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Abstract
Use of digital patient-reported outcomes is being introduced in care of chronic conditions, including
Inflammatory Bowel Disease. The aim is to supplement face-to-face follow-up sessions through
symptom screening, and to inform follow-up through questions about mental health and quality of
life. However, little is known about who is using this as intended. This study aimed to map dif-
ferences between users and non-users among people with IBD and explore the mechanisms behind.
We administered a questionnaire including the Readiness and Enablement Index for Health
Technology (ReadHy) and the Service User Technology Acceptability Questionnaire (SUTAQ) to
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all people with IBD registered at Silkeborg Regional Hospital. Comparison between users and non-
users and cluster analysis was conducted. Effect size (Cohen’s d) was used to estimate magnitude of
difference between groups. The user and non-user groups differed most strongly by level of
emotional distress (d = 0.45). Cluster analysis of the ReadHy scales showed profiles have different
sets of difficulties and reservations towards digital solutions. These difficulties correlated mod-
erately with SUTAQ dissatisfaction and low acceptability. The dimensions of ReadHy may help to
better understand particular needs of people with IBD when accessing digital PROs, which may lead
to higher acceptability and improved quality of care.

Keywords
ehealth, telehealth, healthcare service innovation and IT, human factors, telecare

Introduction

Patient Reported Outcomes (PROs) are measures of outcomes reported directly from individuals. In
this study we define digital PROs as digitally administered, standardized questionnaires (either
generic or disease-specific) which measure people’s perception of their health and wellbeing.1,2

Digital PRO concepts have been developed, tested and implemented into routine healthcare services
for a wide range of long-term conditions,3–5 where they can serve as screening, outcome and
monitoring tools. PROs are anticipated to facilitate patient involvement, support people in self-
managing chronic conditions and increase health literacy.5–8 Healthcare users answer questions
about their lived experience and health situation using a computer or smartphone, without the
presence of a healthcare worker.5 Use of digital PROs may require both technical competence,
independence, self-care, engagement and motivation.9

Digital PROs have been introduced for people with Inflammatory Bowel Disease (IBD) in
outpatient care in Denmark. An aim of this process is to reduce the number of face-to-face follow-up
sessions through periodic symptoms screening. A second aim is to inform follow-up sessions by
introducing questions about mental health, quality of life and health-related issues into the
consultation.10,11 The chronic nature of IBD with multiple relapses can have wide-ranging in-
fluences on a person’s emotional, physical, and social wellbeing.12,13 Enhanced focus on these
issues can lead to improvements in patient health and well-being,11,14,15 and digital PROs are
believed to improve care of people suffering from IBD by focusing on these topics.16 However,
many barriers to implementation of newly developed digital health solutions, such as digital PROs,
into routine practice, have been identified, including lack of education of participants and lack of
clarity of the purpose of the system.17–19 Despite the identified barriers, little is known about who
declines participation or who is not offered digital PROs as part of their treatment20; why some do
not engage with digital PROs; and how clinicians’ attitudes affect uptake and engagement.

Various authors have attempted to conceptualize patient readiness and attitudes towards digital
health solutions, demonstrating the importance of understanding that diverse people have different
preferences and needs regarding their health situation.9,20,21 The Readiness and Enablement Index
for Health Technology (ReadHy) framework23 explores mechanisms behind readiness to use digital
health technologies. Readiness is defined as being prepared and willing to use digital health
technology.23 ReadHy builds on the eHealth Literacy Framework24 with inclusion of social and
emotional aspects of use, and captures a holistic perspective on patients’ readiness for digital health
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solutions. The corresponding ReadHy instrument23 maps an individual’s prerequisites of readiness
for and the mechanisms behind usage of digital health technology.

This concept of readiness to engage with digital health solutions describes factors considered
essential to be aware of when introducing a new technology to an individual to obtain the highest
likelihood of adoption and adherence. The ReadHy instrument is able to measure enablement
through health technology over time.23 ReadHy has been developed to measure readiness for
generic or specific health technologies. However, it does not address particular characteristics of a
technology or potential perceived benefits, as embedded in the theories of technology acceptance.25

Another approach to investigate attitudes towards e-health technology is assessing the ac-
ceptability of a specific technology.26 The Service User Technology Acceptability Questionnaire
(SUTAQ) is a six-dimension instrument that measures the perceived acceptability of a particular
technology and context. The authors of SUTAQ define acceptability as the sum of the instrument’s
six domains (Satisfaction, As substitution, Enhanced Care, Increased Accessibility, Privacy and
Discomfort, and Thoughts of personnel).27 SUTAQ was developed in the context of a large
telemedicine projects – “The whole system demonstrator” in the U.K.,27 and has been used to
evaluate telehealth interventions in a range of large studies to explore factors relating to use and
potential use of health technology.28–31

The inclusion of users’ and non-users’ competence, eHealth literacy, and social and emotional
context, in contrast to a focus on perceived ease of use and usefulness of a particular technology,
may help to better understand why users do not adopt and use a new technology. Whether these
concepts relate to each other and to non-use of digital PROs in diverse settings is yet to be explored.

The aim of this study was to describe characteristics relating to eHealth literacy and technology
readiness of current users and non-users of digital PROs, and to explore concepts of readiness for a
digital health intervention and perceived acceptability of a current digital PRO solution. This
approach may help to uncover determinants of use and non-use of PRO solutions to inform future
interventions.

Methods

Setting

This study is part of an explanatory sequential designed mixed-method observational study32 of
people with IBD and clinicians at Silkeborg Hospital, Diagnostic Centre, Central Region Denmark.
Here, digital PROs data have been used in care for people with IBD for 2 years prior to this study.
Digital PROs are used in several ways: as a clinical follow-up to replace a consultation, to prepare
for consultations, to inform the consultation, as a way of monitoring disease activity between
consultations, or a way for people to contact the clinic. People with IBD are registered in the digital
PRO solution, named AmbuFlex,33 after an initial conversation with their doctor. Non-Danish
speakers and people who do not have access to the secure, national digital mail system are excluded.
An individual flow is set up for each patient following general guidelines based on health status.
Patients with stable remission usually receive the PRO measure (40–50 questions on symptoms,
general health and wellbeing, and need of contact) every 2–12 months to check their health status.
Up to three reminders are sent. Patients receive a link to the questionnaire in their national secure
email system, or they enter a webpage with a logon opportunity. The questionnaire is then presented
to the patients and generally regarded as acceptable by most patients.34 If health indicators are low, a
nurse will make a call by telephone and if necessary invite the patient to the clinic for follow-up.
When used as a preparation for the consultation, the PROmeasure is sent 4 days before arrival at the
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clinic with a reminder the day before arrival. If the patient has not completed the questionnaire, they
can do so on arrival at the clinic. Additional information on the tool is published elsewhere.35

Survey

The purpose of the survey was to examine characteristics and readiness of both users and non-users
of digital PRO at the clinic where the solution had been running for 2 years. The questionnaire was
sent to all patients with IBD (including those not enrolled or excluded from the PRO setup) (n = 827)
at the clinic. To target the entire group, the questionnaire was sent directly to each patient through
electronic secure mail (n = 784) or on paper to their home address (n = 43) if they did not use
electronic mail system in January 2018. Up to two reminders were sent to non-responders. Data
collection ended in June 2018. Seventy-four percent were at that time enrolled in the digital PRO
solution. Dropout was defined as previously been assigned to the PRO solution, but no longer
enrolled by the time we sent out the survey.

Measures

Demographic data (age and gender) were collected though the patient administrative system (PAS).
Educational status, duration of IBD, use of IT in general and in healthcare were self-reported
through questionnaire and use of the digital PRO system (date of enrolment and dropout) was
collected through the PRO database.

To establish the expected readiness for digital PROs, the Readiness and Enablement Index for
Health Technology (ReadHy) questionnaire was used. Evidence of acceptable psychometric
properties of the ReadHy as a tool for exploring the level of readiness for digital health intervention
on an individual and a general level was developed in a sample of people with cancer in Denmark.23

ReadHy builds on the eHealth Literacy Framework (eHLF)24 and the associated eHealth Literacy
Questionnaire (eHLQ),36 and includes dimensions from two other widely used tools: the Health
Literacy Questionnaire (HLQ)37 and the Health Education Impact Questionnaire (heiQ).38 The
HLQ and the heiQ have undergone extensive psychometric testing in multiple languages across
multiple cultures and found to have strong psychometric properties.37–41 The eHLQ was developed
in Denmark where extensive initial testing demonstrated it had excellent psychometric properties
according to both classical test theory and Item Response Theory.36

The ReadHy tool consists of 13 dimensions (heiQ3 Self monitoring and insight, heiQ4 Con-
structive attitudes and approaches, heiQ5 Skills and technique acquisition, heiQ8 Emotional
distress, HLQ1 Feeling understood and supported by healthcare providers,HLQ4 Social support for
health, eHLQ1 Using technology to process health information, eHLQ2 Understanding of health
concepts and language, eHLQ3 Ability to actively engage with digital services, eHLQ4 Feel safe
and in control, eHLQ5Motivated to engage with digital services, eHLQ6 Access to digital services
that work, eHLQ7 Digital services that suit individual needs). In this project, an additional di-
mension fromHealth Literacy Questionnaire;HLQ3 (Actively managing own health) was also used.
Therefore, for this study the ReadHy contained 14 scales with 70 items using a 1–4 scale (strongly
disagree, disagree, agree, and strongly agree). One scale (heiQ8 Emotional distress) is reverse
scored, where a higher score means worst status (greater emotional distress). For ease of inter-
pretation scoring was inversed for analysis to enable direct comparison with the other dimensions
(that is, a higher score indicates better status). For each scale, a mean score was calculated.

As use of digital PROwas only measured by enrolment and dropout, we wanted to explore health
technology acceptability among users as a potential factor relating to use and possible future use.We
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therefore examined acceptability as measured through SUTAQ27 among the users of digital PROs to
understand the relationship, if any, between readiness and acceptability. Acceptability of the current
technology was measured by SUTAQ.27 The measurement of acceptability of a certain technology
is assessed in SUTAQ through 6 scales: Satisfaction, As substitution, Enhanced Care, Increased
Accessibility, Privacy and Discomfort, and Thoughts of personnel in a 22-item questionnaire using a
scale from 1 to 6.27 SUTAQ has been used in a Danish context29,30 but has not been psycho-
metrically tested in a Danish telehealth context. All respondents were asked if they were signed up to
AmbuFlex. If they answered “yes” or “do not know,” they were given the SUTAQ questionnaire.

Statistical methods

R statistics 3.5.1 was used to calculate descriptive statistics for users and non-users of digital PROs,
and comparisons between the two groups on use of digital PROs, IT in general and in healthcare
including 95% confidence intervals (95% CI). Descriptive statistics are presented as means and
comparisons are made using Welch Two Sample t-test (numerical data; age and difference between
ReadHy dimensions), Pearson’s Chi-squared (categorical data; gender, educational level and IT
use), and Fishers’ Exact test (length of condition more or less than 2 years). Effect size was
measured through Cohen’s d for difference between ReadHy dimensions. An effect size d < 0.2 was
regarded small, 0.2–0.5 was regarded medium, and 0.5–0.8 was regarded high.42

To explore if different profiles exist among survey participants, we conducted a cluster analysis
of ReadHy scales. Cluster analysis is suitable to identify certain subgroups believed to be present in
a sample.43 Clustering methods are used in health literacy research,34,41 using hierarchical clustering
to be able to examine the detailed differences between groups relating to e.g. HLQ-dimensions, e.g.
using the Ophelia process.41 In this study we conducted a quicker non-hierarchical clustering due to
the large number of dimensions in the ReadHy instrument and because the purpose was solely to
illustrate different groups to examine whether there were differences between users and non-users of
digital PROs, not to examine the differences in detail.43 Clusters were defined using k-means
clustering method by enforcing different numbers of cluster solutions. If ≥ 50% of the items in a
dimension were answered, an average for the scale was calculated. A range of 4–20 cluster solutions
were performed and the attributes of the clusters solutions were examined, first by the first author of
this paper, later by a group of clinicians to ensure that the clusters resembled experiences in the
clinic. The k-means algorithms were run several times for each cluster solution to detect the solution
with the lowest total within cluster sum of squares.

The SUTAQ mean scores were calculated for each scale, handling missing items in the same
ways as the ReadHy calculation. Mean scores for each scale were calculated for each ReadHy
cluster to be able to qualitatively explore the relation between the two used questionnaires and their
dimensions, not to conduct confirmatory factor analysis or validity testing of the questionnaires. For
this simpler purpose a correlation matrix between ReadHy dimensions and SUTAQ dimensions on
the entire sample was conducted using the Pearson’s correlation. A correlation >0.6 was regarded as
high, and a correlation between 0.3–0.59 as moderate.45 Due to the explorative design, we made no
mathematical correction for multiple testing.

Ethics and data protection

The study was reported to the [details omitted for double-anonymised peer review] and approved by
[details omitted for double-anonymised peer review].
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The survey was conducted via [details omitted for double-anonymised peer review] password
protected, secure IT-system, and data stayed within that system throughout analysis. Participants
were informed by the survey through the national e-mail system or by mail and gave consent by
participation.

Results

The response rate to the survey was 52%. Characteristics are shown in Table 1. Of the people who
did not answer, five reported technical problems, and one was found to be deceased. Fourteen
percent of those who responded replied that they did not want to participate (declined).

Users and non-users of PROs

Fifty-eight (17%) of the 332 participants who provided sufficient data were not part of the PRO
solution (non-users). Only five did not have a national secure e-mail system (exclusion criterion).
The non-user group were older and less educated than the PRO users, as seen in Table 2. The PRO
users had greater everyday use of IT, whilst the non-users tended to use the Danish public national
health portal (sundhed.dk) more, however this difference was not significant.

The ReadHy profile amongst PRO users and non-users was similar, with only a significant
difference observed inHeiQ8 (Emotional distress) (0.29 (95% CI: 0.07–0.51)) with a medium effect
size, see Table 3. A small non-significant effect was also seen with heiQ4 (Constructive attitudes and
approaches) and eHLQ6 (Access to digital services that works) and eHLQ7 (Digital services that
suits individual needs).

ReadHy cluster analysis

To explore if digital PROs could be offered to people in a more informed way, a full ReadHy
(14 scales) cluster analysis was conducted with all participants with complete data (users and non-
users, n = 332). The resulting 6 cluster solutions are shown in Table 4 with additional characteristics
shown in Table 5. Together, they describe a range of profiles constructed from the observed

Table 1. Characteristics of respondents and non-respondents to the survey.

Mean
age

Min-
Max
age

Female N
(%)

PRO user
N (%)

Dropout N
(%)

Do not Have E-boks (secure
national email)c N (%)

Total (n = 827) 51.4 18–94 466 (56) 611 (74) 20 (2) 38 (5)
Accepted (n = 369) 53.4 20–86 204 (55) 301 (82) 4 (1) 6 (2)
Insufficient data for
analysisa (n = 37)

54.7 23–79 20 (54) 25 (68) 1 (3) 4 (11)

Declinedb (n = 62) 62.5 18–94 38 (61) 36 (58) 3 (5) 11 (18)
Not answered
(n = 396)

47.9 18–92 224 (57) 274 (69) 13 (3) 17 (4)

aLess than half of the questions in each dimension answered.
bNotified researchers with “I do not want to participate.”
cIn Denmark all citizens have the option to have a national secure email for all communication with public institutions.
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combination of scores from the 14 scales plus demographic and other associated data with the
cluster with the highest overall ReadHy score presented first:

Cluster (1) profile included 8% of the population. This group scored high on all ReadHy scales.
They were younger and were somewhat better educated than the rest, and they had a high use of the
national health portal.

Cluster (2) profile included 21% of the population. This group scored high on most scales, but
relatively low on eHLQ1 (Using technology to process health information), which corresponded to a
relatively low use of the national health portal, a low degree of eHLQ5 (Motivation to engage with
digital systems and moderate), and eHLQ7 (Digital services that suit individual needs). This group
also scored relatively low onHLQ3 (Actively managing health). On the other hand, they scored high
on heiQ8 (Emotional distress), which indicates low emotional distress. The group was as young as
people in profile 1 and had a greater number of females, but a slightly lower educational level.

Cluster (3) profile represented 30% of the population and resembled the profile of cluster 1 with
regard to the relations between the different scales, but had general lower values in all scales. This
group was older than people in profile 1 and there were fewer females. They had the greatest number
of PRO responses for each user.

Cluster (4) profile had relative low scores in the more digitally-oriented eHLQ scales and social
HLQ scales, but high scores on heiQ scales like Emotional distress and Constructive attitudes and
approaches. It represented 24% of the population. This was the oldest group with a low educational
level and low degree of use of the national health portal.

Cluster (5) profile included 12% of the sample, had the lowest score on heiQ8 (emotional
distress), indicating a high level of emotional distress. In addition, heiQ4 (Constructive attitudes and
approaches) and heiQ5 (Skills and technique acquisition) had low scores. In contrast, they scored
relatively high on eHLQ4 (Feeling safe and in control) and eHLQ3 (Ability to actively engage with
digital services). This group had a high percentage of females.

Cluster (6) profile had the lowest overall score. The lowest scores were on the digitally oriented
eHLQ scales and on HLQ4 (Social support for health). This group covered only 5% of the
population. They had the lowest use of the national health portal and the lowest educational level.
They had the lowest level of PRO responses per user.

Table 2. Characteristics of survey participants

Non-PROa

-user (n = 58)
PROa-user
(n = 274)

Percentage difference
(95%CI)

Mean age (years) 60.5 (29–86) 52.5 (20–84)
Female 27 (47%) 157 (57%) 10 (1–17)
Time since diagnosis >2 years 44 (75%) 252 (92%) 17 (8–25)
Everyday use of information technology 31 (53%) 206 (75%) 22 (14–43)
Use of health related information technology 35 (60%) 164 (60%) 0 (-22–15)
Use of Danish national public health portal
(sundhed.dk)c (often or every time)

38 (66%) 145 (53%) 13 (-2–25)

Education 2–5 years post high school 36 (62%) 194 (71%) 9 (0–26)
Not using national secure digital mail system 5 (9%) 1b

aPatient Reported Outcomes.
bShould not be eligible, but appear of unknown reasons in the data.
cSundhed.dk is a portal for general health information and personal health data, e.g. test results.
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Acceptability of the digital PRO solution

The correlation between scales in ReadHy and SUTAQ is shown in Table 6.
Only three of the SUTAQ scales (SUTAQ1 (Satisfaction), SUTAQ2 (As Substitution) and

SUTAQ6 Thoughts of personnel) were moderately correlated with some eHLQ scales; highest
with eHLQ4 (Feel Safe and in control) (r = 0.25–0.51), eHLQ6 (Access to digital services that
work) (r = 0.22–0.50) and eHLQ7 (Digital services that suits individual needs) (r = 0.23–0.54),
and eHLQ 5 (Motivated to engage with digital services) (r = 0.21–0.48). The SUTAQ scales, in
this sample, was divided in two groups; SUTAQ3 (Enhanced care), SUTAQ4 (Increased ac-
cessibility) and SUTAQ5 (Privacy and discomfort) to a lesser extent with the eHLQ scales (r =

Table 3. ReadHy (Readiness and enablement index for Health technology) profiles for current PRO* users
and non-PRO* users

ReadHy scalesc

PROa user
(mean)
(n = 274)

Non-PROa user
(mean) (n = 58)

Difference
(95% CIb)

Effect size
(Cohen’s d)

heiQ3 Self-monitoring and insight 2.97 2.98 0.01 (�0.15–
0.12)

0.07

heiQ4 Constructive attitudes and
approaches

3.17 3.02 0.15 (�0.02–
0.31)

0.34

heiQ5 Skills and technique acquisition 2.93 2.97 0.04 (�0.19–
0.10)

0.05

heiQ8 Emotional distress 3.06 2.77 0.29 (0.07–
0.51)

0.45

HLQ1 Feeling understood and
supported by healthcare providers

2.92 2.80 0.12 (�0.06–
0.29)

0.08

HLQ3 Actively managing own health 2.73 2.71 0.02 (�0.19–
0.15)

0.03

HLQ4 Social support for health 2.96 2.89 0.07 (�0.10–
0.23)

0.09

eHLQ1 Using technology to process
health information

2.61 2.55 0.06 (�0.09–
0.21)

0.13

eHLQ2 Understanding of health
concepts and language

2.93 2.91 0.02 (�0.10–
0.14)

0.04

eHLQ3 Ability to actively engage with
digital services

2.92 2.87 0.05 (�0.11–
0.21)

0.17

eHLQ4 Feel safe and in control 2.94 2.90 0.04 (�0.10–
0.18)

0.11

eHLQ5 Motivated to engage with
digital services

2.63 2.58 0.05 (�0.19–
0.20)

0.12

eHLQ6 Access to digital services that
work

2.79 2.68 0.11 (�0.04–
0.25)

0.24

eHLQ7 Digital services that suit
individual needs

2.64 2.52 0.12 (�0.04–
0.27)

0.24

aPatient Reported Outcomes.
bConfidence Interval.
cReadiness and enablement index for Health technology (Prefix of scale names refer to the scales from which they originate;
Health Education Impact Questionnaire, Health Literacy Questionnaire and eHealth Literacy Questionnaire.
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0.21–0.32), whilst SUTAQ1 (Satisfaction), SUTAQ2 (As substitution) and SUTAQ6 (Thoughts of
personnel) was correlated to a higher degree with the eHLQ scales (r = 0.40–0.54).

In addition, SUTAQ 2 and 6 correlated moderately with all eHLQ scales, whilst SUTAQ 1, 4 and
6 are the only ones to correlate weakly with scales from HLQ and heiQ.

Acceptability of the digital PRO solution amongst users, as measured by SUTAQ, is summarised
in Table 7 divided into the six clusters.

Profile 6, with only 7 respondents, with the lowest overall ReadHy scores, were also low on some
SUTAQ scales [SUTAQ2 (As substitution), SUTAQ3 (Enhanced care) and SUTAQ4 (Increased
accessibility)], whilst profile 1, with the highest scores on ReadHy also had the highest scores on
SUTAQ. However, the profiles in between had a more diverse SUTAQ profile as for example profile
5, who had a slightly higher score on eHLQ scales relatively to the HLQ and heiQ scales (see
Table 4) scores higher on SUTAQ scales, than profile 4, who had lower eHLQ-scores, but higher
heiQ and HLQ scores.

Discussion

This study sought to explore characteristics relating to eHealth Literacy, readiness and acceptance
among users and non-users of a digital PRO solution.We found that the level of emotional distress is
a key difference between users and non-users. Due to unclear primary outcome and uncertainty
about the standard deviation of the sample, needed sample size was not calculated prior to this study.
However, it is likely that people who have poor mental health are reluctant to engage in a new
intervention.46–48 Also, clinicians understandably hesitate to invite people to engage with digital
health interventions, and thereby add additional burden, if they are not feeling well.18 When the
remaining ReadHy scales are considered from a univariate perspective, they did not show any
significant difference between users and non-users of digital PROs in this context. However a small
effect was seen within heiQ4 (Constructive attitudes and approaches) and eHLQ6 (Access to digital
services that works) and eHLQ7 (Digital services that suits individual needs). Besides being a
consequence of the enrolment procedure, the absence of further differences could be a consequence
of there being few non-users in the analysis. However, the user-group tended to score higher on each
domain of eHLQ, a similar pattern to that reported in other studies.36,49

Table 5. Characteristics of the six profiles presented in Table 4.

Cluster
number

Number of
participants
(%)

Mean age
(min-max) Females

Education
level (1–4)
(low-high)

PROa

user

Mean of
number of
PROa

responses per
user

Use of
sundhed.dkb

(0–3)
(never-often)

1 25 (8%) 50.7 (25–86) 53.4% 2.92 84% 2.36 2.12
2 70 (21%) 50.8 (20–78) 60.0% 2.75 86% 2.25 1.59
3 101 (30%) 53.9 (21–82) 49.5% 2.80 82% 2.66 1.95
4 80 (24%) 57.1 (21–83) 53.8% 2.28 78% 2.06 1.05
5 39 (12%) 52.1 (21–84) 69.2% 2.56 77% 2.56 1.74
6 17 (5%) 54.7 (29–81) 47.1% 1.53 76% 1.64 0.58
Total 332 53.7 (20–86) 55.4% 2.58 83% 2.37 1.58

aPatient Reported Outcomes.
bSundhed.dk is a portal for general health information and personal health data, e.g. test results.
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Table 6. Correlation matrix of ReadHy (Readiness and enablement index for Health technology) and SUTAQ
(Service User Technology Acceptability Questionnaire) scales by Pearson’s correlation. Correlations <0.10
omitted for clarity.

ReadHya scales
SUTAQ 1
Satisfaction

SUTAQ 2
As
substitution

SUTAQ3
Enhanced
care

SUTAQ 4
Increased
accessibility

SUTAQ 5
Privacy and
discomfort

SUTAQ 6
Thoughts of
personnel

eHLQ1
Using technology to
process health
information

0.20 0.26 0.27

eHLQ2
Understanding of health
concepts and
language

0.24 0.25 0.20 0.20

eHLQ3
Ability to actively
engage with digital
services

0.18 0.32

eHLQ4
Feel safe and in control

0.51 0.40 0.25 0.26 0.30 0.46

eHLQ5
Motivated to engage
with digital services

0.46 0.48 0.21 0.32 0.40

eHLQ6
Access to digital
services that work

0.50 0.45 0.22 0.28 0.32 0.48

eHLQ7
Digital services that suit
individual needs

0.53 0.51 0.23 0.27 0.29 0.54

heiQ3
Self-monitoring and
insight

heiQ4
Constructive attitudes
and approaches

0.18

heiQ5
Skills and technique
acquisition

heiQ8
Emotional distress
HLQ1
Feeling understood and
supported by
healthcare providers

0.20 0.28

HLQ3
Actively managing own
health

HLQ4
Social support for health

0.24 0.19 0.21

aReadiness and enablement index for Health technology (Prefix of scale names refer to the scales from which they originate;
Health Education Impact Questionnaire, Health Literacy Questionnaire and eHealth Literacy Questionnaire.
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The creation of profiles contributed to deeper understanding of the mechanisms behind use and
non-use. The three profiles with the overall lowest ReadHy score had only 76–78% users while the
top three profiles had 84–86% users, indicating the relevance of the profiles when it comes to use of
digital PROs. For example, profile 5 showed high emotional distress, which might affect use of
digital PROs negatively. However, the same group scored high (above 2.5) on the eHLQ-scales,
which are the dimensions with most focus on the digital aspects of the intervention. These people
therefore do have the ability to engage with digital services; they feel safe and are somewhat
motivated. The analysis also showed a group with the opposite profile. This group (profile 4) had
very low motivation to engage in digital services, had low emotional distress, and low use of other
health-related technology, including the national healthcare portal. The different profiles have
different facilitators and barriers for readiness towards digital health technology. Despite this, the
variation in the percentage of users versus non-users within each clusters, is not high. This might
relate to the enrolment procedure, where some clinicians enrol all patients regardless. However,
awareness of the patients’ individual prerequisites might make them more comfortable with the
digital PRO solution and thereby increase future use.

We found a moderate association between some ReadHy scales assessing participants’ general
readiness for technology use and SUTAQ scales assessing the perceived acceptability of the specific
digital health intervention, i.e. digital PROs. The eHLQ5 (Motivation to engage with digital
services) correlated moderately with all SUTAQ scales except SUTAQ4 (Increased access). Both
SUTAQ and eHLQ have a specific focus on technology while HLQ and heiQ do not. In that way, the
eHLQ matches the technology acceptance theories50,51 to a higher degree than the contextual
dimensions and the social dimensions from HLQ and heiQ. This aligns with other studies that have
shown that users of technology are more likely to adopt new technologies,52 and the PRO users in
our study did have a high use of everyday IT.

It was only possible to test health technology acceptability among those participants who actually
received the digital PRO solution, but our study showed a fine match between the patient profiles
with high believed readiness to digital technology and acceptability of the current digital PRO
solution. Profile 1 from the cluster analysis showed both the highest overall score in ReadHy and in
SUTAQ, whilst Profile 6 had the lowest score on both measures. The correlation between the eHLQ
scales and SUTAQ was also reflected this pattern. For example, people within Profile 5 (with a high
degree of emotional distress) reported that digital PRO solutions enhanced their care and they
expressed satisfaction with the intervention to a higher degree than Profile 4 (with a lower degree of

Table 7. Means scores on SUTAQ (Service User Technology Acceptability Questionnaire) scale for each of
the six profiles illustrated in Table 4 (scale from 0 to 6).

Cluster
number

Number of
respondents
(SUTAQ)

SUTAQ 1:
Satisfaction
(SD)

SUTAQ 2:
As
substitution
(SD)

SUTAQ 3:
Enhanced
care (SD)

SUTAQ 4:
Increased
accessibility
(SD)

SUTAQ 5:
Privacy and
discomfort
(SD)

SUTAQ 6:
Thoughts of
personnel
(SD)

1 14 5.57 (0.68) 4.07 (0.74) 4.76 (0.71) 4.43 (0.68) 5.56 (0.56) 4.88 (1.19)
2 46 4.81 (1.06) 3.53 (0.86) 4.12 (0.92) 3.85 (1.14) 5.28 (0.84) 4.58 (1.24)
3 68 4.75 (0.86) 3.82 (0.79) 4.45 (0.74) 4.19 (0.91) 5.28 (0.84) 4.61 (1.15)
4 56 3.94 (1.11) 3.53 (0.77) 3.77 (0.95) 3.38 (1.08) 4.92 (0.89) 4.23 (1.08)
5 28 4.86 (0.84) 3.56 (0.78) 4.03 (0.88) 3.96 (0.84) 5.25 (0.81) 3.96 (1.22)
6 7 3.43 (1.01) 2.81 (1.29) 2.63 (0.91) 2.39 (0.93) 4.96 (1.33) 3.95 (1.19)
Total 219
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emotional distress i.e. high score, but less use of digital tools). While satisfaction with digital
services is likely important, there are clearly a range of mechanisms that determine the uptake of a
digital PRO solution, and could be taken into account in implementation of a digital PRO solution.

Interestingly, the heiQ8 (Emotional distress) scale in the ReadHy instrument was not correlated
with any SUTAQ scale, despite this dimension being the only one in which there was a difference
between users and non-users. This indicates that mental health is an independent predictor of use of
digital PRO uptake. People can have either high (or low) scores on the ReadHy or SUTAQ, yet not
have the mental wellbeing to face and use digital PROs. Clinicians may also be responding to
peoples’ emotional distress, promoting face-to-face contact and therefore not enrolling those with
high distress in digital PROs, or it could be that people with high emotional distress decline
participation. Either way, this study indicates that people might accept the technology despite
emotional distress, and therefore this should not be the only indicator for enrolment. Further in-
vestigation into the impact of emotional distress on self-management and use of digital technologies
could be relevant.

The association between heiQ8 (Emotional distress) and non-use may inform understanding of
previous research indicating clinicians can be a barrier for implementation of digital health
interventions.18,53,54 Clinicians often do not ask people to participate in studies if they feel that they
are not interested.55 In the setting for the current study, clinicians cannot predict who might benefit
or not benefit from the PRO solution. Some of the currently enrolled users of PROs might have
difficulties with using the system, while some current non-users might benefit from the technology.
In this setting, a person may only receive a single questionnaire once a year, that is, the burden on
users is not high. Still, it is possible that some find it very troublesome, including having a specific
phobia towards technology and would prefer a personal contact with the clinician.56 In addition, it
might not only be the digital aspect of using PROs that patients find troublesome.34 Other factors
associated with digital PRO, such as sitting home alone assessing one’s symptoms, might be more
disturbing to some patients than others.34,57 If clinicians can be assisted in identifying who might
need extra help or guidance, for example by screening patients’ technology readiness and in
particular their eHealth literacy, this could increase clinicians’ willingness to use digital PRO, as
they may better understand where an individual patient may feel challenged by the technology.

The finding that patients’ level of emotional distress affects their likelihood of using digital PRO
calls for increased attention to be paid to patients’ emotional wellbeing, as this factor seems to
influence their receptiveness to a new technology even if they have a sufficient level of eHealth
literacy. Consequently, before trying to introduce digital PRO or other technologies, clinicians need
to be aware of and address their patients’ negative thoughts or concerns.

Strengths and limitations

This study is based on a specific conceptual framework that has emerged over many years of
research.23,24,38,58 The framework strengthens the study as it guided the process of exploring
mechanisms and concepts behind use and non-use. However, whilst most components of the
ReadHy tool have been very well tested, the ReadHy itself has received limited testing. Further
testing is warranted to determine if the concept of readiness is effectively measured through the
ReadHy. Likewise, the SUTAQ questionnaire is often used in implementing new digital health
technologies, but its validity is not well tested. However, this study has used these tools to explore
concepts of health technology readiness and acceptance, and has provided insights into associations
between technology acceptance and readiness to help focus future validity testing. The value of this
paper may not be to provide results that can be directly generalised to other populations, but to

Nielsen et al. 13



explore mechanisms and concepts behind use and non-use of digital PROs, and to enhance un-
derstanding of existing conceptual frameworks.

The survey in this study only had a 52% response rate and the percentage of non-users in our
study is 18%, while it is 26% in the cohort. Non-respondents were slightly younger than re-
spondents, but we did not target the youngest group, neither did we catch the oldest group. Different
ReadHy profiles may have been found in the non-respondent group. In addition, a group of non-users
made the effort of writing back to us by post, stating that they would not participate in our survey. These
people are non-PRO users, and it would have been valuable to examine their ReadHy profiles to better
understand this group and whether additional mechanisms behind non-use exists within this group.

Conclusion

The level of emotional distress amongst people with IBD is different among users and non-users of a
digital PRO solution. However, this is not the only indicator for acceptance of the digital PRO
solution. An allocation of different profiles based on the ReadHy dimensions can inform clinicians
about specific needs amongst people related to their ability to manage their health, their degree of
support and their e-health literacy. There may be many factors which influence acceptance of digital
PROs, including emotional distress, motivation, and whether the digital service suits individual
needs. The association between eHealth Literacy included in the ReadHy tool and the acceptance
level measured through the SUTAQ indicates a relationship between the tools and between
readiness and enablement for eHealth technologies in general and the acceptance of a specific
eHealth technology. This knowledge helps us to better understand mechanisms behind use and non-
use of digital PROs, and may lead to a better match between technology and people, greater uptake
and less attrition.
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