm, which is processed
automatically by AmbuFlex’s web server,'’ for example,
if only one item response category was red, the whole
response was given a red colour. A red colour indicates
that the patient needs or wishes contact with the outpa-
tient clinic, whereas a yellow colour indicates that the
patient may need contact with the clinic. An overview of
the response is embedded in the electronic health record
(EHR). In yellow cases, a clinician assesses the overview,
and based on the PRO data and other information in the
patient’s EHR, it is decided whether further contact is
needed. A green colour indicates that the patient does
not need or wish contact with the clinic, and a subse-
quent questionnaire is sent to the patient at a predefined
interval (eg, after 3, 6 or 12 months). A patient can over-
rule a green and yellow algorithm by the item ‘What is
your present need for contact with the outpatient clinic.’
By such a request, the whole response will always turn
red. This item was not included in the retest study since
this statement would probably change from test 1 to test
2 due to action taken based on PRO data in test 1, thus
indicating responsiveness rather than reliability. Online
supplementary appendix 1 presents an overview of the
red, yellow and green item response categories evaluated
in this study.

Patient and public involvement

A total of 20 patients were involved in the development
process of the questionnaire. They have contributed with
valuable insight to both face and content validity. Further-
more, feedback from patients after implementation has

been included during a yearly questionnaire revision.
Patients were not involved in the design, recruitment or
conduct of this study.

Study population and procedure

Outpatients with epilepsy aged 15 years or more and
referred to PRO-based follow-up from the three epilepsy
outpatient clinics in Central Denmark Region were
included. Data collection took place from August 2016
to April 2017. The general recommendation regarding
sample size in reliability studies is to include at least 50
participants.”” In this study, an increased number of
patients were included due to an expected risk of low prev-
alence in some items and further to gain the opportunity
to conduct subanalyses with different test-retest patterns.
The participants completed questionnaires at two time
points. First, they responded to the normal presched-
uled epilepsy questionnaire from the outpatient clinics as
planned (named test 1). Patients referred to PRO-based
follow-up can select which administration method they
prefer, although the web-based method is recommended.
In the present study, participants answered test 1 by their
preferred method. Subsequently, a letter was sent to the
participants who were asked to complete the same ques-
tionnaire after approximately 2 weeks (named test 2).
According to experiences with the Danish postal service
in other WestChronic projects,' the date of dispatch of
the letter was different in web and paper responders. The
letter was sent 8 days after received date of the question-
naire in test 1 in web responders and after 4 days in paper
responders. No reminders were sent in test 2. Participants
were randomly divided into groups with four test-retest
patterns: web—web, paper—paper, web—paper and paper—
web. From August 2016 to November 2016, the randomis-
ation allocation was 1:1 in both paper and web responders.
Due to a low response rate in the paper—-web group, the
allocation was changed for paper responders. From the
end of November 2016 to April 2017, the randomisation
allocation was 0.25 in the paper—paper group and 0.75 in
the paper—web group.

Data analysis

In nominal and ordinal data, respectively, unweighted
and weighted kappa statistics with squared weights were
used to assess reliability."” The 95% CIs for weighted
kappa values were measured using non-parametric boot-
strap methods (1000 replications).” The kappa values
were interpreted as follows: <0.2 (slight), 0.21-0.4 (fair),
0.41-0.6 (moderate), 0.61-0.8 (substantial) and 0.81-1.0
(almost perfect).”® Proportion of agreement was used
to assess agreement measures.'’ Due to a small number
of participants in the paper-web group, the two mixed
groups (web—paper and paper-web) were merged in the
analyses. A sensitivity analysis with a shorter time interval
was estimated for both the PRO algorithm and for the
different modes of administration by excluding partic-
ipants with intervals above the median number of days
between test 1 and test 2. The interval between test 1 and
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test 2 was calculated as the difference in number of days
from the date of response. In paper responses, the interval
was calculated as the date of received questionnaires
minus 4 days. For example, the received response date
10 October became 6 October. This decision was made
based on experiences with the postal service in other
WestChronic projects.'’ Differences between responders
and non-responders at test 2 were evaluated by X" test for
categorical variables or the Kruskal-Wallis test for contin-
uous variables based on data from test 1.

Test-retest reliability and agreement were assessed
both within the item categories and according to the red,
yellow or green item algorithm categories. For example,
the item concerning headaches was assessed at two and
five levels. The five levels were the original scale ‘never’,
‘occasionally’, ‘sometimes’, ‘often’ and ‘very often’,
whereas the two levels were according to the predefined
PRO algorithm and in this case green or yellow. ‘Never’,
‘occasionally’ and ‘sometimes’ were grouped into green,
and ‘often’ and ‘very often’ were grouped into yellow.
Lack of response was assessed for all items and was consid-
ered not acceptable if data were missing in more than
5% of an item category. Floor and ceiling effects were
assessed and considered present if a high proportion
(more than 15%) of the respondents had a score at the
lower or upper end of the scale.”

RESULTS

Patient characteristics

A total of 554/1640 participants responded to the ques-
tionnaire in test 2, corresponding to a response rate of
34%. The median age was 57.3 years, with an IQR of 42.7
to 67.7 years. Non-responders in test 2 were more likely
younger (p<0.001), paper-responders in test 1 (p<0.001)
had lower self-reported well-being (p=0.01) and general
health (p=0.02) in test 1 compared with responders in
test 2 (table 1 and figure 1). Of the 554 participants, 166
completed web—web, 112 paper—paper, 239 web—paper
and 37 paper—web, and the response rates in test 2 varied
substantially between the four groups (figure 1). The
median response time from test 1 to test 2 was 22 days
(IQR 18 to 28 days).

Test-retest reliability and agreement of the PRO algorithm
used as decision aid

Table 2 presents the agreement of the PRO algorithm
used to identify patients with a need for contact with
the outpatient clinic. Perfect algorithm agreement was
observed in 82% of the cases (n=454). Disagreement was
observed in 18%: 7% of the algorithms (n=39) changed
status from yellow/red to green or red to yellow and 11%
(n=61) changed status from green to yellow/red or yellow
to red. Test-retest reliability and agreement estimates of
the pooled PRO algorithm and in the different methods of
administration are shown in table 3. Test-retest reliability
in terms of the kappa statistic was borderline ‘substan-
tially’ or ‘moderate’ in all methods of administration;

Table 1 Patient characteristic measured in test 1 in
responders and non-responders in test 2 among outpatients
with epilepsy, n=1640

Responders Non-responders
(n=554) (n=1086)
n (%) n (%)
Gender, men 286 (52) 511 (47)
Age, year, median (IQR) 57.3 49.7 (33.8 to
(42.7 t0 67.7) 64.8)
Department

Aarhus 409 (74) 831 (77)

Holstebro 115 (21) 174 (16)

Viborg 30 (5) 81 (7)
Patient-reported outcome algorithm in test 1

Green 116 (21) 200 (18)

Yellow 349 (63) 670 (62)

Red 89 (16) 216 (20)
WHO-5 Well-Being Index, 76 (60 to 84) 72 (56 to 80)
median (IQR)

General health

Excellent/very good 258 (47) 448 (41)

Good 209 (38) 427 (39)

Fair/poor 87 (16) 206 (19)

Missing item categories 5 (1)

however, there was a tendency towards higher estimates
in similar method of administration (web—web or paper—
paper) compared with mixed method of administration
(web—paper or paper-web). Although the values varied,
there was overlapping ClIs among the groups (figure 2).

Test-retest reliability and agreement of single items

The test-retest reliability parameters of the single items
included in the epilepsy questionnaire were moderate to
substantial (online supplementary table 1). Test-retest
reliability was fair to substantial in item categories within
the framework of the PRO algorithm and perfect agree-
ment ranged from 81.4% to 99.8%. Missing responses
were less than 5% in all items. There was a skewed distri-
bution in the majority of the item response scales, with
high proportions of more than 15% at the upper or lower
ends of the scale.

DISCUSSION

The PRO algorithm used to decide whether epilepsy
outpatients need contact or not with the outpatient clinic
has demonstrated substantial test-retest reliability: kappa
with squared weightwas 0.67 (95% CI 0.60 to 0.74). Perfect
agreement was observed in 82% of the cases. There was a
tendency towards higher test-retest reliability and agree-
ment estimates within the same methods of administra-
tion (web—web or paper—paper) compared with a mixture
of methods (web—paper or paper-web). For the majority
of the included single items, kappa values were moderate

4

Schougaard LMV, et al. BMJ Open 2018;8:€021337. doi:10.1136/bmjopen-2017-021337

"1ybuAdoo Aq parosloid 1sanb Aq 810z 1snbBny 2 uo ywod’fwg uadolwq//:dny wouy papeojumoq "8T0Z AINC GZ Uo ZEE€TZ0-/T0Z-uadolwg/9eTT 0T se paysiignd 1say :uado rINg


https://dx.doi.org/10.1136/bmjopen-2017-021337
http://bmjopen.bmj.com/

Completed 15t PRO at test 1, N=1640

Paper
N=654

Web
N=986

Randomised to 2" PRO, N=1640

Paper-paper
N=235

Paper-web
N=419

Web-web
N=490

Web-paper
N=496

Non-responders

Non-responders

Non-responders

Non-responders

N=123 N=382 N=324 N=257
Analysed Analysed Analysed Analysed
N=112 (48%) N=37 (9%) N=166 (34%) N=239 (48%)

Figure 1 Flow chart of eligible participants’ response method in test 1, randomisation of response method in test 2,
non-responders in test 2 and participants included in the analysis. In paper responders, the randomisation allocation was
1:1 from August to November 2016, and 0.25:0.75 in favour of the web method from the end of November 2016 to April

2017. PRO, patient-reported outcome.

to substantial. Agreement exceeded 90%, whereas kappa
values were fair to substantial in items within the frame-
work of the PRO algorithm.

There are several sources of potential errors related to
the consistency of a PRO measurement: (1) a real change
in the patient health status between the two time points
of measures, (2) difficulty related to answering items due
to poor face validity and (3) incorrect answer from the
patient made by mistake. Finally, the interval between
the two measurement time points is important. A short
interval increases the risk of recall bias and a long interval
increases the risk of a real change in patient status.**

Table 2 Agreement between the automated PRO algorithm
from test 1 to test 2, n=554

PRO PRO algorithm test 2

algorithm

test 1 Green (%) Yellow (%) Red (%) Total (%)
Green 104 (19) 42 (8) 1(0.1) 147 (27)
Yellow 34 (6) 328 (59) 18 (3) 380 (69)
Red 0 (0) 5(1) 22 (4) 27 (5)
Total 138 (25) 375 (68) 41 (7) 554 (100)

Green, no need of contact with the outpatient clinic.

Yellow, may need contact with the clinic (a clinician has to assess
the PRO response).

Red, need of contact with the clinic.

PRO, patient-reported outcome.

This study found the highest test-retest reliability and
agreement estimates in the web-web method of admin-
istration, however; not statistically significant from the
paper—paper method. This finding is consistent with
other studies which have reported that PRO data collected
via the web method had the same quality as the paper-
based method,20 335 and in line with the recommenda-
tions from International Society for Pharmacoeconomics
and Outcome Research (ISPORs) regarding electronic
patientreported outcome (ePRO); a web version of a
paper version ought to produce data that are equivalent
or superior.”® Using the web-based method of PRO data
collection has several advantages for patients as well as
clinicians who use PRO data in clinical practice.”” Egger et
al evaluated the test-retest reliability of the Epidemiology
of Prolapse and Incontinence Questionnaire in similar
as well as mixed methods of administration and found
no differences between the methods.” However, the
tendency towards higher reliability and agreement esti-
mates in similar method of administration compared with
the mixed methods found in our study should be noted.

This study found a higher percentage of agreement in
the worsening status of the PRO algorithm, indicating
that the study population may have been less healthy in
the second test of administration method. This finding
was the same regardless of the methods of administra-
tion. This could have been caused by a real change in
the participants’ health status from test 1 to test 2. The
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Table 3 Test-retest reliability and agreement between the PRO algorithm from test 1 to test 2 in the study population and in

different methods of administration

Perfect agreement Disagreement improved Disagreement worsening

PRO algorithm n % (95% CI)

status % (95% Cl)

status % (95% Cl) Kappa* (95% CI)

Pooled 554 82 (78 to 85) 7(5to9)
Web-web 166 87 (80 to 92) 5(@2to09)
Paper—paper 112 82 (74 to 89) 8 (4to15)
Mixedt 276 79 (74 to 84) 8 (5t0 12)

11 (9 to 14) 0.67 (0.60 to 0.74)

8 (5 to 14) 0.78 (0.67 to 0.86)
10 (5 to 17) 0.69 (0.57 to 0.81)
13 (9 to 18) 0.59 (0.48 to 0.69)

*Weighted Kappa with squared weights.
TWeb-paper and paper-web.
PRO, patient-reported outcome.

interval period in this study was quite long in some partic-
ipants, with a maximum range of 104 days and a median
range of 22 days. This could potentially have caused bias
if the disease status had changed. Therefore, subanalyses
were made which tested whether the long interval had
any impact on the overall estimates. The results showed
a tendency towards an increase of the reliability estimates
in similar method of administration, but a decrease in
the mixed methods. Therefore, the difference may not
be due to a real change in the participants’ health status,
but rather a consequence of the participants’ response
method. The participants self-selected the administra-
tion method in test 1, and a compulsory administration
method in test 2 may be inconvenient and lead to biased
answers. The different methods of administration and
layout of the questionnaire in test 2 may have affected the
participants’ response habits, reflection or recall of the
items, favouring identical methods.

Another limitation in this study was the risk of selec-
tion bias. The response rate was only 34%, ranging from
9% in the paper-web group to 48% in the paper—paper
as well as the web—paper group. The low response rate
was may caused by the pragmatic design where patients
responded to their preferred method in test 1 as part
of standard care in three outpatient clinics. The low

Kappa values with 95% confidence interval
1 -
0.9

0.8 f

0.7+ % {

iel {
0.5

0.4
0.3

0.2
0.1+

Figure 2 Test-retest reliability from test 1 to test 2 of the
pooled PRO algorithm (n=554), web-web (n=166), paper—
paper (n=112) and the mixed group (web—paper or paper-
web, n=276). PRO, patient-reported outcome.

response rate in the paper-web group compared with
the paper—paper group could be related to the fact
that the patient responders in test 1 had selected the
paper method because of restricted access to respond
via the internet. Furthermore, the use of reminders at
test 2 could have increased the overall response rate;
however, reminders were not used in this study due to
the importance of the interval length between the two
measurement points in a test-retest study. It would be
preferable to randomise the response method in test
1 as well to make the groups more comparable. As
shown in table 1 and figure 1, participants were more
likely men, older and web responders. Furthermore,
the participants had a tendency to have a less symptom
burden, better general health and well-being, and less
likely to have a red PRO algorithm compared with
non-participants. This indicated that the study popula-
tion was a healthier group of patients compared with
the non-responders. A study population that does not
represent the source population may entail problems
with interpretation and generalisation of the results.
In this study, the test-retest reliability may have been
underestimated due to a healthy, stable and homoge-
neous study population.

Kappa values are markedly affected by the preva-
lence of the measured event and distribution of item
scores and a likely limitation of the interpretation of
the results. This means that a high percentage agree-
ment could potentially take place concurrent with a low
kappa value if the prevalence of a specific item is low.™
This was the case in the epilepsy questionnaire, in which
a prevalence of less than 5% of the measured event was
present in the majority of the items. For example, the
two pregnancy items both had a low prevalence of the
event. The percentage agreement was high, 99.6% and
98.9%), indicating a small measurement error; however,
the kappa values were less convincing. Floor and ceiling
effects could occur if a high proportion (more than
15%) of the respondents had a score at the lower or
upper end of the scale.”® This was the case in this study
as well; concurrent with a low prevalence, a high propor-
tion of the participants scored on the healthy side of the
item response scales, indicating a homogeneous group.
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This could potentially affect the reliability since it can
be difficult to distinguish patients with the lowest or
highest score from each other.”” In addition, it could be
difficult to measure longitudinal changes (responsive-
ness) in these patients as well.” These aspects should
be taken into consideration in the interpretation of the
kappa values.

CONCLUSION

This is the first test-retest reliability study of a disease-spe-
cific epilepsy PRO algorithm and questionnaire used to
support clinical decision-making. In 2018, the question-
naire and the PRO algorithm are used by approximately
5000 patients with epilepsy in five outpatient clinics in
Denmark. Overall, the PRO algorithm showed substan-
tial test-retest reliability and agreements in same method
of administration, whereas there was a tendency towards
lower reliability and agreement if the method of adminis-
tration was mixed.
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Appendix 1
The questionnaire and PRO-algorithm development process

A research consensus team that included clinical experts in epilepsy and experts in patient-reported
outcome (PRO) measures was established in September 2011. The group provided inputs to the
content and construct of the epilepsy questionnaire and the PRO-algorithm used to support clinical
decision-making in outpatient follow-up.

PREPERATION

Rationale

Clinicians working with epilepsy experienced an increased volume of patients in the outpatient
clinic and the majority of these patients were well treated. However, the need of monitoring
treatment effect and screen for functional and mental health issues were still necessary. Therefore,
self-reported data collected from the patients' home was assumed to have a great potential in this
patient group.

Purpose
The purpose was to develop an instrument which could screen for epilepsy patients' health problems
to support clinical decision-making in outpatient follow-up.

Patient group
The target group was patients with epilepsy > 15 years with no cognitive impairments.

DEVELOPMENT

Conceptual framework of what do we want to be measured

Based on the Wilson and Cleary (1995) model, definition and levels of constructs were discussed.
Symptom status, functional status, overall quality of life, and characteristics of the individual and
the environment were identified as being clinically relevant aspects to measure in the population.

Development and selecting items

Literature

A systematic research strategy was conducted to identify establish generic and epilepsy-specific
PRO instruments. Several instruments were identified; however, no established disease-specific
instruments covering the purpose of identifying patients who need clinical attention were found.
Several generic established instruments were identified covering some of the constructs that had
been selected to be measured. These instruments included the World Health Organisation Well-
Being Index (WHO-5), items from the Short Form 36 (SF-36), and items from the Symptom
Checklist 92 (SCL-92).

Experts
Clinical experts in epilepsy, including both physicians and nurses, provided inputs to content
development of new items. The severity of each symptom separately was considered important.



Only one aspect of the symptom was selected if the symptom has different aspects, e.g. fatigue.
Experts in PRO provided inputs to formulating and scoring of the items.

TESTING AND EVALUATION

First draft: pilot testing

The first version of the questionnaire was pre-tested by using semi-structural interviewing
techniques in 20 representative epilepsy patients from two outpatient clinics in Central Denmark
Region. The aim of the pilot test was to identify potential problems such as low relevance of items,
ambiguity of items, and lack of important topics.

Evaluation

The majority of the patients found the questionnaire content relevant, and no critical comprehension
difficulties were identified. Some patients pointed out recall problems regarding some of the seizure
items. They did not report lack of any essential topics nor did the time used to fill in the
questionnaire raise any criticism.

THE PRO-ALGOITHM

Based on the first draft of the questionnaire, a clinical expert group in epilepsy assigned the
response options for each item in three colours: green, yellow, or red. The allocation was based on
what the doctors considered clinically important to react on to identify patients with need of
attention. The overall aim of the algorithm is a 'red flag' approach. Specific answers result in a red
colour indicating need of clinical attention, e.g. pregnancy, suicidal thoughts, seizure impairment.

A red colour indicates that the patient needs or wishes contact with the outpatient clinic. A yellow
colour indicates that the patient may need contact with the clinic. In yellow cases, a clinician
assesses the patient's PRO response, and based on the PRO data and other information in the
patient's record it is decided whether further contact is needed. A green colour indicates that the
patient does not need or wish contact with the clinic, and a subsequent questionnaire is sent to the
patient at a pre-defined interval (e.g. after 3, 6, or12 months).

Subsequently, the PRO questionnaire and the PRO-algorithm were implemented and used in
clinical practice, and experiences have been evaluated yearly since 2011 at consensus meetings.



Overview of items and the algorithm of the response categories in the epilepsy questionnaire

Item Response categories

Number of seizures during >0

the last year

Number of absence seizures | >0

during the last 3 months

Number of generalised >0

seizures during the last 3

months

Seizure impairment - No

Seizure injury No Yes, but not serious | Serious damage

Emergency room visit due to | Yes No

epilepsy

Relatives' worried Never Rarely Occasionally Frequently | Don't | Not
know | applicable

Headaches Never Occasionally Sometimes Often Very often

Dizziness Never Occasionally Sometimes Often Very often

Tremor/ shaking Never Occasionally Sometimes Often Very often

Double vision Never Occasionally Sometimes Often Very often

Loss of appetite Never Occasionally Sometimes Often Very often

Eating too much Never Occasionally Sometimes Often Very often

Difficulty remembering Never Occasionally Sometimes Often Very often

Difficulty concentrating Never Occasionally Sometimes Often Very often

Aggression Never Occasionally Sometimes Often Very often

Fatigue Never Occasionally Sometimes Often Very often

Sadness Never Occasionally Sometimes Often Very often

Fear of having seizures Never Occasionally Sometimes Often Very often

Problems with sexuality Never Occasionally Sometimes Often Very often

Being suicidal Never Occasionally Sometimes Often

Well-being WHO-5 Index Score < 50 or one extreme answer (at no time)

General health Excellent Very good Good Fair Poor

General health compared to | Much better Somewhat About the same Somewhat | Much worse

last year better worse

Medication adherence Daily Weekly Monthly Never / very rarely

Side- effects No Yes, a few Yes, some Yes, many

Work less because of Yes Partly No

epilepsy

Social limitations No Yes

Alcohol consumption > consume 14/21 units a day

Use of recreational drugs Monthly Weekly Daily

Pregnant No

Planning pregnancy No

Car driving last month Yes (+ seizures) No

Green: No need of contact with the outpatient clinic
Yellow: May need of contact (a clinician has to assess the PRO response)
Red: Need of contact with the clinic




Table 1 Agreement and reliability between the items from test I to test 2 in original categories and
categories within the framework of the PRO- algorithm

Original item categories

Item categories within the framework of

the PRO-algorithm

Item n/total | Levels Agreement/ | KW~ Levels Perfect/Exp | Unweighted
Exp (95% CI) agreement kappa
agreement % (95% CD)
%

Seizures last year 518/554 | Continuous 2 94.2/62.4 0.85

(0.79; 0.90)

Absence seizures 516/554 | Continuous 2 94.0/76.4 0.75

(0.66; 0.83)

Generalised 525/554 | Continuous 2 96.0/88.0 0.67

seizures (0.53; 0.80)

Seizure impairment | 154/135 | 2 2 90.3/79.8 0.52

(0.31;0.73)
Seizure injury 156/135 | 3 94.1/85.4 0.59 2 81.4/56.6 0.57
(0.41; 0.79) (0.43;0.71)

ER visit 164/135 | 2 2 88.4/82.9 0.32
(0.09; 0.56)

Relatives' worried 517/554 | 6 92.8/85.9 0.49 2 92.7/83.5 0.56
(0.38; 0.59) (0.43; 0.68)

Headaches 550/554 | 5 96.7/86.7 0.75 2 92.2/82.2 0.56
(0.69; 0.81) (0.45; 0.68)

Dizziness 550/554 | 5 97.7/91.0 0.75 2 96.6/91.8 0.58
(0.69; 0.80) (0.41; 0.75)

Tremor/ shaking 548/554 | 5 97.9/90.9 0.77 2 96.4/91.0 0.60
(0.70; 0.82) (0.44; 0.76)

Double vision 550/554 | 5 97.8/93.4 0.66 2 97.6/94.5 0.57
(0.54; 0.75) (0.36; 0.78)

Loss of appetite 551/554 | 5 98.2/94 .4 0.68 2 97.8/95.4 0.53
(0.60; 0.77) (0.29; 0.76)

Eating too much 546/554 | 5 97.0/89.8 0.71 2 95.6/89.6 0.58
(0.63;0.77) (0.42; 0.73)

Remembering 549/554 | 5 96.7/83.6 0.80 2 91.1/73.5 0.66
(0.75; 0.83) (0.58; 0.75)

Concentrating 552/554 | 5 97.1/86.5 0.79 2 95.3/83.2 0.72
(0.74; 0.83) (0.62; 0.82)

Aggression 551/554 | 5 97.0/90.1 0.69 2 95.5/90.5 0.52
(0.62; 0.75) (0.36; 0.69)

Fatigue 549/554 | 5 96.0/83.3 0.76 2 90.5/76.1 0.60
(0.72; 0.80) (0.51; 0.70)

Sadness 548/554 | 5 97.3/89.8 0.73 2 95.6/89.0 0.60
(0.68; 0.78) (0.46; 0.75)

Fear of seizures 547/554 | 5 97.8/91.2 0.75 2 96.3/91.3 0.58
(0.69; 0.81) (0.42; 0.75)

Sexuality 527/554 | 5 94.8/78.8 0.75 2 86.0/62.5 0.63
(0.69; 0.81) (0.55; 0.70)

Suicidal 548/554 | 5 99.6/98.3 0.76 3 99.1/97.0 0.69
(0.60; 0.85) (0.56; 0.83)

WHO-5 score 540/554 | Continuous 2 90.4/75.8 0.60
(0.50; 0.70)

General health 552/554 | 5 97.1/88.7 0.74 2 90.9/72.7 0.67
(0.70; 0.78) (0.58; 0.75)




General health last 550/554 | 5 97.3/92.8 0.62 91.5/81.9 0.53
year (0.54; 0.70) (0.41; 0.65)

Medication 545/554 | 4 97.3/92.9 0.62 95.8/91.4 0.51
adherence (0.48; 0.74) (0.33; 0.68)

Side-effects 538/554 | 4 96.5/88.1 0.71 92.8/82.0 0.60
(0.64; 0.77) (0.48;0.71)

Work less 240/164 | 3 94.0/87.8 0.51 90.0/80.7 0.48
(0.29; 0.69) (0.31; 0.66)

Social limitations 518/554 | 2 91.1/75.8 0.63
(0.54; 0.73)

Alcohol female 254/268 | Continuous 99.6/98.1 0.80
(0.41; 1.00)

Alcohol male 269/286 | Continuous 98.1/94.6 0.66
(0.38; 0.94)

Recreational drugs | 545/554 | 4 99.9/98.9 0.92 99.8/99.1 0.80
(0.57; 1.00) (0.41; 1.00)

Pregnant 279/268 | 2 99.6/98.9 0.67
(0.05; 1.00)

Planning pregnancy | 275/268 | 2 98.9/92.0 0.86
(0.71; 1.00)

Car driving 544/554 | 2 97.2/54.2 0.94
(0.91; 0.97)

Abbreviations: PRO, Patient-reported outcome; Exp, Expected; KW?, Weighted kappa with squared weights; CI,

Confidence interval; ER, Emergency room, WHO-5, WHO-5 Well-being Index
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Abstract

Background: The generic questionnaire WHO-5 Well-being Index (WHO-5), which measures the construct of mental
well-being has been widely used in several populations across countries. The questionnaire has demonstrated sufficient
psychometric properties; however, the test- retest reliability of the WHO-5 scale has yet to be determined. The aim of
this study was to evaluate the test-retest reliability and measurement error of the Danish WHO-5 Well-being Index for
outpatients with epilepsy. A further aim was to evaluate whether the method of administration (web, paper, or a

mixture of the two modalities) influenced the results.

Methods: Epilepsy outpatients aged =15 years from three outpatient clinics in Central Denmark Region were included
from August 2016 to April 2017. The participants were randomly divided into four test-retest groups: web-web,
paper-paper, web-paper, and paper-web. Test-retest reliability was assessed by intraclass correlation coefficients
(ICO) and measurement error by calculating minimal detectable change (MDC) on the basis of the standard error

of the measurement.

Results: A total of 554 patients completed the questionnaire at two time points. The median duration between
test-retest was 22 days. The pooled test-retest reliability estimate was ICC 0.81 (95% Cl 0.78; 0.84). The estimated
MDC was 23.60 points (95% Cl 22.27; 25.10). These estimates showed little variation across administration methods.

Conclusions: WHO-5 showed acceptable test-retest reliability in a Danish epilepsy outpatient population across
different method of administration; however, the relatively large measurement error should be taken into account
when evaluating changes in WHO-5 scores over time. Further research should be done to explore these findings.

Keywords: Patient reported outcome measures, Validation studies as topic, Reproducibility of results

Introduction

Several considerations are important when selecting
patient-reported outcome (PRO) measures for use in
clinical practice. A PRO measure should be relevant to
patients and clinicians and possess an adequate level of
psychometric evidence for the instrument in the target
population [1]. In Central Denmark Region, PRO mea-
sures have been used as the basis for follow-up in three
epilepsy outpatient clinics since 2012 [2, 3]. Patients
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complete a web or paper-based questionnaire at home
instead of having pre-scheduled appointments. Clinical
resources could then be directed towards patients with
actual need, and clinicians could use patients’
self-reported information to identify otherwise un-
detected problems. As depression is common in patients
with epilepsy [4], valid and reliable measurement tools
are necessary to identify relevant symptoms. For this
purpose, the WHO-5 Well-being Index (WHO-5) was
selected and has been used since 2012 for outpatients
with epilepsy in Central Denmark Region.

WHO-5 is a generic unidimensional questionnaire
reflecting the construct mental well-being during the last
2 weeks [5]. The scale was developed in 1998 and has
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been widely used [6]. WHO-5 includes five positive word-
ing statements rated on a 6-point ordinal scale ranging
from 5 “all of the time” to 0 “at no time”. Raw scores,
which range from 0 to 25, are multiplied by 4 to obtain a
percentage score ranging from 0 (worst) to 100 (best). A
percentage score below 50 indicates poor mental
well-being and a risk of depression. The WHO-5 has dem-
onstrated sufficient psychometric properties in terms of
construct validity, predictive validity, and internal
consistency reliability in several patient populations in-
cluding epilepsy [6—14]; however, the test- retest reliability
of the WHO-5 scale has yet to be determined. Further-
more, few studies have explored the impact on consistency
of using different methods of administration [15, 16].

The study aim was to evaluate the test-retest reliability
and measurement error of the Danish WHO-5
Well-being Index for outpatients with epilepsy. A further
aim was to evaluate whether the method of administra-
tion (web, paper, or a mixture of the two modalities) in-
fluenced the results.

Methods

Study population and setting

Patients with epilepsy aged >15 years from three out-
patient clinics in Central Denmark Region were included
from August 2016 to April 2017. The patients completed
the questionnaire at two time points. First, they com-
pleted a questionnaire from the outpatient clinic based
on their preferred web or paper administration method
(test 1). Subsequently, approximately 2 weeks later, a let-
ter was sent to the patients asking them to complete the
same questionnaire again (test 2). The patients were ran-
domly divided into four test-retest groups based on the
method of administration at test 1 and test 2: web-web,
paper-paper, web-paper, and paper-web. Three re-
minders were sent in test 1, but no reminders were sent
to non-responders in test 2. The WHO-5 Well-being
Index was included in the questionnaire in test 1. In
addition, the questionnaire included other items, regard-
ing, for example, seizures, symptoms, and general health.
The general health construct was measured by using
two items from the Danish version of the Short Form 36
Health Survey [17, 18]. A long interval between test ad-
ministrations increases the risk of change in patients’
health status in a test-retest study, whereas a short inter-
val increases the risk of recall bias [19]. The question-
naire in test 1 was sent to the patients as part of routine
outpatient follow-up. Patients’ mental health was as-
sumed to be stable during the time period from test 1 to
test 2, since the health status of epilepsy patients is not
likely to change over a period of 2 weeks. The patients
were not asked in test 2 whether their mental health had
changed within the time period.
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Data analyses

Descriptive statistics were generated for patient charac-
teristics and for each item to determine the extent of
missing values and floor- or ceiling effects, which were
considered present if more than 15% had a score at the
lower or upper end of the scale [19]. Cronbach’s alpha
was used to assess internal consistency. The 95% confi-
dence interval (CI) of the Cronbach’s alpha values was
estimated by using the bootstrap method (1000 replica-
tions). The time interval between test 1 and 2 was cal-
culated as the difference in number of days from the
dates of responses. Test-retest reliability of the scale
was assessed by intraclass correlation coefficients (ICC)
agreement model 2.1 [20], with 95% CI, and for single
items, kappa with squared weights and 95% CI was
used. An ICC value of 0.70 is considered acceptable for
group level analysis, but when evaluating individual pa-
tients, an ICC of 0.90 is recommended [19]. The kappa
values were interpreted as following: <0.2 (slight),
0.21-0.4 (fair), 0.41-0.6 (moderate), 0.61-0.8 (substan-
tial), and 0.81-1.0 (almost perfect) [21]. Measurement
error was assessed with differences between test 1 and
2 plotted against the means of the two measurements
by Bland—Altman plots with 95% CI and 95% limits of
agreement (LOA). LOA equals the mean change in
scores between test 1 and 2 (mean change +1.96 x

Table 1 Patient characteristics at time of test 1 among outpatients
with epilepsy, N =554

Gender, n (%) Male 286 (52)
Age, y, median (IQR) 573 (25.1)
Outpatient clinic, n (%)
Aarhus 409 (74)
Holstebro 115 21
Viborg 30 ©)
General health?®, n (%)
Excellent 67 (12.1)
Very good 191 (34.5)
Good 209 (37.7)
Fair 68 (12.3)
Poor 19 (34)
WHO-5 score in test 1
Median (IQR) 76 (24)
Mean (SD) 706 (19.5)
Missing, n (%) 5 (0.9
WHO-5 score in test 2
Median (IQR) 76 (24)
Mean (SD) 705 (19.2)
Missing, n (%) 9 (1.6)

ltem GH-1 from Short Form 36 Health Survey [17]
Abbreviations IQR inter quartile range, SD Standard deviation
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Table 2 Item level distribution and weighted kappa of the WHO-5 Well-being Index (N = 554)

ltem  Distribution (%) of the response options® Test-retest
Item content Missing 0 1 2 3 4 5 \(\;Eigahted
1 | have felt cheerful and in good spirits Test 1 02 05 52 56 123 616 146 070 (0.64; 0.76)
Test2 07 05 34 6.3 14.1 614 135
2 | have felt calm and relaxed Test 1 0.5 14 49 6.0 152 520 200 067 (0.59;0.74)
Test2 05 13 27 79 134 569 173
3 | have felt active and vigorous Test 1 02 3.1 85 130 217 377 159  0.70 (0.65; 0.76)
Test2 05 29 90 135 197 419 125
4 | woke up feeling fresh and rested Test 1 02 47 106 105 188 404 148 0.72 (066;0.77)
Test2 1.1 54 90 114 170 419 143
5 My daily life has been filled with things that interest me ~ Test 1 0.5 09 54 7.0 166 513 182 068 (0.62;0.74)
Test2 1.1 07 76 6.5 150 513 179

%0 = At no time, 1 =Some of the time, 2 = Less than half of the time, 3 = More than half of the time, 4 = Most of the time, 5 = All of the time

standard deviation of the changes) and gives an indica-
tion of how much two scores can vary in stable pa-
tients. LOA are expressed in the units of measurement
instrument and give a direct indication of the size of
the measurement error [19]. The measurement errors
reflect the within intraindividual variation and were es-
timated as the standard error of the measurement
(SEM) [22]. SEM equals the square root of the error
variance. The interpretation of a SEM estimate is not
straight forward; therefore the SEM was converted into
the minimally detectable change (MDC). MDC®” equals
1.96+V2 x SEM and indicates the smallest
within-person change that can be interpreted as a “real”
individual change above the measurement error
[22]. Thus, a change in scores within the LOA or
smaller than MDC”can be attributed to measurement
error [19]. Patients with missing item values were ex-
cluded from the analyses. Two sensitivity analyses were
performed to investigate whether the length of the time
interval between test 1 and test 2 affected our results.
In the first analysis, patients were excluded if the time
period between test 1 and test 2 was above 30 days, and
in the second analysis all patients with a time interval
above 14 days were excluded. STATA 15 software (Stata
Corp, College Station) were used for all statistical
analyses.

Results

Patient and item characteristics

A total of 554/1640 (34%) patients responded to the
questionnaire twice. The median age was 57.3 years
(Table 1). The response-rates in the four test-retest
groups ranged from 48% (web-paper and paper-paper)
to 34% (web-web) to 9% (paper-web). Non-responders
were more likely younger, paper-responders, and had
lower self-reported general health in test 1 (data not
shown). The median response time between test-retest
was 22 days (inter quartile range 10 days). A total of 14
patients had missing values for WHO-5 in test 1 or 2
and were excluded from the analyses. Percentages of
missing values ranged from 0.2 to 1.1%, and there was a
tendency towards ceiling effects in all items (Table 2).
Cronbach’s alpha was 0.89 (95% CI 0.87; 0.90) in test 1
and 0.89 (95% CI 0.87; 0.91) in test 2.

Test-retest reliability and measurement error of WHO-5

Kappa values for the five single items were substantial
(Table 2) [21]. The ICC of the pooled WHO-5 score was
0.81 (95% CI 0.78; 0.84) (Table 3). Differences between
test 1 and test 2 plotted against the mean of the two
tests with upper and lower LOAs are shown in Fig. 1.
The estimated SEM was 8.51 points (95% CI 8.03; 9.05),

Table 3 Test-retest reliability and measurement error for the WHO-5 Well-being Index between test 1 and test 2

WHO-5 N Mean, (95% ClI) Test 1 Mean (95% Cl) Test 2 Difference (95% Cl)  SEM (95% Cl) ICC (95% Cl) MDC™ (95% CI)

Pooled 540  70.58 (68.94; 72.21) 7040 (68.78; 72.02) 0.18 (-0.84; 1.20) 851 (8.03; 9.05) 0.81(0.78; 0.84)  23.60 (22.27; 25.10)
Web-web 164 69.83 (66.73; 72.93) 70.10 (67.01; 73.18) —0.27 (-2.02; 1.49) 805 (7.26; 9.03) 0.84 (0.80; 0.89)  22.31 (20.13; 25.03)
Paper-paper 107  70.65 (66.41; 74.90) 70.69 (66.87; 74.51) —0.04 (- 2.56; 249)  9.31 (8.21; 10.76) 1(0.74;087) 2581 (22.76; 29.82)
Web-paper 233 71.10 (68.85; 73.33) 70.73 (68.37; 73.09) 036 (=1.17; 1.89) 8.36 (7.66; 9.20) 0.78 (0.73; 0.83) 8 (21.24; 2549)
Paper-web 36 7044 (63.63; 77.26) 68.78 (62.05; 75.50) 167 (=2.79; 6.12) 9.30 (7.55; 12.14)  0.78 (0.66; 0.91)  25.79 (20.92; 33.64)

Abbreviations: WHO-5 WHO-5 Well-being Index, N Number, CI Confidence Interval, SEM Standard error of the measurement, ICC Intra class correlation coefficient,

MDC Minimal detectable change
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Fig. 1 Differences in the WHO-5 Well-being Index score between
test 1 and test 2 plotted against the mean, N =540

which resulted in a MDC®® of 23.60 points (95% CI
22.27; 25.10). The analysis was repeated in the four
test-retest groups (Table 3 and Fig. 2). Administration
methods did not noticeably alter the estimates. The
overall results did not change, when the analyses were
repeated with restricted intervals between test 1 and 2.

Discussion

Test-retest reliability of the Danish WHO-5 Well-being
Index was found to be acceptable in an epilepsy out-
patient population, but a relatively large measurement
error was observed. The estimated MDC®® was 23.60
points, indicating that changes in the WHO-5
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instrument must be substantial to ensure that a ‘real’
change is not due to measurement error. Methods of ad-
ministration did not markedly influence the results.

This study follows the COSMIN framework [23, 24] and
supplements earlier established psychometric properties
of the WHO-5. Since we were unable to identify other
test-retest studies of the scale, we believe this is the first
study to determine the test-retest reliability of the
WHO-5. Several studies have explored another aspect of
reliability: internal consistency [8—14]. The Cronbach’s
alpha of the WHO-5 in these studies ranged from 0.82 to
0.95, which is consistent with the findings in this study.
However, this aspect determines the correlation between
items within a scale and not the degree of agreement for
repeated measurements over time [22, 24]. The unidimen-
sionality of the WHO-5 scale has been confirmed by using
Rasch item response theory analyses in both a younger
and elderly population [14, 25].

Test-retest reliability should be assessed in a stable
population with an appropriate time interval between
measurements [22]. We assumed that the epilepsy out-
patient population was stable and allowed a longer time
interval. Sensitivity analyses were used to assess poten-
tial change in health status; however, excluding partici-
pants with longer intervals between test 1 and 2 did not
substantially alter the estimates. Still, we cannot rule out
that a change in patients’ health status had occurred and
that this might have affected the ICC and measurement
error estimates of the WHO-5 scale, as we did not col-
lect information on the change in patients’ mental health
status from test 1 to test 2.
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Fig. 2 Differences in the WHO-5 Well-being Index score between test 1 and test 2 plotted against the mean in the four test-retest groups: web-web
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The WHO-5 scale ranges from 0 to 100, and an MDC
of 23.6 points observed in this study may indicate that
longitudinal differences of at least 24 points are needed
to detect a “true” within-person change. The relatively
large measurement error observed in this study may be
taken into consideration by researchers planning future
clinical trials and clinicians who use the scale on the in-
dividual level in clinical practice to evaluate change over
time. Furthermore, the tendency towards ceiling effect
may produce difficulties in measuring longitudinal
changes. Web, paper, or a mixture of the two modalities
showed nearly the same test-retest reliability, which is
consistent with other test-retest studies [15, 16].

One important limitation of this study is the possibility
of selection bias. A very low response rate was observed
especially in the paper-web group (9%). This may be due
to the pragmatic design, which allowed patients to
choose administration method for their response to test
1. In the Danish general population, a mean WHO-5
score of 70 points has been reported [26, 27]. This is
comparable with the result in this study; however, the
responders tended to be a healthier group of patients
compared to non-responders in test 2 who had lower
self-reported general health and mental well-being in
test 1. The reliability estimates indicate how well pa-
tients can be distinguished from each other despite the
presence of measurement error, e.g. a lower ICC value
tends to occur in a homogenous study sample [19].
Thus, in this study, the ICC estimates may have been
underestimated due to a homogenous and healthy study
population; whereas the measurement error estimates
were probably less affected.

Conclusion

The WHO-5 Well-being Index showed acceptable
test-retest reliability in a Danish epilepsy outpatient popu-
lation, but the measurement error of the scale was rela-
tively large. Different methods of administration did not
influence the results. Further studies are required to pro-
vide insight into the test-retest reliability and measure-
ment error in different language versions of the WHO-5
Well-being Index and in different patient populations.

Abbreviations

Cl: Confidence Interval; ICC: Intraclass correlation coefficients; IQR: Inter
quartile range; LOA: Limits of agreement; MDC: Minimal detectable change;
PRO: Patient-reported outcome; SD: Standard deviation; SEM: Standard error
of the measurement; WHO-5: WHO-5 Well-being Index
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Abstract

Background: The traditional system of routine outpatient follow-up of chronic disease in secondary care may
involve a waste of resources if patients are well. The use of patient-reported outcomes (PRO) could support more
flexible, cost-saving follow-up activities. Ambuflex is a PRO system used in outpatient follow-up in the Central
Denmark Region. PRO questionnaires are sent to patients at fixed intervals. The clinicians use the PRO data to
decide whether a patient needs a visit or not (standard telePRO). PRO may make patients become more involved in
their own care pathway, which may improve their self-management. Better self-management may also be achieved
by letting patients initiate contact. The aim of this study is to obtain data on the effects of patient-initiated follow-up
(open access telePRO) on resource utilisation, quality of care, and the patient perspective.

Methods: The study is a pragmatic, randomised, controlled trial in outpatients with epilepsy. Participants are randomly
assigned to one of two follow-up activities: a) standard telePRO or b) open access telePRO. Inclusion criteria are age 2
15 years and previous referral to standard telePRO follow-up at Aarhus University Hospital, Denmark. Furthermore,
patients must have answered the last questionnaire via the Internet. The number of contacts will be used as the
primary outcome measure. Secondary outcome measures include well-being (WHO-5 Well-Being Index), general
health, number of seizures, treatment side effects, mortality, health literacy (Health Literacy Questionnaire), self-efficacy
(General Self-Efficacy scale), patient activation, confidence, safety, and satisfaction. In addition, the patient perspective
will be explored by qualitative methods. Data will be collected at baseline and 18 month after randomisation. Inclusion
of patients in the study started in January 2016. Statistical analysis will be performed on an intention-to-treat and
per-protocol basis. For qualitative data, the interpretive description strategy will be used.

Discussion: The benefits and possible drawbacks of the PRO-based open access approach will be evaluated. The
present study will provide important knowledge to guide future telePRO interventions in relation to effect on resource
utilisation, quality of care, and the patient perspective.
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Background

The Danish health care system is changing from in-
patient towards a greater outpatient activity. From 2002
to 2009, there was a 50% increase in outpatient activity
in Denmark, primarily related to the number of contacts
per patient [1]. At the same time, there appears to be a
growing need of health care services especially for the
growing group of patients with chronic diseases and an
increased focus on patient involvement. The challenge is
to manage this without compromise on quality of care
and patient outcomes. Follow-up visits for patients with
chronic diseases in secondary care are traditionally based
on regular pre-booked visits, which may be arranged
when the patient is well. Thus patients as well as clini-
cians may find such visits unnecessary. The volume of
appointments leads to capacity issues in outpatient
clinics that struggle to respond rapidly to patients’ re-
quests for help [2].

One way of handling this challenge may be to let pa-
tients report essential information on health status and
symptoms from home before or instead of visiting the
outpatient clinic. Patients’ own reports on health condi-
tion are termed patient-reported outcomes (PRO). The
American Food and Drug Agency definition of PRO, “A
measurement based on a report that comes directly from
the patient about the status of a patient’s health condi-
tion without interpretation of the patient’s response by a
clinician or anyone else” [3], focuses on the source of in-
formation and points out the importance of the patient
perspective. The use of PRO in clinical practice is be-
coming increasingly common, and studies have reported
improved patient-clinician communication, more effect-
ive self-management, and better utilisation of resources
when PROs are used, whereas findings related to effects
on patient outcomes are less consistent [4-7].

PRO may facilitate patient involvement because the
problems reported as important by the patient are taken
into consideration in the decision-making process [8—
10]. However, patient involvement is not a goal in itself
but rather a means to increase the patient’s self-
management. Self-management refers to the individual’s
ability to manage symptoms, treatment, physical and
psychosocial consequences, and life style changes inher-
ent in life with a chronic disease [11]. In practice, PRO
is supposed to promotes a patient-centred dialogue be-
tween the patient and the clinicians in which the pa-
tient’s view and opinion on his health are included.
Thus, implementing PRO into clinical practice allows
patients to actively participate in their own care, by
which their self-management may improve [8].

AmbuFlex is a generic clinical PRO system which is
not limited to specific patient groups, organisations or
medical record systems [12]. As of December 2015,
AmbuFlex had been implemented in nine patient groups
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at 15 outpatient clinics in Denmark [13]. An analysis ini-
tiated by the Danish government based on experiences
with AmbuFlex has demonstrated a positive national
business case and considerable quality gain [14]. The
Danish government and Danish regions, who run the
public hospitals, have decided on an agreement for na-
tionwide implementation of PRO in three diagnostic
group, including epilepsy, before 2020. AmbuFlex was
implemented for epilepsy outpatients at Aarhus Univer-
sity Hospital in March 2012 and is now used at three
neurological departments in the Central Denmark Re-
gion. As of August 2016, 4,513 epilepsy outpatients have
been referred to AmbuFlex, which are about two-thirds
of all epilepsy outpatients in the region. The PRO ques-
tionnaire used contains information on specific aspects
of daily life with epilepsy and has been developed in
close cooperation with clinicians and patients. Face val-
idity is fundamental and has been ensured during the
development of the questionnaire [12, 13]. A graphical
PRO overview is presented to the clinicians, who use the
PRO data for clinical decisions together with other avail-
able clinical data in the record to decide whether the pa-
tient needs a visit or not. If a PRO questionnaire is used to
evaluate the patient’s need for a hospital visit, the PRO
data must be obtained outside the hospital. This is called
tele-patient-reported outcome (telePRO) [12]. Experiences
from epilepsy outpatient clinics have shown that of 8,256
PRO-based contacts, 48% were handled without additional
contact to the patient other than the PRO questionnaire
[13]. A preliminary interview study has indicated that pa-
tients experience greater flexibility in care, the saving of
time, improved communication with the clinicians, and
increased knowledge about their own disease [13, 15].

The AmbuFlex method used at the three neurological
departments is called standard telePRO. In standard tel-
ePRO, regular scheduled visits are replaced with fixed
questionnaires at intervals similar to those of the former
pre-booked visits. A patient-initiated approach “open ac-
cess” telePRO has been developed in which patients have
access to their own PRO data and are able to initiate
contact with the clinic by filling in a PRO questionnaire.
A review by Whear et al. investigated the effectiveness
of patient-initiated clinics in chronic conditions in sec-
ondary care and included seven randomised trials. The
review found that the risk of harm from using the
patient-initiated clinic model is low in patients with
breast cancer, inflammatory bowel disease, and rheuma-
toid arthritis. The included studies found few significant
differences in clinical outcomes between traditional ap-
pointment scheduling and the patient-initiated follow-up
method. In four of the studies, the patient-initiated
model was associated with savings in clinician time and
resource use [2]. A review by Taneja et al. that included
five of the same randomised studies reached the same
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conclusion [16], while another review showed no signifi-
cant differences in psychological and health-related qual-
ity of life outcomes between consultant-led and patient-
initiated clinics. Patients have reported better satisfaction
in patient-initiated clinics compared to usual care [17].
The patient-initiated method used was broadly the same
in the studies included in the three reviews. Patients
could request clinical advice by calling the clinic and, if
necessary, arranging an appointment to see a clinician.
However, none of the included studies used PRO as the
main access point in the open access intervention, and
all studies contain methodological limitations [2, 16, 17].

Objectives

The aim of this study is to provide insight into the effects
of patient-initiated telePRO follow-up. The specific aims
are to compare resource utilisation, quality of care, and
the patient perspective of two outpatient follow-up activ-
ities: a) standard telePRO (fixed-interval telePRO follow-
up) and b) open access telePRO (patient-initiated telePRO
follow-up). We hypothesise that 1. Number of contacts is
less in open access telePRO, 2. Quality of care in open ac-
cess telePRO is at least as good as in standard telePRO,
and 3. Patient self-management and experiences in open
access telePRO are better than standard telePRO.

Methods
The study follows the (Additional file 1: SPIRIT check-
list): Standard protocol items for clinical trials [18].

Design

This study is a pragmatic two-arm randomised con-
trolled trial. Participants are randomly assigned to one
of two follow-up activities: (a) standard telePRO or (b)
open access teleRPO.

Study population
Participants are epilepsy outpatients recruited from the
epilepsy clinic at Aarhus University Hospital in Central
Denmark Region, Denmark.

Inclusion criteria

a) Age > 15 years

b) Diagnosis or suspicion of epilepsy (IC-D 10 codes:
G40, Z033a, DR568 and DR568E)

c) Already referred to standard telePRO by a clinician

d) Able to answer the questionnaire via the Internet,
indicated by having answered the last questionnaire
via the Internet

Exclusion criterion

a) Referred to telePRO follow-up with proxy questionnaire.
Patients can be referred to a proxy questionnaire if they
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have cognitive problems and need help from a relative
or health professionals.

Intervention

Reference group - standard telePRO

AmbuFlex (standard telePRO) is used in three epilepsy
outpatient clinics in Central Denmark Region. In stand-
ard telePRO, outpatient follow-up activity is determined
by a clinician and patients receive a questionnaire at
fixed intervals (3, 6, or 12 months). The questionnaire
includes information about aspect of daily life with epi-
lepsy such as seizures, symptoms, medication adherence,
and social aspects. Responses are automatically proc-
essed according to a specific algorithm and given a
“green”, “yellow”, or “red” status. A red status indicates
that the patient needs or wishes contact with the clinic,
a green status that the patient has no current need of at-
tention, while a yellow status indicates that the patient
may need to be seen in the clinic, but a clinician has to
decide whether further contact is needed. The patient
can always overrule a decision by requesting contact.
They can choose two different contact forms in the
questionnaire: telephone consultation or a face-to-face
consultation at the clinic. Non-responders get three re-
minders and are contacted if do not respond. Clinicians
keep track of incoming yellow and red responses, and
non-responders, and this information is presented on a
PRO alert list. The PRO overview (Fig. 1) is presented
graphically to the clinician within the electronic health
record system, and used as decision aid together with
other available health record information to decide
whether the patient needs a visit or not [13].

Intervention group — open access telePRO

In open access, contact to the outpatient clinic is initi-
ated by the patient by filling in a PRO questionnaire.
The same questionnaire is used as in standard telePRO,
but the patient decides when to respond. The patients
can access a PRO overview, “My Epilepsy”, customised
for patient use via a secure login at the Danish national
health website “Sundhed.dk”. The clinicians handle
questionnaires in the same way as in standard telePRO.

The open access website “My Epilepsy”: design and features
A prototype website, “My Epilepsy”, was developed to
collect PRO in patient-initiated outpatient follow-up.
The website was linked with the Danish National
Health Website ‘Sundhed.dk’. The website, “My Epi-
lepsy”, was customised for patient use and designed to
allow patients to: a) answer a PRO questionnaire to get
in contact with the clinic, b) view their personal PRO
data (previously questionnaire responses), c) view infor-
mation about the epilepsy questionnaire and specific
questions, and d) have access to contact information to
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the epilepsy outpatient clinic. A research team that in-
cluded, outpatients with epilepsy and experts in tele-
PRO, patient involvement, software technology, clinical
epilepsy, provided inputs to design the prototype web-
site. The research team developed the initial website
specifications, constructed the website, and elicited
feedback from epilepsy outpatients (n = 6), using cogni-
tive interviewing techniques to study the manner in
which the patients understood and responded to the
website. The interface is shown in Fig. 2. Patients
emphasised the importance of a user-friendly interface
with clear and concise information. Patients were inter-
ested in tracking change over time and in using the
website because it gave them the potential to communi-
cate with their clinicians at a time decided by them-
selves. They found it conceivable that access to their
previous questionnaires could give them a better under-
standing of their chronic disease. Finally, they pointed
out the need for a telephone number if they required
immediate contact. Patients had few problems assessing
and using the site.
The website consists of four core elements:

a) Answer questionnaire: Here, patients can answer the
epilepsy questionnaire when they need to get in
contact with the clinic. The questionnaire is the

same as in standard telePRO. When the patient has
completed the questionnaire, the response is
automatically sent as a red request to the PRO alert
list at the epilepsy clinic. The clinician assesses the
response and contacts the patient as soon as
possible. The clinic has reserved appointments in
their booking system to ensure that patients get a
quick appointment. As a “safety net”, patients have
to answer the questionnaire before twice the fixed
interval has elapsed. For example, if the patient is
referred with a 12-month interval, the patient has to
respond within two years. If not, the patient is
automatically sent a questionnaire, given a red
status, and is contacted by a clinician.

b) Previous answers: In this element, all of the patient’s
previous questionnaire responses are available.
Patients have access to a PRO overview interface
and specific and detailed questionnaire responses in
the same manner as the clinicians. The overview
interface is shown in Fig. 3. It is customised to
monitor selected PRO data and to illustrate changes
in health status over time. Colour codes indicate the
severity of the symptoms reported by the patient. A
red or orange bar indicates a self-reported problem,
a yellow bar some problem, and green bar indicates
no problems.
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¢) Info: This element includes information about the
open access approach including detailed information
about the purpose and how to use the website. In
addition, there is information about the questionnaire
and why it is important to gather information about
the included aspects, e.g., seizures, alcohol, pregnancy,
sexuality, etc. The information provided is compiled
by clinicians from the epilepsy clinics at Aarhus
University Hospital and is based on disease-specific
guidelines and information from the Danish Epilepsy
Association.

d) Contact: Patients are asked to contact the epilepsy
clinic by telephone in the event of a pressing need of
attention. This element contains contact information
(telephone number, email and mail addresses) to the
epilepsy clinic. The emergency service is always open
for those in acute need for help, for example, if the
patient gets a seizure.

Randomisation

Pre-randomisation designs prevent change in behaviour
in the control group because of disappointment about
the allocation [19]. Eligible standard telePRO partici-
pants will be pre-randomised to standard telePRO
follow-up (no change) or open access telePRO follow-
up. Control as well as intervention participants receive
the baseline questionnaire together with the fixed PRO
questionnaire. The clinicians respond to the fixed PROs
as usual and will not have access to the baseline ques-
tionnaire. Control participants will continue with fixed
interval questionnaires and no change will be under-
taken. Intervention participants will receive detailed in-
formation about the open access approach two weeks
after a clinician’s response to the fixed PRO question-
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information to the included intervention participants.
Individuals who not agree to participate will continue
with standard telePRO follow-up. Due to the nature of
the intervention neither patients nor clinicians can be
blinded to allocation. The randomisation is performed
with an algorithm developed as part of the WestChronic
software [12]. The allocation ratio open access/standard
is 0.55/0.45. This ratio was selected to account for an ex-
pected number of patients in the open access arm who
do not wish to participate.

Study timeline

Inclusion and randomisation with baseline assessments
will take place from January 2016. Follow-up assessment
will take place 18 months after randomisation. Baseline
and follow-up assessments are shown in Table 1. Figure 4
presents the inclusion of patients and the stages in the
study.

Outcomes

The effects of patient-initiated follow-up (open access
telePRO) will be evaluated with regard to three different
aspects: resource utilisation, quality of care, and the pa-
tient perspective. Resource utilisation will constitute the
primary outcome, measured by number of contacts.
Quality of care and the patient perspective constitute
the secondary outcomes. Quality of care includes pivotal
clinical quality measures (mortality, seizure, and treat-
ment side effects) as well as more general patient-
oriented quality measures (well-being and general
health). The patient perspective includes measures re-
lated to self-management, such as health literacy, self-
efficacy, and patient activation. Measures of confidence,
safety, and satisfaction will be used to describe patient

naire. The study coordinator will forward written experiences. The patient perspective is primarily
Table 1 Primary and secondary outcomes, data sources, and timeline for measurements
Outcomes Data sources Measurement/month

Resource utilisation

1. Number of contacts
Quality of care

2. Well-being

3. General health

4. Mortality

5. Number of seizures

6. Treatment side effects
Patient perspective *

7. Health literacy

8. Self-efficacy

9. Patient activation

10. Confidence, safety, and satisfaction

The Hospital Business Intelligence Register, Central Denmark Region 0-18
WHO-Five Well-being Index (WHO-5) 0,18
[tem from The Short Form Health Survey (SF-36) 0,18
The Hospital Business Intelligence Register, Central Denmark Region 0-18
[tem from the epilepsy questionnaire, Central Denmark Region 0,18
[tem from the epilepsy questionnaire, Central Denmark Region 0,18
The Health Literacy Questionnaire (HLQ) sub scale 4, 6 and 9 0,18
General Self-Efficacy scale (GSE) 0,18
[tems from Patient Activation Measure (PAM) 0,18
[tems from a PREM questionnaire, Danish Cancer Society 0,18

@ The patient perspective is primarily explored by qualitative methods in a complementary PhD study
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Fig. 4 Flowchart following patients from inclusion to final data collection

explored by qualitative methods in a complementary
PhD study. An overview of primary and secondary out-
comes, data sources, and measurement timeline is
shown in Table 1.

Primary outcome

Resource utilisation

Number of contacts includes all contacts with the out-
patient clinic in the study follow-up period, including
face-to-face consultations with a physician, face-to-face
consultations with a nurse, and telephone consultations.
In addition, other health care contacts will be gathered,
e.g., epilepsy-related emergency room visits and hospita-
lisations as well as hospitalisation related to co-
morbidity. Data will be gathered from the Hospital Busi-
ness Intelligence Register in Central Denmark Region.

Secondary outcomes

Quality of care

Patients’ well-being will be measured by using the Da-
nish version of WHO-Five Well-being Index (WHO-5).
WHO-5 was developed by the World Health Organisa-
tion for the assessment of well-being among patients
with diabetes [20]. WHO-5 consists of five positively

worded items reflecting present mental well-being
within the previous two weeks. Items are rated on a 6-
point scale ranging from 5 “all of the time” to 0 “at no
time”. The instrument has demonstrated sufficient psy-
chometric properties in a wide range of chronic condi-
tions [20, 21]. Patients’ general health will be measured
by using one item from the Danish version of The Short
Form Health Survey (SF-36); “In general, would you say
your health is: excellent, very good, good, fair, or poor”
[22, 23]. The validity and reliability of this item are well
documented [24]. Data on mortality will be gathered
from the Hospital Business Intelligence Register in Cen-
tral Denmark Region. Finally, number of seizures and
treatment side effects will be collected from ad hoc
items in the epilepsy questionnaire used at epilepsy
clinics in Central Denmark Region. The validity and reli-
ability of these items have not yet been documented.

Patient perspective

Health literacy will be measured by using the Danish
version of Health Literacy Questionnaire (HLQ) [25, 26].
HLQ was developed to measure a wide range of health
literacy needs of people in the community. The HLQ in-
cludes nine conceptually subscales with a total of 44
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items containing five scales with agree/disagree response
options and four scales with difficulties in perform tasks
response options. The HLQ has well-documented psy-
chometric properties [26]. In this study, the HLQ sub-
scales 4, 6, and 9 will be used; 4. Social support for
health, 6. Ability to actively engage with healthcare pro-
viders, 9. Understand health information well enough to
know what to do. Self-efficacy will be measured by using
the Danish version of General Self-Efficacy Scale (GSE)
[27, 28]. GSE was designed to assess optimistic self-
belief to cope with difficult demands in life [27, 28]. GSE
includes ten items with a response range from 1 “not at all
true” to 4 “exactly true”. The GSE scale has been used in a
range of research projects in different countries and popu-
lations, where it typically yielded sufficient psychometric
properties [29]. Patient activation will be measured by two
ad hoc items developed with inspiration from the Danish
version of the Patient Activation Measure (PAM) [30].
Confidence, safety, and satisfaction will be measured by
using ad hoc items developed with inspiration from a
Danish PREM (patient-reported experience measure)
questionnaire from the Danish Cancer Society.

In addition, the patient perspective will be explored in
a complementary qualitative PhD study. The primary
aim of this study is to explore the mechanisms of actions
related to standard telePRO and open access telePRO.
Interpretive description (ID) will be used as the research
approach [31]. Patients’ experiences with telePRO will
be explored in individual interviews and participant ob-
servations in outpatient clinics. The target group for par-
ticipation is patients with epilepsy, referred to standard
telePRO or open access telePRO follow-up in the three
neurological departments in Central Denmark Region.

Other measurements

Demographic information such as sex, age, education,
marital status, and duration of epilepsy diagnosis will be
obtained from baseline questionnaires.

Sample size

Statistical power was estimated for the primary outcome
number of contacts. Based on literature review [32] the
number of consultations (n) and standard deviation (SD)
was; 1 =4.64, (SD =2.38) in conventional follow-up and
n=4.12, (SD=3.41) in open access follow-up. We ex-
pect at least a difference of one contact between the
groups. Given a statistical power of 90%, p-value 0.05,
and allocation ratio 0.8, we will need a sample size of
172 patients in the standard telePRO group and 214 pa-
tients in the open access telePRO group. To account for
attrition and loss to follow-up, we will recruit a total of
approximately 500 participants. For qualitative data, a
purposeful sample of at least five participants from each
group will be interviewed.
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Analyses

Descriptive statistics will be used to describe differences
in the baseline characteristics of participating patients in
the two arms of the trial. Statistical analysis will be
intention to treat, whereby all randomised participants
will be included in the analysis according to their rando-
mised allocation. The primary outcome, total number of
contacts in the two arms, will be analysed using a sample
t-test. If the distribution of data is skewed, we will use
medians and nonparametric tests. For secondary out-
comes, a chi-square test or logistic regression will be
used for dichotomous outcome data and sample ¢-test or
multiple linear regression analysis will be used for con-
tinuous outcome data. Non-parametric tests will be used
if continuous data are not normally distributed. Demo-
graphics covariates (sex, age, education, marital status,
and epilepsy diagnosis duration) will be included in the
per- protocol analysis.

For qualitative data, ID will be employed as the overrid-
ing research approach. ID is an inductive research strategy
in which constant comparative method with concurrent
data collection and analysis is utilised to gain a deeper
insight and understanding of human experiences within
their natural context. The result is a comprehensive inter-
pretation, potentially a model of explanation of the
phenomenon under study, which can provide clinical
practice with a research-based choice of action [31]. ID is
considered appropriate in the present study because the
approach is suited for exploration of specific clinical is-
sues, in this case how patients with epilepsy experience
standard and open access telePRO follow-up.

Ethics
The risks to participants are considered to be minimal
as all eligible participants are referred to standard tele-
PRO follow-up by clinicians at the epilepsy clinic. As a
“safety net” to ensure that no patients are lost in the
open access arm, the patients have to answer the epi-
lepsy questionnaire before twice the fixed interval has
elapsed. If lack of response the patient is reallocated into
standard telePRO with a red status and a clinician will
contact the patient. Furthermore, all patients are in-
formed to call the clinic in pressing need of attention.
The Danish Data Protection Agency has accepted the
study. In addition, the Danish research ethics committee
in Central Denmark Region was contacted and has
stated that approval from the committee is not necessary
for this present study. Therefore, written informed con-
sent was not obtained from the participants. Prior to
study participation patients in the intervention group re-
ceive written information about the study. Study participa-
tion is entirely voluntary and participants are informed they
can withdraw from the study at any time without affecting
future care. In the qualitative complementary PhD study,
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the participants gave written informed consent prior
to enrolment, and the study was approved by the Danish
Data Protection Agency.

Data security

All data activities in the study are documented and
stored in the WestChronic web-system [12]. The system
is physically located in Central Denmark Regions Server
Park behind the firewall and Threat Management Gate-
way. Regular backup is performed weekly. All data trans-
actions fulfill conditions established by the Danish Data
Protection Agency.

Discussion

During the last decade, the use of PRO in clinical practice
has become increasingly common, and to our knowledge,
AmbuFlex is the first generic PRO system that uses PRO
as the basis for outpatient follow-up [13]. The focus of this
trial will be to evaluate the effect of a patient-initiated
open access telePRO intervention compared to standard
telePRO with respect to resource utilisation, quality of
care, and the patient perspective. Ideally, we would have
preferred to compare the two arms (standard and open ac-
cess) with conventional follow-up with pre-booked out-
patient visits to the clinic. However, this was not possible
because the epilepsy clinics in Central Denmark Region
have used standard telePRO follow-up since 2012. Thus,
we will compare two rather similar outpatient follow-up
activities, which will probably result in only small differ-
ences in effect between the groups. Evaluation of the effect
must be done using reliable, valid, and clinically meaning-
ful measures. This study includes outcome measures
based on recommendations from clinical experts, re-
searchers, and the literature [33].

Loss to follow-up is one of the main concerns in ran-
domised controlled studies [34]. Loss to follow-up in this
study is related to the open access group of patients
since study participation in the open access arm is en-
tirely voluntary, and participants can choose to continue
with standard telePRO follow-up. Loss of statistical effi-
ciency can be overcome by increased the number of par-
ticipants in the study [19]. We have taken this into
consideration and will include 10% more patients in the
open access telePRO arm. In addition, we will recruit a
larger number of participants than the minimum sample
size calculation indicated.

Only web-responders will be included in the open ac-
cess arm, and the results may therefore be generalizable
only to this subgroup of epilepsy patients. These patients
may differ with respect to education, age, and use of new
technologies compared to the entire group of epilepsy pa-
tients. In another study in progress, the aim is to examine
determinants for referral to telePRO follow-up. Data from
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this study can be used to compare the study population
with the entire group of patients with epilepsy.

Another potential challenge may be how individuals in
the intervention group will use the “My Epilepsy” website.
Some patients are better able to decide themselves when
they need to contact the clinic, while others are more re-
served and afraid to be a nuisance. Several patients that
have used standard telePRO have pointed out the benefit
of getting a fixed questionnaire once a year. They do not
believe they would remember to answer if they had to do
it on their own. This could signify that even though they
may not feel the need for a clinical appointment, but do
feel a form of security in answering the fixed interval
questionnaire. This will be taken into consideration in the
study, since all patients in the intervention group will re-
ceive a questionnaire if they do not respond within two
times the referred interval, for example, within 24 months
if they are assigned a 12-month questionnaire interval.
Another concern could be that patients in the open access
group could choose to make a call instead of answering
the questionnaire when they need to get in contact with
the clinic. If they behave in this way, the benefit of using
PRO in clinical practice will be reduced.

Standard telePRO has been well integrated into clinical
practice in three epilepsy clinics in Central Denmark Re-
gion since 2012. A new patient-initiated approach has
been developed that may result in potential benefits in
terms of the patient perspective and resource utilisation.
The potential benefits as well as possible drawbacks need
to be evaluated. We have decided to combine qualitative
and quantitative research methods in two parallel PhD
studies. The intention of the complementary qualitative
PhD study is to further explain the findings from the ran-
domised study by providing a description of the various
ways in which telePRO is manifested and an interpretation
of the underlying mechanisms of action. The two studies
will complement each other and contribute with import-
ant research-based knowledge to guide future telePRO in-
terventions in relation to effect on resource utilisation,
quality of care, and the patient perspective.

Trial status
On going.

Additional file

Additional file 1: SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents*. (DOC 122 kb)
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item Description Addressed on
No page number

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym 1
Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry 1

2b All items from the World Health Organization Trial Registration Data Set 1
Protocol version 3 Date and version identifier 10
Funding 4 Sources and types of financial, material, and other support 10
Roles and 5a Names, affiliations, and roles of protocol contributors 1+10

responsibilities

5b Name and contact information for the trial sponsor 10
5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication, including 10

whether they will have ultimate authority over any of these activities

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint
adjudication committee, data management team, and other individuals or groups overseeing the trial, if
applicable (see Item 21a for data monitoring committee)



Introduction

Background and
rationale

Obijectives

Trial design

6a

6b

Description of research question and justification for undertaking the trial, including summary of relevant
studies (published and unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators
Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

Methods: Participants, interventions, and outcomes

Study setting

Eligibility criteria

Interventions

Outcomes

Participant timeline

9

10

11a

11b

11c

11d
12

13

Description of study settings (eg, community clinic, academic hospital) and list of countries where data will
be collected. Reference to where list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow replication, including how and when they will be
administered

Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence
(eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg,
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen
efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for __|

participants. A schematic diagram is highly recommended (see Figure)

2-3

2-3

3-6

__6-8+Table1

6 + Figure 4_



Sample size 14

Recruitment 15

Estimated number of participants needed to achieve study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding (masking) 17a

17b

Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants
or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign participants to
interventions

Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome
assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s
allocated intervention during the trial

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b

Plans for assessment and collection of outcome, baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known.
Reference to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from intervention protocols

8

6+ 10

_7-8 + Table 1

_6+9



Data management 19

Statistical methods 20a

20b
20c

Methods: Monitoring

Data monitoring 21a
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments

9

Plans for data entry, coding, security, and storage, including any related processes to promote data quality
(eg, double data entry; range checks for data values). Reference to where details of data management
procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 8
statistical analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted analyses) 8

Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any
statistical methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its role and reporting structure; statementof __ 10

whether it is independent from the sponsor and competing interests; and reference to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not
needed

Description of any interim analyses and stopping guidelines, including who will have access to these interim

results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 8
events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent

from investigators and the sponsor

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

10

Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes,

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)



Consentorassent 26a  Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and
how (see Item 32)

26b  Additional consent provisions for collection and use of participant data and biological specimens in ancillary
studies, if applicable

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 9

in order to protect confidentiality before, during, and after the trial

Declaration of 28 Financial and other competing interests for principal investigators for the overall trial and each study site 10
interests
Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 10

limit such access for investigators

Ancillary and post- 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial
trial care participation
Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 10

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data
sharing arrangements), including any publication restrictions

31b  Authorship eligibility guidelines and any intended use of professional writers

31c  Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code

Appendices

Informed consent 32 Model consent form and other related documentation given to participants and authorised surrogates _ 10
materials

Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular
specimens analysis in the current trial and for future use in ancillary studies, if applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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Including online supplemental materials:

Additional file 1: Table 1. Information for Reporting Randomized Controlled Trials With
Patient reported Outcomes

Additional file 2: Note: The epilepsy questionnaire can be found in the Appendices section
(Appendix II)

Additional file 3: Supplemental analyses (stratified analyses and sensitivity analyses) and
the randomization computer code.
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patient-reported outcome-based follow-up
in outpatients with epilepsy: a pragmatic
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Abstract

Background: The use of patient-reported outcome (PRO) could potentially contribute to the reorganization of the
health care system. AmbuFlex is a PRO system used in remote patient monitoring, in which questionnaires are sent
to patients at fixed intervals. The PRO data are used by clinicians to decide whether patients need clinical attention.
Better self-management and cost-saving follow-up activities may be achieved by letting patients initiate need of
contact. We evaluated the effects of patient-initiated PRO-based outpatient follow-up on health care resource
utilization, quality of care, and the patient perspective.

Methods: We conducted a parallel two-arm pragmatic randomized controlled trial at the Department of Neurology,
Aarhus University Hospital, Denmark. Outpatients with epilepsy (= 15 years old), attending fixed-interval PRO-based
follow-up with web-based questionnaires, were randomly assigned in a ratio of 0.55:045 to either 1) patient-initiated
PRO-based follow-up (open access telePRO) or 2) fixed-interval PRO-based follow-up (standard telePRO). The primary
outcome was the number of outpatient hospital contacts related to epilepsy retrieved from a regional registry. Hospitals
admissions and emergency room visits were also assessed. Secondary self-reported outcomes including general health,
well-being, health literacy, self-efficacy, number of seizures, side effects, confidence, safety, and satisfaction were retrieved
from questionnaires. Data were analyzed by the intention-to-treat and per-protocol approaches.

Results: Between January 2016 and July 2016, 593 patients were randomized to either open access telePRO (n = 346) or
standard telePRO (n = 247). At 18 months, no statistically significant differences were found between the arms regarding
number of telephone consultations or outpatient visits. Patients in the open access arm had a slightly lower, statistically
significant number of emergency room visits than patients in the standard arm. Self-reported mental well-being in the
open access arm was slightly, statistically significantly lower than in the standard arm. Other secondary outcomes did
not differ statistically significantly between arms.

Conclusion: This study did not find, as hypothesized, less use of health care resources or improved patient self-management
or satisfaction in the patient-initiated PRO-based initiative compared to fixed-interval PRO-based follow-up. Patient-initiated
PRO-based follow-up may be used as an alternative to fixed-interval PRO-based follow-up in patients who prefer this
approach, but there is insufficient evidence for recommending a system-wide shift to patient-initiated PRO-based follow-up.

Trial registration: Registered 4 February 2016 with ClinicalTrials.gov: NCT02673580.

Keywords: Patient reported outcome measures, Randomized controlled trial, Ambulatory care, Outpatient clinics,
hospital, Epilepsy
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Introduction

Health care systems are experiencing an increased volume
of patients with chronic conditions concurrent with in-
creased focus on patient involvement and patient self-
management [1, 2]. The use of patient-reported outcome
(PRO) measures in clinical practice could potentially con-
tribute to reorganization of the health care system and
support patient involvement. PRO is a measurement dir-
ectly reported by the patients based on their own per-
ceived symptoms and health status [3]. Santana et al.
describe a theoretical framework outlining the potential
effects of using PRO measures in the care of chronically ill
patients [2]. According to this framework, letting patients
contribute with self-reported information about the im-
pact of their disease and its treatment can contribute to
better communication, engagement, self-management,
and patient outcomes [2]. A number of reviews including
randomized controlled studies have found that the use of
PRO measures in a clinical setting improved patient-clin-
ician communication, patient satisfaction, and detection of
patients’ functional and mental health problems [4—6].
Furthermore, PRO has the potential to inform clinical de-
cision-making and support self-management [7-9]. Find-
ings related to clinical patient outcomes are less
consistent [4, 6].

In Denmark, a generic configurable PRO solution,
AmbuFlex, uses PRO measures as the very basis for out-
patient follow-up in several chronic and malignant dis-
eases [8, 10] including follow-up for outpatients with
epilepsy. Epilepsy is a chronic condition characterized by
recurrent seizures affecting functional, mental, and social
aspect of life [11, 12]. Studies have reported that persons
with seizures have increased risk of mood disorders, re-
duced quality of life, and significantly more social stigma
than persons with no seizures [12, 13]. These findings
support the need for differential and individualized follow-
up in the care for patients with epilepsy. Several PRO
measures have been developed for use in patients with
epilepsy at the aggregated level [14]; however, the evidence
regarding use of PRO measures on the individual level is
weak [15, 16]. In 2012, an epilepsy version of AmbuFlex
was developed in Central Denmark Region, here called
standard telePRO [8]. In standard telePRO, the patients
receive fixed-interval questionnaires at home instead of
having pre-scheduled appointments at the outpatient
clinic. Based on an automated algorithm, the patients’
PRO measures are used to decide the need for clinical at-
tention, potentially leading to fewer visits and thus less
treatment burden for well-treated patients. If the patient
needs attention, the PRO measures are used to support
patient-clinician communication.

Standard telePRO may not be an adequate solution if the
patients have a variable need of clinical attention. A more
patient-centered solution based on patient preferences to
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decide the timing of a clinical contact may be even more
beneficial to enhance patient involvement and management
of own care. Several reviews of randomized controlled trials
have investigated the effect of patient-initiated interventions
in which patients have direct access to the outpatient clinic
if needed [17-19]. In studies of patients with rheumatoid
arthritis, inflammatory bowel disease, and breast cancer, no
differences were seen regarding clinical- or patient-reported
health outcomes between patient-initiated intervention
groups and clinician-initiated control groups. Furthermore,
some studies found higher patient satisfaction and lower
use of health care resources in the patient-initiated model
[17-19]. We have not been able to find any studies that use
a patient-initiated model in patients with epilepsy and no
studies that use PRO as the main access point to flag the
need for clinical attention.

In this study we evaluated the effects of patient-initiated
outpatient follow-up in patients with epilepsy. The specific
aims were to compare utilization of health care resources,
quality of care, and the patient perspective in two out-
patient follow-up activities: patient-initiated PRO-based
follow-up (open access telePRO) versus fixed-interval
PRO-based follow-up (standard telePRO).

We hypothesized that the number of contacts would be
lower, quality of care at least as good, patient self-manage-
ment better, and patient evaluation of health service im-
proved among patients in the open access telePRO arm
compared with those in the standard telePRO arm.

Methods

Study design

This study was a parallel two-arm pragmatic randomized
controlled trial in which the participants were allocated to
either patient-initiated PRO-based follow-up (open access
telePRO) or fixed-interval PRO-based follow-up (standard
telePRO). The study was carried out among epilepsy out-
patients at the Department of Neurology, Aarhus Univer-
sity Hospital in Denmark. Standard telePRO has been
used at the department since 2012. In January 2016, ap-
proximately 2500 epilepsy outpatients were attending
standard telePRO follow-up. The study followed the Con-
solidated Standard of Reporting Trial (CONSORT) guide-
line for reporting parallel group randomized trials [20]
and the CONSORT PRO extension [21] (Additional file 1).
A study protocol has been published [22].

Participants and settings

Participants were included between January 2016 and July
2016. From January 2016, all patients in standard telePRO
follow-up at the Department of Neurology, Aarhus Uni-
versity Hospital, received a baseline research questionnaire
combined with the fixed-interval epilepsy questionnaire
from the outpatient clinic. Patients could choose to re-
spond via a paper or web version of the questionnaires.
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Clinicians assessed the fixed-interval epilepsy question-
naire according to their normal routine, but were blinded
to the research questionnaire. Approximately 14 days after
the patients filled in the research questionnaire, eligible
participants were randomized to either open access tele-
PRO or standard telePRO. Patients were eligible if they
were > 15 years old, had an epilepsy diagnosis or suspicion
of epilepsy, were attending standard telePRO follow-up,
and had filled in the last questionnaire via the Internet.
Patients were excluded if they were paper respondents or
if they had stop attending standard telePRO follow-up be-
fore randomization.

The study coordinator enrolled participants approxi-
mately once a week during the inclusion period. After
randomization, participants in the open access arm re-
ceived detailed written information about the intervention
via surface mail sent by the study coordinator. Participants
were requested to contact the study coordinator if they
did not want to participate in the open access telePRO
intervention and preferred to continue with standard care
(standard telePRO). Standard arm participants continued
standard telePRO and there was no change in the follow-
up. Blinding of the randomization allocation was not
possible for either participants or clinicians. Follow-up as-
sessments were conducted approximately 18 months after
randomization [22]. The rationale for 18 months was based
on the fact that more than in 80% of patients attending
standard telePRO follow-up, questionnaires were sent at
fixed 12-months intervals. This means that patients in
standard telePRO follow-up may not have had contact with
the outpatient clinic before 12 months had passed; thus, a
follow-up period longer than 12 months was required.

Pre-randomization

According to the inclusion criteria, patients were pre-ran-
domized [23] in a ratio of 0.55:0.45 to either open access
telePRO or standard telePRO. In a pre-randomization de-
sign, patients in the intervention arm are informed about
the allocation following randomization, and disappoint-
ment about the allocation in the control arm can be pre-
vented [23]. The skewed randomization allocation was
applied because of an expected higher number of drop
outs in the open access arm compared to the standard
arm [22]. A higher dropout rate in the open access arm
was expected, since participation was voluntary and the
participants could at any time during the study decide to
continue standard telePRO, if, for example, they did not
want to initiate contact to the clinic by themselves, but ra-
ther receive questionnaires at fixed intervals. To account
for this, we decided to randomize 10% more patients to
the open access arm, as this would enhance the statistical
power of the per-protocol analysis [24]. We used simple
randomization due to an expected large study population
and did not block randomization or other procedures to
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help achieve balance in the number or characteristics of
the participants in the two arms. Computer-generated
randomization was used. The computer code was devel-
oped and integrated into the WestChronic/ AmbuFlex
system (Additional file 3, page 11) [10].

Interventions

Standard arm - standard telePRO (usual care)

In standard telePRO, patients filled in fixed-interval dis-
ease-specific questionnaires every 3, 6, or 12 months, which
were used as a partly automatic tool to support the decision
regarding whether the patient needed clinical attention at
the present time [8]. In the questionnaire, all patients could
request a telephone consultation or an appointment in the
outpatient clinic, regardless of their response to the other
questions in the questionnaire. The questionnaire develop-
ment is described elsewhere [25], and the questionnaire can
be found in the Additional file 2.

The patient’s response to the questionnaires was given a
green, yellow, or red color by using a pre-defined auto-
mated algorithm [8, 25]. Green indicated no need of clin-
ical attention, red indicated need of attention, whereas
yellow indicated that the patient might need attention.
Green responses were handled automatically by the server
software, and a new questionnaire was automatically
scheduled to be sent to the patient at the pre-defined fixed
interval, for example, after 12 months. All yellow and red
responses were shown on an alert list, available to the cli-
nicians, who accessed the list daily. A red response indi-
cated need of clinical attention, and the clinician
contacted the patient as quickly as possible. Patients were
either contacted by telephone or they received a face-to-
face appointment. For yellow responses, patients were
only contacted if the clinicians judged that it was neces-
sary. The patient’s questionnaire response was graphically
presented to the clinicians, who accessed all the yellow
and red responses through the Electronic Health Record
system together with other relevant data from the record
(laboratory tests, medication, etc.) [8, 22].

Intervention arm - open access telePRO

For patients randomized to open access telePRO, patient
contact with the outpatient clinic was based on the pa-
tient’s preferences. Patients were asked to contact the
outpatient clinic by themselves when they felt it neces-
sary. Thus, at any time during the follow-up period,
these patients could indicate a need for contact with the
outpatient clinic by filling in the disease-specific ques-
tionnaire (Additional file 2). For this purpose, an open
access website ‘My Epilepsy’ was developed. The website
contains four core elements to allow patients to: 1) an-
swer a questionnaire when they needed to get in contact
with the clinic, 2) view their previously questionnaire re-
sponses, 3) view information about the questionnaire,
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and 4) view contact information (e.g. telephone number)
to the outpatient clinic [22]. Full detail of the develop-
ment and features of this website are available elsewhere
[22]. Patients had access to the open access website via a
secure login to the Danish ehealth Portal “Sundhed.dk”.
In addition, the patients could also phone the outpatient
clinic if needed. All questionnaire responses in the open
access arm turned red (definite need of attention) on the
alert list to the clinicians, since these patients were
instructed to only fill in the questionnaire if they needed
to talk to a clinician. The clinician checked the alert list
daily and assessed the red open access responses as
quickly as possible in the same web-system as in stand-
ard telePRO [8, 22]. The patients were contacted by tele-
phone, and a face-to-face appointment was scheduled if
necessary. If the patient did not fill in a questionnaire to
the outpatient clinic within a priori defined time-span,
the web system automatically sent a reminder to the pa-
tients with instructions to fill in the questionnaire. For
example, a reminder was sent after 12 months if the pa-
tient prior to randomization was originally referred to a 6-
month fixed questionnaire interval in standard telePRO.
The clinicians also received information on the alert list
about patients who did not respond to these reminders,
and they were subsequently contacted by a clinician.

Outcomes

Primary outcome

The primary outcome was the number of outpatient
hospital contacts related to epilepsy from baseline to fol-
low-up (timeframe 18 months). The number of contacts
included all outpatient telephone consultations and out-
patient visits (face-to-face consultations) with a nurse or
a physician. Data regarding hospital admissions and
emergency room visits were also assessed. The number
of telephone consultations, outpatient visits, hospital ad-
missions, and emergency room visits during the 18-
month period were retrieved separately from a regional
registry: the Business Intelligence Register in Central
Denmark Region, which contains information about rou-
tinely collected activity measures from the Department
of Neurology and Aarhus University Hospital.

Secondary outcomes

Secondary self-reported outcomes were retrieved from the
baseline research questionnaire and a follow-up research
questionnaire sent to patients before randomization and
18 months after randomization. Both questionnaires in-
cluded information about number of seizures, side effects,
well-being, general health, health literacy, self-efficacy, pa-
tient activation, confidence, safety, and satisfaction.

Clinical outcome measures The number of seizures
last year and the degree of side effects were extracted
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from two single items in the epilepsy questionnaire
(Additional file 2). Test-retest reliability of the side ef-
fects item has been reported to be substantial [25], but
validity has not yet been reported. The side effects item
ranges from 1 (best) to 4. Mortality was recorded at the
end of the follow-up period and retrieved from the Busi-
ness Intelligence Register in Central Denmark Region.

Patient-centered outcome measures Well-being was
extracted from the WHO-5 Well-Being Index (WHO-5)
[26, 27]. WHO-5 is a generic questionnaire, and the psy-
chometric findings have been reported in other patient
populations [27]. The WHO-5 includes five items which
are used to calculate a score that ranges from 0 (worst) to
100. General health (GH) was extracted from one single
item: “In general, would you say your health is: excellent,
very good, good, fair, or poor” from the generic question-
naire: The Short Form Health Survey SF-36 [28, 29]. The
GH item was scaled from 1 (best) to 5.

Patient self-management Health literacy was extracted
from the generic Health Literacy Questionnaire (HLQ),
sub-scale 4: “Social support for health”, sub-scale 6: “Abil-
ity to actively engage with healthcare providers”, and sub-
scale 9: “Understand health information well enough to
know what to do” [30, 31]. HLQ sub-scale 4 is a 4-item
scale that ranges from 1 (worst) to 4, whereas HLQ sub-
scales 6 and 9 are 5-item scales ranging from 1 (worst) to
5. Self-efficacy was extracted from the generic 10-item
General Self-Efficacy Scale (GSE) [32, 33]. The psycho-
metric properties of GSE have been evaluated across many
countries [32]. The GSE score ranges from 10 (worst) to
40. Patient activation was extracted from two single items
modified from a generic questionnaire: the Patient Activa-
tion Measure (PAM) [34]. The two PAM items: “I am
confident that I can tell when I need to get outpatient
care” and “I am confident I can figure out solutions when
new situations or problems arise with my health condi-
tion” range from 1 (worst) to 4.

Patient health service evaluation Confidence, safety,
and satisfaction were extracted from three single items,
which were modified from a patient-reported experiences
questionnaire developed by the Danish Cancer Society
[35]. Psychometric properties have not been reported.
Scores for the three items range from 1 (best) to 4.

Other measurements All Danish Citizens have a 10-
digit unique personal identification number assigned to
all citizens at birth [36]. It encodes gender and date of
birth, and was used to calculate age and gender at base-
line. Other patient characteristics were extracted from
the baseline research questionnaire including cohabit-
ation status, education, and duration of epilepsy. The
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education variable was categorized into three levels: no
or low (primary and lower secondary school), medium
(upper secondary school and short cycle tertiary), and
high (bachelor and master). Duration of epilepsy was di-
vided into two groups with a cut-off point at 2 years dur-
ation, as this was considered an acceptable level of being
experienced or not-experienced with the epilepsy diagnosis.

Process evaluation Automated computer logs were
used to track and evaluate use of the open access web-
site “My Epilepsy” in the WestChronic/AmbuFlex-sys-
tem [10]. Use was defined as number of questionnaires
filled in by the patients. Number of reminders mailed to
patients and the number of patients who responded to
these reminders were also logged into the system.

Sample size

Based on a two-sided statistical test, the study was de-
signed to have a power of 90% (P-value 0.05) [22]. This
was based on a study that reported that the mean num-
ber and standard deviations (SDs) of outpatient visits
were 4.12 (SD =3.41) in the open access arm and 4.64
(SD =2.38) in the control arm [37]. We expected to de-
tect a difference of at least one contact between the
arms. This required a sample size of 386 participants. To
account for attrition and loss to follow-up, the sample
size was supplemented with 207 patients (132 in the
open access arm and 75 in the control arm).

Statistical methods

Data were analyzed based on the intention-to-treat
(ITT) approach. Between-arm differences in the number
of outpatient visits, telephone consultations, hospital ad-
missions, and emergency room visits were analyzed by
simple linear regression. Because the normality distribu-
tions were skewed, 95% confidence intervals were found
by using the bootstrap method with 1000 replications
[38, 39]. Between-arm differences in all secondary out-
comes, apart from mortality, were analyzed by multiple
linear regression by calculating differences at follow-up
(18 months) adjusted for the baseline value.

Between arm differences were also analyzed on a per-
protocol basis. The per-protocol analysis included only
participants who completed the open access intervention.
Patients were defined as ‘completers’ if they did not decline
to participate in the intervention during the study period.
Between-arm differences in the number of outpatient visits,
telephone consultations, hospital admissions, and emer-
gency room visits were analyzed by multiple linear regres-
sion adjusted for gender, age, education, cohabitation
status, epilepsy duration, and seizures during last year. Con-
fidence intervals were found by using the bootstrap method
with 1000 replications [38, 39]. Between-arm differences at
follow-up of secondary outcomes were analyzed by multiple
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linear regression adjusted for the baseline value, gender,
age, education, cohabitation status, epilepsy duration, and
seizures during last year.

Differences in baseline data between the arms were eval-
uated by chi-squared test for categorical variables and the
Wilcoxon Mann—Whitney test or unpaired ¢-test for con-
tinuous variables. Normally distributed baseline data were
presented with means and SDs, otherwise medians and
interquartile ranges (IQR) were reported additionally. In
PRO measures, information about item nonresponse was
presented as numbers and percentages. Estimation of sum
scores followed guidelines for handling items missing for
each specific score. In the HLQ scores, the mean scores of
the other items were used to estimate the score. If more
than two items were missing, the score was not estimated.
This instruction was obtained from a user package we re-
ceived after signing a license agreement. We were not able
to find a standardized guideline for the other scales (GSE
and WHO-5) and thus, we decided not to calculate the
score if items were missing.

To explore whether the results changed in sub-groups in
the population, we performed supplemental explorative
ITT analyses by stratifying on age, gender, and high/low
health literacy (HLQ4: “social support for health”). The me-
dian values for age (median value =45.7 years) and the
HLQ4 scale (median value = 3.4) at baseline were used to
define the threshold of the high (> 45.7 years and >34
HLQ4 score) and low groups (< 45.7 years and < 3.4 HLQ4
score). Furthermore, ITT-sensitivity analyses were used to
establish the impact of missing self-reported data at follow-
up. Sensitivity analyses were only performed for the WHO-
5 score. If the WHO-5 score was missing at follow-up, the
score was imputed by using the WHO-5 score from the
baseline research questionnaire. Four scenarios of the im-
puted follow-up values were considered: 1. the baseline
value was reduced with 5 points in the open access arm
and was unchanged in the standard arm, 2. the baseline
value was reduced with 5 points in the standard arm and
was unchanged in the open access arm, 3. the baseline
value was increased with 5 points in the open access arm
and was unchanged in the standard arm, and 4. the baseline
value was increased with 5 point in the standard arm and
was unchanged in the open access arm. Then, between-
arm ITT-differences in the WHO-5 score at follow-up were
analyzed by multiple linear regression adjusted for the base-
line WHO-5 value. All analyses were conducted in STATA
version 15 (Stata Corporation, College Station, Texas,
USA).

Results

Participant flow and baseline data

A total of 593 outpatients with epilepsy were included
from January 2016 to July 2016; 346 were randomized to
the open access telePRO arm and 247 to the standard



Schougaard et al. Journal of Patient-Reported Outcomes

telePRO arm (Fig. 1). A total of six patients died (two pa-
tients in the open access arm and four patients in the
standard arm), and one patient from the open access arm
moved abroad within the follow-up period of 18 months:
these seven patients were not included in the analyses.
With respect to secondary self-reported outcomes, 202
(58%) in the open access arm and 150 (61%) in the stand-
ard arm responded to the questionnaire at both baseline
and at follow-up. During the follow-up period, 43 patients
declined to participate in the open access intervention and
were excluded in the per-protocol analyses. The baseline
characteristics of the participants are shown in Table 1.
No statistically significant baseline differences were found
between the open access arm and the standard arm. Also,
no statistically significant differences were found between
patients who completed the open access intervention (the
per-protocol arm) and the standard arm.

Primary outcomes

No statistically significant differences were found between
the arms regarding mean number of telephone consulta-
tions or outpatient visits (Table 2). The mean difference in
telephone consultations between the open access arm and
the standard arm was - 0.32 (95% CI: — 0.68 to 0.05). Pa-
tients in the open access arm had a statistically significant,
slightly lower number of emergency room visits than
those in the standard arm; the mean difference was — 0.11
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(95% CI: —0.21 to - 0.01). No statistically significant dif-
ference was found in hospital admissions.

Secondary outcomes

No statistically significant differences were found between
the open access arm and the standard arm regarding clin-
ical outcome measures such as seizures during the last
year, side effects (Table 3), and mortality. Patient-centered
outcome measures showed a statistically significant differ-
ence of -3.21 (95% CI: - 6.38 to - 0.05) in the WHO-5
well-being score at follow-up, giving a lower score in the
open access arm than in the standard arm. General health
status did not differ between the two arms. Furthermore,
no statistically significant differences were found in out-
come measures related to patient self-management (health
literacy, self-efficacy, patient activation) and health service
evaluation (confidence, safety, satisfaction).

Per-protocol and stratified analyses

Results from per-protocol analyses are shown in Tables 2
and 3. No statistically significant differences were found in
either primary or secondary outcomes. Explorative
stratified ITT analyses with stratification on gender and
high/low health literacy did not change the results notice-
ably (Additional file 3, pages 1 to 9). After stratification on
age in the low age group (median age below 45.7 years),
the participants in the open access arm had fewer tele-
phone consultations and emergency room visits, — 0.67

Epilepsy outpatients who
received/responded to the baseline
questionnaire from Aarhus University
Hospital during the recruitment period:
n=1347/1043

Responders not included: n = 450

Randomized (n = 593)

»  Paper respondents (n = 395)
" Excluded from AmbuFlex! (n = 29)
“ Not randomized (n = 26)

Fig. 1 The study CONSORT flow diagram

v [ Allocation ] \
Allocated to intervention, patient-initiated PRO-based Allocated to control, standard PRO-based follow-up /
follow-up / open access telePRO (n = 346) standard telePRO (n = 247)
l [ Follow-Up ] l
Lost to follow-up of primary outcome (n = 3) Lost to follow-up of primary outcome (n = 4)
Dead (n=2) Dead (n = 4)
Moved from Denmark (n = 1)
l [ Analysis ] l
AN J
Analyzed: Analyzed:
Primary outcome: number of contacts (n = 343) Primary outcome: number of contacts (n = 243)
Secondary outcomes: responded to questionnaire Secondary outcomes: responded to questionnaire
follow-up (n = 202/ 58%) follow-up (n = 150/ 61%)

1Patients who were excluded from standard telePRO after clinical assessment by a clinician of the patient's fixed-interval questionnaire response




Schougaard et al. Journal of Patient-Reported Outcomes (2019) 3:61

Table 1 Participant baseline characteristics, N =593
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Variables

Intention-to-treat population

Intervention arm
(open access telePRO):

Control arm
(standard telePRO):

Per-protocol population

Patients who completed the
open access intervention:

n=346 n=247 n=300

Mean (SD) age, years 463 (17.2) 472 (17.3) 458 (17.1)
Gender: male, n (%) 182 (53) 115 (47) 164 (55)
Cohabitation status, n (%)

Living alone 76 (22) 62 (25) 59 (20)

Missing 12.(3) 3(M 12 (4)
Education, n (%)

No or low 94 (27) 62 (25) 76 (25)

Medium 119 (34) 96 (39) 105 (35)

High 121 (35) 85 (34) 107 (36)

Missing 12 (3) 4(2) 12 (4)
Duration of epilepsy, years

Mean (SD) 16.1 (14.3) 169 (15.7) 16.2 (144)

Median (IQR) 12 (5-22) 12 (5-22) 11 (5-23)

Missing, n (%) 46 (13) 29 (12) 41 (14)
Number of seizure last years, n (%)

No seizure 235 (68) 165 (67) 213 (71)

Seizures (1 or above) 96 (28) 69 (28) 74 (25)

Missing 15 (4) 13 (5 13 4)
Side effects

Mean (SD) 1.56 (0.79) 145 (0.67) 1.53 (0.76)

Median (IQR) 1(1-2) 1(1-2) 1(1-2)

Missing, n (%) 7(2) 21 7 (2)
Well-being (WHO-5)

Mean (SD) 68.9 (18.9) 68.0 (19.4) 69.0 (18.9)

Median (IQR) 72 (60-80) 72 (56-80) 72 (60-80)

Missing, n (%) 10 (3) 3(N 9 (3)
General health

Mean (SD) 262 (0.92) 264 (091) 259 (092

Median (IQR) 3(2-3) 3(2-3) 3(2-3)

Missing, n (%) 7(2) 3(1) 7
Social support for health (HLQ, subscale 4)

Mean (SD) 3.30 (0.54) 3.32 (0.56) 3.30 (0.55)

Median (IQR) 34 (3-3.8) 34 (3-39) 34 (3-3.9)

Missing, n (%) 15 (4) 6(2) 14.(5)
Ability to actively engage with healthcare providers (HLQ, subscale 6)

Mean (SD) 3.87 (0.84) 382 (091) 3.87 (0.84)

Median (IQR) 4 (34-45) 4 (34-4.6) 4 (34-44)

Missing, n (%) 18 (5) 6 (2) 16 (5)
Understanding health information well enough to know what to do (HLQ, subscale 9)

Mean (SD) 4.01 (0.79) 3.94 (0.86) 4.02 (0.77)

Median (IQR) 4 (3.6-4.6) 4 (3.6-4.6) 4 (3.6-4.6)

Missing, n (%) 18 (5) 6(2) 16 (5)
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Table 1 Participant baseline characteristics, N =593 (Continued)
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Variables Intention-to-treat population

Per-protocol population

Intervention arm Control arm Patients who completed the
(open access telePRO): (standard telePRO): open access intervention:
n=346 n=247 n=300
Self-efficacy (GSE)
Mean (SD) 29.35 (6.08) 29.23 (6.73) 29.71 (5.86)
Missing, n (%) 16 (5) 73) 15 (5)

Differences between the arms were evaluated by chi-squared test, Wilcoxon Mann-Whitney test, or unpaired t-test. No p-value < 0.05 was found
SD Standard deviation, /QR Interquartile range, WHO-5 WHO-5 well-being index, HLQ Health literacy questionnaire, GSE General self-efficacy scale

(95% CI: - 1.29 to - 0.04) and - 0.21 (95% CI: — 0.38 to —
0.03), respectively, compared to the standard arm. How-
ever, the mental well-being was lower in the open access
arm than in the standard arm, difference: — 5.95 (95% CI:
-10.81 to - 1.08). No statistically significant differences
were found in the high age group.

Attrition and sensitivity analyses

Web (N =648) and paper responders (N =395) of the
baseline research questionnaire were compared (Fig.
1). Web-responders were younger, had a higher level
of education, and higher scores of health literacy and
self-efficacy. No differences were found in gender,
well-being, and general health. Responders (N =352)

to the follow-up research questionnaire were com-
pared to non-responders (N =241) by using data gath-
ered at baseline. Participants who did not respond
were younger, mean (SD) age 43.2 (17.0) years versus
49.0 (17.0) years, P=0.0001. Furthermore, non-re-
sponders had a lower WHO-5 well-being score, mean
(SD) 65.6 (19.1) versus 70.5 (18.8), P = 0.003, lower scores
of the HLQ 6 “Ability to actively engage with healthcare
providers”, mean (SD) 3.75 (0.90) versus 3.91 (0.83), P=
0.04, lower self-reported general health, P = 0.04, and lower
level of education, P = 0.02. No differences were found with
respect to gender, cohabitation status, “social support for
health” (HLQ 4), “understand health information well
enough to know what to do” (HLQ 9), self-efficacy (GSE),

Table 2 Healthcare utilization during an 18-month follow-up period among outpatients with epilepsy

Primary Intention-to-treat population Per-protocol population
outcome Intervention arm (open Control arm (standard ~ Mean difference Completed the open access Mean difference (95%
access telePRO): telePRO): (95% Cl) intervention: h
N =343 N=243 N =300
Outpatient visits °
Mean (SD) 045 (0.95) 042 (0.86) 0.03 (0.1 to 043 (0.97) 0.04 (-0.12 to 0.20)
Median  0(0-7) 0(0-6) 018) 0(0-7)
(Range)
Telephone consultations °
Mean (SD)  0.99 (1.88) 1.30 (2.46) -0.32 (- 068 to 0.90 (1.80) —0.20 (- 0.55 t0 0.15)
Median 0(0-12) 1(0-22) 005) 0(0-12)
(Range)
Hospitalizations *
Mean (SD)  0.05 (0.29) 0.09 (049) —0.04 (-0.10 to 0.05 (0.25) 0.0002 (-0.05 to 0.05)
Median  0(0-3) 0(0-5) 003) 0(0-2)
(Range)
Emergency room visits °
Mean (SD) 0.07 (0.38) 0.19 (0.72) -0.11 (=021 to 0.06 (0.31) —0.08 (- 0.18 to 0.007)
Median 0 (0-4) 0 (0-7) —oon) 0 (0-3)
(Range)

The estimated intention-to-treat mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with 1000

replications [39]

The estimated per-protocol mean differences and 95% Cls were obtained after multiple linear regression adjusted for gender, age, education, cohabitation status,
epilepsy duration, and seizures last year by using the bootstrap method with 1000 replications [39]

SD Standard deviation, C/ Confidence interval

2at the Department of Neurology, Aarhus University Hospital, ® at Aarhus University Hospital
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Table 3 Patient-reported outcomes measured 18 months after randomization among outpatients with epilepsy

Secondary Intention-to-treat population Per-protocol population

outcomes Intervention arm (open access Control arm (standard Difference ® at 18- mo. Completed the open Difference ° at 18- mo.
telePRO): telePRO): follow-up (95% CI) access intervention: follow-up (95% CI)
N=202 N=150 N=195

Well-being (WHO-5)
Mean (SD) 66.99 (19.45) 69.29 (18.01) —3.21 (-6.38 to —0.05) 66.94 (19.64) —3.26 (-6.68 to 0.16)
Missing, n (%) 4 (2) 4 (3) 3(2)

Social support for health (HLQ 4)
Mean (SD) 3.24 (0.60) 338 (0.53) —0.08 (-0.17 to 0.02) 3.24 (0.61) —0.04(-0.14 to 0.07)
Missing, n (%) 52 4(3) 5@3)

Ability to actively engage with healthcare providers (HLQ 6)
Mean (SD) 3.84 (0.82) 3.87 (0.89) —0.05 (-0.21 to0 0.10) 385 (0.82) —0.04 (- 0.20 to 0.14)
Missing, n (%) 6 (3) 4 (3) 6(3)

Understanding health information well enough to know what to do (HLQ 9)

Mean (SD) 4.03 (0.77) 3.97 (0.85) 0.009 (-0.13 to 0.15) 4.02 (0.78) 0.04 (=0.12 to 0.20)
Missing, n (%) 6(3) 4(3) 6(3)

Self-efficacy (GSE)
Mean (SD) 29.78 (5.69) 29.73 (6.14) —022 (-1.22t0 0.78) 29.81 (5.75) -0.02 (-1.16 to 1.13)
Missing, n (%) 7 3) 4(3) 7 (4)

General health
Mean (SD) 263 (0.93) 260 (0.82) 0.05 (=0.10 to 0.19) 261 (0.94) 0.06 (—0.11 to 0.22)
Missing, n (%) 1 (0.05) 1(0.07) 1 (0.05)

No. of seizure last year

Mean (SD) 2.50 (11.89) 3.20 (10.21) —0.72 (=320 to 1.75) 252 (12.04) —0.63 (=3.50 to 2.24)
Missing, n (%) 36 (18) 28 (19) 33(17)

Side effects
Mean (SD) 1.54 (0.76) 1.56 (0.83) —0.03 (-0.18 to 0.11) 1.53 (0.77) 0.005 (-0-15 t0 0.17)
Missing, n (%) 6(3) 1(0.07) 6(3)

Patient activation ©
Mean (SD) 342 (0.65) 3.34(0.77) 0.04 (-0.10 to 0.17) 342 (0.65) 0.001 (-0.15 to 0.15)
Missing, n (%) 6 (3) 4 (3) 6(3)

Patient activation ¢

Mean (SD) 322 (0.72) 3.12 (0.75) 001 (-0.13 t0 0.16) 322 (0.73) 0.02 (-0.14 t0 0.17)
Missing, n (%) 50) 4(3) 5

Confidence
Mean (SD) 1.39 (0.65) 133 (0.53) 0.03 (<09 to 0.16) 1.39 (0.65) 0.06 (-0.07 to 0.20)
Missing, n (%) 21 (10) 9 (6) 20 (10)

Safety
Mean (SD) 141 (0.70) 1.35 (0.56) 0.02 (-0.12 t0 0.16) 141 (0.70) 0.07 (-0.09 to 0.23)
Missing, n (%) 37 (18) 14 (9) 36 (18)

Satisfaction
Mean (SD) 1.63 (0.68) 1.61 (0.59) 0.01 (-0.13 t0 0.15) 1.63 (0.69) 0.05 (-0.11 t0 0.20)
Missing, n (%) 35(17) 18 (12) 34 (17)

SD Standard deviation, C/ Confidence interval, WHO-5 WHO-5 well-being index, HLQ Health literacy questionnaire, GSE General self-efficacy scale

*The estimated intention-to-treat differences and 95% Cls were obtained after multiple linear regression adjusted for baseline measure

PThe estimated per-protocol differences and 95% Cls were obtained after multiple linear regression adjusted for baseline measure, gender, age, education,
cohabitation status, epilepsy duration, and seizures last year

I am confident that | can tell when | need to get outpatient care

9 am confident | can figure out solutions when new situations or problems arise with my health condition
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side effects, seizures during last year, and duration of
epilepsy.

The sensitivity analyses showed that the difference in the
WHO-5 score changed to not statistically significant if the
missing data at follow-up were based on a 5-point lower
baseline value in the standard arm, but were unchanged in
the open access arm, 0.11 (95% CI: — 1.84 to 2.07) and a 5-
point higher baseline value in the open access arm, but were
unchanged in the standard arm, 0.18 (95% CIL: - 1.81 to
2.17) (Additional file 3, page 10). The difference became
stronger if the missing data was based on a 5-point higher
baseline value in the standard arm, but were unchanged in
the open access arm, — 3.83 (95% CI: - 5.78 to — 1.88) and a
5-point lower baseline value in the open access arm, but
were unchanged in the standard arm, - 4.02 (95% CI: - 5.94
to — 2.10).

Process evaluation in the open access arm

Overall, activity in terms of number of logins to the “My
Epilepsy” web site and questionnaires filled in initiated
by the patients decreased during the follow-up period
(Fig. 2). At the same time, an increased number of re-
minders were sent to patients; the response rate (37%)
was, however, low.

Discussion
The open access telePRO intervention showed no statisti-
cally significant differences in use of health care resources
in terms of telephone consultations, outpatient visits, or
hospital admissions compared to standard telePRO fol-
low-up. The open access arm had a statistically significant,
slightly lower mean number of emergency room visits. No
statistically significant differences were found in clinical
outcome measures such as mortality, number of seizures,
and side effects. Further, for patient-centered outcome
measures, the mental well-being was statistically signifi-
cantly lower in the open access arm than in the standard
arm, but there were no differences in general health status.
No statistically significant differences were found in pa-
tient self-management and health service evaluation.
Effectiveness in terms of use of health care resources in
an open access or a telemedicine intervention has been in-
vestigated in other studies, which have reported a lower
number of outpatient visits in the intervention group than
in the control group in patients with inflammatory bowel
disease [37, 40, 41] and rheumatoid arthritis [42, 43].
However, in these studies the control group was offered
pre-scheduled follow-up appointments in the clinic. This
was not the case in our study, as the standard arm was an-
other model of PRO-based follow-up, not traditional fol-
low-up with fixed appointments. As a consequence, the
contrast between the two arms was relatively low in our
study, which may explain why there was small or no dif-
ferences between the two types of PRO-based follow-up.
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Preferably, both study arms in this study should be com-
pared with patients who received face-to-face follow-up.
However, since standard telePRO was standard care for
2500 outpatients with epilepsy at Aarhus University Hos-
pital in 2016, this option was limited. By including patients
already attending standard telePRO follow-up, we took
advantage of recruiting a large proportion of prevalent pa-
tients within 6 months. Although, another study could be
based on new patients, as they could be randomized to
the two different PRO-based follow-up arms used in this
study or traditional face-to-face follow-up. However, this
design was not customized according to clinical practice
in the department and recruitment of new patients would
require a much longer recruitment period, as the depart-
ment receives approximately only 250 new patients yearly.
Still, we found it relevant to investigate whether a more
tailored individual follow-up method initiated by the pa-
tients could lead to further benefits for the patients and
the health care system, as the fixed-interval PRO-based
model is primary driven by clinicians who determine the
questionnaire intervals. Our findings related to clinical out-
comes are in accordance with results from other studies in
patients with rheumatoid arthritis [42, 43], inflammatory
bowel disease [41], and chronic obstructive pulmonary dis-
ease [44], which also found no differences in disease activity.
In addition, a review reported similar health-related quality
of life and psychological outcomes in patient-initiated fol-
low-up compared to traditional follow-up [18]. Patients in
the open access arm in our study reported a statistically
lower self-reported mental well-being than those in the
standard arm; however, the difference was small and prob-
ably not clinically significant, since a clinically relevant
change on the WHO-5 scale is considered to be 10 points
[27]. Further, the measurement error of WHO-5 has been
estimated to be around 20 points in an epilepsy outpatient
population, and this should be taken into consideration
when using the scale to measure change over time [45].

The main strength of this study was the pragmatic ran-
domized design customized according to real life imple-
mentation of PRO-based follow-up in clinical practice.
Furthermore, the study included a large study sample, and
loss to follow-up in the analyses of the primary outcome
was limited. However, some limitations should be noted.
The baseline level of the HLQ subscales and the GSE in
the epilepsy population was nearly the same as the in Da-
nish population as a whole [31, 32]; thus a ceiling effect
occurred, and it became difficult to observe improvement
in these constructs over time. Another limitation was the
low response rate of the questionnaires at 18-month fol-
low-up. Only approximately 60% of the patients in both
arms responded; thus, selection bias cannot be ruled out.
The sensitivity analyses of self-reported WHO-5 well-being
showed that the results could potentially be both underesti-
mated or moved toward the null hypothesis of no effect. All
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Fig. 2 Activity in the open access arm (N = 346) during follow-up in terms of logins to the "My Epilepsy” web site at Sundhed.dk, questionnaires
responses initiated by patients, and questionnaire responses of reminders sent to patients

Aug 2017-Feb 2018

eligible patients were referred to standard telePRO; there-
fore, we decided to use a pre-randomization design with few
inclusion criteria. However, this study only included patients
who were able to fill in the questionnaire via the Internet.
As shown in Fig. 1, this is a selected standard telePRO group
of patients because 395 paper responders (38%) were ex-
cluded. This should be taken into consideration in the
generalization of the results.

Non-adherence to the use of health technology inter-
ventions is a common problem [46]. Participants make
use of the intervention differently and not all continue to
use the intervention as intended [46]. Data from Fig. 2 in-
dicate that the number of patients who actually used the
open access website was low. It is important to explain

program failures if the intervention does not function as
intended. Greenhalgh et al. describe the complexities of
predicting if or how people engage with health technology
in a new theoretical framework [47]. The framework in-
cludes seven domains: the condition, the technology, the
value proposition, the adopter system, the organization,
the wider societal context, and the interaction between
these domains over time [47]. We have used elements of
this framework to discuss challenges related to the open
access intervention. At the organizational level, much ef-
fort was put into developing the intervention, but the im-
plementation strategy was probably insufficient, leading to
issues related to knowledge and confidence in using the
intervention as intended by the patients. Information
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about the intervention was mailed to the participants only
once during the follow-up period, and the participants were
expected to take action by themselves if they declined to
participate in the open access arm. At the individual patient
level, the open access intervention demanded some self-
management skills because the patients were expected to
actively interact with the health care system. However, pa-
tients are only activated if “they understand their role in the
health care process and have the knowledge, skills and con-
fidence to carry it out” [2]. There could be resistance by the
patients regarding filling in a questionnaire in order to get
in contact with the clinic, as they might have found it easier
to call the clinic if they needed to talk to a clinician. Resist-
ance could also be related to technical issues, for example,
the login procedure to the open access website required
some extra steps, and technical problems were experienced
by some patients. Qualitative data regarding the patient
perspective will be further investigated.

Conclusion

There is growing need for health care strategies to man-
age more effective and patient-centered care. This study
did not find, as hypothesized, less use of health care re-
sources or improved patient self-management or satis-
faction in the patient-initiated PRO-based initiative
compared to fixed-interval PRO-based follow-up. Pa-
tient-initiated PRO-based follow-up may be used as an
alternative to fixed-interval PRO-based follow-up in epi-
lepsy outpatients who prefer this approach, but there is
insufficient evidence for recommending a system-wide
shift to patient-initiated PRO-based follow-up. How pa-
tients are allocated to this health care service is import-
ant, and individuals’ self-management skills should be
taken into consideration. Further work should explore
the effects of using a patient-initiated PRO-based inter-
vention in clinical practice, preferably, comparing these
patients with patients using a fixed-appointment follow-
up procedure.
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Table 1. Information for Reporting Randomized Controlled Trials With Patient reported Outcomes

Section/Topic tem CONSORT 2010 Statement Checklist ltem PRO-Specific Extensions Are Prefaced by the letter P
Title and Abstract
1a Identification as a randomized trial in the title
1b Structured summary of trial design, methods, results, and P1b: The PRO should be identified in the abstract as a
conclusions (for specific guidance see CONSORT for primary or secondary outcome
abstractsy’
Introduction
Background and objectives 2a Scientific background and explanation of rationale Including background and rationale for PRO assessment
2b Specific objectives or hypotheses P2b: The PRO hypothesis should be stated and relevant
domains identified, if applicable
Methods
Trial design 3a Description of trial design (such as parallel, factorial),
including allocation ratio
3b Important changes to methods after trial commencement
(such as eligibility criteria), with reasons
Participants 4a Eligibility criteria for participants Not PRO-specific, unless the PROs were used in eligibility
or stratification criteria
4b Settings and locations where the data were collected
Interventions 5 The interventions for eacndgroup with sufficient details to
allow replication, including how and when they were
actually administered
Qutcomes Ga Completely defined prespecified primary and secondary P6a: Evidence of PRO instrument validity and refiability
outcome measures, including how and when they should be provided or cited if available including the
were assessed person completing the PRO and methods of data
collection (paper, telephone, electronic, other)
6b Any changes to trial outcomes after the trial commenced,
with reasons
Sample size 7a How sample size was determined Not required for PRO unless it is a primary study outcome
7b When applicable, explanation of any interim analysss and
stopping guidelines
Randomization
Sequence generation 8a Method used to generate the random allocation sequence
8b Type of randomization; details of any restriction (such as
blocking and block size)
Allocation concealment 2] Mechanism used to implement the random allocation
mechanism sequence (such as sequentially numbered containers),
describing any steps taken to conceal the sequence
until interventions were assigned
Implementation 10 Who generated the random allocation sequence, who
enrolled participants, and who assigned participants
to interventions
Biinding 1a If done, who was blinded after assignment to interventions
(for example, participants, care providers, those
assessing outcomes) and how
11b If relevant, description of the similarity of interventions
Statistical methods 12a Statistical methods used to compare groups for primary P12a; Statistical approaches for dealing with missing data
and secondary outcomes are explicitly stated
12b Methods for additional analyses, such as subgroup
analyses and adjusted analyses
Results
Participant flow (a diagramis  13a For each group, the numbers of participants who were The number of PRO outcome data at baseline and at
strongly recommended) randomly assigned, received intended treatment, subsequent time points should be made transparent
and were analyzed for the primary outcome
13b For each group, losses and exclusions after randomization,
together with reasons
Recruitment 14a Dates defining the periods of recruitment and follow-up
14b Why the trial ended or was stopped
Baseline data 15 A table showing baseline demographic and clinical Including baseline PRO data when collected
characteristics for each group
Numbers analyzed 16 For each group, number of participants (denominator) Required for PRO results
included in each analysis and whether the analysis was
by original assigned groups
Qutcomes and estimation 17a For each primary and secondary cutcome, results for each For multidimensional PRO results from each domain and
group, the estimated effect size, and its precision (such time point
as 95% confidence interval)
17b For binary outcomes, presentation of both absclute and
relative effect sizes is recommended
Ancillary analyses 18 Results of any other analyses performed, including subgroup  Including PRO analyses, where relevant
analyses and adjusted analyses, distinguishing
prespecified from exploratory
Harms 19 All important harms or unintended effects in each group
(for specific guidance see CONSORT for harms)
Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, P20/21: PRO-specific limitations and implications for
imprecision, and, if relevant, multiplicity of analyses generalizability and clinical practice
Generalizability 21 Generalizability (external validity, applicability) of the trial
findings
Interpretation 22 Interpretation consistent with results, balancing benefits and PRO data should be interpreted in relation to clinical
harms, and considering other relevant evidence outcomes including survival data, where relevant
Cther Information
Registration 23 Registration number and name of trial registry
Protecol 24 Where the full trial protocol can be accessed, if available
Funding 25 Sources of funding and other support (such as supply of

drugs), role of funders
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Additional file 3

Supplemental analyses

Analyses stratified on age

AGE HIGH (Age at baseline > 45.7 years)

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=169 N=124 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.41 (0.97) | 0.38 (0.88) | 0.04 (—0.18 to 0.25)
Median (Range) 0(0-7) 0 (0-6)

Telephone consultations *
Mean (SD) 0.86 (1.62) | 0.85(1.39) | 0.01(—0.33 to 0.35)
Median (Range) 0 (0-10) 1 (0-10)

Hospitalizations *
Mean (SD) 0.08 (0.36) | 0.06 (0.26) | 0.02 (—0.05 to 0.09)
Median (Range) 0 (0-3) 0 (0-2)

Emergency room visits °
Mean (SD) 0.08 (0.41) | 0.10(0.42) | —0.02 (—0.12 to 0.08)
Median (Range) 004 0(0-3)

“at the Department of Neurology, Aarhus University Hospital, ° at Aarhus University Hospital
SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat

The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with

1000 replications.

AGE LOW (Age at baseline < 45.7 years)

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=174 N=119 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.48 (0.93) | 0.45(0.84) 0.03 (—0.18 to 0.24)
Median (Range) 0 (0-6) 0 (0-5)

Telephone consultations *
Mean (SD) 1.11(2.09) | 1.78 (3.16) | —0.67 (—1.29 to —0.04)
Median (Range) 0(0-12) 1 (0-22)

Hospitalizations *
Mean (SD) 0.02 (0.18) | 0.12 (0.65) | —0.09 (—0.22 to 0.03)
Median (Range) 0(0-2) 0 (0-5)

Emergency room visits
Mean (SD) 0.06 (0.34) | 0.27 (0.94) | —0.21 (—0.38 to —0.03)
Median (Range) 0 (0-3) 0 (0-7)

2 at the Department of Neurology, Aarhus University Hospital, ® at Aarhus University Hospital
SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat

The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with

1000 replications.
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Analyses stratified on age
AGE HIGH (Age at baseline > 45.7 years)

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N | Open access (ITT) | N | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 107 69.83(19.46) | 89 | 69.48(17.69) —1.36 (=5.59 to0 2.87)

Self-efficacy (GSE)

Mean (SD) 105 30.00(5.52) | 90 | 29.56(5.95) —0.03 (—=1.33 t0 1.27)

HLQ 4

Mean (SD) 106 3.24(0.61) | 90 3.35(0.53) —0.04 (=0.17 to0 0.09)

HLQ 6

Mean (SD) 105 3.89(0.79) | 91 3.85(0.90) —0.07 (=0.27 t0 0.14)

HLQ 9

Mean (SD) 105 4.01(0.79) | 90 3.90(0.88) —0.007 (=0.19 t0 0.17)

General health

Mean (SD) 109 2.68(0.88) | 92 2.66(0.73) 0.04 (—0.14 t0 0.23)

No. of seizure last year

Mean (SD) 93 2.71(13.00) | 76 | 3.58(11.00) —0.69 (—4.02 to 2.67)

Treatment side effects

Mean (SD) 108 1.53(0.77) | 92 1.55(0.89) —0.05(-0.26 to 0.15)

Patient activation

Mean (SD) 108 3.39(0.61) | 91 3.27(0.79) 0.08 (—0.09 to 0.25)

Patient activation ©

Mean (SD) 108 3.23(0.68) | 91 3.10(0.80) 0.03(-0.15 to 0.22)

Confidence

Mean (SD) 97 1.38(0.64) | 87 1.30(0.51) 0.01(-0.14 t0 0.17)

Safety

Mean (SD) 88 1.43(0.67) | 82 1.28(0.48) 0.10(=0.07 to 0.27)

Satisfaction

Mean (SD) 91 1.65(0.69) | 79 1.59(0.59) 0.05 (—0.14 to0 0.24)

* The estimated intention-to-treat differences and 95% CIs were obtained after multiple linear regression adjusted for baseline
measure

®T am confident that I can tell when I need to get outpatient care

I am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Analyses stratified on age
AGE LOW (Age at baseline < 45.7 years)

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N | Open access (ITT) | N | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 91 63.65(19.01) | 57 | 68.98(18.66) —5.95 (-10.81 to —1.08)

Self-efficacy (GSE)

Mean (SD) 90 29.52(5.90) | 56 | 30.02(6.47) —0.50 (=2.11 to 1.12)

HLQ 4

Mean (SD) 88 3.25(0.61) | 53 3.42(0.54) —0.14 (=0.29 to 0.006)

HLQ 6

Mean (SD) 88 3.80(0.82) | 55 3.90(0.87) —0.02 (—=0.26 t0 0.21)

HLQ 9

Mean (SD) 88 4.04(0.76) | 55 4.07(0.82) 0.005 (=0.22 to 0.23)

General health

Mean (SD) 92 2.57(0.99) | 57 2.51(0.95) 0.05 (=0.19 to0 0.30)

No. of seizure last year

Mean (SD) 73 2.23(10.39) | 46 2.52(8.83) —0.58 (—4.27 t0 3.12)

Treatment side effects

Mean (SD) 88 1.55(0.76) | 57 1.56(0.71) —0.002(—0.20 to 0.19)

Patient activation

Mean (SD) 88 3.45(0.69) | 55 3.45(0.74) —0.06 (—0.29 t0 0.17)

Patient activation ©

Mean (SD) 89 3.20(0.77) | 55 3.16 (0.66) —0.03(-0.27 to 0.20)

Confidence

Mean (SD) 84 1.40(0.66) | 54 1.37(0.56) 0.05(=0.15 to 0.25)

Safety

Mean (SD) 77 1.39(0.73) | 54 1.46(0.66) —0.09(-0.33 to 0.15)

Satisfaction

Mean (SD) 76 1.61(0.67) | 53 1.62(0.60) —0.03 (—=0.24 t0 0.18)

 The estimated intention-to-treat differences and 95% Cls were obtained after multiple linear regression adjusted for baseline
measure

°] am confident that I can tell when I need to get outpatient care

“T am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Analyses stratified on gender

FEMALE

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=162 N=130 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.55(1.01) | 0.52 (1.04) 0.03 (=0.20 to 0.26)
Median (Range) 0(0-7) 0 (0-6)

Telephone consultations *
Mean (SD) 1.27 (2.17) | 1.62 (2.93) | —0.36 (—0.95 to 0.24)
Median (Range) 0(0-12) 1(0-22)

Hospitalizations *
Mean (SD) 0.02 (0.19) | 0.11 (0.56) | —0.08 (—0.18 to 0.01)
Median (Range) 0(0-2) 0 (0-5)

Emergency room visits
Mean (SD) 0.04 (0.22) | 0.19 (0.75) | —0.16 (—0.29 to —0.02)
Median (Range) 0(0-2) 0(0-7)

“at the Department of Neurology, Aarhus University Hospital, ° at Aarhus University Hospital
SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat

The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with

1000 replications.

MALE

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=181 N=113 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.36 (0.88) | 0.29 (0.58) | 0.07 (—0.10 to 0.23)
Median (Range) 0 (0-6) 0(0-2)

Telephone consultations *
Mean (SD) 0.74 (1.54) | 0.94 (1.71) | —0.20 (—0.59 t0 0.19)
Median (Range) 0(0-10) 1 (0-10)

Hospitalizations *
Mean (SD) 0.07 (0.35) | 0.06 (0.41) | 0.01(—0.08 to 0.10)
Median (Range) 0 (0-3) 0(04)

Emergency room visits
Mean (SD) 0.10(0.48) | 0.18 (0.70) | —0.07 (=0.22 to 0.07)
Median (Range) 0(0—4) 0 (0-6)

“at the Department of Neurology, Aarhus University Hospital, ° at Aarhus University Hospital
SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat

The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with

1000 replications.
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Analyses stratified on gender

FEMALE

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N | Open access (ITT) | NV | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 91 66.24(18.96) | 79 | 67.24(18.91) —2.94 (—7.32 to 1.44)

Self-efficacy (GSE)

Mean (SD) 87 29.29(5.86) | 80 | 29.21(6.19) —0.46 (—1.81 t0 0.89)

HLQ 4

Mean (SD) 89 3.31(0.58) | 78 3.35(0.59) —0.009 (-0.14 t0 0.12)

HLQ 6

Mean (SD) 87 3.89(0.77) | 79 3.93(0.79) —0.11 (—0.29 t0 0.07)

HLQO9

Mean (SD) 87 4.06(0.81) | 79 4.03(0.76) —0.005 (-0.18 t0 0.17)

General health

Mean (SD) 93 2.59(0.89) | 80 2.70(0.83) —0.05 (—0.26 t0 0.16)

No. of seizure last year

Mean (SD) 78 2.32(9.60) | 65 | 3.60(10.80) —1.51 (—4.97 to 1.95)

Treatment side effects

Mean (SD) 90 1.51(0.71) | 80 1.59(0.85) —0.14 (—0.32 to 0.05)

Patient activation

Mean (SD) 90 3.46(0.66) | 79 3.39(0.72) 0.08 (-0.12 t0 0.27)

Patient activation °

Mean (SD) 91 3.26(0.73) | 79 3.08(0.73) 0.12 (-0.08 to 0.32)

Confidence

Mean (SD) 86 1.34(0.59) | 76 1.29(0.51) —0.02(—-0.18 to 0.13)

Safety

Mean (SD) 80 1.34(0.57) | 74 1.36(0.56) —0.08(—0.25 to 0.10)

Satisfaction

Mean (SD) 82 1.65(0.64) | 69 1.58(0.55) 0.04 (—0.15 to 0.24)

* The estimated intention-to-treat differences and 95% ClIs were obtained after multiple linear regression adjusted for baseline
measure

®T am confident that I can tell when I need to get outpatient care

I am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Analyses stratified on gender

MALE

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N Open access (ITT) | N | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 107 67.63(19.93) | 67 | 71.70(16.70) —3.74 (—8.42 t0 0.93)

Self-efficacy (GSE)

Mean (SD) 90 30.18(5.55) | 66 | 30.36(6.06) —0.09 (—1.59 to 1.42)

HLQ 4

Mean (SD) 105 3.19(0.62) | 65 3.41(0.50) —0.15 (—0.29 to —0.002)

HLQ 6

Mean (SD) 106 3.82(0.83) | 67 3.79(0.99) 0.05 (-0.19 to0 0.30)

HLQO9

Mean (SD) 106 3.99(0.75) | 66 3.89(0.96) 0.04 (-0.18 t0 0.27)

General health

Mean (SD) 108 2.66(0.97) | 69 2.49(0.80) 0.12 (=0.09 to 0.34)

No. of seizure last year

Mean (SD) 88 2.66(13.66) | 57 2.70(9.57) 0.24 (-2.27 t0 2.75)

Treatment side effects

Mean (SD) 106 1.56(0.81) | 69 1.52(0.80) 0.05 (=0.17 to 0.28)

Patient activation

Mean (SD) 106 3.39(0.64) | 67 3.28(0.83) —0.007 (=0.21 to 0.19)

Patient activation °

Mean (SD) 106 3.18(0.74) | 67 3.18 (0.78) —0.10(—0.32 t0 0.11)

Confidence

Mean (SD) 95 1.44(0.70) | 65 1.37(0.55) 0.08 (-0.12 t0 0.27)

Safety

Mean (SD) 85 1.48(0.80) | 62 1.34(0.57) 0.12(—0.10 to 0.34)

Satisfaction

Mean (SD) 85 1.61(0.73) | 63 1.63(0.63) —0.02 (—0.23 t0 0.18)

* The estimated intention-to-treat differences and 95% CIs were obtained after multiple linear regression adjusted for baseline
measure

°] am confident that I can tell when I need to get outpatient care

“T am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Analyses stratified on health literacy 'Social support for health" (HLQ4)

HLQ 4 HIGH (HLQ 4 scale measured at baseline > 3.4)

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=136 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.43 (0.91) | 0.40 (0.93) 0.03 (=0.16 t0 0.23)
Median (Range) 0 (0-6) 0 (0-6)

Telephone consultations *
Mean (SD) 1.04 (1.78) | 1.31(2.18) | —0.27 (—0.72 to 0.19)
Median (Range) 0 (0-10) 1(0-12)

Hospitalizations *
Mean (SD) 0.03 (0.21) | 0.05(0.49) | —0.02 (—0.07 to 0.03)
Median (Range) 0 (0-2) 0 (0-2)

Emergency room visits
Mean (SD) 0.05(0.24) | 0.15(0.45) | —0.11 (—0.19 to —0.02)
Median (Range) 0(0-2) 0(0-3)

%at the Department of Neurology, Aarhus University Hospital, ® at Aarhus University Hospital

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat
The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with
1000 replications.

HLQ 4 LOW (HLQ 4 scale measured at baseline < 3.4)

Health care utilization during an 18-month follow-up period among outpatients with epilepsy

Primary outcomes Open access (ITT) | Control ITT
N=175 N=113 Mean difference
(95%CI)

Outpatient visits *
Mean (SD) 0.45(0.96) | 0.42 (0.75) | 0.03 (—0.17 to 0.23)
Median (Range) 0(0-7) 0(0-3)

Telephone consultations *
Mean (SD) 0.92(1.92) | 1.32(2.76) | —0.40 (—0.98 t0 0.18)
Median (Range) 0(0-12) 1 (0-22)

Hospitalizations *
Mean (SD) 0.06 (0.34) | 0.12 (0.67) | —0.06 (—=0.19 t00.07)
Median (Range) 0(0-3) 0 (0-5)

Emergency room visits
Mean (SD) 0.10 (0.48) | 0.22 (0.94) | —0.12 (—0.31 to 0.06)
Median (Range) 0 (04 0 (0-7)

2 at the Department of Neurology, Aarhus University Hospital, ® at Aarhus University Hospital
SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat

The estimated IIT mean differences and 95% Cls were obtained after simple linear regression by using the bootstrap method with

1000 replications.
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Analyses stratified on health literacy 'Social support for health” (HLQ4)

HLQ 4 HIGH (HLQ 4 scale measured at baseline > 3.4)

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N Open access (ITT) | N | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 115 70.64(17.39) | 89 | 69.29(18.01) —3.68 (—7.39 t0 0.03)

Self-efficacy (GSE)

Mean (SD) 112 31.01(5.72) | 90 | 30.96(5.42) —0.03 (—1.32 to 1.26)

General health

Mean (SD) 115 2.42(0.87) | 92 2.41(0.71) 0.06 (—0.12 to 0.25)

No. of seizure last year

Mean (SD) 98 2.19(11.36) | 78 2.69(9.84) —0.34 (=3.60 to 2.92)

Treatment side effects

Mean (SD) 115 1.46(0.72) | 92 1.52(0.84) —0.05(=0.23 t0 0.13)

Patient activation °

Mean (SD) 113 3.54(0.64) | 90 3.46(0.75) 0.06 (—0.12 to 0.23)

Patient activation ©

Mean (SD) 113 3.33(0.70) | 90 3.21(0.79) —0.003(—0.20 to 0.19)

Confidence

Mean (SD) 104 1.31(0.58) | 86 1.29(0.51) —0.03(-0.17t0 0.11)

Safety

Mean (SD) 98 1.34(0.67) | 82 1.30(0.51) 0.02(—0.16 to 0.19)

Satisfaction

Mean (SD) 98 1.51(0.63) | 81 1.56(0.63) —0.03 (—0.21 t0 0.15)

* The estimated intention-to-treat differences and 95% CIs were obtained after multiple linear regression adjusted for baseline
measure

®1 am confident that I can tell when I need to get outpatient care

I am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Analyses stratified on health literacy 'Social support for health" (HLQ4)

HLQ 4 LOW (HLQ 4 scale measured at baseline < 3.4)

Patient-reported outcomes measured 18 months after randomization among outpatients with
epilepsy

Secondary outcomes | N | Open access (ITT) | N | Control ITT: Difference * at
18-mo. follow-up (95%CI)

Well-being (WHO-5)

Mean (SD) 93 63.31(20.62) | 61 | 64.98(20.63) —2.73 (—8.08 t0 2.62)

Self-efficacy (GSE)

Mean (SD) 93 28.32(5.04) | 59 | 27.76(6.60) —0.26 (—1.83 to 1.31)

General health

Mean (SD) 96 2.85(0.93) | 61 2.87(0.92) 0.03 (-0.20 to 0.26)

No. of seizure last year

Mean (SD) 81 2.60(11.99) | 47 | 3.83(10.58) —2.04 (—5.43 to 1.35)

Treatment side effects

Mean (SD) 91 1.60(0.80) | 61 1.61(0.78) —0.02(-0.25 to0 0.21)

Patient activation

Mean (SD) 93 3.28(0.61) | 58 3.17(0.78) 0.06 (=0.16 t0 0.29)

Patient activation °

Mean (SD) 94 3.11(0.71) | 58 3.00 (0.68) 0.03(—0.20 to0 0.26)

Confidence

Mean (SD) 85 1.51(0.72) | 57 1.39(0.56) 0.10(—0.11 t0 0.32)

Safety

Mean (SD) 73 1.49(0.71) | 56 1.43(0.63) 0.01(—0.22 to 0.25)

Satisfaction

Mean (SD) 77 1.75(0.71) | 53 1.68(0.51) 0.05 (-0.17 to 0.28)

 The estimated intention-to-treat differences and 95% Cls were obtained after multiple linear regression adjusted for baseline
measure

°] am confident that I can tell when I need to get outpatient care

“T am confident I can figure out solutions when new situations or problems arise with my health condition

SD: Standard deviation; CI: Confidence interval; ITT: Intention-to-treat; WHO-5: WHO-5 Well-being Index; GSE: General Self-
efficacy Scale; HLQ: Health Literacy Questionnaire
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Sensitivity analyses of WHO-5 Well-being Index

Sensitivity analyses were performed to establish the impact of missing self-reported data in WHO-5
Well-Being Index. The response rate of the follow-up questionnaire was approximately 60%.

Mean and standard deviation (SD) of the WHO-5 Well-being Index measured at baseline and at
follow-up (18 months after randomization):

Intervention arm Control arm
(open access telePRO) | (standard telePRO)
N=2346 N =247

Baseline WHO-5
Mean (SD) 68.9 (18.9) 68.0 (19.4)
Missing, n (%) 10 (3) 3(D)
Follow-up WHO-5
Mean (SD) 67.0 (19.45) 69.3 (18.01)
Missing, n (%) 144 (42) 97 (39)

If the WHO-5 score was missing at follow-up, the score was imputed by using the WHO-5 score
from the baseline questionnaire. Four scenarios regarding the imputed follow-up values were
considered:

Analysis 1
Intervention arm: Baseline WHO reduced with 5 points
Control arm: WHO-5 baseline unchanged

Analysis 2
Intervention arm: WHO-5 baseline unchanged
Control arm: Baseline WHO reduced with 5 points

Analysis 3
Intervention arm: Baseline WHO increased with 5 points
Control arm: WHO-5 baseline unchanged

Analysis 4
Intervention arm: WHO-5 baseline unchanged
Control arm: Baseline WHO increased with 5 points

Then, between-arm differences in the WHO-5 score at follow-up were analyzed by multiple linear
regression adjusted for the baseline WHO-5 value. Patients who died or emigrated (N = 7) or had
missing WHO-5 scores at both baseline and follow-up (N=3) were not included in the analyses.

WHO-5 Well-being | Intervention arm | Control arm | Difference at 18 mo. follow-up
N=341 N=242 (95% Confidence interval)
Analysis 1
WHO-5 mean (SD) 64.4 (19.5) 67.7 (18.6) —4.02 (—5.94 to —2.10)
Analysis 2
WHO-5 mean (SD) 66.5(19.3) 65.8 (19.0) 0.11 (-1.84 t0 2.07)
Analysis 3
WHO-5 mean (SD) 68.5(19.3) 67.7 (18.6) 0.18 (-1.81t02.17)
Analysis 4
WHO-5 mean (SD) 66.5(19.3) 69.7 (18.5) —3.83 (=5.78 to —1.88)

10



Additional file 3

The randomization computer code
The randomization was programmed in the computer language PHP:

$fraction= round(mt_rand() / mt_getrandmax(),4); //generates random decimal fraction between
0.000 and 1.000

IF($fraction>0.45)
$allocation="OpenAccess';
ELSE

$allocation='"Normal';

11
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APPENDIX 1: Detailed search strategy within themes and papers

Theme 1: Effect of using PRO measures in clinical practice

PRO Clinical practice

Patient Reported Outcome Measures (Mesh) | Outpatient clinics, Hospital (Mesh)

Patient reported outcome* (Text Word) Ambulatory Care (Mesh)

Self reported health status (Text Word) Clinical Decision-Making (Mesh)

Self reported outcome* (Text Word) Monitoring, Ambulatory (Mesh)

Self reported patient outcome* (Text Word) | Secondary Care (Mesh)

Selfreported (Text Word) Primary Health Care (Mesh)

ePROM (Text Word) Clinical practice (Text Word)

ePRO (Text Word) Follow up (Text Word)

Electronic symptom reporting (Text Word) Clinical care (Text Word)

Symptom reporting (Text Word) Clinical setting (Text Word)

Patient reported data (Text Word) Oncologic setting

Health care service* (Text Word)

Feedback (Text Word)

(CCCCCCCCC(("Patient Reported Outcome Measures"[Mesh]) OR patient reported outcome*[Text
Word]) OR Self reported health status[Text Word]) OR Self reported outcome*[Text Word]) OR
Self reported patient outcome*[Text Word]) OR Selfreported[Text Word]) OR ePROM[Text
Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR Electronic symptom
reporting[Text Word]) OR Patient reported data[Text Word])) AND ((((((((((((("Outpatient
Clinics, Hospital"[Mesh]) OR "Ambulatory Care"[Mesh]) OR "Clinical Decision-Making"[Mesh])
OR "Monitoring, Ambulatory"[Mesh]) OR "Secondary Care"[Mesh]) OR "Primary Health
Care"[Mesh]) OR clinical practice[Text Word]) OR follow up[Text Word]) OR clinical care[Text
Word]) OR clinical setting[Text Word]) OR oncologic setting[Text Word]) OR health care
service*[Text Word]) OR feedback[Text Word])

Theme 2: Effect of using PRO measures in remote patient management

PRO Remote monitoring

Patient Reported Outcome Measures (Mesh) | Telemedicine (Mesh)

Patient reported outcome* (Text Word)

Remote monitoring (Text Word)

Self reported health status (Text Word)

Remote patient monitoring (Text Word)

Self reported outcome* (Text Word)

Remote patient management (Text Word)

Self reported patient outcome* (Text Word)

Remote patient follow-up (Text Word)

Selfreported (Text Word)

Remote follow-up (Text Word)

ePROM (Text Word)

Symptom monitoring (Text Word)

ePRO (Text Word) Mediated follow up (Text Word)

Electronic symptom reporting (Text Word) Ambulatory Care (Mesh)

Symptom reporting (Text Word) Outpatient clinic, Hospital (Mesh)

Patient reported data (Text Word)

Monitoring, Ambulatory (Mesh)

(CCCCCC(((("Patient Reported Outcome Measures"[Mesh]) OR patient reported outcome*[Text
Word]) OR Self reported health status[Text Word]) OR Self reported outcome*[Text Word]) OR
Self reported patient outcome*[Text Word]) OR Selfreported[Text Word]) OR ePROM[Text
Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR Electronic symptom
reporting[Text Word]) OR Patient reported data[Text Word])) AND
(((C((("Telemedicine"[Mesh]) OR remote monitoring[ Text Word]) OR Remote patient
monitoring[Text Word]) OR Remote patient management[Text Word]) OR Remote patient
follow-up[Text Word]) OR Remote follow-up[Text Word]) OR Symptom monitoring[Text Word])
OR Mediated follow up[Text Word]) OR "Ambulatory Care"[Mesh]) OR "Outpatient Clinics,
Hospital"[Mesh]) OR "Monitoring, Ambulatory"[Mesh])



APPENDIX 1: Detailed search strategy within themes and papers

Theme 3 + Paper IV: Effect of using PRO measures in patient-initiated follow-up

Patient-initiated PRO

Patient initiated follow up (Text Word) | Patient Reported Outcome Measures (Mesh)

Patient initiated followup (Text Word) | Patient reported outcome* (Text Word)

Patient initiated clinics (Text Word) Self reported health status (Text Word)

Open access follow up (Text Word) Self reported outcome* (Text Word)

Open access followup (Text Word) Self reported patient outcome* (Text Word)

Direct access follow up (Text Word) Selfreported (Text Word)

Direct access followup (Text Word) ePROM (Text Word)

ePRO (Text Word)

Electronic symptom reporting (Text Word)

Symptom reporting (Text Word)

Patient reported data (Text Word)

((((((Patient initiated follow up[Text Word]) OR Patient initiated followup[Text Word]) OR
Patient initiated clinics[Text Word]) OR Open access follow up[Text Word]) OR Open access
followup[Text Word]) OR Direct access follow up[Text Word]) OR Direct access followup[Text
Word]

(((((((((Patient initiated follow up[Text Word]) OR Patient initiated followup[Text Word]) OR
Patient initiated clinics[Text Word]) OR Open access follow up[Text Word]) OR Open access
followup[Text Word]) OR Direct access follow up[Text Word]) OR Direct access followup[Text
Word])) AND ((((((((((("Patient Reported Outcome Measures"[Mesh]) OR patient reported
outcome*[Text Word]) OR Self reported health status[Text Word]) OR Self reported
outcome*[Text Word]) OR Self reported patient outcome*[Text Word]) OR Selfreported[Text
Word]) OR ePROM[Text Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR
Electronic symptom reporting[Text Word]) OR Patient reported data[Text Word]))

Paper I: Questionnaire non-response characteristics

PRO & Questionnaire Non-response

Patient Reported Outcome Measures (Mesh) | Non respon* (Text Word)

Patient reported outcome* (Text Word)

Self reported health status (Text Word)

Self reported outcome* (Text Word)

Self reported patient outcome* (Text Word)

Selfreported (Text Word)

ePROM (Text Word)

ePRO (Text Word)

Electronic symptom reporting (Text Word)

Symptom reporting (Text Word)

Patient reported data (Text Word)

Surveys and questionnaires (Mesh)

(CCCCCCC((("Patient Reported Outcome Measures"[Mesh]) OR patient reported outcome*[Text
Word]) OR Self reported health status[Text Word]) OR Self reported outcome*[Text Word]) OR
Self reported patient outcome*[Text Word]) OR Selfreported[Text Word]) OR ePROM[Text
Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR Electronic symptom
reporting[Text Word]) OR Patient reported data[Text Word]) OR ("Surveys and
Questionnaires"[Mesh]))) AND Non respon*[Text Word])



APPENDIX 1: Detailed search strategy within themes and papers

Paper lI: Test-retest reliability of PRO-algorithm used in clinical decision support

PRO Clinical practice Epilepsy
Patient Reported Outcome Measures Outpatient clinics, Hospital Epilepsy
(Mesh) (Mesh) (Mesh)
Patient reported outcome* (Text Word) Ambulatory Care (Mesh)
Self reported health status (Text Word) Clinical Decision-Making (Mesh)
Self reported outcome* (Text Word) Monitoring, Ambulatory (Mesh)
Self reported patient outcome* (Text Secondary Care (Mesh)
Word)
Selfreported (Text Word) Primary Health Care (Mesh)
ePROM (Text Word) Clinical practice (Text Word)
ePRO (Text Word) Follow up (Text Word)
Electronic symptom reporting (Text Word) | Clinical care (Text Word)
Symptom reporting (Text Word) Clinical setting (Text Word)
Patient reported data (Text Word) Oncologic setting
Health care service* (Text Word)
Feedback (Text Word)

(CCCCCCC(("Patient Reported Outcome Measures"[Mesh]) OR patient reported outcome*[Text
Word]) OR Self reported health status[Text Word]) OR Self reported outcome*[Text Word]) OR
Self reported patient outcome*[Text Word]) OR Selfreported[Text Word]) OR ePROM[Text
Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR Electronic symptom
reporting[Text Word]) OR Patient reported data[Text Word])) AND "Epilepsy"[Mesh])

(CCCCCCC(("Patient Reported Outcome Measures"[Mesh]) OR patient reported outcome*[Text
Word]) OR Self reported health status[Text Word]) OR Self reported outcome*[Text Word]) OR
Self reported patient outcome*[Text Word]) OR Selfreported[Text Word]) OR ePROM[Text
Word]) OR ePRO[Text Word]) OR symptom reporting[Text Word]) OR Electronic symptom
reporting[Text Word]) OR Patient reported data[Text Word])) AND ((((((((((((("Outpatient
Clinics, Hospital"[Mesh]) OR "Ambulatory Care"[Mesh]) OR "Clinical Decision-Making"[Mesh])
OR "Monitoring, Ambulatory"[Mesh]) OR "Secondary Care"[Mesh]) OR "Primary Health
Care"[Mesh]) OR clinical practice[Text Word]) OR follow up[Text Word]) OR clinical care[Text
Word]) OR clinical setting[Text Word]) OR oncologic setting[ Text Word]) OR health care
service*[Text Word]) OR feedback[Text Word])) AND "Epilepsy"[Mesh]




APPENDIX 1: Detailed search strategy within themes and papers

Paper llI: Test-retest reliability of WHO-5 Well-Being Index

WHO-5 Well-Being Index Reliability Epilepsy
WHO-5 well-being index Validation studies as topic [Mesh] | Epilepsy (Mesh)
WHO-5 well-being index [Text Word] | Reproducibility of results [Mesh]

WHO-5 well-being Reliability [Text Word]

WHO-5 well-being [Text Word] Reproducibility [Text Word]

WHO-5 wellbeing Test-retest relilability [Text Word]

WHO-5 wellbeing [Text Word] Test-retest study [Text Word]

WHO-5 index Test-retest [Text Word]

WHO-5 index [Text Word] Measurement error [Text Word]

WHO-5 score*

WHO-5 score* [Text Word]

WHO-5 scale*

WHO-5 scale* [Text Word]

WHO-5 questionnaire

WHO-5 questionnaire [Text Word]

WHO-5

WHO-5 [Text Word]

CCCCCCECECC(((WHO-5 well-being index) OR WHO-5 well-being index[Text Word]) OR WHO-5
well-being) OR WHO-5 well-being[Text Word]) OR WHO-5 wellbeing) OR WHO-5
wellbeing[Text Word]) OR WHO-5 index) OR WHO-5 index[Text Word]) OR WHO-5 score*)
AND WHO-5 score*[Text Word]) OR WHO-5 scale*) OR WHO-5 scale*[Text Word]) OR WHO-5
questionnaire) OR WHO-5 questionnaire[Text Word]) OR WHO-5) OR WHO-5[Text Word]))
AND ((((((((((("Validation Studies as Topic"[Mesh]) OR "Reproducibility of Results"[Mesh]) OR
Reliability[Text Word]) OR Reproducibility[Text Word]) OR test retest reliability) OR Test-retest
study) OR Test-retest study[Text Word]) OR Test-retest) OR Test-retest[Text Word]) OR
Measurement error) OR Measurement error[Text Word])

(Ceeeeeeee(wHoO-5 well-being index) OR WHO-5 well-being index[Text Word]) OR WHO-5
well-being) OR WHO-5 well-being[Text Word]) OR WHO-5 wellbeing) OR WHO-5
wellbeing[Text Word]) OR WHO-5 index) OR WHO-5 index[Text Word]) OR WHO-5 score*)
AND WHO-5 score*[Text Word]) OR WHO-5 scale*) OR WHO-5 scale*[Text Word]) OR WHO-5
questionnaire) OR WHO-5 questionnaire[Text Word]) OR WHO-5) OR WHO-5[Text Word]))
AND ((((((((((("Validation Studies as Topic"[Mesh]) OR "Reproducibility of Results"[Mesh]) OR
Reliability[ Text Word]) OR Reproducibility[Text Word]) OR test retest reliability) OR Test-retest
study) OR Test-retest study[Text Word]) OR Test-retest) OR Test-retest[Text Word]) OR
Measurement error) OR Measurement error[Text Word]))) AND "Epilepsy"[Mesh]

CCCCCCCCCCC(((WHO-5 well-being index) OR WHO-5 well-being index[Text Word]) OR WHO-5
well-being) OR WHO-5 well-being[Text Word]) OR WHO-5 wellbeing) OR WHO-5
wellbeing[Text Word]) OR WHO-5 index) OR WHO-5 index[Text Word]) OR WHO-5 score*)
AND WHO-5 score*[Text Word]) OR WHO-5 scale*) OR WHO-5 scale*[Text Word]) OR WHO-5
questionnaire) OR WHO-5 questionnaire[Text Word]) OR WHO-5) OR WHO-5[Text Word]))
AND "Epilepsy"[Mesh]
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The AmbuFlex/epilepsy questionnaire



ABOUT YOUR EPILEPSY PAGE 1

When did you have your most recent epileptic seizure? (write year and month - write "?" if you do not remember)
Year (f. ex. 2011)::
Month no. (f. ex. 11):
How many seizures did you have last year? (if none, write 0)
Number of attacks: :
How many absence seizures have you had in the last 3 months?
Number of attacks: :
How many generalized seizures (convulsions) have you had during the last 3 months?
Number of attacks: :

Answer the following questions only if you have had at least 1 epileptic seizure during the last year

Do your epileptic seizures occur during sleep? ] L
Yes No
. . [] ]
?
Are your seizures getting worse: Yes No
- O O
Have you sustained an injury during a seizure? No Yes, but not a Serious damage (f. ex. bone
serious one fracture, cut wounds)
Have you been in contact with an emergency room because of L] L]
epilepsy since your last visit to the outpatient department? Yes No

Are your relatives worried about you because of your epilepsy?
[] [] ] [] [] []

Put one tick Never Rarely Occasionally Frequently Do not know Not applicable

001-0000000002-0001-01-00000-061117-8 “ I I Ill xx AE_english



ABOUT YOUR HEALTH

PAGE 2

During the last 4 weeks to what degree have you suffered from:

Headache

Dizziness

Tremor/shacking

Double vision or other visual disturbances

Loss of appetite

Eating too much

Difficulty remembering

Difficulty concentrating

A feeling that you easily become aggressive

Severe fatigue

Sadness

Being afraid of having a new seizure during
the next weeks

Lack of interest or pleasure in sexual activity

Have you in the last 4 weeks had suicidal
thoughts?

L]

Never

[]

Never

L]

Never

[]

Never

L]

Never

[]

Never

L]

Never

[]

Never

[]

Never

[]

Never

[]

Never

L]

Never

L]

Never

Never

]

Occasionally

[]

Occasionally

[]

Occasionally

[]

Occasionally

[]

Occasionally

[]

Occasionally

[]

Occasionally

[]

Occasionally

]

Occasionally

[]

Occasionally

]

Occasionally

[]

Occasionally

[]

Occasionally

[

Occasionally

001-0000000002-0001-02-00000-061117-30

[]

Sometimes

[]

Sometimes

[]

Sometimes

[]

Sometimes

[]

Sometimes

[]

Sometimes

[]

Sometimes

[]

Sometimes

]

Sometimes

[]

Sometimes

]

Sometimes

[]

Sometimes

[]

Sometimes

[

Sometimes

Often

Often

Often

Often

Often

Often

Often

Often

Often

Often

Often

Often

Often

Often

]

Very often

[]

Very often

]

Very often

[]

Very often

]

Very often

[]

Very often

]

Very often

[]

Very often

[]

very often

[]

Very often

[]

Very often

]

Very often

]

Very often

[

Very often
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ABOUT YOUR GENERAL HEALTH (CONTINUED) PAGE 3
Please indicate for each of the five statements which is closest to how you have been feeling over the last two weeks.
Over the last two weeks
: [] [] [] [] []
I ha.ve felt cheerful and in good All of the Most of the  More than half of Less than half of  Some of the At nthime
spirits time time the time the time time
O O O O O g
I have felt calm and relaxed Allofthe  Most of the  More than half of Less than half of ~ Some of the .
. . . . . At no time
time time the time the time time
O O O] O O q
I have felt active and vigorous Allof the ~ Most of the  More than half of ~Less than half of ~ Some of the i
. ) . . . At no time
time time the time the time time
: [] [] [] [] []
I WOkde up feeling fresh and All of the Most of the  More than half of  Less than half of ~ Some of the At nthime
reste time time the time the time time
N : , [] [] ] [] []
I\;l]y dall&;‘l“fe. s e Gl T All of the Most of the ~ More than half of Less than half of  Some of the At nthime
things that interest me time time the time the time time
In general, would you say your health is:
. [] [] [] [] []
Put one tick Excellent Very good Good Fair Poor
Compared to one year ago, how would you rate your health in general now?
Put one [ L L] [ [
ick Much better now than ~ Somewhat better now than About the Somewhat worse now than Much worse than
tic one year ago one year ago same one year ago one year ago

Do you have other diseases or conditions that have a greater effect on your health than your

epilepsy?
L] Yes
L] No

The next questions deal with your medical treatment

How often do you think you have forgotten to take some L] L] L] L]
of your medicine? Daily Weekly Monthly Very rarely, never
. . . ] ] [ []
?
Does your epilepsy medicine have side effects? No Yes, a few Yes, some Yes, many
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ABOUT THE EFFECTS OF EPILEPSY ON YOUR DAILY LIFE PAGE 4

The next questions deal with work (being a student counts as work)

Have you felt stressed at your work in L] L] ] , L . : L
the last 12 months? No Yes. a bit Yes. a lot I'm no longer in the I'm out of
; ! ! work force work
How much do you now work compared L] L [] . L . 1 L
ith 12 months aq0? I work more About the I work less I'm no longer in the I'm out of
wit et same work force work
If you work less now, is it because of L] [] ]
your epilepsy? Yes Partly No

Has your epilepsy put serious limitations on your life?
L] No

[] Yes, describe how:

How much alcohol do you drink on average in the course of a week? (refers to beer, wine and spirits. If you
drink less than 1 unit a week, write 0)

Write number of units:

Do you use recreational drugs? (f. ex. hash)
] ] ] [l

Put one tick Never Monthly Weekly Daily

The next questions are only relevant for women

Are you pregnant?
L] Yes
L] No

Do you plan to get pregnant within the next 12 months?
L] Yes
L] No
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FINAL QUESTIONS

PAGE 5

How much do you weight? (number of kg without clothes)
Write answer here:

Have you driven a car in the last month?
L] Yes
[] No

What is your present need for contact with the outpatient clinic?
L)1 phone myself if I need to talk to someone
[ ] 1d rather have someone phone me
[] 1d like to have an outpatient appointment

[ ] 1don't know

Who has filled in this questionnaire?
[] 1 have filled in the questionnaire
[] I have had help filling in the questionnaire

L] Someone else has filled in the questionnaire for me (f. ex., spouse, contact person)

May we phone you regarding your answers to the questionnaire?
L] No

[ Yes - and my phone number is:

Here you can write a short note to the personnel that read the questionnaire
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Patient information in Study IV [In Danish]



«Adressekartotek»

‘Min Epilepsi’ pa Sundhed.dk

Kaere «Navn»

Vi skriver til dig for at forteelle, at din kontakt til epilepsiambulatoriet
nu overgar til et nyt og mere fleksibelt tilbud, hvor du selv styrer
kontakten til ambulatoriet.

HVAD SKAL DU GORE?
Lees mere i vedlagte information.

Via siden Min Epilepsi pa Sundhed.dk, kan du nu fremover besvare
et spgrgeskema om din epilepsi, nar du har behov for kontakt med
epilepsiambulatoriet.

Din besvarelse sendes automatisk til ambulatoriet, og du bliver
hurtigst muligt kontaktet af personalet i ambulatoriet.

Det er frivilligt, om du vil deltage i denne ordning eller om du gerne
vil tilbage pa ordningen, hvor vi sender spgrgeskemaer til dig med

faste mellemrum.

Hvis du ikke gnsker at styre kontakten til ambulatoriet selv eller hvis
du har brug for mere information, bedes du kontakte Liv Schougaard.

Med venlig hilsen

Liv Schougaard Per Sidenius
Sygeplejerske, ph.d.-studerende Ledende overlaege
Telefon: 78433537 eller 61792004 Neurologisk afdeling

E-mail: livschou@rm.dk Aarhus Universitetshospital

midt

regionmidtjylland

Dato 16-06-2016
Liv Schougaard
TIf.: 7843 3537

Mobil: 6179 2004

livschou@rm.dk

Side 1
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| | | | |
Har du spgrgsmal om projektet? M I n E p I I e p S I

ol : . via sundhed.dk
Har du spgrgsmal til projektet, er du meget velkommen til at

kontakte:

Liv Schougaard
Projektansvarlig sygeplejerske, ph.d.-studerende

relser?
Vil du gerne s€ dine sp¢rgeskemqbesvo

Telefon: 78433537 eller 61792004
E-mail: livschou@rm.dk

Vil du selv styre din kontakt fil epilepsiambulatoriet?

Deltagerinformation:

Du er udvalgt til at deltage i et projekt, hvor vi tilbyder et nyt og
mere fleksibelt tilbud til dig.

Via siden Min Epilepsi kan du kontakte epilepsiambulatoriet
ved at besvare et spgrgeskema om din epilepsi. Du kan ogsa
se dine tidligere besvarelser af epilepsispgrgeskemaet.

Du har adgang til internetsiden via Sundhed.dk

Lzes mere pa nzeste side

@Ambuﬂex




Hvad gar projektet ud pa?

Projektet gar ud pa at tilbyde dig et
nyt og mere fleksibelt tilbud, hvor du
selv i hgjere grad styrer kontakten til w

vedat
Du kan 0gsd

se dine tidligere be:

dit epilepsiambulatorium.

Du skal ga ind pa "Min Epilepsi” og
besvare spgrgeskemaet, hvis du gn-
sker at komme i kontakt med en syge-
plejerske eller leege fra epilepsiambu-
latoriet. Det kan f.eks. veere, hvis du
oplever aendringer i dine symptomer.

Du bestemmer selv, hvornar du besvarer spgrgeskemaet.

Din besvarelse sendes automatisk til epilepsiambulatoriet. En
sygeplejerske eller laege fra ambulatoriet ser din besvarelse og
kontakter dig enten per telefon eller tilbyder dig en tid i ambula-
toriet.

Du er altid velkommen til at ringe til ambulatoriet, hvis du har
brug for hurtig kontakt.

Hvis der gar lang tid, uden at vi hegrer fra dig, far du automatisk
et spgrgeskema tilsendt.

Hvad sker der nu?

Du styrer nu selv kontakten til ambulatoriet, som beskrevet.
Vejledning til internetsiden "Min Epilepsi” er vedlagt.

Projektet varer i 1 2 ar, men du kan til enhver tid veelge at
treede ud af projektet.

Alle medarbejdere, der er involveret i projektet, har tavsheds-
pligt, og oplysninger vil blive behandlet strengt fortroligt.

Projektet er godkendt af Datatilsynet.

Det er frivilligt, om du vil deltage eller ej.
Hvis du ikke gnsker at deltage, bedes du kontakte den
projektansvarlige sygeplejerske, Liv Schougaard:

Telefon: 78433537 eller 61792004
E-mail: livschou@rm.dk

Gem denne folder!

Deltager du i projektet, er det vigtigt, at du
gemmer denne folder, da den indeholder
oplysninger, du kan fa brug i projektets
forlgb.
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n Epilepsi

via sundhed.dk

Vejledning til at logge pa "Min Epilepsi” internetsiden
via Sundhed.dk

—_

2. Log pa med NEM ID

Huvis det er farste gang, du logger
pé sundhed.dk, skal du afgive et

samtykke.

3. Gaind under

Min sun

4. Klik pa

Ga ind pa www.sundhed.dk

sundhed.dk

dhedsjournal

AmbuFlex spgrgeskemasystemet

i

sundhed.dk

EeGle=l  SUNDHEDSFAGLIG

Overblik

1 din sunoheds n inger registreret

streret om dig vedrarende behandiinger, indelallergier m.m
Sundhedspers ng tl at se dine data. | Min log’ kan du se, hvem d lysninger | din
Sundhedsjournal

5. Du kommer nu frem til siden “Min epilepsi”

Tillad pop-

" AmbuFlex

up vinduer, hvis du ikke kan abne siden

vend —»>
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Min Epilepsi internetsiden bestar af fire dele:

2.

Besvar spagrgeskema: Her kan du besvare epilepsispgrgeskemaet,
nar du har brug for at tale med en sygeplejerske eller leege.

Du har ogsa mulighed for at tilfgje en kommentar til sidst i
spagrgeskemaet.

Du veelger selv kontaktform.

Tidligere besvarelser: Her har oversigt over alle dine tidligere
spagrgeskemabesvarelser.

Information: Her kan du lzese om internetsiden "Min Epilepsi”,
epilepsispgrgeskemaet og hvorfor der spgrges ind til forskellige
emner.

Kontaktoplysninger pa ambulatoriet: Her kan du finde mailadresse
og telefonnummer til epilepsiambulatoriet.

AmbuFlex A Hovedmenu

Min Epilepsi
Her kan du tage kontakt til epilepsiambulatoriet

ved at besvare et spgrgeskema om din epilepsi.
Du kan ogsa se dine tidligere besvarelser af spargeskemaet.

Hvordan foregir det?

Besvar spergeskemaet, fvis dul ensker at komine | Kontakt med en sygeplejerske eller lzge fra
epilepsiambulatoriet. Det kan f. eks. vasre, hvis du oplever zndringer | dine symptamer

Du bestemmer selv, hvornar du hesvarer spergeskemaet. Din besvarelse sendes automatisk ti
epllepsiambulatoriet. En sygeplejerske eller lege fra ambulatoriet ser din besvarelse g kontakter dig
enten per telefon eller tibyder dig en tid | ambulatoriet

Du er altid velkommen ti at ringe til ambulatoriet, hvis du har brug for hurtig kantakt

)

Besvar spgrgeskema

Kontakt

" AmbuFlex
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