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ABSTRACT

Background: During recent years, there has been an increased focus on technology within cancer sur-
vivorship and physical activity rehabilitation. Failure to acknowledge the individuals wishes and/or limi-
tations in the use of technology introduces risk of neglecting or excluding low-resource individuals,
thus adding to an already existing inequity within cancer management. It is important to identify vul-
nerable sub-populations with particular needs when introducing health technology to offer appropri-
ate rehabilitation and support individuals in taking advantage of technology in their physical activity
rehabilitation. We report how a population of cancer survivors referred to municipality-based rehabili-
tation can be segmented, according to their receptiveness and readiness for health technology utiliza-
tion, to understand their potential barriers towards using technology.

Methods: We used a cross-sectional design with convenience sampling among Danish cancer survi-
vors (n=305) referred to rehabilitation. Participants completed a questionnaire survey covering back-
ground information and a new tool to assess self-reported health technology readiness. Demographic,
disease and behavioral factors were described in relation to the participants’ receptiveness to use tech-
nology in physical activity rehabilitation. Participants were stratified according to their health technol-
ogy readiness and the resulting groups described with regards to the above-mentioned factors.
Results: Almost 30% of the participants were un-receptive to use technology in relation to physical
activity rehabilitation and were characterized by being more vulnerable with regards to sociodemo-
graphic characteristics and scoring lower on dimensions related to eHealth literacy. Stratification of the
participants according to their health technology readiness profile revealed four distinct profiles that
were significantly different in sociodemographic, disease and behavioral factors.

Conclusion: To reduce the risk of alienating low-resource individuals when introducing health technol-
ogy, evaluation of the individuals’ receptiveness to use technology in a rehabilitation context and their
readiness for health technology may help tailor the extent to which technology should be offered to

ARTICLE HISTORY
Received 3 September 2018
Accepted 19 December 2018

assist the cancer survivors.

Introduction

The number of cancer survivors living up to several decades
after a cancer diagnosis continues to increase and the need
for effective rehabilitation programs, combating the serious
sequelae inflicted by modern anti-cancer therapies, is increas-
ing accordingly. Physical exercise training has been shown to
improve physiological and psychosocial endpoints during
and after primary treatment [1-3] why it is now included in
national and international survivorship guidelines [2,4], and is
adopted as part of rehabilitation services in Denmark [4].

In recent years, the application of technology e.g. digital
tools and information systems, have gained significant attention

within cancer rehabilitation and survivorship, particularly to
address logistically challenged populations (e.g., living far from
hospital or health centers) with poor adoption, adherence by
providing distance-based programs, monitoring and support
[5-7]. Despite the innovative potential of introducing technol-
ogy within exercise-prescription and delivery in rehabilitation
programs, randomized control trials have generally delivered
poor evidence that technology-based interventions, such as
wearable activity trackers and feedback systems, improves
health related endpoints [8,9].

This may be related to a lack of addressing the diversity of
individuals’ competences, motivation and their experiences
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related to the complexity of the technology [10]. Also, the
individual’'s experiences with, and their abilities to utilize
technology, is dynamic and context specific and may depend
on social factors as well as technological constraints [11].
Failure to acknowledge individuals wishes and/or limitations
in the use of technology introduces risk of neglecting or
excluding low-resource individuals, thus adding to an already
existing inequity within cancer management [12]. To this
end, the concept of eHealth literacy may be an important
means to understand the users’ as it reports on their know-
ledge, skills, perceptions and experiences with health tech-
nology [13,14], eHealth literacy together with the usability of
the technology are important factors for adoption [10]. Our
group recently showed how the eHealth literacy question-
naire can be supplemented with dimensions from two other
validated instruments [13,15,16] and be applied as an index
for readiness in health technology to identify possible bar-
riers to adopt health technology, the Health Technology
Readiness and Enablement Index (READHY) [17]. The READHY
instrument includes the users eHealth literacy, self-manage-
ment and social context in contrast to e.g., the Technology
Acceptance Model that focuses on perceived usefulness and
ease of use and is not specifically developed within a health
context [18].

Here, we present a descriptive study on how cancer survi-
vors referred to municipality-based rehabilitation can be
stratified based on their self-reported receptiveness and
readiness for the utilization of health technology in a phys-
ical activity rehabilitation context. The aim is to get insight
of how cancer survivors grouped by their readiness for tech-
nology are receptive towards using technology in connection
with exercise to propose how services can be tailored to the
groups characteristics.

Methods
Research design, setting and participants

This study was part of a bigger study investigating health
technology readiness and motivation for training in the
Copenhagen Centre for Cancer and Health [17]. Briefly, the
present study used a cross-sectional design with convenience
sampling among citizens referred to cancer rehabilitation at
the Copenhagen Centre for Cancer and Health. Rehabilitation
services in the center include physical exercise, occupational
therapy, dietary counseling, patient education, and psycho-
social counseling. Exclusion criteria were age <18 years,
insufficient cognitive function or inability to understand
Danish. To minimize the risk of missing people with low liter-
acy, participants had the opportunity to have the question-
naire read aloud and filled out by a project member.

The study was conducted in accordance with the Helsinki
Declaration and was approved by the Danish Data Protection
Agency (journal number 2015-55-0630). All participants
received oral and written information about the study and
were informed that their participation was voluntary, that
they were ensured anonymity and that all data would be
handled confidentially. Written informed consent was
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obtained from all participants before any study-related infor-
mation was obtained.

Measures

Socio-demographic and disease-specific characteristics
Background information was collected via self-report.
Variables can be seen in Table 1 and included age, sex, edu-
cation, smoking habits, cancer diagnosis, cohabitation status,
additional chronic conditions, duration of daily physical activ-
ity. If they want to be more physically active (Yes/No/Maybe),
to what purpose they use technology in their everyday lives,
ownership of smartphone, and ownership of ordinary mobile
phone/no mobile phone at all. The demographic variable
education was aggregated to: comprehensive school; short
education; medium education; and long education, equiva-
lent to International Standard Classification of Education
2011 (ISCED-2011 [19]) levels 1 and 2, or European
Qualifications Framework (EQF [20]) level 2; ISCED-2011 and
EQF levels 3, 4 and 5; ISCED-2011 and EQF level 6 and;
ISCED-2011 and EQF levels 7 and 8, respectively.

Receptiveness to supplement physical activity cancer
rehabilitation with technology

As part of the background information, all participants were
asked (Yes/No) ‘could you imagine supplementing your phys-
ical exercise program with technology (e.g., smartphone,
computer or smartwatch)’. This variable was understood and
reported as ‘receptiveness’ towards the idea of supplement-
ing rehabilitation with technology.

The readiness and enablement index for health technol-
ogy, READHY

The ‘Readiness and Enablement index for Health technology’,
READHY, was used to assess health technology readiness of
the participants. READHY combines dimensions from three
validated and psychometrically sound questionnaires: the
eHealth literacy questionnaire, eHLQ [13]; the Health
Education Impact Questionnaire, heiQ [15]; and the Health
literacy Questionnaire, HLQ [16]. Together, the dimensions
describe eHealth literacy (eHLQ), the individual's self-man-
agement, i.e, knowledge of one’s own health and disease
context (heiQ), as well as the social context i.e., perceived
access to support from own network and/or health (HLQ).
professionals (HLQ). Initial testing of the instrument is
described elsewhere and involves validating the data and
the context in which the data are used [17].

The READHY instrument consists of 65 items covering 13
dimensions rated on a 4-point Likert scale (1=strongly dis-
agree to 4 =strongly agree). Each dimension is represented
by an independent scale and all dimensions collectively pro-
vide a comprehensive profile of health technology readi-
ness [17].

The overall score of each dimension can be calculated as
the mean of the 4-6 items comprising the dimension. If >
50% of the items in a dimension are answered an average
for the dimension can be calculated based on the filled in
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Table 1. Socio-demographic characteristics of the overall study population and stratified for receptiveness towards technology.

Receptiveness towards technology

AllP Receptive Unreceptive p Value®
Sociodemographic characteristics
N 305 (100) 216 (70.8) 88 (28.9)
Sex .083
Female, n (%) 216 (70.8) 159 (73.6) 56 (63.6)
Male, n (%) 89 (29.2) 57 (26.4) 32 (36.4)
Age, median [IQR] 60.0 [50.5-69.0] 58.0 [47.0-67.0] 65.0 [58.0-73.0] <.001
Highest attained level of education,® n (%) <.001
Comprehensive school 32 (10.5) 17 (7.9) 15 (17.0)
Short education 111 (36.5) 70 (32.4) 41 (46.6)
Medium education 86 (28.3) 64 (29.6) 22 (25.0)
Long education 75 (24.7) 65 (30.1) 10 (11.4)
Cohabitation status, n (%) .006
Alone 120 (39.3) 74 (34.4) 45 (51.1)
With spouse and/or children 185 (60.7) 142 (65.7) 43 (48
Disease-related characteristics
Diagnosis (ICD10), n (%) 466
lip, oral cavity and pharynx (DC00-DC14) 12 (3.9) 9 (4.2) 3 (3.4)
digestive organs (DC15-DC26) 39 (12.8) 23 (10.6) 15 (17.0)
Lung (DC33-DC34) 28 (9.2) 20 (9.3) 8 (9.1)
Breast (DC50) 121 (39.7) 93 (43.1) 28 (31.8)
Prostate (DC61) 17 (5.6) 12 (5.6) 5(5.7)
Female genital organs (DC51-DC58) 18 (5.9) 14 (6.5) 4 (4.5)
Lymphoid, hematopoietic and related tissue (DC81-DC96) 38 (12.5) 23 (10.6) 15 (17.0)
Other? 32 (10.5) 22 (10.2) 10 (11.4)
Additional chronic conditions, n (%) .012
no additional conditions 149 (48.9) 117 (54.7) 32(36.4)
1 additional condition 96 (31.5) 62 (29.0) 33(37.5)
2+ additional conditions 58 (19.0) 35 (16.4) 23(26.1)
Behavioral characteristics
Daily physical activity, n (%) 201
<30min a day 48 (15.7) 29 (13.4) 18 (20.5)
30-60 min a day 148 (48.5) 111 (51.4) 37 (42.0)
>60 min a day 109 (35.7) 76 (35.2) 33 (20.5)
Wish to be more active, n (%) .035
Yes 252 (82.6) 185 (85.6) 66 (75.0)
No 26 (8.5) 13 (6.0) 13 (14.8)
Maybe 27 (8.9) 18 (8.3) 9 (10.2)
Smoking habits, n (%) .002
Current 25 (8.2) 10 (4.6) 15 (17.0)
Never 102 (33.4) 75 (34.7) 26 (29.5)
Earlier 178 (58.4) 131 (60.6) 47 (53.4)
Owns smartphone, n (%) 249 (81.6) 196 (90.7) 52 (59.1) <.001
Owns ordinary mobile phone (not smartphone) or no mobile phone, n (%) 56 (18.4) 21 (9.8) 35 (39.8) <.001
Purpose of using technology,® n (%)
Exercise 60 (19.7) 54 (25.0) 6 (6.8) <.001
Work 138 (45.2) 112 (51.9) 26 (29.5) <.001
Information seeking 269 (88.2) 205 (94.9) 63 (71.6) <.001
Communicating with family/friends 257 (84.3) 194 (89.8) 62 (70.5) <.001
Entertainment 225 (73.8) 172 (80.0) 53 (60.2) <.001

IQR: interquartile range.
Percentages do not always sum to 100 due to missing data.

bp Value from Mann-Whitney U test (continuous variables) or the Pearson XZ test (frequencies).
“Comprehensive school equivalent to International Standard Classification of Education 2011 (ISCED-2011) levels 1 and 2, or European Qualifications Framework
(EQF) level 2; short education equivalent to ISCED-2011 and EQF levels 3, 4 and 5; medium education equivalent to ISCED-2011 and EQF level 6 and; long edu-

cation equivalent to ISCED-2011 and EQF levels 7 and 8.

dCancers of the respiratory and intrathoracic organs except lung (DC30-DC32, DC35-DC39), bone and articular cartilage (DC40-DC41), skin (DC43-DC44), meso-
thelial and soft tissue (DC45-DC49), male genital organs except prostate (DC60, DC62-DC63), urinary tract (DC64-DC68), eye, brain and other parts of central
nervous system (DC69-DC72), thyroid and other endocrine glands (DC73-DC75) and ill-defined/unspecified cancers (DC76-DC80).

*Multiple answers allowed.

items, otherwise the entire dimension should be regarded
as missing.

Statistical analyses

We explored differences with regard to age, diagnosis and
sex between the study population (n=305) and those who
actively declined to participate in the study (n=63).

Descriptive statistics were reported as medians and inter-
quartile ranges for READHY scores, socio-demographic (sex,
age, education, cohabitation status), disease (diagnosis,
chronic conditions) and behavioral (daily physical activity,
wish to more active, smoking habits, smartphone ownership,
purpose of using technology) characteristics of the overall
study population. (The distribution of each scale for the
entire sample, mean and standard deviation can be seen in
online Appendix 1.)
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Table 2. Mean READHY scores stratified for participants’ receptiveness towards technology.
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Receptiveness towards technology

Receptive Unreceptive Mann-Whitney U test
READHY score® Median [IQR] Median [IQR] p Value
HeiQ3 Self-monitoring and insight 3.00 [2.67-3.33] 3.00 [2.67-3.25] .969
HeiQ4 Constructive attitudes and approaches 3.00 [2.80-3.60] 3.20 [2.80-3.80] 153
HeiQ5 Skills and technique acquisition 3.00 [2.75-3.25] 3.00 [2.75-3.25] 615
HeiQ8 Emotional distress® 2.83 [2.33-3.33] 3.00 [2.19-3.50] 504
HLQ1 Feeling understood and supported by healthcare providers 3.00 [3.00-3.75] 3.00 [2.75-3.75] 791
HLQ4 Social support for health 3.60 [3.00-4.00] 3.40 [3.00-3.80] 201
eHLQ1 Using technology to process health information 2.80 [2.50-3.20] 2.40 [1.40-2.60] <.001
eHLQ2 Understanding of health concepts and language 3.00 [2.80-3.40] 3.00 [2.80-3.40] .082
eHLQ3 Ability to actively engage with digital services 3.00 [2.80-3.60] 2.60 [1.60-3.20] <.001
eHLQ4 Feel safe and in control 3.00 [2.80-3.60] 3.00 [2.80-3.60] 663
eHLQ5 Motivated to engage with digital services 2.80 [2.40-3.20] 2.20 [1.80-2.80] <.001
eHLQ6 Access to digital services that work 3.00 [2.67-3.17] 2.67 [2.17-3.00] <.001
eHLQ7 Digital services that suit individual needs 2.75 [2.25-3.00] 2.50 [2.00-2.75] <.001

Range 1 (strongly disagree)-4 (strongly agree).
PReverse scored. High score means low level of distress.

IQR: interquartile range; HeiQ: Health Education Impact Questionnaire; HLQ: Health Literacy Questionnaire; eHLQ: eHealth Literacy

Questionnaire.

Statistics were non-parametric due to variables not being
normally distributed, and unequal sample sizes and hetero-
scedasticity of variables for subpopulations. The
Mann-Whitney U test (continuous variables) or the Pearson
Xz test (frequencies) were used to test if differences existed
in socio-demographic, disease and behavioral characteristics
and READHY scores between receptive/un-receptive to sup-
plement with technology. To further explore health technol-
ogy readiness of the study participants, we performed a
cluster analysis as described in Kayser et al. [17]. In brief, we
applied a combined approach using hierarchical analysis
with Ward’'s method for linkage to determine the optimal
number of clusters for the dataset followed by the k-
means method.

Differences in socio-demographic characteristics between
the resulting profiles were tested using the non-parametric
Mann-Whitney U test, the Kruskal-Wallis H test (continuous
variables) or the Pearson XZ test (frequencies). For variables
with significant overall effects, post-hoc analyses were per-
formed with the purpose of creating brief descriptions of the
four profiles: Dunn-Bonferoni post hoc tests were used to
examine differences revealed by Kruskal-Wallis H test.
Contingency table cells that deviated significantly from
expected counts in the Pearson j° test were identified by
standardized residuals exceeding the critical value of £1.96.

All statistical analyses were performed using IBM SPSS sta-
tistics version 22 (SPSS, Chicago, IL). All statistic tests were 2-
sided and significance level was set at 0.05.

Results
Participant characteristics

As described previously [17], 857 cancer patients were
referred to Copenhagen Center for Cancer and Health, and
368 were asked to participate. From these potential candi-
dates, 305 (82.9%) individuals agreed to participate and 63
(17.1%) declined participation due to not wishing to partici-
pate, lack of time and lack of enthusiasm and energy.
Individuals who declined participation in the study were

significantly older than those agreeing to participate (median
age 65.0 versus 60.0, p =.027) but did not differ with regards
to distribution of cancer diagnoses and sex from the study
population. Participant characteristics are depicted in
Table 1, first column. The 305 participants included in the
survey has a median age of 60.0 years, the majority are
female (n=216, 70.8%) and most participants are living with
a spouse and/or children (n=185, 60.7%). The most preva-
lent diagnosis is breast cancer (n=121, 39.7%) and partici-
pants has mainly received treatment with surgery (n=191,
62%) at the point of inclusion. Most participants own a
smartphone (n=249, 81.6%), the majority (n=252, 82.6%)
report they wish to be more physically active and 60 (19.7%)
already use technology in connection with exercise.

Receptiveness to supplement rehabilitation-based
exercise with technology

A total of 216 (70.8%) participants responds that they ‘could
imagine to supplement training with technology’ (‘Receptive-
group’), while 88 participants (28.9%) responds that they
‘could not imagine to supplement their rehabilitation with
technology devices’ (‘Un-receptive-group’), Table 1.

Socio-demographic and disease differences

Compared to individuals who are receptive to supplement
their rehabilitation program with technology-devices, individ-
uals in the un-receptive-group (Table 1) are older (median
age 65.0 versus 58.0 years), there is a lower proportion with
long education, a higher proportion lives alone and has add-
itional chronic conditions besides the cancer. There is a
higher proportion of smokers, and a smaller proportion who
wants to be more active. Also, there is a higher proportion
owning an ordinary mobile phone (not smartphone)/no
mobile phone at all and a smaller proportion already using
technology in connection with exercise. There is no differ-
ence regarding cancer diagnosis.
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Table 3. Four READHY profiles identified by cluster analysis.
READHY profiles

1 2 3 4

READHY score
HeiQ dimensions (self-management/distress) Low Low High High
HLQ dimensions (support) Low Low High High
eHLQ dimensions (eHealth literacy) Low Medium Medium High

High, medium and low illustrates the average level of READHY scores relative
to the other profiles.

HeiQ: Health Education Impact Questionnaire;
Questionnaire, eHLQ: eHealth Literacy Questionnaire.

HLQ: Health Literacy

Health technology readiness

The un-receptive group on average scores significantly lower
on READHY scales (Table 2) relating to their skills and use of
technology (eHLQ1: Using technology to process health
information and eHLQ3: Ability to actively engage with
digital services), their motivation (eHLQ5: Motivated to
engage with digital services), and their experience of/with
health technology systems (eHLQ6: Access to digital services
that work and eHLQ7: Digital services that suit individual
needs). Receptiveness to use health technology in connec-
tion with exercise did not relate to their capacity to cope
and manage their condition (heiQ3: Self-monitoring and
insight, heiQ4: Constructive attitudes and approaches and
heiQ5: Skills and technique acquisition), their emotional dis-
tress (heiQ8: Emotional distress) or their interaction with
social/professional networks (HLQ1: Feeling understood and
supported by healthcare providers and HLQ4: Social support
for health).

Readiness for utilization of health technology

When participants were stratified by READHY-scores, our
cluster analysis revealed four distinctive READHY profiles.
Profile 1 has lower scores relative to the other profiles on all
READHY dimensions, while profile 4 has higher READHY
scores on all dimensions. Profile 2 has lower scores on
dimensions related to self-management and support and
medium eHealth literacy scores, while profile 3 has higher
READHY scores on dimensions related to self-management
and support but medium READHY scores on dimensions
related to eHealth literacy (Table 3).

Socio-demographic and disease differences

Table 4 presents cluster profile means or observed frequen-
cies for sociodemographic variables. The four profiles are sig-
nificantly different in age, educational level, cohabitation
status, number of additional chronic conditions, daily phys-
ical activity, smoking habits, ownership of technology (smart-
phone versus ordinary mobile phone or no mobile phone)
and use of technology in connection with exercise. The pro-
files do not differ significantly with regards to distribution of
sex and their wish to be more active. Profile 1 individuals are
the oldest, there is a higher proportion with short education,
that live alone, that have 2 or more chronic conditions, and
a higher proportion of current smokers. Profile 1 also has the
lowest proportion of smartphone owners and has a lower

proportion of individuals using technology for various pur-
poses in their everyday lives. None in profile 1 use technol-
ogy in relation to exercise.

Health technology receptiveness

The proportion of ‘receptive’ to supplement training with
technology differs significantly between the four profiles.
Most participants in profile 1 are un-receptive to utilize
health technology (n=29, (76.3%), followed by profile 3
(n =24, 36.4%), while only a minor proportion are un-recep-
tive to utilize technology in profile 2 (n=20, 16.9%) and pro-
file 4 (n=24, 15.8%).

Discussion

This study is the first to describe the receptiveness and readi-
ness to use health technology in relation to exercise cancer
rehabilitation across a broad spectrum of cancer diagnosis
within an everyday clinical setting. Based on a convenience
sample of Danish cancer survivors referred to rehabilitation,
our data highlight readiness to utilize health technology in
distinguishable sub-populations.

A key finding of the present study is that a considerable
proportion (~30% of all participants) report that they ‘could
not imagine to supplement their exercise-based rehabilita-
tion with technology measures’ (‘'un-receptive’ group), which
corresponded with a similar study in breast cancer survivors
[21]. The un-receptive-group has a higher representation of
vulnerable individuals that are older, has a lower educational
level, is current smokers and has more additional chronic
conditions. Other studies have found similar differences
between users and non-users of technology [22-24].
READHY-scores revealed that the un-receptive-group experi-
ence technology-specific barriers with significantly lower
scores in dimensions related to their skills, motivation and
user experiences, while there were no differences in READHY
dimensions related to their capacity to cope with and handle
their situation, the emotional impact of their disease and
social/professional networks. This indicates that while this
sub-population may be reluctant to engage in eHealth-inter-
ventions, proper technology-specific introduction, training
and support may enable at least some un-receptive cancer
survivors to utilize such options. However, reasons for being
un-receptive could be related to other factors that should be
further explored. For instance, a previous study showed that
non-participators of a health technology randomized con-
trolled trial were reluctant to risk changes to existing services
and relationships with specific service providers that were
highly valued [25].

Further insight into Danish cancer survivors’ limitations for
technology utilization was gained by our cluster analysis
based on READHY-scores, revealing four distinct profiles with
regards to their self-management, social support, eHealth lit-
eracy and socio-demographic characteristics. Profile 1 scores
the lowest on all READHY domains, is older and has a higher
proportion of individuals with short education, that live
alone, has 2 or more chronic conditions, and who are



ACTA ONCOLOGICA 615

Table 4. Sociodemographic characteristics of the four READHY profiles based on cluster analysis.

READHY profiles

Variable 1 2 3 4 p Value®
Receptiveness toward tech- <.001
nology, n (%)
Receptive 9 (23.7) 98 (83.1) 42 (63.6) 64 (84.2)
Unreceptive 29 (76.3) 20 (16.9) 24 (36.4) 12 (15.8)
Sociodemographic
characteristics
n (%) 38 (12.5) 119 (39.0) 66 (21.6) 76 (24.9)
Sex .898
Female, n (%) 25 (65.8) 86 (72.3) 47 (71.2) 54 (71.1)
Male, n (%) 13 (34.2) 33 (27.7) 19 (28.8) 22 (28.9)
Age, median [IQR] 69.0 [58.5-77.5] 59.0 [50.8-68.3] 63.5 [51.0-69.0] 56.5 [43.0-66.0] <.001¢
Highest attained level of 021
education,® n (%)
Comprehensive school 9 (23.7) 11 (9.2) 6 (9.1) 5 (6.6)
Short education 18 (47.4) 44 (37.0) 22 (33.3) 23 (30.3)
Medium education 8 (21.1) 38 (31.9) 18 (27.3) 22 (28.9)
Long education 3(7.9) 26 (21.8) 20 (30.3) 26 (34.2)
Cohabitation status, n (%) .004
Alone 25 (65.8) 42 (35.3) 22 (33.3) 27 (35.5)
With spouse and/ 13 (34.2) 77 (64.7) 44 (66.7) 49 (64.5)
or children
Disease-related
characteristics
Additional chronic condi- .003
tions, n (%)
No additional conditions 8 (21.1) 58 (48.7) 34 (53.1) 46 (60.5)
1 Additional condition 15 (39.5) 39 (32.8) 21 (32.8) 18 (23.7)
2+ Additional conditions 15 (39.5) 22 (18.5) 9 (14.1) 12 (15.8)
Behavioral characteristics
Daily physical activity, n (%) .047
<30min a day 4 (10.5) 19 (16.0) 16 (22.1) 7 (9.2)
30-60 min a day 19 (50.0) 65 (54.6) 22 (24.2) 38 (50.0)
>60min a day 15 (39.5) 35 (29.4) 28 (42.4) 31 (40.8)
Wish to be more active, .761
n (%)
Yes 29 (76.3) 100 (84.0) 55 (83.3) 63 (82.9)
No 5(13.2) 7 (5.9) 6 (9.1) 8 (10.5)
Maybe 4 (10.5) 12 (10.1) 5(7.6) 5 (6.6)
Smoking habits, n (%) <.001
Current 8 (21.1) 5(4.2) 8 (12.1) 3 (3.9
Never 11 (28.9) 29 (24.4) 27 (40.9) 32 (42.1)
Earlier 19 (50.0) 85 (71.4) 31 (47.0) 41 (53.9)
Owns ordinary mobile 22 (57.9) 6 (7.9) 13 (19,7) 14 (11.9) <.001
phone (not smartphone)
or no mobile phone,
n (%)
Purpose of using technolo-
gy.% n (%)
Exercise 0 (0.0) 19 (16.0) 12 (18.2) 28 (36.8) <.001
Work 4 (10.5) 59 (49.6) 30 (45.5) 42 (55.3) <.001
Information seeking 16 (42.1) 115 (96.6) 62 (93.9) 72 (94.7) <.001
Communicating with 18 (47.4) 108 (90.8) 54 (81.8) 74 (97.4) <.001
family/friends
Entertainment 17 (44.7) 95 (79.8) 48 (73.8) 61 (80.3) <.001

?p Value from Kruskal-Wallis H test (continuous variables) or Pearson ;(2 test (frequencies) between the four profiles.

bComprehensive school equivalent to International Standard Classification of Education 2011 (ISCED-2011) levels 1 and 2, or European
Qualifications Framework (EQF) level 2; short education equivalent to ISCED-2011 and EQF levels 3, 4 and 5; medium education equiva-
lent to ISCED-2011 and EQF level 6 and; long education equivalent to ISCED-2011 and EQF levels 7 and 8.

“Profile 1 versus profile 4 (p =.000), profile 1 versus profile 2 p=.000), profile 1 versus profile 3 (p =.006,).

4Multiple answers allowed.

Bold values indicate that the adjusted standardized residual for that cell exceeded the critical value of +£1.96.

IQR: interquartile range.

smokers which is in line with previous findings on eHealth
literacy and sociodemographic characteristics [26]. In con-
trast, profile 4 scores the highest across domains and com-
prises subjects that already apply technology in relation to
exercise training. There was a clear trend associated with
receptiveness to utilize technology, with those un-receptive to

supplement training with technology predominantly highly
overrepresented in profile 1 (low self-management, social sup-
port and eHealth literacy) and rarely found in profile 4 (high
self-management, social support and eHealth literacy) profiles.
While the difference between low-scoring (profile 1) and high-
scoring (profile 4) READHY-profiles to some extend was
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Low READHY

4 )

Extra self-management and
emotional support based on
the READHY profile.
Thorough introduction and
support to technology
supported exercise
rehabilitation.

(24% from cluster 1)

-
[

J
\

Basic introduction to
technology supported
exercise rehabilitation.

(84% of cluster 4)

Receptive

- J

Standard team based
exercise rehabilitation. Extra
self-management and
emotional support based on
the READHY profile. Dialogue
about the potential benefits
of the technology and if they
wish to try then extra
support with technological
issues.

\ (76% from cluster 1) )
[Dialogue about reasons for\

not being open to
technology in this context
and about the potential
benefits of the technology
offered. If still not open to
try, then standard team
based exercise
rehabilitation.

Un-receptive

k (16 % from cluster 4) j

High READHY

Figure 1. Proposed model for balanced interventions based on the degree of health technology readiness and receptiveness for technology supported phys-

ical exercise.

expected and presumably driven largely by a sociodemo-
graphic gradient [26], the cluster analyses further revealed
interesting sub-groups (profiles 2 and 3) scoring similarly on
eHealth literacy domains but differing with regard to self-man-
agement and support. Interestingly, these two groups also
seem to differ in technology rehabilitation receptiveness; how-
ever, it is the group scoring high on self-management and
support (profile 3) reporting the lowest level of receptiveness,
which cannot be explained by sociodemographic factors.
However, profile 3 participants are more likely not to get the
recommended 30 min of daily physical activity and it may be
speculated that this group prefer motivational person-to-per-
son contact over technology in relation to rehabilita-
tion exercise.

The identification of the four READHY profiles supports
the notion that imposing a standardized ‘one-size fits all’
technology supported intervention would not be appropriate
in this setting as it imposes a risk of alienating particularly
low-recourse, individuals.

Having the skills to utilize technology does not necessarily
indicate that an individual is receptive to technology in a
healthcare context. Considering both individuals’ receptive-
ness to utilize technology as well as their readiness for
health technology may be important with regard to ensuring
optimized inclusion of technology for physical activity
rehabilitation. Based on our findings, we propose a model
for how to offer support to individuals with characteristics
identifying them to belong to profiles 1 and 4 (Figure 1).
Interestingly, health technology readiness seems to be

inversely associated with receptiveness. We therefore suggest
focusing on a more personalized approach for profile 1
where it may be necessary to offer services that are not tech-
nology based. This profile is also characterized by having a
lower educational level and more morbidities. They are,
therefore, more vulnerable and considered to be in risk of
being excluded from additional services. Whether technology
may help to include these individuals remains unsolved but
could include persuasive techniques, nudging or interactive
gaming [27].

The present study has important limitations. Due to the
cross-sectional design, future research should utilize longitu-
dinal data collection to gain insight into how the different
profiles would use or not use technology in physical activity
rehabilitation and what their experienced problems are.
Although we did not find significant differences between the
individuals who either declined participation or were not
included in the study for other reasons, the sample represen-
tativeness can be questioned. A recent report demonstrated
significant difference in rehabilitation referrals associated
with educational level [28]. Thus, the convenience sample in
our study was most likely already non-representative, not
mirroring those most vulnerable, suggesting the true fre-
quency of un-receptive cancer survivors is likely higher. Also,
while our sample in total was sufficient to perform cluster
analyses based on READHY-scores, only breast cancer was
arguably large enough to consider for meaningful diagnosis-
based sub-analyses. Finally, the question ‘could you imagine
supplementing your physical exercise program with



technology (e.g., smartphone, computer or smartwatch)’ may
introduce a bias as people who do not intend to train would
answer ‘no’ independently from what they feel about
technology. Also, the answer may depend on the type of
technology or user interface. In our interpretation of the par-
ticipants’ answers, we have conceptualized the above ques-
tion as ‘receptiveness’ toward technology after a thorough
discussion among the researchers. We acknowledge that this
may have simplified our analysis but find that it helps us to
interpret our results and understand the participants.

In conclusion, our findings show that evaluation of indi-
viduals' receptiveness to use technology in a rehabilitation
context and their readiness for health technology may
identify different strata of cancer survivors with potential
for personalizing rehabilitation programs according to
individuals’ skills and needs. This could reduce the risk of
alienating low-resource individuals when introducing
health technology and identify individuals who require
additional/targeted support in order to engage in technol-
ogy-based interventions.
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