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Abstract
Purpose The web-based Kanker Nazorg Wijzer (Cancer
Aftercare Guide) responds to the needs of cancer survivors
and oncology care providers to improve the counseling related
to self-management of lifestyle and psychosocial challenges.
In present study, overall intervention effects and the effects of
using specific components were evaluated on vegetable, fruit,
whole grain bread, and fish consumption, physical activity
(PA), and smoking behavior.
Methods Cancer survivors from 21 Dutch hospitals were re-
cruited for a randomized controlled trial (N = 432).
Intervention effects after 6 months were evaluated using mul-
tilevel linear regression analysis (complete cases and
intention-to-treat). By conducting moderation analyses, addi-
tional effects of following the behavior-related modules were

explored. The false discovery rate correction was applied to
account for multiple testing.
Results After 6 months, 409 participants completed follow-up
(dropout=11.5 %). Indications were found that access to the
intervention may result in increases of moderate PA and veg-
etable intake. The moderate PA increase was meaningful:
74.74 min p/w higher increase in the intervention condition.
Effect sizes of moderate PA (d= .25) and vegetable (d= .37)
consumption were comparable to prior effective interventions.
Visiting behavior-related modules affected moderate PA, fruit,
and fish consumption. However, after correction for multiple
testing, significances expired. No significant intervention ef-
fect was found on smoking behavior due to low numbers of
smokers.
Implications for Cancer Survivors Although the effectiveness
was only shown only to a limited extend, this study provided
several indications that this theory-based, comprehensive, and
personalized eHealth intervention provides valuable content
to complement usual cancer aftercare.

Keywords Cancer survivorship . Physical activity .

Nutrition . Smoking . eHealth . Computer tailoring

Introduction

Healthy lifestyle behaviors have proven to be highly beneficial
for cancer survivors in improving recovery and quality of life and
lowering the risk of cancer recurrence and comorbidities [1–6].
As a result, comprehensive lifestyle recommendations have been
developed by the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR) and the American
Cancer Society [7–9]. The recommendations with regard to
physical activity (PA) and dietary behavior are displayed in
Fig. 1. In addition, it is advised to refrain from smoking [5, 6,
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10, 11]. Nonetheless, and despite the beneficial effects, only
about 30–47 % of cancer survivors follow the PA recommenda-
tions, about 15–34 % follow the vegetable and fruit recommen-
dations, and about 7.8–20.8 % continue to smoke [12–17]. In
turn, cancer survivors have indicated unmet needs in psychoso-
cial and physical domains, including the need for specific and
evidence-based information and support to build up PA, to im-
prove their diet, and to quit smoking. These needs have
been stressed by oncology care providers as well
[18–24]. Moreover, oncologists have expressed a lack
of time and expertise as barriers to giving multiple life-
style behavior advice [24–26]. Consequently, health pro-
motion initiatives should respond to these needs and to
the problems of care professionals who are serving a growing
number of cancer survivors with restricted time, knowledge,
and counseling skills [27–30].

An increasing number of cancer survivors search the
Internet for health-related information [31, 32]. Web-based
interventions have a wide reach and can be used at any time,
any place, and at an individual’s own pace. They might be also
less costly than face-to-face interventions [33]. Additionally,
web-delivered interventions can effectively provide personal-
ized information by means of computer tailoring (CT), a prov-
en effective method in health behavior change interventions
[34–40].

We developed and evaluated a web-based, CT intervention
for cancer survivors, named Kanker Nazorg Wijzer (Cancer
Aftercare Guide, KNW) which aims to complement existing
face-to-face aftercare. The detailed research protocol has been
described earlier by Willems et al. [41]. The comprehensive
content of the KNWcovers a combination of multiple lifestyle
issues and psychosocial elements, provided through eight spe-
cific modules. The lifestyle components of this program oper-
ationalized through the modules Physical Activity, Diet, and
Smoking are based on assumptions of the Integrated Model
for Change (I-Change Model) [42] in which ideas of social-

cognitive theories are integrated [43, 44]. Furthermore,
change methods derived from of the self-regulation theory
[45] were applied. Previous research has demonstrated that
interventions targeting cancer survivors’ behavior change,
such as PA and dieting are effective when these incorporate
social-cognitive theories [46, 47]. The theoretical models ex-
plain behavior change as a dynamic process with a series of
awareness, initiation, and maintenance phases that are influ-
enced by pre-motivational (awareness and knowledge), moti-
vational (intention, attitude, self-efficacy), and post-
motivational determinants (goal setting, action, and coping
planning) [48–50]. The theories assume that a continuous pro-
cess of self-regulation is facilitated through the application of
behavior change strategies such as goal setting, action and
coping planning, monitoring, evaluating plans, and refining
goals when necessary [51, 52]. In addition, the contribution
of the determinants to change can differ from one behavior to
another and from one person to another [17, 43].
Consequently, behavior change interventions need to be tai-
lored to the specific behavior, individual determinants, and
motivational phases [17, 53]. During the development of the
KNW, these aspects were taken into account by tailoring the
provided information to relevant determinants.

Only few theory-based studies have been conducted which
have investigated the effect of web-based interventions aimed
at lifestyle outcomes in cancer survivors [54, 55]. Increases in
PA and mixed results in diet change have been reported in
web-based interventions for cancer survivors using behavior
change strategies such as action planning, problem solving,
decision-making, and tailoring [56, 57]. Moreover, a usability
study revealed that a web-based CT intervention for breast
cancer survivors based on the Theory of Planned Behavior
and the Transtheoretical Model was well accepted and per-
ceived as interesting, attractive, comprehensible, and credible
[58]. Besides that, a web-based smoking cessation interven-
tion among cancer survivors, based on social cognitive theo-
ries and tailored to stage of readiness, yielded equivalent
levels of success compared to an intervention delivered by
telephone [59]. Thus, current evidence is limited but promis-
ing concerning the effects of theory grounded, web-based
computer-tailored interventions on (multiple) lifestyle behav-
iors for cancer survivors.

In the present study, we assessed the effects of the KNWon
lifestyle outcomes (PA, diet, and smoking) 6 months after
getting access to the intervention, among cancer survivors
who recently completed primary cancer treatment. First, we
assessed whether having access to the KNWmay improve PA,
diet behavior (fruit, vegetable, whole grain bread, and fish
consumption), and can lead to a higher rate of quitters among
smokers in comparison to a usual care control group. Second,
we explored the effects of following the module Diet on diet
outcomes specifically and the effects of following the module
PA on PA outcomes.

Physical activity 
At least 150 minutes a week moderately intense activities, spread over at least 5 
days a week 

Healthy diet 
At least 200 g vegetables every day 
At least 200 g (2 pieces) of fruits every day 
Whole grain bread1: 6-7 slices (men); 5-6 slices (women) every day 
Fish 2 times per week 
Limitation of alcohol to 1(women) /2 (men) consumptions a day 
Less than 500 g a week of red and processed meat  
Less than 6 g a day of salt 
Limitation of processed energy-dense foods 

Fig. 1 Lifestyle recommendations for cancer survivors used in the KNW
intervention. Adapted from BFood, Nutrition, Physical Activity, and the
Prevention of Cancer: a Global Perspective.^ byWCRF/AICR, 2009, and
BAmerican Cancer Society Guidelines on Nutrition and Physical Activity
for Cancer Prevention. Reducing the Risk of Cancer With Healthy Food
Choices and Physical Activity^ by Kushi et al., 2012. Not all of the
recommendation of the WCRF/AICR and the American Cancer Society
are displayed. 1 For persons aged 18–70 years
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Methods

Trial design

A randomized controlled trial was conducted to reveal effects
between participants assigned to the intervention condition (IC)
or the usual care control condition (UC). Randomized allocation
(ratio of 1:1) was automatically performed by means of a digital
randomizer after centralized registration of participants [60].
Ethical approval for this trial (Dutch Trial Register NTR3375)
was obtained from the Medical Research Ethics Committee
(MERC) Zuyderland-Zuyd (NL41445.096.12, 12-T-115). After
approval, theMERC’s and the board of directors of each hospital
endorsed the execution of the study.

Participants

Dutch speaking individuals aged 18 years or older, who have
been diagnosed with any type of cancer, and who have complet-
ed primary treatment (surgery, chemo-, or radiation therapy) at
least 4 weeks and up to 56 weeks prior to initial participation1

with no sign of recurrence at the last control visit were eligible to
be included in this study. Cancer survivors with severe medical,
psychiatric, or cognitive disorders were excluded.

Procedure

Of the 45 Dutch hospitals approached, 22 hospitals agreed to
participate. Medical staff from 21 hospitals recruited eligible par-
ticipants from November 2013 to June 2014. Unfortunately, one
hospital did not include any patients. Medical staff of various
outpatient clinics (internal medicine, oncology, gynecology, urol-
ogy, and breast cancer care) assessed eligibility during the med-
ical consultations or by reviewing patient files. Gender, age, type
of cancer, type of treatment, and the termination date of primary
cancer treatment were registered for all approached cancer survi-
vors. Eligible cancer survivors received an information package,
in person or by post, including comprehensive trial information, a
general information brochure about scientific research [61], an
informed consent form, a short log-in instruction guide, a storage
card with contact details, and personal login codes to the KNW
website. Consenting cancer survivors were asked to return the
signed informed consent form to the researchers in an enclosed,
pre-paid envelope. The participants received a reminder letter
after 2 weeks. At the first login to the KNW, participants were

automatically randomized to one of the two study conditions and
the computer program directly provided information about their
allocation. Data from participants who did not return the in-
formed consent forms were excluded from analysis. After ran-
domization, participants were invited to fill out the online self-
report baseline questionnaire. Online follow-up measurements
were conducted after 3, 6, and 12months. The IC received access
to the KNW throughout the 6 months after completing the base-
line assessment while the UC had access to the KNWafter com-
pleting the 12 months measurement.

Intervention

A detailed description of the KNW intervention is reported else-
where [41]. The KNW (http://www.kankernazorgwijzer.nl) is a
systematically developed, theory-grounded, web-based interven-
tion aiming to enhance quality of life among early cancer survi-
vors by promoting positive lifestyle changes (i.e., sufficient PA,
healthy diet, and smoking cessation) and by providing psycho-
social support in the area of fatigue, anxiety and depression,
relational problems, and return to work. Each separate topic is
integrated in one of the eight KNW modules.

After completing the baseline assessment, participants (IC)
received personalized advice onwhichmodules could bemost
meaningful for them. This advice was based on the responses
to the baseline assessment (for detailed information, see
Willems et al. [41]). Nevertheless, the program allows the user
to make a free selection of all modules based on personal
needs and interest.

Technically, the KNW is a fully automated expert system
containing an extensive pre-programmed message library that
operates without human involvement. By means of CT, indi-
vidual answers to the baseline assessment are automatically
evaluated, and the corresponding messages and intervention
fragments from the pre-programmed library are selected and
combined using if-then algorithms. Consequently, personal-
ized information is generated [62]. The information within
the KNW is tailored to personal characteristics (gender, age,
marital status, children, educational level), cancer-related is-
sues (type of cancer, type, and number of comorbidities), mo-
tivational determinants (attitude, self-efficacy, and intention),
and current behavior (e.g., lifestyle).

Concerning the content of the KNW, seven out of the eight
modules are self-management modules and configured to tar-
get the specific needs associated with the relevant topic. The
eighth module provides general information about the most
common residual problems.

The main target of the module PA was to increase PA,
during, for example commutes, daily living activities, leisure
time, and sports. In the module Diet, the emphasis is placed on
increasing healthy eating behaviors through fruit, vegetable,
whole grains, and fish consumption. The participants were
encouraged to set one or two goals concerning these food

1 After recruitment, it was observed that participants had been included
slightly earlier or later than initially defined (6–52 weeks after completion
of primary treatment) [41]. This inclusion criterion was broadened to
enable analysis of data filled out 4 weeks (N= 13) and up to 56 weeks
(N = 7) after completion of primary treatment. We assumed that cancer
survivors, who voluntarily participated 2 weeks earlier and 1 month later
than predetermined, were not different as compared to the other
participants.
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groups. Promoting the consumption of healthy food might be
a more positive way to achieve changes in diet than by focus-
ing on omission of unhealthy food. More healthy food choices
could lead to fewer unhealthy choices. High-fiber diets are, for
example, commonly low in fat [63]. However, all dietary rec-
ommendations, including the limitation of red meat, fat, sugar,
salt, and alcohol consumption, were presented within the
module Diet (Fig. 1). The goal of the Smoking module was
to support smokers in refraining from smoking. In addition,
support was also provided to former smokers to prevent
relapse.

Throughout KNW, principles of Problem Solving Therapy
have been applied to encourage self-management [64].Within
the lifestyle modules, motivational determinants were ad-
dressed based on social-cognitive theories, e.g., the I-Change
Model, and self-regulation strategies were applied [42–45].
Used behavior change strategies were consciousness-raising
by pointing out the discrepancy between current behavior and
recommendations, identifying pros and cons, identifying bar-
riers and providing solutions, persuasive communication, self-
monitoring, social modeling, goal setting, action, and coping
planning [37, 38, 48, 50]. When visiting a lifestyle module,
participants were made specifically aware of their own behav-
ior in relation to the norms. Detailed and personalized feed-
back targeting attitudes, social support, self-efficacy, barriers,
and intentions toward behavior change was provided. Text,
photos, videos of fellow survivors and specialists, and hyper-
links to other sources of information were used for this pur-
pose. In addition, the respondents were encouraged to set
goals for PA and diet, and smokers were encouraged to set a
smoking cessation date. Following this, detailed examples of
action and coping plans were provided to help prepare the
behavior change [48]. After 4 weeks, participants were invited
to evaluate their behavior and encouraged to continue apply-
ing the previously provided self-regulation strategies.
Furthermore, use of the KNW forum was suggested for inter-
action with peer cancer survivors and social support.

To encourage the use of KNW, several e-mail reminders and
prompts were sent automatically with a direct link to the KNW,
for example to invite participants to complete questionnaires or
visit modules. Furthermore, additional information was provided
by launching monthly news items linked to visiting the website.
The KNW was applied without major adjustments, bugs, or
downtimes after the trial commencement. Hyperlinks to other
websites were updated when needed.

Outcome measures

Physical activity

The validated self-report Short Questionnaire to Assess Health
Enhancing Physical Activity (SQUASH) was applied at base-
line and at the 6-month follow-up [65–67]. Physical activity

was determined based on 11 items including activities during
commuting (walking, cycling), leisure time (walking, cycling,
gardening, odd jobs), sports (light, moderate, vigorous),
household tasks (light work, intense work), and work (light
work, intense work). The number of days a week, the average
number of minutes a day, and the intensity (light, moderate,
vigorous) were rated for all activities. The average weekly
minutes of PA were calculated by multiplying the number
of days per week with the number of minutes per day,
categorized into three categories: “light PA,” “moderate
PA,” and “vigorous PA.” In the present study, the out-
come measures for PA were “weekly minutes light PA,”
“weekly minutes moderate PA,” and “weekly minutes vig-
orous PA.” One further item was included assessing the
number of weekly days with at least the recommended
amount of PA by asking: “On how many days a week
are you moderately physically active for at least 30 min
(e.g., cycling, brisk walking, household, gardening,
sports, or other activities)?” [37]. Prior studies supported
the reliability and validity of single-item self-report mea-
sures for PA [68, 69]. Moreover, reliability and validity of
the SQUASH were confirmed in previous research among
patient populations [70, 71].

Dietary behavior

For assessing vegetable, fruit, whole grain bread, and fish con-
sumption, 8 items of the Dutch Standard Questionnaire on Food
Consumption were used at baseline and after 6 months [72]. The
number of days per week when products are consumed were
asked for each of the food categories (e.g., BHow many days a
week do you eat fruit?^), ranging from 0 to 7. In addition, the
number of servings per day was assessed for fruit (one serving is
equal to 100 g), vegetables (one tablespoon is equal to 50 g),
whole grain bread (slices), and fish (servings). The mean daily
consumption was calculated by multiplying the number of days
by the amount of servings and dividing this by 7 days a week.
For fish, servings per weekweremeasured, and themeanweekly
consumption was calculated. Outcome measures for dietary be-
havior in the present study were vegetable consumption in grams
per day (g p/d), fruit consumption in servings p/d, whole grain
bread consumption in slices p/d, and fish consumption in serv-
ings p/w. Previous research support the reliability and validity of
a similar food frequency questionnaire assessing vegetables en
fruit among women [73].

Smoking behavior

Standardized questions from Dutch Measuring Instruments
for Research on Smoking and Smoking Cessation were used
to assess smoking behavior [74]. Based on a combination of
three items, current and former smoking behavior was mea-
sured at baseline (i.e., “Do you currently smoke”; “Did you
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smoke in the past?”; “How long ago did you stop smoking?”)
and categorized into never-smokers, former smokers, and cur-
rent smokers. At follow-up, 4 items were used to assess
smoking behavior. This behavior was categorized into “cur-
rent smokers” (BI still smoke, and I did not attempt to quit^),
Bnever-smokers^ (BI never smoked, I’m a non- smoker^), and
Bformer smokers^ (BI have not smoked a single puff since
quitting^). It was also measured whether participants who
smoked at baseline quit smoking bymeans of the standardized
7-day point prevalence abstinence question (BHave you
smoked one or more cigarettes/cigars/pipes during the past
seven days^) [75, 76]. To identify the intervention effect after
6 months on smoking behavior (yes=0, no=1), only the sub-
sample of participants who were smokers at baseline was
analyzed.

Other relevant measures

Background informationwas collected at baseline using standard
questions on age, gender, marital status (Bwith partner^: married,
cohabiting partners; Bwithout partner^: single, divorced,
widowed), education level (Blow^: lower vocational education,
medium general secondary education; Bmedium^: secondary vo-
cational education, higher general secondary education; Bhigh^:
higher vocational education, university education), income level
(Bbelow average^: <€1800 per month; Baverage^: >€1800 and <
€2200 per month; Babove average^: >€2200 per month), em-
ployment status (Bworking^: self-employed, in paid employ-
ment; Bnot working^: unemployed, retired, unable to work), type
of cancer, type of treatment, time since completion of primary
treatment, aftercare, comorbidities, length andweight (bodymass
index [BMI]). Although other variables were also assessed, these
were not used for the current study. “Following specific mod-
ules” and the “number of weeks since first login” were derived
from program logging data.

Sample size

Sample size calculation revealed that each intervention condi-
tion needed to contain 144 participants (effect size= .30; one-
sided α=0.05; β=0.2; power=80 %); intra-class correlation
coefficient (ICC)=0.005). With an expected dropout of some
20–23 %, the required sample size was N=376 (188 per con-
dition) at baseline.

Statistical analyses

Preparatory and descriptive analyses were conducted using
SPSS 22, and for calculation of the intervention effects,
STATA version 13.1 was applied. The dataset was assessed
for outliers and aberrant measurement data.

Baseline differences between IC and UC concerning lifestyle
behaviors, demographic and cancer-related characteristics were

examined using independent t tests and chi-square tests.
Selective dropout was assessed by applying logistic regression
analysis with dropout as outcome variable (0=no; 1=yes) and
group assignment and baseline characteristics as predictive
factors.

In order to measure intervention effects at follow-up in PA
and dietary behavior, multilevel linear regression analysis
(MLA) was applied. A two-level data structure was used with
individuals (level 1) nested within hospitals (level 2), taking the
possible aftercare differences between hospitals into consider-
ation because there might be interdependence between partici-
pants from the same hospital. Model testing proceeded in two
phases, the Bcrude^ and Badjusted^ analyses, in line with Twisk
[77]. The Bcrude model^ included the dependent variable (be-
havior), the intervention condition (0=UC, 1= IC), and the
baseline value of the outcome behavior as fixed intercepts with
random slopes, and hospital as random intercept. All random
parameters were added with an independent data structure.
Next, the crude model was adjusted for standard demographic
and disease-related characteristics, significant variables from
dropout analysis, and baseline differences, i.e., gender, age,
marital status, education level, income level, employment sta-
tus, BMI, type of cancer, having had cancer before, type of
treatment, time since completion of primary cancer treatment,
aftercare, comorbidities, vegetable, fruit, whole grain bread,
and fish intake at baseline. These variables were added as fixed
intercepts and dummy-coding was used for categorical vari-
ables including more than two categories.

For testing the effect of following a specific module,
Bintervention condition^ was categorized into three categories
(0=UC, 1= IC, specific module not followed, 2= IC, specific
module followed) in the fully adjusted MLA models.

Analyzing the intervention effect on smoking behavior af-
ter 6 months by using multilevel logistic regression analysis
was not possible due to the small number of smokers. Chi-
square tests were applied to assess differences between IC and
UC at baseline and follow-up.

Cohen’s d effect sizes were calculated for the main effects
results on PA and dietary behavior by dividing the difference
between the relevant two means of IC en UC at follow-up by
the pooled standard deviations of those means [78]. For the
sub-analysis of following modules (yes/no), Cohen’s d was
adjusted for the baseline value by dividing the difference be-
tween the means of the relevant change scores by the pooled
standard deviation of those means. Additionally, Cohen’s f 2

was calculated in order to evaluate the local effect size
within the context of the fully adjusted MLA model
with f 2≥0.02, f 2≥0.15, and f 2≥0.35 represent small, medi-
um, and large effect sizes, respectively [78, 79]. To index the
magnitude of the effect for smoking, according to Durlak [80],
the odds ratios (OR) were calculated by comparing the odds of
smoking cessation for the intervention group with the odds of
smoking cessation for the control group.
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For generating CT messages within the intervention, it was
necessary that respondents filled out all questions of the base-
linemeasurement. Consequently, only those respondents, who
completed the baseline measurement without missing data,
were included in analyses. To assess the intervention effects
among respondents who also participated during the follow-
up measurement, only complete cases were analyzed. This
means that cases with missing data at the follow-up measure-
ment were excluded. Besides that, intention-to-treat analysis
(ITT) has been conducted in order to additionally display un-
biased estimates of the intervention effects [81]. For PA and
dietary behavior outcomes, multiple imputation analyses were
conducted by including all variables of the fully adjusted
MLA model into the multiple imputation process and using
20 imputed datasets. This is in accordance with the argumen-
tation of Enders [82]. With regard to smoking outcomes, for
ITT, participants who were identified as smokers at baseline
were accounted as smokers if their smoking status after
6 months could not be determined [83].

By exploring effects on multiple outcomes in dietary be-
havior and PA, type 1 error might occur due to multiple com-
parisons. The false discovery rate correcting procedure (FDR)
of Benjamini and Hochberg was applied to account for mul-
tiple testing problems which is a more powerful procedure as
compared to procedures controlling the traditional familywise
error rate [84, 85].

Results

An overview of the reach and attrition of the intervention
participants is provided in Fig. 2. In total, 462 cancer survivors
were included for analysis at baseline (IC n = 231, UC
n=231), and 409 participants filled out the follow-up ques-
tionnaire (11.5 % dropout). From the analyses concerning PA
outcomes, 10 cases were excluded due to extreme over
reporting (>6720min p/w PA), according to the scorings man-
ual of Wendel-Vos and Schuit, 2004 [66].

The sample characteristics at baseline and lifestyle behav-
ior at baseline and after 6 months are displayed in Table 1.
Significant baseline differences between groups were type of
treatment, and consumption of vegetable, whole grain bread,
and fish. Dropout was higher in the IC (n=43, 18.6 %) than in
the UC (n=10, 4.3 %). Significant predictors for dropout were
allocation to IC (B=1.998, SE= .410; p= .000), male gender
(B = 1.490, SE = .681, p = .029), lower modal income
(B=1.155, SE= .513; p= .025), lower vegetable consumption
(B=−.008, SE= .003; p= .014), and higher fruit consumption
(B=0.374, SE= .153; p= .014).

The IC participants, included into the complete cases anal-
yses, followed on average 2.23 (SD=1.58) KNW modules.
The PA module was followed by 45 (24.73 %), and the mod-
ule Diet was followed by 116 (61.70 %) of included IC

participants. Within the module Diet, 41 (21.81 %) IC partic-
ipants set a goal to increase their vegetable consumption, 24
(12.77 %) wanted to increase their fruit consumption, 22
(11.7 %) set a goal to increase their fish consumption, 43
(22.87 %) wanted to increase the intake of whole grains, and
10 (5.32 %) set no specific goal. About 80 % followed the
module Diet and/or the PA module within 14 weeks after
getting access to the KNW. The module Smoking was follow-
ed by 19 (10.1 %) of the IC participants included into the
complete cases analyses. Almost 95 % of them followed this
module within 15 weeks after getting access.

Physical activity

Effects of having access to the KNWon PA after 6 months

As displayed in Table 2, significant differences were found in
change over time concerning moderate PA (B= 117.738,
p= .037, p fdr = .148, d= –0.25, f2 = .007) between IC and
UC. However, these differences did not remain significant
after controlling for multiple testing. No significant interven-
tion effects were found in the other PA outcomes. Their effect
sizes ranged from d=0.01 to 0.10; f2= .000 to .006)

Effects of following module PA on PA outcomes

As shown in Table 3, a significant higher increase in moderate
PA was found among users of the PA module
(B = 179 .609 , p = 0.22 , p fd r = .120 , d = −0 .32 ,
f2 = 0.013) compared to participants who did not follow
the PA module. This effect did not remain significant
after correction for multiple testing.

Diet behavior

Effects of having access to the KNWon dietary behavior
after 6 months

Significant intervention effects on vegetable consumption
using the fully adjusted MLA model (complete cases:
B= 9.15, p= .027, p fdr = .148, d=−0.37, f2=−.013; ITT:
B=9.57, p= .023, p fdr= .160) did not remain significant after
accounting for multiple testing. No significant effects of
having access to the KNW were found on the other
dietary behavior outcomes after 6 months. Results are
displayed in Table 2.

Effects of following module Diet on diet behavior

As displayed in Table 3, users of the module Diet had a sig-
nificantly higher increase in fruit (B = .181, p = .031, p
fdr = .120, d =−0.12, f2 = .016) and fish intake (B = .542,
p= .045, p fdr= .120 d=−0.11, f2=−.002) after 6 months. A
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significant increase in vegetable consumption was found
among participants who did not follow module Diet
(B = 11.123, p = .048, p fdr = .384, d = −0.23, f2 = −.018).
However, after controlling for multiple comparisons, these
results did not remain significant (Table 3b).

Smoking behavior after 6 months

At baseline, 27 (11.7 %) respondents of the IC, and 32 (13.9 %)
respondents of the UC were current smokers (Table 1). After
6 months, respectively, 18 (7.8 %) and 28 (13.5 %) respondents
of IC and UC were current smokers. From the smokers at base-
line, 18 (81.8 %) were persistent smokers and 4 (18.8 %) were
quitters after 6 months in the IC. In the UC, 26 (92.9 %) were
persistent smokers and 2 (7.1%)were quitters after 6months. No
significant intervention effect was found between groups at
follow-up (X2=1.42, p=.233, OR 2.89). ITT revealed compara-
ble results (X2=1.18, p= .278, OR=2.61) (X2 tests are not
displayed in Table 1).

Discussion

The present RCT evaluated the effects of the web-based, CT,
multiple behavior KNW intervention on lifestyle outcomes,
i.e., PA, diet (vegetable, fruit, whole grain bread, and fish

consumption), and smoking behavior after 6 months. The pre-
sented outcomes point in the direction that the KNW may
affect moderate PA and dietary behaviors. Cancer survivors
who had access to the KNW showed larger increases in mod-
erate PA and vegetable consumption, and using the specific
modules resulted in a larger increase of moderate PA, and
larger increases in fruit and fish consumption. These effects
need to be interpreted with caution, however, since results did
not remain significant after correction for multiple testing.

The loss to follow-up after 6 months was low (11.5 %) in
comparison with the mean percentage of dropouts (19.7 %) of
web-based trials for cancer survivors [54]. This suggests a
strong commitment that may be attributed to an evident need
of cancer survivors for support after completion of primary
cancer treatment [21]. This period can be considered as a
teachable moment. Additionally, low dropout in the UC after
6 months (Fig. 2) suggests that allocation to the waiting list
UC was well accepted by the participants.

Physical Activity

The increase in moderate PA in the IC that was found in the
main analysis (having KNW access) was confirmed when
testing the use of the specific PA module. The effect size of
moderate PA changes (d=0.32) was higher when testing the
use of the PA module compared to the main analysis

Fig. 2 Flow diagram of the reach
and attrition of the KNW
intervention participants
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(d=0.25). In comparison with prior, web-based PA-only inter-
ventions, these effect sizes were similar or even higher than the
earlier reported overall effect size of d=0.14 [86]. Possibly, the
module PA was followed by cancer survivors who were actu-
ally Bin need^ and able to increase PA. This might indicate that
the KNW advice on PA could have targeted the desired sub-
population. The low number of module PA followers (n=45)
might possibly have caused power problems, which might be a
reason for the non-significant results after controlling for mul-
tiple testing. Moreover, the raw data (Table 1) of increases in
moderate PA (+150.73min p/w) in the ICwas notably higher as
compared to the UC (+75.99 min p/w). This may be interpreted
as a meaningful result, considering findings from Wen et al.
[87] that every additional 15 min a day or 90 min a week of
moderately intense PA reduced all-cancer mortality. This dose-
response relationship has been confirmed in recent publications
[3, 88, 89].

The PA module was derived from an existing, basic web-
based PA intervention for the general population aged over 50,
named Active Plus [38, 41], which has been shown to be
effective in increasing weekly minutes of moderate and vig-
orous PA after 6 months (d= .24). The increase of combined
moderate and vigorous PA was higher in the Active Plus in-
tervention in comparison to the KNW intervention (283 min
vs. 238 min p/w). Reasons for these differences might be the
target population (general population in Active Plus vs cancer
survivors in KNW) and the program intensity (three tailored
sessions within 6 months in Active Plus vs one combined
tailored session followed by an evaluation 4 weeks later in
KNW). In addition, the PA module was one of eight modules
in the KNW, while the Active Plus intervention consisted of
only the theme on PA. In addition, there might have beenmore
selective attrition in Active Plus due to higher dropout (close
to half of the sample).

Table 3 Effects of following the behavior-related modules on physical activity and dietary behavior 6 months after getting KNW-access

B SE [95 % CI] d [95 % CI] f2 p p fdr

Physical activity, UC= ref.

Numbers of days PA

Module PA used .362 .25 [−.14; .86] −.32 [−.64; .00] .012 .154 .246

Module PA not used −.121 .18 [−.47; .22] .22 [.00; .43] .002 .492 .656

Light PA

Module PA used −119.605 128.82 [−372.08; 132.87] .13 [−.19; .45] .006 .353 .403

Module PA not used 127.717 88.90 [−301.95;46.52] .16 [−.05;.38] .005 .151 .402

Moderate PA

Module PA used 197.609 86.09 [28.88; 366.33] −. 32 [−.64; −00] .013 .022* .120

Module PA not used 91.956 61.96 [−29.07; 212.98] .02 [−.19; 24] .006 .136 .402

Vigorous PA

Module PA used 34.531 61.34 [−85.70; 154.76] −.19 [−.52; .13] −.000 .573 .573

Module PA not used −47.259 42.39 [−130.34; 35.82] .05 [−.16; .27] .004 .265 .530

Dietary behavior, UC= ref.

Vegetable consumption

Module Diet used 7.86 4.81 [−1.55; 17.30] −.09 [−.31; .14] −.004 .102 .204

Module Diet not used 11.123 5.62 [.11; 22.14] −.23 [−.50; .04] −.018 .048* .384

Fruit consumption 7.876

Module Diet used .181 .08 [.02; .35] −.12 [−.35; .10] .016 .031* .120

Module Diet not used −.075 .10 [−.27; .12] .05 [−.22; .32] .006 .444 .656

Fish consumption

Module Diet used .542 .27 [.01; 1.07] −.11 [−.34; .11] −.002 .045* .120

Module Diet not used −.021 .31 [−.63; .59] .03 [−.24; .30] .000 .946 .965

Bread consumption

Module Diet used .177 .14 [−.09; .44] −.02 [−.25; .21] −.000 .191 .254

Module Diet not used .001 .16 [−.30; .31] .03 [−.23 −.31] .002 .965 .965

Effect of module use was tested using 3 categories: 0 =UC, 1 = IC, specific module not used; 2 = IC, specific module used. Results of the fully adjusted
models displayed. Dietary outcomes: N= 403, PA outcomes N= 394

IC intervention condition, UC usual care control condition, ref reference group, PA physical activity; p fdr = controlling for false discovery rate;
d=Cohen’s d (corrected for baseline value), f2= Cohen’s f2 : f 2 ≥0.02, f 2 ≥0.15, and f 2 .≥0.35 represent small, medium, and large effect sizes

*significant result (p< 0.05)
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Dietary behavior

The effects of the KNW on dietary behavior are valuable to
mention although they remained not significant after account-
ing for multiple testing. It is promising that participants who
had access to the KNW showed a higher vegetable consump-
tion. As can be concluded from the sub-analyses, this increase
in vegetable consumption could not be explained by following
the module Diet. Possibly, the increase in vegetable consump-
tion might be attributed to other intervention components,
such as one of the news items that targeted the topic diet very
extensively and which were distributed to all IC participants.
The module Diet was followed by more than 60 % of the
participants, which suggests that this module was popular,
and possibly not only visited based on the provided advice,
but also based on self-selection. Those who followed the mod-
ule Diet had a higher increase in fruit and fish consumption. A
possible explanation for the effect on fish consumption might
be attributed to an increase in knowledge about the health
advantages of consuming fatty fish, and that consuming fatty
fish twice a week may be a healthier choice than eating red
and processed meat on daily basis.With regard to the effect on
fruit consumption, higher increases in fruit consumption on
daily basis might be easier to achieve than changes in other
diet habits. Furthermore, it was not possible to choose more
than two goals within the module Diet, which resulted in
the lower numbers of participants who set goals on the
specific dietary outcomes. This might be an explanation
for the non-significant results after correction for multiple
testing.

The effect size for changes in vegetable consumption
(d=0.37) in the present study was in line with the effect size
of a Dutch web-based, CT, diet-only education intervention
for adults in the general population (d= 0.32) [90]. Also,
Goode et al. [55] reported comparable effect sizes (d=0.16
to d=1.71) for non-face-to-face interventions on fruit and
vegetable outcomes. Most of these reported studies included
intensive (telephone) counseling for cancer survivors. In con-
trast, the module Diet included less separate sessions; howev-
er, it showed comparable outcomes. In addition, the web-
based multiple behavior intervention for cancer survivors re-
ported by Bantum [56] was not effective in changing dietary
behavior, although not accounting for multiple testing.
Parsons et al. [91] also reported significant changes in vege-
table consumption, but not in other dietary behaviors,
6 months after diet telephone counseling among prostate can-
cer patients.

Notably, the average consumption of vegetables, fruit,
whole grain bread, and fish were below recommended levels
among the whole sample at both time points. These results
confirm findings from research among Dutch cancer survi-
vors, reporting that only 27.4 % has met the vegetable recom-
mendations [17]. Additionally, a low overall intake of healthy

food has been reported in several studies [6, 12, 16]. At the
same time, recent observations revealed that particularly early
cancer survivors were more likely to meet the vegetable and
fruit recommendations [13, 92]. Still, as our results suggest,
there is a lot of room for improvement in dietary behaviors
among cancer survivors, and intervening shortly after com-
pleting primary treatment seems to be a very relevant period
and apparently a teachable moment.

Smoking Behavior

No significant intervention effects have been found for
smoking behavior after 6 months. However, the likelihood
of giving up smoking was almost three times higher in the
IC than in the UC (OR=2.89). Nonetheless, this has to be
interpreted with caution due to the limited amount of smokers
in our study population. With higher numbers of smokers and
the possibility to apply multilevel logistic regression analysis,
it could be expected that significant results might occur in
favor of the IC.

Multiple behavior interventions

This multiple behavior KNW intervention was especially de-
signed to cover a broad range of relevant topics to meet the
various cancer survivors’ needs [17, 21]. Besides targeting
PA, diet, and smoking, the KNW also offered modules
targeting fatigue, anxiety and depression, relational problems,
return to work, and residual problems. The lifestyle modules
included less separate sessions as compared to other multiple
health behavior change interventions for cancer survivors [55,
56, 93]. This could be a possible reason for the limited effects
of the KNW on lifestyle. Moreover, it might have been diffi-
cult for cancer survivors to focus on numerous topics. Most of
the participants visited two modules, and possibly, for some of
the participants the psychosocial topics had a higher priority.
Earlier research revealed that in the first year after cancer
treatment, residual and psychosocial problems might impede
lifestyle change [92]. Furthermore, within the KNW, the num-
ber of recommendations to follow a certain module varied
individually with a broad range from zero to eight. This was
dependent on the responses given at baseline. Wilson et al.
[94] described that intervention effects might be curvilinear
related to the number of recommendations given, with a mod-
erate number of recommendation being most beneficial
among the general population.

Limitations

This RCT provided insightful and valuable findings despite
the limited effects on lifestyle behaviors. Nevertheless, some
limitations should be acknowledged. Regarding generalizabil-
ity, the KNW participants were mainly middle-aged breast
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cancer survivors with an above average income level and
without comorbidities. This might be too selective to represent
the general cancer survivor population. However, these find-
ings are in line with the prevalence of breast cancer in the
Netherlands [95] and with Kohl et al. [33], confirming a
higher reach of web-based interventions among female partic-
ipants with higher socioeconomic status. Furthermore, the in-
tervention tested is an eHealth intervention and participation
demanded that participants had internet access and sufficient
computer skills. These intervention characteristics can also
explain the overrepresentation of participants who are youn-
ger and generally more highly educated.

Present results might have been influenced by the selective
dropout. However, the dropout rate was very low, analyses
were corrected for the corresponding variables, and
intention-to-treat analyses revealed comparable results to
complete cases analyses. Besides this, health behaviors were
measured using self-report questionnaires, thus allowing over-
and underestimations to occur due to social desirability or
recall bias [96]. Although the self-administrated question-
naires were validated, easy to apply, inexpensive, and have
often been used in large-scale studies, we may presume that
overestimation occurred in PA [39, 65, 67, 72, 74, 97, 98]. The
proportion of smoking cessation might be slightly
underestimated due to accounting smokers at baseline as
smokers in intention-to-treat-analyses if their smoking behav-
ior could not be measured after 6 months.

Prior to the baseline assessment, the participants knew
about their group assignment, which might have influenced
the responses on the baseline questionnaire. We assume, how-
ever, that the baseline differences in dietary behavior occurred
merely by chance, given the comparable response of partici-
pants in both intervention conditions at baseline. There were
also no differences in PA and smoking behavior at baseline. In
addition, in this RCT, the intervention was compared to a
usual-care control group, who possibly participated in other
aftercare interventions. Multilevel linear regression analysis
was applied for addressing possible differences in (after-) care
between the different hospitals, and all analyses were
corrected for aftercare use.

Conclusion

Having access to the KNWand following the KNW modules
do affect lifestyle behaviors, although to a limited extent.
Meaningful increases in moderate PA were detected in the
IC, and the effect size of the increase in vegetable consump-
tion was higher than in comparable studies. Moreover, the
outcomes point in the direction that following the module
Diet could affect fruit and fish consumption. Non-significant
results after accounting for multiple testing in moderate PA,
vegetable, fruit and fish consumption might be due to the high

number of outcomes and the low numbers of module users
who set a goal on the specific outcome behavior. No signifi-
cant intervention effect was found on smoking behavior due to
the low number of smokers. An exploration of the use of this
complex KNW intervention is recommended to get further
insights into underlying mechanisms and to improve the inter-
vention effectiveness. Overall, results provide preliminary in-
dications that this theory-based, wide-ranging web-based can-
cer aftercare intervention can provide valuable support in usu-
al cancer aftercare.
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