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Abstract

Background: Given the increasing number of cancer survivors and their rising survival rates, rehabilitation plays an increasingly
important role. Social support among patients is an essential element of inpatient and day care rehabilitation. The internet can
empower patients with cancer to become more active health care consumers and facilitate information and supportive care needs.
By contrast, therapists suspect that high internet use during rehabilitation may severely limit social interactions between patients,
thus interfering with the patients’ rehabilitation program and jeopardizing treatment success.

Objective: We hypothesized that the extent of internet use would be negatively related to social support among patients with
cancer during their clinical stay as well as fewer improvements in patient-reported treatment outcomes from the first to the last
day of their clinical stay.

Methods: Patients with cancer participated during their inpatient rehabilitation. Cross-sectional data, such as the extent of
participants’ internet use and perceived social support among patients, were collected during the last week of their clinic stay.
The treatment outcomes, that is, participants’ levels of distress, fatigue, and pain, were collected on the first and last day of the
clinic stay. We used multiple linear regression analysis to study the association between the extent of internet use and social
support among patients with cancer. We used linear mixed model analyses to study the association between the extent of internet
use by patients with cancer and the change in patient-reported treatment outcomes.

Results: Of the 323 participants, 279 (86.4%) participants reported that they used the internet. The extent of the internet use
(t315=0.78; P=.43) was not significantly associated with the perceived social support among the participants during their clinical
stay. In addition, the extent of participants’ internet use during their clinical stay was not associated with changes in participants’
levels of distress (F1,299=0.12; P=.73), fatigue (F1,299=0.19; P=.67), and pain (F1,303=0.92; P=.34) from the first to the last day of
their clinical stay.

Conclusions: The extent of internet use does not seem to be negatively associated with the perceived social support among
patients with cancer or with the change in patients’ levels of distress, fatigue, or pain from the first to the last day of their clinical
stay.

(JMIR Cancer 2023;9:e39246) doi: 10.2196/39246
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Introduction

Background
Cancer survivors can experience long-term physical and
psychological consequences of cancer and its treatment [1-3].
Fatigue, pain, and distress are among the most frequently
reported symptoms during and after primary cancer treatment
[4-9]. Given the increasing number of cancer survivors and
rising survival rates resulting from progress in early detection,
treatment, and cancer management [10,11], rehabilitation is
playing an increasingly important role.

Different rehabilitation approaches are being used for patients
with cancer worldwide. On the basis of the biopsychosocial
model of the World Health Organization, these programs are
based on a similar multidisciplinary understanding of cancer
rehabilitation [12-14]. In Germany, after primary treatment,
every patient with cancer is legally entitled to participate in a
3-week combined multidisciplinary treatment program
consisting of physical therapy, patient education, relaxation
training, functional training, psycho-oncological treatment,
nutrition counseling, and occupational counseling, depending
on the patient’s functioning and needs as assessed at the
beginning of the rehabilitation [12,15]. A special feature is that
in Germany, cancer rehabilitation is mainly performed in
inpatient clinics [12]. Uncontrolled before-and-after studies
showed that patients undergoing cancer rehabilitation can
improve their somatic status, psychosocial status, and quality
of life and reduce their anxiety, depression, and distress from
the beginning to the end of inpatient rehabilitation [16-18].

The 2 essential elements of inpatient and day care rehabilitation
are social support from other patients in cancer rehabilitation
and physical activity [12]. Social support has been recognized
as an important factor in overall well-being [19,20] and has
been positively associated with both improvement in
cancer-related stress [21] and posttraumatic growth in patients
with cancer [22]. In inpatient and day care, patients in cancer
rehabilitation receive social support from other patients
undergoing rehabilitation with a cancer diagnosis (peer support)
during therapist-guided group treatment sessions and unguided
peer support during leisure-time activities. The three main
attributes of peer support are (1) emotional support by discussing
personal difficulties, (2) informational support by providing
knowledge relevant to problem-solving, and (3) appraisal
support such as encouragement to persist in problem-solving
and reassurance that efforts will lead to positive outcomes [23].
Previous research found gender and age differences in seeking
and providing social support. Women seem to provide more
emotional support to both men and women, and they seem to
receive more help in return [24]. Older people (aged ≥60) are
less likely to explicitly ask for emotional support compared
with younger people [25]. Systematic reviews that explored the
benefits of one-on-one and group peer support interventions for
patients with cancer, conducted analog and on the web, showed
mixed results. Peer support interventions increased perceived
distress, quality of life, and treatment-related compliance of
patients with breast cancer [26], as well as the emotional health,
quality of life, coping and psychosocial functioning [27,28],

and empowerment of patients with cancer [29]. However,
unmoderated and unstructured group peer support interventions
conducted on the web without peer training had no effect or
even adverse effects on quality of life, distress, and depression
[26,30]. In the absence of moderation or group structure,
expressions of anger and fear increased, as did discussions about
death and dying [30,31]. Furthermore, initial cross-sectional
studies indicated that high informational support may be
associated with lower cancer-related fatigue [32].

eHealth applications and the internet can empower patients with
cancer to become more active health care consumers and
facilitate information and supportive care needs [33-36]. First,
patients with cancer can search the internet for health- or
cancer-related information or solicit medical advice from their
physicians via email. Intensive searches revealed that there are
no publications on the prevalence of cancer-related internet
searches during inpatient or day care rehabilitation. However,
the prevalence of patients with cancer in a Dutch sample, 2
American samples, and a Swedish sample who used the internet
ranged from 60.2% to 79.8% [34,37-39]. In advanced
economies, 87% of the population uses the internet at least
occasionally [40]. The internet can help patients with cancer
fulfill their needs for information regarding their diagnosis,
prognosis, or treatment options [37,41,42]. Patients with cancer
who search the internet for cancer-related information are
younger and more highly educated than those who do not search
the internet [37-39]. Second, patients with cancer can use
web-based communication and web-based communities for
social support. Patients with cancer can access the internet
anytime and from almost anywhere [43], anonymously if
desired, and even patients with rare cancer types can find other
patients with the same cancer type to share experiences [44].
Web-based peer support programs used in a study setting can
have a positive influence on the psychosocial well-being of
patients with cancer, including quality of life and distress
[26,45]. Third, eHealth programs are used as independent
treatment measures or to improve or assist health care services
in various phases of cancer treatment [46-49]. eHealth cancer
rehabilitation and aftercare programs address logistically
challenged populations and commonly use elements such as
education, self-monitoring, self-management training,
personalized exercise programs, communication with health
care providers, and communication with fellow patients [48,49].

The starting point of this study was the observations by health
care professionals of the cooperating oncological rehabilitation
clinic that a high level of internet use between and after
rehabilitation sessions reduced social interactions between
patients during their clinic stay and high levels of internet use
interfered with the patients’ rehabilitation program. This
observation was somewhat related to the social displacement
hypothesis. The social displacement hypothesis suggests that
despite increased communication opportunities, internet use is
largely a nonsocial activity that competes with face-to-face
interaction and is, therefore, associated with lower social
involvement and psychological well-being, as indicated by the
initial results from longitudinal studies [50,51]. However, the
results of subsequent studies have contradicted these claims
[52-54], and a meta-analysis found only a small cross-sectional
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association between internet use and well-being [55].
Displacement theory has also been studied more recently with
social media use instead of general internet use. The results of
a study using a national probability sample could not support
the social displacement hypothesis for social media use [56].
Instead, study results suggest that social media use displaces
time spent using other media [57]. Results of a meta-analysis
of cross-sectional studies [58] and results of longitudinal studies
[59,60] indicate that the association between internet or social
media use and well-being varies by the type of internet and
social media use. Positive associations were found for media
use directed at a specific person through which emotional
information can be conveyed, such as phone calls or texting
with emojis [58-60]. Furthermore, while the use of social media
in general had a small negative association with well-being,
interactive aspects of social media use were positively correlated
with well-being [58-60]. The associations found might also be
linked to the individuals’ personality or social skills. For
extraverts, internet use seems to be associated with an increase
in social engagement and self-esteem and a decrease in
loneliness [52]. Individuals with high levels of neuroticism who
use the internet frequently to seek information seem to perceive
lower levels of support [53]. However, the causal direction of
these associations remains unclear [53,57].

Objective
Health care professionals at the cooperating oncological
rehabilitation clinic observed that a high level of internet use
between and after rehabilitation sessions reduced social
interactions between patients during their clinic stay and high
levels of internet use interfered with the patients’ rehabilitation
program. These observations are inconsistent with previous
study results on the associations between the extent of internet
use, social support, and changes in well-being. However,
compared with participants of previous studies on the
associations between internet or social media use, social support,
and well-being, patients with cancer in inpatient rehabilitation
are in a different setting. During their 3 weeks of inpatient
treatment, they have no or limited face-to-face contact with their
friends and family, as rehabilitation clinics are often located in
rural areas distant from the patients’ homes, making personal
visits difficult. Although previous research has suggested that
internet use does not affect social interactions, primarily with
friends and family [52,54], we believe that it might be possible
for internet use to affect social interactions with relative
strangers in the rehabilitation setting. In addition, the
psychological and mental health of patients with cancer at the
beginning of rehabilitation is significantly worse than that of
the general population [17], which makes comparison difficult.

We formulated the following explorative research questions:
(1) is the extent of internet use negatively associated with the
perceived social support among patients with cancer during
their clinical stay? (2) is the extent of internet use by patients
with cancer during their clinical stay negatively associated with
changes in distress, fatigue, and pain scores from the beginning
to the end of inpatient cancer rehabilitation, with distress being
the primary outcome?

In addition, we aimed to describe the extent and purpose of
internet use by patients with cancer during their clinical stay
and at home.

Methods

Study Design
In the cross-sectional part of the study, we obtained data using
a paper-pen questionnaire to gain insight into the extent and
purpose of rehabilitant internet use, their preferences for future
use of eHealth or web-based programs, their perceived social
support from other patients, and their physical activity during
the clinic stay. For the longitudinal part of the study, medical
data and 3 patient-reported outcome measures (PROMs) were
collected on the first day and the last day of the clinic stay.

This study followed the recommendations of the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement. The STROBE statement contains 18
items that are common to cohort, cross-sectional, and
case-control studies. Four checklist items (items 6, 12, 14, and
15) have specific variations according to the study design [61]
(Multimedia Appendix 1).

The protocol for this study is freely available at the Open
Science Framework [62] and was published before the
recruitment of the first participant.

Setting, Recruitment, and Participants
The participants were recruited during the third week of their
3-week inpatient cancer rehabilitation stay at a German
rehabilitation clinic. Potential participants were approached
during the patient consultation. Patients in rehabilitation were
recruited between September, 2018, and February, 2020.
Recruitment occurred in random time samples. During the
random time samples, all eligible patients were asked to
participate. Patients were included if they had been diagnosed
with any type of cancer, were aged 18 years, and had sufficient
oral and written proficiency in German language. Participants
were informed that their medical data would be included in the
evaluation of the study. Medical data were routinely collected
on the first day and last day of the clinic stay. Afterward, the
medical director distributed the pen-and-paper questionnaire to
the participants, which the participants completed and handed
to their treating physician the next day.

Measures and Data Source

Cross-sectional Questionnaire

Sociodemographic and Medical Characteristics

The questionnaire during the last week of the clinic stay included
multiple choice items designed to describe the sociodemographic
(age, gender, years of schooling, professional situation, and
current living situation) and medical characteristics (type of
cancer) of the participants.

The Extent and Purpose of Patients’ Internet Use

We used an adapted version of the questionnaire used by Drewes
et al [63] to measure the internet use of patients during their
clinic stay and at home as well as their interest in future
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interactions with new media. First, the participants reported
whether they used the internet. Participants who indicated not
using the internet were instructed to skip all questions about the
extent and purpose of internet use.

The frequency of internet use at home and during the clinic stay
was self-reported by responses on a 4-point response scale from
“never” to “daily.” Two items about the daily time spent on the
web during the clinic stay and at home were answered on a
5-point response scale from “none” to “more than 120 minutes.”
Furthermore, participants were asked which device they used
to access the internet at home and during their clinic stay. To
indicate the most common web-based activities during the clinic
stay and at home, participants could select one or more of the
10 options of predefined activities and could enter an activity
themselves.

Preferences for Future Use of eHealth or Web-Based
Programs

Participants’ interests in future interactions with new media or
web-based services in health care were determined by rating 6
statements on a 4-point Likert scale from “I strongly disagree”
to “I strongly agree.”

Patients’ Views on Internet Use During Clinic Stay

Participants rated the following statements on a 4-point Likert
scale from “I strongly disagree” to “I strongly agree”: “The
availability of Wireless LAN (WLAN) in the rehabilitation
clinic is very important to me,” “I would like to receive online
support during treatment,” “I feel distracted from rehabilitation
by using the internet during rehabilitation,” “I can fulfill my
information needs by using the internet during my rehabilitation
stay,” and “I was absent from the clinic’s leisure-time activities
because I spent the time on the internet.”

Perceived Social Support Between Patients During Clinic
Stay

To measure the perceived social support between patients during
the clinic stay, the questionnaire on social support between
patients (F-SozU-P) was used [64]. The F-SozU-P is an
adaptation of the German self-report questionnaire for the
assessment of social support (F-SozU) [65], which is the long
version of the brief form for assessing social support (F-SozU
K-6) [64]. Both the order and the sentence structure of the
F-SozU items were retained in the F-SozU-P. However, words
such as “people,” “relatives,” and “family” in the F-SozU were
replaced by “fellow patients” or “patients” in the F-SozU-P.
All 54 items were scored on a 5-point Likert scale ranging from
1=“not true” to 5=“exactly true.” In the validation study, the
global scale wahrgenommene soziale Unterstutzung–Patienten
(perceived social support-patients; WasU-P) had high values
for internal consistency (α=.93) [64].

Physical Activity During Clinic Stay

Physical activity during the clinic stay was measured using the
German version of the Godin-Shephard Leisure-Time Physical
Activity Questionnaire (GSLTPAQ) [66]. The GSLTPAQ is
commonly used for classification purposes in oncology [67].
Participants reported how often and how long (in minutes) they
engaged in low-, moderate-, and high-intensity physical activity
in the past week. The frequency at each intensity was multiplied

by 3, 5, and 9 metabolic equivalents and then multiplied by the
duration divided by 60 and summed. Scores derived from the
GSLTPAQ represent the time of physical activity during the
clinic stay in the form of metabolic equivalents hours within
the last week [67].

Longitudinal Questionnaire
The longitudinal questionnaire included 3 validated PROMs.
First, the German version of the Distress Thermometer [68]
consists of a single-item scale ranging from 0=no distress to
10=extreme distress, indicating how much stress the participant
experienced in the last week, including the day of assessment.
A score of 5 is internationally recommended as an indicator
that a patient is distressed and may need support [68]. Second,
the German version of the numeric rating scale (NRS) for pain
[69] is an 11-point numeric scale (NRS 11) ranging from 0=no
pain to 10=worst pain imaginable [69]. This instrument is
commonly used to measure pain in patients with cancer [7].
Third, participants completed the German version of the Brief
Fatigue Inventory [70]. The Brief Fatigue Inventory is used for
the specific assessment of fatigue in patients with oncological
diseases. The questionnaire contains 10 items. Three items ask
patients to rate the severity of their fatigue on average, at its
worst, and right now, with 0=no fatigue and 10=fatigue as bad
as you can imagine. In addition, 6 items measure the extent to
which patients’ fatigue interferes with general activity, mood,
walking, work, relationships with others, and enjoyment of life.
These items are rated on a scale of 0=does not interfere to
10=completely interferes [70]. A score between 3 and 4 points
indicates medium-severity fatigue in patients with tumors.

Pilot Testing
We pilot-tested the complete set of items in March 2018 in 6
patients undergoing rehabilitation. The pilot participants were
recruited from the same German rehabilitation clinic as the
respondents in the following study. The inclusion criteria for
participation in the pilot test were identical to those of the main
study. Participants were instructed to think aloud while
completing the questionnaires to identify how they interpreted
items, whether instructions were easy to understand, whether
problems occurred, and whether they understood the items in
the way they were intended [71]. The pilot study showed
satisfactory results and revealed that participants generally
understood the set of items well. The completion of the
questionnaire took between 25 and 50 minutes.

Data Analysis
We used SPSS Statistics (version 25; IBM SPSS Inc) for the
statistical analyses. The participants’ sociodemographic and
medical characteristics, the extent and purpose of rehabilitant
internet use, and their preferences for future use of eHealth or
web-based programs were summarized descriptively (ie, means,
SDs, frequencies, and percentages).

For further analysis, we excluded cases with >30% of missing
F-SozU-P items [72]. We used multiple linear regression
analysis to determine the association between the extent of
participants’ internet use (independent variable) and perceived
social support among patients during their clinic stay (dependent
variable; research question 1). To identify whether participants
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who used the internet for interactive activities, such as
“communication with relatives” and “writing emails,” reported
more social support among them than patients who did not, a
dummy-coded variable was included as an independent variable.
To control for potential confounding variables, we included
physical activity during the clinical stay (GSLTPAQ score),
age, education (>10 years of school education vs ≤10 years),
and sex as additional independent variables. Categorical
variables were dummy coded. The variable extent of internet
use was the product of 2 factors: the time spent on the web and
the frequency of internet use during the clinic stay. To identify
the extent of multicollinearity, the variance inflation factor (VIF)
of all independent variables were reported. If the VIF is >10,
there is reason for concern [73]. Missing values of the F-SozU-P
and the independent variables, namely, the extent of internet
use during rehabilitation, GSLTPAQ, age, and education were
imputed using the expectation-maximization algorithm [74].

We used 3 linear mixed models with random intercepts to
determine the association between the extent of participants’
internet use during inpatient rehabilitation (independent variable)
and the change in distress as the primary outcome as well as
the secondary outcomes, namely, fatigue and pain (dependent
variables) from the beginning to the end of inpatient
rehabilitation (research question 2). The dependent variables in
each model were calculated as the difference between the
outcomes on the first day and the last day of the clinic stay. To
answer the research question, we tested the main effects of the
extent of internet use (fixed factor). Furthermore, we included
the fixed factors of social support among patients and the
interaction between internet use and social support to test
whether social support moderated the association between the
extent of participants’ internet use and changes in the 3 PROMs.
The variables of social support among patients and internet use
were mean centered to avoid multicollinearity problems [75,76].
To identify the extent of multicollinearity, the VIFs of all fixed
factors were reported using the R package “performance”
(version 0.10.2; R Foundation for Statistical Computing) [77].
If the VIF is >10, there is reason for concern [73]. To control
for differences in the baseline values and regression to the mean,
baseline PROMs values were included as fixed factors [78,79].
The overall fit of the models was evaluated by the −2 log

likelihood. We used the restricted maximum likelihood method
to estimate the parameters in all 3 models [80].

Furthermore, we conducted a sensitivity analysis using the
described 3 linear models before including the interaction term.

For the planned multiple regression analyses, we conducted an
a priori power calculation by using G*Power [81]. On the basis
of this analysis, we concluded that study data from 352 patients
would be needed to sufficiently demonstrate a correlation with
a small to medium effect size of R=0.20 (corresponding to an
f-square=0.0417), with 80% power and a level of significance
set at α=.05 in a multiple linear regression analysis with 7
predictor variables.

Ethics Approval
The study was conducted in accordance with the Code of Ethics
of the Declaration of Helsinki and was surveyed by the Ethics
Committee of the local Medical Association
(Schleswig-Holstein, Germany; study ID 042/18 II). Participants
had to sign an informed consent form before they could
participate in the study. The form included information about
the study goal, potential risks and benefits of study participation,
the voluntary nature of participation, and the type and duration
of data storage.

Results

Cross-sectional Results

Participants Sociodemographic and Medical
Characteristics
A total of 900 patients undergoing rehabilitation participated
in this study; of them, 323 patients were asked to participate,
which resulted in a response rate of 35.9% (323/900). The
participants’ ages ranged from 29 to 88 years (Table 1). More
female (172/323, 53.3%) than male patients participated in the
study. Approximately one-third of the participants (111/323,
34.4%) had >10 years of school education. Almost half of the
participants (146/323, 48.3%) were retired. Furthermore, 69.9%
(226/323) of the participants were married or lived in a
committed relationship. Colon (69/323, 17.5%), breast (66/323,
16.7%), and prostate (49/323, 12.4%) cancers were the most
common types of cancer among the participants.
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Table 1. Medical and sociodemographic characteristics of participants (N=323).

ValuesParticipant characteristics

62.3 (11.1, 29-88)Age (years), mean (SD, range)

Sex, n (%)

172 (53.3)Female

150 (46.4)Male

1 (0.3)Missing values

Highest educational achievement, n (%)

111 (34.4)13 years of school education

110 (34.1)10 years of school education

93 (28.8)9 years of school education

2 (0.6)No degree

3 (0.9)Other

4 (1.2)Missing values

Professional situation, n (%)a

144 (44.6)Retired

97 (30)Working full time

48 (14.7)Working part time

11 (3.4)Unemployed

18 (5.6)Housewife or househusband

20 (6.2)Other

0 (0)Missing values

Current living situation, n (%)

222 (68.7)Living with partner or living with partner and children

83 (25.7)Living alone

11 (3.4)Living alone with kids

3 (0.9)Other

4 (1.2)Missing values

Cancer type, n (%)a

68 (21.1)Colon

65 (20.1)Breast

49 (15.2)Prostate

27 (8.4)Lung

24 (7.4)Non-Hodgkin

18 (5.6)Kidney

15 (4.6)Mouth, throat, and esophagus

14 (4.3)Pancreatic

83 (25.7)Other

0 (0)Missing values

aMultiple selection; percentages of respondents.
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The Extent and Purpose of Patients’ Use of the Internet
During Their Clinic Stay and at Home
Of the 323 participants, 279 (86.4%) reported using the internet.
These participants are referred to as “internet users” in the
following section. During their clinical stay, 70.9% (198/279)
of the internet users used the internet daily. At home, 84.9%
(237/279) of the internet users used the internet daily (Table 2).
Overall, 30 of the 279 (10.8%) internet users never used the

internet during their clinic stay. During their clinic stay, 27 of
the 279 (9.8%) internet users used the internet for more than 1
hour per day, compared with 84 of the 277 (30.3%) participants
at home. Smartphones were the most frequently used device
for internet access during the clinic stay (219/279, 78.4%) and
at home (215/279, 77.1%). During the clinic stay and at home,
social media use (192/279, 68.9%; 208/279, 74.6%) and
emailing (143/279, 51.3%; 228/279, 81.7%) were among the 3
most frequently reported web-based activities.
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Table 2. The extent and purpose of patients’ use of the internet during their clinical stay and at home (N=279).

Setting, n (%)Participant characteristics

At homeDuring clinic stay

Frequency of internet use

237 (84.9)198 (71)Daily

22 (7.9)16 (5.7)>Once a week

5 (1.8)0 (0)>Once a month

11 (3.9)23 (8.2)Rarely

2 (0.7)30 (10.8)Never

2 (0.7)12 (4.3)Missing values

Daily time spent on the web in minutes

28 (10)7 (2.5)>120

56 (20)20 (7.2)60-120

118 (36.5)84 (30.1)30-60

71 (42.3)119 (44.4)0-30

3 (1.1)38 (13.6)None

3 (1.1)11 (3.9)Missing values

Devices used to access the interneta

215 (77.1)219 (78.5)Smartphone

118 (42.2)69 (24.7)Tablet

152 (54.5)62 (22.2)Laptop

130 (46.6)4 (1.4)PC

4 (1.4)26 (9.3)None

5 (1.8)7 (1.4)Other

1 (0.3)4 (1.4)Missing values

Web-based activitiesa

208 (74.6)192 (68.9)Using social media

154 (55.2)148 (53)Communication with relatives

228 (81.7)143 (51.3)Writing emails

205 (73.5)106 (38)Other (news, web-based games, shopping on eBay or Amazon, erotic, etc)

173 (62)68 (24)Searching for health-related information

92 (33)54 (19.4)Reading

74 (26.5)14 (5.0)Working

88 (31.5)12 (4.3)Learning or studying

22 (7.9)11 (3.9)Looking for treatment support

22 (7.9)3 (1.1)Participation in web-based courses for private education and qualification

25 (9)12 (4.3)Other

2 (0.7)7 (2.5)Missing values

aMultiple selection; percentages of respondents.
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Internet Users’ Views on Internet Use During the Clinic
Stay and Patients’ Interest in Future Interaction With
New Media or Web-Based Service in Health Care
About 9.3% (26/279) of internet users did feel distracted from
rehabilitation by using the internet during their clinical stay,
and 1.8% (5/279) reported having missed their clinic’s
leisure-time activities because they spent time on the internet
(Multimedia Appendix 2). The results concerning patients’
interest in future interactions with new media or web-based
services in health care are displayed in Multimedia Appendix
3.

Association Between the Extent of Internet Use and
Social Support Among Rehabilitants During
Rehabilitation
A total of 2.2% (7/323) of cases were excluded from the multiple
regression analysis because >30% of F-SozU-P items were

missing. The mean perceived social support between patients
during their clinic stay was 3.2 (SD 0.7).

The extent of internet use (t315=0.78; P=.43) was not
significantly negatively associated with the perceived social
support among the participants during their clinic stays (Table
3). Participants who were younger (t315=−6.01; P<.001) and
female participants (t315=2.02; P=.04) perceived significantly
more social support from other patients with cancer during their
clinic stay than older and male participants, controlling for all

other predictors in the model. Seventeen percent (R2=.17) of
the variance in perceived social support among patients during
rehabilitation was explained by the model. Participants who
used the internet for communicative activities did not perceive
more social support from other patients with cancer during their
clinic stay (t315=−0.03; P=.98) than the participants who did not
use it for communicative activities. The VIFs of the predictors
ranged from 1.04 to 1.41.

Table 3. Parameters of the multiple regression analysis with perceived social support as the dependent variable (n=316).

VIFa95% CIP value2-tailed t testb (SE)Variables

—b3.71 to 4.90<.00114.174.31 (0.30)Intercept

1.73−0.01 to 0.03.430.720.01 (0.01)Extent of internet use during clinic stay

1.46−0.03 to −0.02<.001−5.95−0.02 (0.00)Age

1.090.00 to 0.28.042.000.14 (0.07)Sex (male vs female)

1.05−0.00 to 0.01.420.810.00 (0.00)GSLTPAQc

1.05−0.18 to 0.10.58−0.57−0.04 (0.07)Education (>10 years vs ≤10 years of school education)

1.41−0.16 to 0.16.98−0.03−0.00 (0.08)Interactive internet use (users vs nonusers)

aVIF: variance inflation factor.
bNot available.
cGSLTPAQ: Godin-Shephard Leisure-Time Physical Activity Questionnaire.

Longitudinal Results

Descriptive Overview for Both Measurement Points
Participants’mean level of distress decreased from 5.2 (SD 2.4)
to 2.7 (SD 2.1) from the beginning to the end of rehabilitation

(Table 4). The mean fatigue decreased from 3.2 (SD 1.9) to 2.1
(SD 1.6) from the beginning to the end of rehabilitation. The
mean pain decreased from 2.4 (SD 2.8) to 1.2 (SD 1.9) from
the beginning to the end of rehabilitation.

Table 4. Descriptive data for outcomes for both measurement points (N=323).

Second measurement pointFirst measurement pointQuestionnaire

Value, mean (SD)Value, n (%)Value, mean (SD)Value, n (%)

2.7 (2.1)311 (96.3)5.2 (2.4)315 (97.5)DTa

2.1 (1.6)311 (96.3)3.2 (1.9)315 (97.5)BFIb

1.2 (1.9)315 (97.5)2.4 (2.8)316 (97.8)NRSc for pain

aDT: Distress Thermometer.
bBFI: Brief Fatigue Inventory.
cNRS: numeric rating scale.
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Association Between the Extent of Internet Use and
Changes in Distress From the First to the Last Day of
the Clinic Stay (Primary Outcome)
The extent of participants’ internet use during their clinic stay
(F1,299=0.12; P=.73) and the perceived social support among
patients (F1,299=2.69; P=.10) were not significantly associated
with changes in participants’ distress levels (Multimedia
Appendix 4). The interaction between the extent of participants’
internet use during their clinic stay and perceived social support
among patients (F1,299=0.31; P=.58) was not significantly
associated with changes in the participants’ distress levels.
Higher baseline distress levels were significantly (F1,299=168.87;
P≤.001) associated with greater changes in the participants’
distress levels. The VIFs of the fixed factors ranged from 1.01
to 1.07.

Association Between the Extent of Internet Use and
Changes in Fatigue and in Pain From the First to the
Last Day of the Clinic Stay (Secondary Outcomes)
The extent of participants’ internet use during their clinic stay
(F1,299=0.19; P=.67) and the perceived social support among
patients (F1,299=1.68; P=.20) were not significantly associated
with changes in participants’ fatigue levels (Multimedia
Appendix 5). The interaction between the extent of participants’
internet use during their clinic stay and perceived social support
among patients (F1,299=0.12; P=.73) was not significantly
associated with changes in the participants’ fatigue levels.
Higher baseline fatigue levels were significantly (F1,299=143.10;
P<.001) associated with greater changes in the participants’
fatigue levels. The VIFs of the fixed factors ranged from 1.01
to 1.07.

The extent of participants’ internet use during their clinic stay
(F1,303=0.92; P=.34) and the perceived social support among
participants (F1,303=0.35; P=.55) were not significantly
negatively associated with changes in their pain levels
(Multimedia Appendix 6). The interaction between the extent
of participants’ internet use during their clinic stay and perceived
social support among patients (F1,303=0.52; P=.47) was not
significantly associated with changes in the participants’ pain
levels. Higher baseline pain levels were significantly
(F1,303=363.76; P≤.001) associated with greater changes in the
participants’ pain levels. The VIFs of the fixed factors ranged
from 1.01 to 1.07.

Sensitivity Analyses
Multimedia Appendix 7 summarizes the results of the 3 linear
mixed models before including the interaction effects. The main
effects for social support between patients and the extent of
internet use did not change when the interaction term between
the 2 variables was included.

Discussion

Principal Findings
The study results do not support the observations of health care
professionals. The extent of internet use was not negatively

associated with the perceived social support among patients
with cancer during their stay at the oncological rehabilitation
clinic. In addition, the extent of participants’ internet use during
their clinic stay was not negatively associated with the change
in the 3 PROMs, namely, distress (primary outcome), pain, and
fatigue from the first day to the last day of the clinical stay. The
results of this study represent the first examination of the
associations between the extent of internet use, social support,
and changes in rehabilitation outcomes in an inpatient
rehabilitation setting.

Furthermore, the results of the multiple linear regression analysis
indicate that younger and female participants perceived
significantly more social support from other patients with cancer
during their clinic stay than older and male participants.

The descriptive study results indicate that more than four-fifths
of the patients with cancer were internet users. During clinic
stay, 70.9% (198/279) of internet users used the internet daily.
10.8% (30/279) of the internet users never used the internet
during their clinic stay.

Comparison With Previous Work
The assumption before the start of the study was that a high
level of internet use during rehabilitation could reduce social
interaction between patients and, therefore, the perceived social
support among patients with cancer during their clinic stay. This
assumption was based on the observations of health care
professionals and related to the social displacement hypothesis
[50,52]. However, finding no association between the extent of
participants’ internet use and perceived social support is
consistent with the results of cross-sectional and longitudinal
studies that examined internet use in healthy individuals [52-54]
and in patients with spinal cord injuries [82]. Furthermore, only
1.8% (5/279) of internet users reported missing clinic
leisure-time activities because they spent time on the internet.
Finding female sex to be associated with more perceived social
support from other patients in the clinic fits the results of the
validation study of the F-SozU-P, in which female
psychosomatic patients in inpatient rehabilitation perceived
more social support than male patients [64]. Women seem to
provide more emotional support to both men and women, and
they seem to receive more help in return [24]. A positive
association between younger age and higher perceived social
support for patients with cancer may be partially explained by
the findings of a previous study that reported that older adults
reported seeking less explicit social support but reported using
a similar amount of implicit social support, seeking to cope with
their stressors [21]. In an unfamiliar environment with initially
unfamiliar fellow patients, explicitly asking for emotional
support seems to be associated with higher perceived social
support.

The finding of no association between the extent of participants’
internet use and the change in participants’ levels of distress,
pain, and fatigue from the first day to the last day of their clinic
stay is inconsistent with the health care professionals’
observations and assumptions but is consistent with participants’
perceptions of the relationship between internet use and
rehabilitation activities and partially consistent with previous
study results [55,58-60]. Health care professionals observed
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that high levels of internet use interfered with the patients’
rehabilitation program and competed with social interaction
between patients during their clinic stay. However, only 9.3%
(26/279) and 1.8% (5/279) of internet users, respectively,
reported that they felt distracted from the rehabilitation program
and that they missed recreational activities at the clinic because
they spent time on the internet. Previous study results indicated
that the overall extent of internet or social media use is not, or
only marginally, associated with well-being [55] or changes in
well-being [59], which is consistent with the results of our study.
However, previous studies also indicated that the association
between internet or social media use and well-being depends
on the type of internet or social media use [58-60]. Our study
results indicate that the participants who used the internet for
communicative activities did not perceive more social support
from other patients with cancer during their clinic stay than the
participants who did not use it for communicative activities.
However, we did not measure the extent of different types of
internet activities. Measuring the extent of different types of
internet activities might have led to positive associations, for
example, between interactive internet or social media use and
friends and family, social support, and well-being [52,53,58,59].
Further studies should be conducted to investigate the causal
direction of these associations. These studies should also include
personality and social skills of the participants [52].

Finding no association between social support and the change
in participants’ levels of distress from the first day to the last
day of their clinic stay is inconsistent with the results of
systematic reviews examining peer support interventions for
patients with cancer [27] and breast cancer [26]. The results of
systematic reviews show that peer support interventions increase
perceived distress, quality of life, emotional well-being, and
psychosocial functioning of patients with cancer [26,27,83].
We have 2 possible explanations for the lack of association
between social support and changes in participants’ distress.
First, social support during the clinic stay predominantly occurs
between treatment sessions, at meals, and during leisure-time
activities. This type of social interaction is unmoderated and
unstructured, which could have no or even adverse effects on
quality of life and distress [26,30]. In the absence of moderation,
or group structure, expressions of anger and fear, as well as
discussions about death and dying can increase [30,31]. Second,
emotional support is highly desired by patients with cancer and
has positive influence on the patients’ well-being. It may be
that emotional needs are best met by close friends and relatives
of patients with cancer rather than by relative strangers in peer
groups [83,84].

Health care professionals’ observations and assumptions and
the social displacement hypothesis share the implicit mediation
hypothesis that social support mediates the effect of the extent
of internet use on change in well-being. Because we found no
association between the extent of internet use and the mediator
social support in the multiple regression analysis, we assumed
that the probability of finding a mediation was too low and
therefore decided not to apply the mediation analysis [85]. In
addition, social support did not moderate the association between
the extent of participants’ internet use and changes in the 3

PROMs. Further studies should be conducted to examine the
causal direction of these associations outside residential
treatment.

This study is the first to present data on the extent and purpose
of patients’ internet use during inpatient cancer rehabilitation.
The prevalence of internet use among participants (279/323,
86.4%) was higher than that in previous studies with patients
with cancer (60.2%-79.8%) [34,37,38] and very similar to the
prevalence (87%) in the population of advanced economies
[40]. The higher prevalence compared with previous studies
with patients with cancer may be explained by the samples in
the earlier studies being recruited in 2005 [34], 2007 [37], and
2015 [38] and the increasing internet access and use among
patients with cancer [86].

Limitations
The first limitation concerns the somewhat low participation
rate, which could be an indicator that our sample had a
nonresponse bias [87]. However, the scores of the study
participants who experienced fatigue differed only slightly from
the scores of all patients with cancer (n=1204) treated at the
analyzed oncological rehabilitation clinic in 2019, indicating
that our sample might be representative of patients in the
rehabilitation clinic. Second, we were unable to find
comprehensively validated instruments to measure perceived
social support between patients, the extent and purpose of
rehabilitating patients’ use of the internet, and patients’ interest
in future interactions with web-based services. The F-SozU-P
was validated as part of a dissertation project and showed good
values for internal consistency and convergent and discriminant
validity [64]. The items that we used to measure the extent and
purpose of rehabilitating patients’ use of the internet and
patients’ interest in future interactions with web-based services
were obtained or adapted from a previous study by Drewes et
al [63]. We pilot-tested all instruments of the questionnaire to
assess the experiences of patients with cancer, while they were
completing the instruments. The results of the pilot study
showed that the participants generally understood the questions
well, and no adjustments to the questionnaire had to be made.
Third, 7.7% (25/323) to 12.1% (39/323) of the values for the
items measuring patients’ interest in future interaction with
web-based services were missing. The missing values can be
partially explained by the fact that participants who reported
not using the internet were instructed to skip all questions about
the extent and purpose of internet use. Overall, of 44 noninternet
users, 9 (20%) additionally skipped the last 6 questions of the
questionnaire about their interest in future interactions with
web-based services.

Conclusions
The extent of internet use by patients with cancer during their
clinic stay does not seem to be associated with the perceived
social support among patients with cancer or with the change
in their level of distress, fatigue, or pain from the first day to
the last day of their clinic stay. Therefore, we recommend that
clinics offer their patients free, easily accessible, and fast
wireless local-area network connection.

JMIR Cancer 2023 | vol. 9 | e39246 | p. 11https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

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


Acknowledgments
This study was financed by our own funds.

Data Availability
Our data are available on the Open Science Framework [88].

Conflicts of Interest
None declared.

Multimedia Appendix 1
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement.
[DOCX File , 33 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Internet users' views on internet use during their clinic stay.
[DOCX File , 15 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Participants’ interests in future interactions with new media or web-based services in health care.
[DOCX File , 15 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Parameters of the linear mixed model analysis with distress as the dependent variable.
[DOCX File , 14 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Parameters of the linear mixed model analysis with fatigue as the dependent variable.
[DOCX File , 14 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Parameters of the linear mixed model analysis with pain as the dependent variable.
[DOCX File , 14 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Parameters of the sensitivity analyses.
[DOCX File , 16 KB-Multimedia Appendix 7]

References

1. Harrington CB, Hansen JA, Moskowitz M, Todd BL, Feuerstein M. It's not over when it's over: long-term symptoms in
cancer survivors--a systematic review. Int J Psychiatry Med 2010;40(2):163-181. [doi: 10.2190/PM.40.2.c] [Medline:
20848873]

2. Hewitt M, Rowland JH, Yancik R. Cancer survivors in the United States: age, health, and disability. J Gerontol A Biol Sci
Med Sci 2003 Jan;58(1):82-91. [doi: 10.1093/gerona/58.1.m82] [Medline: 12560417]

3. Duijts SF, van Egmond MP, Spelten E, van Muijen P, Anema JR, van der Beek AJ. Physical and psychosocial problems
in cancer survivors beyond return to work: a systematic review. Psychooncology 2014 May;23(5):481-492. [doi:
10.1002/pon.3467] [Medline: 24375630]

4. Gosain R, Miller K. Symptoms and symptom management in long-term cancer survivors. Cancer J 2013;19(5):405-409.
[doi: 10.1097/01.PPO.0000434391.11187.c3] [Medline: 24051613]

5. Luctkar-Flude MF, Groll DL, Tranmer JE, Woodend K. Fatigue and physical activity in older adults with cancer: a systematic
review of the literature. Cancer Nurs 2007;30(5):E35-E45. [doi: 10.1097/01.NCC.0000290815.99323.75] [Medline:
17876176]

JMIR Cancer 2023 | vol. 9 | e39246 | p. 12https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app1.docx&filename=ff9d11d0b0dc9b6e29e089e1833ff23d.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app1.docx&filename=ff9d11d0b0dc9b6e29e089e1833ff23d.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app2.docx&filename=2071ec6b40cb23e69015992128f55924.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app2.docx&filename=2071ec6b40cb23e69015992128f55924.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app3.docx&filename=d3f34b6813315941314325f4bca60bd9.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app3.docx&filename=d3f34b6813315941314325f4bca60bd9.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app4.docx&filename=618176f471a76b393a3d511728511128.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app4.docx&filename=618176f471a76b393a3d511728511128.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app5.docx&filename=d16e2b794b6a6b5318f1fd501cc33f39.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app5.docx&filename=d16e2b794b6a6b5318f1fd501cc33f39.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app6.docx&filename=b92bd557bafbb448961e170bc52c81a2.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app6.docx&filename=b92bd557bafbb448961e170bc52c81a2.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app7.docx&filename=0f3287c2cdee4db10566862e93a88405.docx
https://jmir.org/api/download?alt_name=cancer_v9i1e39246_app7.docx&filename=0f3287c2cdee4db10566862e93a88405.docx
http://dx.doi.org/10.2190/PM.40.2.c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20848873&dopt=Abstract
http://dx.doi.org/10.1093/gerona/58.1.m82
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12560417&dopt=Abstract
http://dx.doi.org/10.1002/pon.3467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24375630&dopt=Abstract
http://dx.doi.org/10.1097/01.PPO.0000434391.11187.c3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24051613&dopt=Abstract
http://dx.doi.org/10.1097/01.NCC.0000290815.99323.75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17876176&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Laird BJ, Scott AC, Colvin LA, McKeon A, Murray GD, Fearon KC, et al. Pain, depression, and fatigue as a symptom
cluster in advanced cancer. J Pain Symptom Manage 2011 Jul;42(1):1-11 [FREE Full text] [doi:
10.1016/j.jpainsymman.2010.10.261] [Medline: 21402467]

7. van den Beuken-van Everdingen MH, Hochstenbach LM, Joosten EA, Tjan-Heijnen VC, Janssen DJ. Update on prevalence
of pain in patients with cancer: systematic review and meta-analysis. J Pain Symptom Manage 2016 Jun;51(6):1070-90.e9
[FREE Full text] [doi: 10.1016/j.jpainsymman.2015.12.340] [Medline: 27112310]

8. Al Maqbali M, Al Sinani M, Al Naamani Z, Al Badi K, Tanash MI. Prevalence of fatigue in patients with cancer: a systematic
review and meta-analysis. J Pain Symptom Manage 2021 Jan;61(1):167-89.e14. [doi: 10.1016/j.jpainsymman.2020.07.037]
[Medline: 32768552]

9. Faller H, Weis J, Koch U, Brähler E, Härter M, Keller M, et al. Perceived need for psychosocial support depending on
emotional distress and mental comorbidity in men and women with cancer. J Psychosom Res 2016 Feb;81:24-30. [doi:
10.1016/j.jpsychores.2015.12.004] [Medline: 26800635]

10. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D, et al. Cancer survival in Europe 1999–2007 by
country and age: results of EUROCARE-5—a population-based study. Lancet Oncol 2014 Jan;15(1):23-34. [doi:
10.1016/s1470-2045(13)70546-1]

11. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et al. Cancer treatment and survivorship
statistics, 2019. CA Cancer J Clin 2019 Sep;69(5):363-385 [FREE Full text] [doi: 10.3322/caac.21565] [Medline: 31184787]

12. Hellbom M, Bergelt C, Bergenmar M, Gijsen B, Loge JH, Rautalahti M, et al. Cancer rehabilitation: a Nordic and European
perspective. Acta Oncol 2011 Feb;50(2):179-186. [doi: 10.3109/0284186X.2010.533194] [Medline: 21231779]

13. Silver JK, Stout NL, Fu JB, Pratt-Chapman M, Haylock PJ, Sharma R. The state of cancer rehabilitation in the United
States. J Cancer Rehabil 2018;1:1-8 [FREE Full text] [Medline: 30882090]

14. Stout NL, Silver JK, Raj VS, Rowland J, Gerber L, Cheville A, et al. Toward a national initiative in cancer rehabilitation:
recommendations from a subject matter expert group. Arch Phys Med Rehabil 2016 Nov;97(11):2006-2015. [doi:
10.1016/j.apmr.2016.05.002] [Medline: 27237580]

15. Mehnert A, Barth J, Gaspar M, Leibbrand B, Kegel C, Bootsveld W, et al. Predictors of early retirement after cancer
rehabilitation-a longitudinal study. Eur J Cancer Care (Engl) 2017 Sep;26(5). [doi: 10.1111/ecc.12528] [Medline: 27334307]

16. Heim ME, Kunert S, Ozkan I. Effects of inpatient rehabilitation on health-related quality of life in breast cancer patients.
Onkologie 2001 Jun;24(3):268-272. [doi: 10.1159/000055090] [Medline: 11455220]

17. Krüger A, Leibbrand B, Barth J, Berger D, Lehmann C, Koch U, et al. [Course of psychosocial distress and health-related
quality of life in patients at different age groups during cancer rehabilitation]. Z Psychosom Med Psychother 2009 Apr
01;55(2):141-161. [doi: 10.13109/zptm.2009.55.2.141] [Medline: 19402019]

18. Teichmann JV. [Oncological rehabilitation: evaluation of the efficiency of inpatient rehabilitation]. Rehabilitation (Stuttg)
2002 Feb;41(1):53-63. [doi: 10.1055/s-2002-19952] [Medline: 11830793]

19. Cohen S, Wills TA. Stress, social support, and the buffering hypothesis. Psychol Bull 1985 Sep;98(2):310-357. [Medline:
3901065]

20. Schaefer C, Coyne JC, Lazarus RS. The health-related functions of social support. J Behav Med 1981 Dec;4(4):381-406.
[doi: 10.1007/BF00846149] [Medline: 7338894]

21. Haugland T, Wahl AK, Hofoss D, DeVon HA. Association between general self-efficacy, social support, cancer-related
stress and physical health-related quality of life: a path model study in patients with neuroendocrine tumors. Health Qual
Life Outcomes 2016 Jan 19;14:11 [FREE Full text] [doi: 10.1186/s12955-016-0413-y] [Medline: 26787226]

22. McDonough MH, Sabiston CM, Wrosch C. Predicting changes in posttraumatic growth and subjective well-being among
breast cancer survivors: the role of social support and stress. Psychooncology 2014 Jan;23(1):114-120. [doi:
10.1002/pon.3380] [Medline: 23983131]

23. Dennis C. Peer support within a health care context: a concept analysis. Int J Nurs Stud 2003 Mar;40(3):321-332. [doi:
10.1016/s0020-7489(02)00092-5] [Medline: 12605954]

24. Klauer T, Winkeler M. Gender, mental health status, social support during a stressful event. In: Heart Disease: Environment,
Stress And Gender. Amsterdam: IOS Press; 2002.

25. Jiang L, Drolet A, Kim HS. Age and social support seeking: understanding the role of perceived social costs to others. Pers
Soc Psychol Bull 2018 Jul;44(7):1104-1116. [doi: 10.1177/0146167218760798] [Medline: 29552949]

26. Hu J, Wang X, Guo S, Chen F, Wu Y, Ji F, et al. Peer support interventions for breast cancer patients: a systematic review.
Breast Cancer Res Treat 2019 Apr;174(2):325-341. [doi: 10.1007/s10549-018-5033-2] [Medline: 30600413]

27. Hoey LM, Ieropoli SC, White VM, Jefford M. Systematic review of peer-support programs for people with cancer. Patient
Educ Couns 2008 Mar;70(3):315-337. [doi: 10.1016/j.pec.2007.11.016] [Medline: 18191527]

28. Lee MK, Suh S. Effects of peer-led interventions for patients with cancer: a meta-analysis. Oncol Nurs Forum 2018 Mar
01;45(2):217-236. [doi: 10.1188/18.ONF.217-236] [Medline: 29466347]

29. Ziegler E, Hill J, Lieske B, Klein J, dem OV, Kofahl C. Empowerment in cancer patients: does peer support make a
difference? A systematic review. Psychooncology 2022 May;31(5):683-704. [doi: 10.1002/pon.5869] [Medline: 34981594]

JMIR Cancer 2023 | vol. 9 | e39246 | p. 13https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(11)00018-2
http://dx.doi.org/10.1016/j.jpainsymman.2010.10.261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21402467&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(16)30048-3
http://dx.doi.org/10.1016/j.jpainsymman.2015.12.340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27112310&dopt=Abstract
http://dx.doi.org/10.1016/j.jpainsymman.2020.07.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32768552&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2015.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26800635&dopt=Abstract
http://dx.doi.org/10.1016/s1470-2045(13)70546-1
https://onlinelibrary.wiley.com/doi/10.3322/caac.21565
http://dx.doi.org/10.3322/caac.21565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31184787&dopt=Abstract
http://dx.doi.org/10.3109/0284186X.2010.533194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21231779&dopt=Abstract
https://europepmc.org/abstract/MED/30882090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30882090&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2016.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27237580&dopt=Abstract
http://dx.doi.org/10.1111/ecc.12528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27334307&dopt=Abstract
http://dx.doi.org/10.1159/000055090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11455220&dopt=Abstract
http://dx.doi.org/10.13109/zptm.2009.55.2.141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19402019&dopt=Abstract
http://dx.doi.org/10.1055/s-2002-19952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11830793&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3901065&dopt=Abstract
http://dx.doi.org/10.1007/BF00846149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7338894&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-016-0413-y
http://dx.doi.org/10.1186/s12955-016-0413-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26787226&dopt=Abstract
http://dx.doi.org/10.1002/pon.3380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23983131&dopt=Abstract
http://dx.doi.org/10.1016/s0020-7489(02)00092-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12605954&dopt=Abstract
http://dx.doi.org/10.1177/0146167218760798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29552949&dopt=Abstract
http://dx.doi.org/10.1007/s10549-018-5033-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30600413&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2007.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18191527&dopt=Abstract
http://dx.doi.org/10.1188/18.ONF.217-236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466347&dopt=Abstract
http://dx.doi.org/10.1002/pon.5869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34981594&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Salzer MS, Palmer SC, Kaplan K, Brusilovskiy E, Ten Have T, Hampshire M, et al. A randomized, controlled study of
Internet peer-to-peer interactions among women newly diagnosed with breast cancer. Psychooncology 2010
Apr;19(4):441-446. [doi: 10.1002/pon.1586] [Medline: 19484712]

31. Vilhauer RP, McClintock MK, Matthews AK. Online support groups for women with metastatic breast cancer: a feasibility
pilot study. J Psychosoc Oncol 2010;28(5):560-586. [doi: 10.1080/07347332.2010.504504] [Medline: 20730665]

32. Mardanian-Dehkordi L, Kahangi L. The relationship between perception of social support and fatigue in patients with
cancer. Iran J Nurs Midwifery Res 2018;23(4):261-266 [FREE Full text] [doi: 10.4103/ijnmr.IJNMR_63_17] [Medline:
30034484]

33. Eysenbach G. The impact of the Internet on cancer outcomes. CA Cancer J Clin 2003;53(6):356-371 [FREE Full text] [doi:
10.3322/canjclin.53.6.356] [Medline: 15224975]

34. van de Poll-Franse LV, van Eenbergen MC. Internet use by cancer survivors: current use and future wishes. Support Care
Cancer 2008 Oct;16(10):1189-1195. [doi: 10.1007/s00520-008-0419-z] [Medline: 18293014]

35. van Uden-Kraan CF, Jansen F, Lissenberg-Witte BI, Eerenstein SE, Leemans CR, Verdonck-de Leeuw IM. Health-related
and cancer-related Internet use by patients treated with total laryngectomy. Support Care Cancer 2020 Jan;28(1):131-140
[FREE Full text] [doi: 10.1007/s00520-019-04757-6] [Medline: 30993449]

36. Lee C, Gray SW, Lewis N. Internet use leads cancer patients to be active health care consumers. Patient Educ Couns 2010
Dec;81 Suppl:S63-S69 [FREE Full text] [doi: 10.1016/j.pec.2010.09.004] [Medline: 20889279]

37. Castleton K, Fong T, Wang-Gillam A, Waqar MA, Jeffe DB, Kehlenbrink L, et al. A survey of Internet utilization among
patients with cancer. Support Care Cancer 2011 Aug;19(8):1183-1190. [doi: 10.1007/s00520-010-0935-5] [Medline:
20556435]

38. Mattsson S, Olsson EM, Johansson B, Carlsson M. Health-related internet use in people with cancer: results from a
cross-sectional study in two outpatient clinics in sweden. J Med Internet Res 2017 May 15;19(5):e163 [FREE Full text]
[doi: 10.2196/jmir.6830] [Medline: 28506959]

39. Shahrokni A, Mahmoudzadeh S, Lu BT. In whom do cancer survivors trust online and offline? Asian Pac J Cancer Prev
2014;15(15):6171-6176 [FREE Full text] [doi: 10.7314/apjcp.2014.15.15.6171] [Medline: 25124593]

40. Poushter J, Bishop C, Chwe H. Social media use continues to rise in developing countries but plateaus across developed
ones. Pew Research Center. 2018 Jun 19. URL: https://assets.pewresearch.org/wp-content/uploads/sites/2/2018/06/15135408/
Pew-Research-Center_Global-Tech-Social-Media-Use_2018.06.19.pdf [accessed 2020-10-01]

41. Tariman JD, Doorenbos A, Schepp KG, Singhal S, Berry DL. Information needs priorities in patients diagnosed with cancer:
a systematic review. J Adv Pract Oncol 2014;2014(5):115-122 [FREE Full text] [Medline: 24910808]

42. Maddock C, Lewis I, Ahmad K, Sullivan R. Online information needs of cancer patients and their organizations.
Ecancermedicalscience 2011;5:235 [FREE Full text] [doi: 10.3332/ecancer.2011.235] [Medline: 22276067]

43. Ziebland S, Chapple A, Dumelow C, Evans J, Prinjha S, Rozmovits L. How the internet affects patients' experience of
cancer: a qualitative study. BMJ 2004 Mar 06;328(7439):564 [FREE Full text] [doi: 10.1136/bmj.328.7439.564] [Medline:
15001506]

44. Gupta T, Schapira L. Online communities as sources of peer support for people living with cancer: a commentary. J Oncol
Pract 2018 Oct 18:JOP1800261. [doi: 10.1200/JOP.18.00261] [Medline: 30335558]

45. Høybye MT, Dalton SO, Deltour I, Bidstrup PE, Frederiksen K, Johansen C. Effect of Internet peer-support groups on
psychosocial adjustment to cancer: a randomised study. Br J Cancer 2010 Apr 27;102(9):1348-1354 [FREE Full text] [doi:
10.1038/sj.bjc.6605646] [Medline: 20424614]

46. Lange L, Schulz H, Bleich C. E-health-Angebote in der Onkologie. Onkologe 2018 Feb 22;24(5):406-410. [doi:
10.1007/s00761-018-0348-5]

47. Aapro M, Bossi P, Dasari A, Fallowfield L, Gascón P, Geller M, et al. Digital health for optimal supportive care in oncology:
benefits, limits, and future perspectives. Support Care Cancer 2020 Oct;28(10):4589-4612 [FREE Full text] [doi:
10.1007/s00520-020-05539-1] [Medline: 32533435]

48. Kuijpers W, Groen WG, Aaronson NK, van Harten WH. A systematic review of web-based interventions for patient
empowerment and physical activity in chronic diseases: relevance for cancer survivors. J Med Internet Res 2013 Feb
20;15(2):e37 [FREE Full text] [doi: 10.2196/jmir.2281] [Medline: 23425685]

49. Dickinson R, Hall S, Sinclair JE, Bond C, Murchie P. Using technology to deliver cancer follow-up: a systematic review.
BMC Cancer 2014 May 03;14:311 [FREE Full text] [doi: 10.1186/1471-2407-14-311] [Medline: 24885758]

50. Nie N, Hillygus D, Erbring L. Internet use, interpersonal relations, and sociability: a time diary study. In: The Internet in
Everyday Life. Hoboken, New Jersey: Wiley; 2002.

51. Kraut R, Patterson M, Lundmark V, Kiesler S, Mukopadhyay T, Scherlis W. Internet paradox. A social technology that
reduces social involvement and psychological well-being? Am Psychol 1998 Sep;53(9):1017-1031. [doi:
10.1037//0003-066x.53.9.1017] [Medline: 9841579]

52. Kraut R, Kiesler S, Boneva B, Cummings J, Helgeson V, Crawford A. Internet paradox revisited. J Social Isssues 2002
Jan;58(1):49-74. [doi: 10.1111/1540-4560.00248]

53. Swickert RJ, Hittner JB, Harris JL, Herring JA. Relationships among Internet use, personality, and social support. Comput
Human Behav 2002 Jul;18(4):437-451. [doi: 10.1016/s0747-5632(01)00054-1]

JMIR Cancer 2023 | vol. 9 | e39246 | p. 14https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.1002/pon.1586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19484712&dopt=Abstract
http://dx.doi.org/10.1080/07347332.2010.504504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20730665&dopt=Abstract
http://www.ijnmrjournal.net/article.asp?issn=1735-9066;year=2018;volume=23;issue=4;spage=261;epage=266;aulast=Mardanian%2DDehkordi
http://dx.doi.org/10.4103/ijnmr.IJNMR_63_17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30034484&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0007-9235&date=2003&volume=53&issue=6&spage=356
http://dx.doi.org/10.3322/canjclin.53.6.356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15224975&dopt=Abstract
http://dx.doi.org/10.1007/s00520-008-0419-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18293014&dopt=Abstract
https://europepmc.org/abstract/MED/30993449
http://dx.doi.org/10.1007/s00520-019-04757-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30993449&dopt=Abstract
https://europepmc.org/abstract/MED/20889279
http://dx.doi.org/10.1016/j.pec.2010.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20889279&dopt=Abstract
http://dx.doi.org/10.1007/s00520-010-0935-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20556435&dopt=Abstract
https://www.jmir.org/2017/5/e163/
http://dx.doi.org/10.2196/jmir.6830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28506959&dopt=Abstract
http://journal.waocp.org/?sid=Entrez:PubMed&id=pmid:25124593&key=2014.15.15.6171
http://dx.doi.org/10.7314/apjcp.2014.15.15.6171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25124593&dopt=Abstract
https://assets.pewresearch.org/wp-content/uploads/sites/2/2018/06/15135408/Pew-Research-Center_Global-Tech-Social-Media-Use_2018.06.19.pdf
https://assets.pewresearch.org/wp-content/uploads/sites/2/2018/06/15135408/Pew-Research-Center_Global-Tech-Social-Media-Use_2018.06.19.pdf
https://europepmc.org/abstract/MED/24910808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24910808&dopt=Abstract
https://europepmc.org/abstract/MED/22276067
http://dx.doi.org/10.3332/ecancer.2011.235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22276067&dopt=Abstract
https://europepmc.org/abstract/MED/15001506
http://dx.doi.org/10.1136/bmj.328.7439.564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15001506&dopt=Abstract
http://dx.doi.org/10.1200/JOP.18.00261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30335558&dopt=Abstract
https://europepmc.org/abstract/MED/20424614
http://dx.doi.org/10.1038/sj.bjc.6605646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20424614&dopt=Abstract
http://dx.doi.org/10.1007/s00761-018-0348-5
https://europepmc.org/abstract/MED/32533435
http://dx.doi.org/10.1007/s00520-020-05539-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32533435&dopt=Abstract
https://www.jmir.org/2013/2/e37/
http://dx.doi.org/10.2196/jmir.2281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23425685&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-311
http://dx.doi.org/10.1186/1471-2407-14-311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24885758&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.53.9.1017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9841579&dopt=Abstract
http://dx.doi.org/10.1111/1540-4560.00248
http://dx.doi.org/10.1016/s0747-5632(01)00054-1
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. NIE NH. Sociability, interpersonal relations, and the internet. Am Behav Scientist 2016 Jul 27;45(3):420-435. [doi:
10.1177/00027640121957277]

55. Huang C. Internet use and psychological well-being: a meta-analysis. Cyberpsychol Behav Soc Netw 2010 Jun;13(3):241-249.
[doi: 10.1089/cyber.2009.0217] [Medline: 20557242]

56. Hall JA, Kearney MW, Xing C. Two tests of social displacement through social media use. Inform Commun Society 2018
Feb 02;22(10):1396-1413. [doi: 10.1080/1369118x.2018.1430162]

57. Hall JA, Liu D. Social media use, social displacement, and well-being. Curr Opin Psychol 2022 Aug;46:101339. [doi:
10.1016/j.copsyc.2022.101339] [Medline: 35395533]

58. Liu D, Baumeister R, Yang C, Hu B. Digital communication media use and psychological well-being: a meta-analysis. J
Comput Mediat Commun 2019;24(5):259-273. [doi: 10.1093/jcmc/zmz013]

59. Burke M, Kraut RE. The relationship between Facebook use and well-being depends on communication type and tie strength.
J Comput Mediat Comm 2016 Jul 26;21(4):265-281. [doi: 10.1111/jcc4.12162]

60. Burke M, Kraut R, Marlow C. Social capital on Facebook: differentiating uses and users. In: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. 2011 Presented at: CHI '11: CHI Conference on Human Factors in
Computing Systems; May 7 - 12, 2011; Vancouver, BC, Canada.

61. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, STROBE Initiative. The strengthening
the reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies.
PLoS Med 2007 Oct 16;4(10):e296 [FREE Full text] [doi: 10.1371/journal.pmed.0040296] [Medline: 17941714]

62. Lange-Drenth L, Schulz H, Bleich C. Internet utilization and interest in future interaction with new media in the oncologic
and gastroenterological inpatient rehabilitation: a cross sectional study. Open Science Framework. 2018 Oct 2. URL: https:/
/osf.io/y2hgr [accessed 2018-10-02]

63. Drewes C, Kirkovits T, Schiltz D, Schinkoethe T, Haidinger R, Goldmann-Posch U, et al. eHealth acceptance and new
media preferences for therapy assistance among breast cancer patients. JMIR Cancer 2016 Sep 14;2(2):e13 [FREE Full
text] [doi: 10.2196/cancer.5711] [Medline: 28410189]

64. Kastner S. Beziehungen und soziale Unterstützung zwischen Patienten in psychosomatischer Rehabilitation. Berlin, Germany:
Freien Universität; 2013.

65. Fydrich T, Geyer M, Hessel A, Sommer G, Brähler E. Fragebogen zur Sozialen Unterstützung (F-SozU): Normierung an
einer repräsentativen Stichprobe. Diagnostica 1999 Oct;45(4):212-216. [doi: 10.1026//0012-1924.45.4.212]

66. Godin G, Shephard RJ. A simple method to assess exercise behavior in the community. Can J Appl Sport Sci 1985
Sep;10(3):141-146. [Medline: 4053261]

67. Amireault S, Godin G, Lacombe J, Sabiston CM. The use of the Godin-Shephard Leisure-Time Physical Activity
Questionnaire in oncology research: a systematic review. BMC Med Res Methodol 2015 Aug 12;15:60 [FREE Full text]
[doi: 10.1186/s12874-015-0045-7] [Medline: 26264621]

68. Mehnert A, Müller D, Lehmann C, Koch U. Die deutsche Version des NCCN Distress-Thermometers. Zeitschrift für
Psychiatrie, Psychologie und Psychotherapie 2006 Jan;54(3):213-223. [doi: 10.1024/1661-4747.54.3.213]

69. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric
Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ),
Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant
Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken) 2011 Nov;63 Suppl 11:S240-S252 [FREE Full text] [doi:
10.1002/acr.20543] [Medline: 22588748]

70. Radbruch L, Sabatowski R, Elsner F, Everts J, Mendoza T, Cleeland C. Validation of the German version of the brief
fatigue inventory. J Pain Symptom Manage 2003 May;25(5):449-458 [FREE Full text] [doi: 10.1016/s0885-3924(03)00073-3]
[Medline: 12727043]

71. Collins D. Pretesting survey instruments: an overview of cognitive methods. Qual Life Res 2003 May;12(3):229-238. [doi:
10.1023/a:1023254226592] [Medline: 12769135]

72. Wirtz M. [On the problem of missing data: How to identify and reduce the impact of missing data on findings of data
analysis]. Rehabilitation (Stuttg) 2004 Apr;43(2):109-115. [doi: 10.1055/s-2003-814839] [Medline: 15100920]

73. Myers R. Classical and Modern Regression with Applications. Boston, Massachusetts: PWS-Kent Publishing; 1990.
74. Dempster AP, Laird NM, Rubin DB. Maximum likelihood from incomplete data via the EM algorithm. J Royal Stat Society

Series B (Methodological) 1977;39(1):1-22. [doi: 10.1111/j.2517-6161.1977.tb01600.x]
75. Olvera Astivia OL, Kroc E. Centering in multiple regression does not always reduce multicollinearity: how to tell when

your estimates will not benefit from centering. Educ Psychol Meas 2019 Oct;79(5):813-826 [FREE Full text] [doi:
10.1177/0013164418817801] [Medline: 31488914]

76. Shieh G. Clarifying the role of mean centring in multicollinearity of interaction effects. Br J Math Stat Psychol 2011
Nov;64(3):462-477. [doi: 10.1111/j.2044-8317.2010.02002.x] [Medline: 21973096]

77. Lüdecke D, Ben-Shachar M, Patil I, Waggoner P, Makowski D. performance: An R package for assessment, comparison
and testing of statistical models. J Open Source Softw 2021 Apr;6(60):3139. [doi: 10.21105/joss.03139]

JMIR Cancer 2023 | vol. 9 | e39246 | p. 15https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.1177/00027640121957277
http://dx.doi.org/10.1089/cyber.2009.0217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20557242&dopt=Abstract
http://dx.doi.org/10.1080/1369118x.2018.1430162
http://dx.doi.org/10.1016/j.copsyc.2022.101339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35395533&dopt=Abstract
http://dx.doi.org/10.1093/jcmc/zmz013
http://dx.doi.org/10.1111/jcc4.12162
https://boris.unibe.ch/id/eprint/22114
http://dx.doi.org/10.1371/journal.pmed.0040296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17941714&dopt=Abstract
https://osf.io/y2hgr
https://osf.io/y2hgr
https://cancer.jmir.org/2016/2/e13/
https://cancer.jmir.org/2016/2/e13/
http://dx.doi.org/10.2196/cancer.5711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28410189&dopt=Abstract
http://dx.doi.org/10.1026//0012-1924.45.4.212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4053261&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-015-0045-7
http://dx.doi.org/10.1186/s12874-015-0045-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26264621&dopt=Abstract
http://dx.doi.org/10.1024/1661-4747.54.3.213
https://onlinelibrary.wiley.com/doi/10.1002/acr.20543
http://dx.doi.org/10.1002/acr.20543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22588748&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885392403000733
http://dx.doi.org/10.1016/s0885-3924(03)00073-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12727043&dopt=Abstract
http://dx.doi.org/10.1023/a:1023254226592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12769135&dopt=Abstract
http://dx.doi.org/10.1055/s-2003-814839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15100920&dopt=Abstract
http://dx.doi.org/10.1111/j.2517-6161.1977.tb01600.x
https://europepmc.org/abstract/MED/31488914
http://dx.doi.org/10.1177/0013164418817801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31488914&dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8317.2010.02002.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21973096&dopt=Abstract
http://dx.doi.org/10.21105/joss.03139
http://www.w3.org/Style/XSL
http://www.renderx.com/


78. Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline adjustment useful in analyses of change?
An example with education and cognitive change. Am J Epidemiol 2005 Aug 01;162(3):267-278. [doi: 10.1093/aje/kwi187]
[Medline: 15987729]

79. Allison PD. Change scores as dependent variables in regression analysis. Sociol Methodol 1990;20:93. [doi: 10.2307/271083]
80. Liu Y, Luo F, Zhang D, Liu H. Comparison and robustness of the REML, ML, MIVQUE estimators for multi-level random

mediation model. J Applied Stat 2016 Aug 31;44(9):1644-1661. [doi: 10.1080/02664763.2016.1221904]
81. Faul F, Erdfelder E, Lang A, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,

and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191. [doi: 10.3758/bf03193146] [Medline: 17695343]
82. Miller SM. The effect of frequency and type of internet use on perceived social support and sense of well-being in individuals

with spinal cord injury. Rehabil Counsel Bull 2008 Mar 04;51(3):148-158. [doi: 10.1177/0034355207311315]
83. Helgeson VS, Cohen S. Social support and adjustment to cancer: reconciling descriptive, correlational, and intervention

research. Health Psychol 1996 Mar;15(2):135-148. [doi: 10.1037//0278-6133.15.2.135] [Medline: 8681922]
84. Taylor S. Social support: a review. In: The Oxford Handbook of Health Psychology. Oxford, England: Oxford University

Press; 2012.
85. Baron RM, Kenny DA. The moderator–mediator variable distinction in social psychological research: conceptual, strategic,

and statistical considerations. J Personal Soc Psychol 1986;51(6):1173-1182. [doi: 10.1037/0022-3514.51.6.1173]
86. Finney Rutten LJ, Agunwamba AA, Wilson P, Chawla N, Vieux S, Blanch-Hartigan D, et al. Cancer-related information

seeking among cancer survivors: trends over a decade (2003-2013). J Cancer Educ 2016 Jun;31(2):348-357. [doi:
10.1007/s13187-015-0802-7] [Medline: 25712202]

87. Groves RM, Brick JM, Couper MM, Kalsbeek WM, Harris-Kojetin BM, Kreuter FM, et al. Issues facing the field: alternative
practical measures of representativeness of survey respondent pools. Surv Pract 2008 Oct 01;1(3):1-6. [doi:
10.29115/sp-2008-0013]

88. Lange-Drenth L. Association of the extent of cancer patients’ internet use with social support among patients and change
in patient-reported treatment outcomes during inpatient rehabilitation: cross-sectional and longitudinal study. Open Science
Framework. 2023 Feb 15. URL: https://osf.io/3k625 [accessed 2023-02-15]

Abbreviations
F-SozU-P: questionnaire on social support between patients
GSLTPAQ: Godin-Shephard Leisure-Time Physical Activity Questionnaire
NRS: numeric rating scale
PROM: patient-reported outcome measure
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
VIF: variance inflation factor
WasU-P: wahrgenommene soziale Unterstutzung–Patienten (perceived social support-patients)

Edited by A Mavragani; submitted 04.05.22; peer-reviewed by R Kraut, A AL-Asadi; comments to author 10.01.23; revised version
received 15.02.23; accepted 14.03.23; published 17.05.23

Please cite as:
Lange-Drenth L, Schulz H, Endsin G, Bleich C
Association of the Extent of Internet Use by Patients With Cancer With Social Support Among Patients and Change in Patient-Reported
Treatment Outcomes During Inpatient Rehabilitation: Cross-sectional and Longitudinal Study
JMIR Cancer 2023;9:e39246
URL: https://cancer.jmir.org/2023/1/e39246
doi: 10.2196/39246
PMID:

©Lukas Lange-Drenth, Holger Schulz, Gero Endsin, Christiane Bleich. Originally published in JMIR Cancer
(https://cancer.jmir.org), 17.05.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information,
a link to the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2023 | vol. 9 | e39246 | p. 16https://cancer.jmir.org/2023/1/e39246
(page number not for citation purposes)

Lange-Drenth et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.1093/aje/kwi187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15987729&dopt=Abstract
http://dx.doi.org/10.2307/271083
http://dx.doi.org/10.1080/02664763.2016.1221904
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://dx.doi.org/10.1177/0034355207311315
http://dx.doi.org/10.1037//0278-6133.15.2.135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8681922&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.51.6.1173
http://dx.doi.org/10.1007/s13187-015-0802-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25712202&dopt=Abstract
http://dx.doi.org/10.29115/sp-2008-0013
https://osf.io/3k625
https://cancer.jmir.org/2023/1/e39246
http://dx.doi.org/10.2196/39246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

