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Abstract
Purpose This study explored demographic, clinical, and psy-
chological moderators of the effect of a group-based physical
exercise intervention on global quality of life (QoL) among
cancer survivors who completed treatment.
Methods Cancer survivors were assigned to a 12-week
physical exercise (n=147) or a wait-list control group
(n=62). The main outcome measure was global QoL,
assessed with the EORTC QLQ-C30 at baseline and
12 weeks later. Potential moderators were age, gender,
education level, marital status, employment status, type
of treatment, time since treatment, the presence of comor-
bidities, fatigue, general self-efficacy, depression, and
anxiety. Linear regression analyses were used to test ef-
fect modification of the intervention by each moderator
variable using interaction tests (p≤0.10).
Results The physical exercise intervention effect on global
QoLwas larger for cancer survivors who received radiotherapy

(β=10.3, 95 % confidence interval (CI)=4.4; 16.2) than for
cancer survivors who did not receive radiotherapy (β=1.8,
95 % CI=−5.9; 9.5, pinteraction=0.10), larger for cancer survi-
vors who received a combination of chemoradiotherapy
(β=13.0, 95 % CI=6.0; 20.1) than for those who did not
receive this combination of treatments (β=2.5, 95 % CI=
−3.7; 8.7, pinteraction=0.02), and larger for cancer survivors
with higher baseline levels of fatigue (β=12.6, 95 % CI=
5.7; 19.6) than for those with lower levels (β=2.4, 95 %
CI=−3.9; 8.7, pinteraction=0.03). No other moderating effects
were found.
Conclusions This study suggests that cancer treatment modal-
ity and baseline fatigue levels moderate the effect of a physical
exercise program on cancer survivors’global QoL.
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Introduction

Due to advances in detection and treatment of cancer, the
number of cancer survivors inWestern countries has increased
substantially over the last decades and is expected to rise in the
years to come [1]. In Europe, the 5-year cancer survival rate
has increased from 8 million in 2002 to 9.8 million in 2012 [2,
3]. Despite increased survival rates, however, many cancer
survivors experience physical and psychological problems re-
lated to the disease and its treatment, such as increased fatigue,
anxiety, depression, and decreased physical fitness and func-
tion [4]. These problems negatively affect the cancer survi-
vors’ quality of life (QoL) [5].

Several meta-analyses have shown that physical exercise
may improve their QoL, but reported effect sizes were small to
moderate (range 0.29–0.48) [6–9]. In a physical exercise study
performed in the Netherlands, we found a moderate effect
(Cohen’s d=0.51) of a 12-week group-based physical exercise
program on global QoL of cancer survivors who completed
cancer treatment compared to a wait-list control group (WLC).
In addition, 53 % of cancer survivors who completed the
program had a clinically relevant improvement (>10 points)
in global QoL [10].

One possible explanation for the small to moderate effect
sizes is that these interventions were offered to a heteroge-
neous group of cancer survivors and were not sufficiently
targeted to the specific populationswith highest needs [11]. It
is therefore important to investigate which subgroups of sur-
vivors are most likely to benefit from a physical exercise pro-
gram. Insight into these moderators will help to determine
which specific survivor group should be referred to the phys-
ical exercise program [12].

In previous studies among survivors undergoing treatment
for breast cancer [13] and lymphoma [14], Courneya and col-
leagues showed that demographic and clinical variables, base-
line health, and psychological function may moderate the
physical exercise effects on QoL. Aerobic exercise had larger
effects on QoL in survivors with breast cancer who were not
married compared to those who were [13]. Compared to their
counterparts, resistance exercise effects were larger for breast
cancer survivors who were not married and had a preference
for resistance exercises [13]. In cancer survivors with lympho-
ma, greater benefits of aerobic exercise on QoL were found in
cancer survivors who were unmarried, had normal weight or
were obese, or were in poor/fair health compared to cancer
survivors who were married, overweight (but not obese), and
in good health, respectively [14].

The current analyses used data from our previous trial that
evaluated the effects of a 12-week group-based physical exer-
cise program among cancer survivors who completed cancer
treatment [10, 15, 16]. The aim of the present analyses was to
explore which demographic (age, gender, education level,
marital status, and employment status), clinical (type of

treatment, time since treatment, presence of comorbidity),
and psychological (fatigue, self-efficacy, symptoms of
depression and anxiety) characteristics moderated the physical
exercise effects on cancer survivors’ global QoL.

Materials and methods

Recruitment and allocation

This study is part of a multicenter randomized controlled trial
evaluating the effects of group-based physical exercise on
cancer survivors’ QoL [10, 15, 16]. Detailed descriptions of
the study procedures are published elsewhere [10, 15, 16]. The
trial was conducted at four rehabilitation or medical centers in
the Netherlands [10, 15, 16]. The medical ethics committees
of the University Medical Center Utrecht and the local centers
approved the study.

Participants aged ≥18 years, who had completed cancer
treatment at least 3 months before study entry and had an
estimated life expectancy ≥1 year were recruited between Feb-
ruary 2004 and December 2005. After a written consent, these
cancer survivors completed baseline measurements and were
randomized to physical training (PT) or PT plus cognitive
behavioral therapy (PT + CBT). Randomization was conduct-
ed at group level by an independent researcher using a ran-
domization list. Consecutive groups of 8 to 12 subjects were
randomly assigned to each group. Both interventions were
balanced in each center [10, 15, 16]. Eligible cancer survivors
were invited to participate in the WLC group if, because of
fully booked rehabilitation groups, they had to wait at least
3 months to start with a 12-week group-based multidisciplin-
ary cancer rehabilitation program in other Dutch centers than
the four recruiting centers [10, 15, 16].

In total, 209 cancer survivors participated in the study; 71
were allocated to PT, 76 to PT + CBT, and 62 to WLC. Mea-
surements were performed at baseline and after 12 weeks.
Participants’ adherence rates were 84 % of the total number
of 24 PT sessions and 82 % of 12 CBT sessions. In total, 196
(94 %) cancer survivors completed the postintervention as-
sessment [15]. No differences in changes from preintervention
to postintervention in physical fitness, fatigue, distress, and
QoL were found between PT and PT + CBT groups [10, 15,
16]. In the present study, we therefore combined the two in-
tervention groups into one group. Because differences in mod-
erating effects between the intervention groups may be pres-
ent, we conducted a sensitivity analyses in which we separate-
ly examined moderation effects.

Interventions

Detailed descriptions of PT and CBT are provided elsewhere
[16, 17]. PT was supervised by two physical therapists and
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CBT by a psychologist and a social worker, all experienced
professionals in cancer rehabilitation. PT took place two times
per week, for 12 weeks, in groups of 8–12 cancer survivors
and included individual aerobic training (20–30 min), muscle
strength training (20–30 min), and group sports (60 min). In-
tensity of the individual aerobic training was based on the
maximum heart rate determined during baseline symptom-
limited ergometry and the Karvonen formula. Exercise train-
ing was performed at a heart rate of [heart rate at rest + 40–
50 % of (peak heart rate − heart rate at rest)] during the first
4 weeks and gradually increased to a heart rate of [heart
rate at rest + 70–80 % of (peak heart rate − heart rate
at rest)] in week 12.

Intensity of the muscle strength training was based
on baseline individual 1 − repetition maximum (1-
RM). Training intensity started at 30 % of the 1-RM
during the first week and increased to 50–60 % of 1-
RM in week 12. Group sports were included to promote
enjoyment and adoption of a physically active lifestyle.
Cancer survivors also received information about the
benefits of exercise and, depending on their individual
goals, also on coping with fatigue, restoration of the
balance between demand and capacity during tasks and
activities, exercise physiology, illness perceptions, and
self-management to support them in regulating their
physical activity.

The interventions were based on the principles of group-
based self-management, i.e., goal selection, information col-
lection, information processing and evaluation, decision mak-
ing, action, and self-reaction [18]. These principles were in-
corporated by setting and monitoring personal training goals,
and monitoring training progress using exercise logs, heart
rate monitors, and the Borg Scale for dyspnea and fatigue.
Self-efficacy improvement strategies included encouraging
mastery experiences by starting at low intensity, improve-
ments in physiological arousal by improving exercise capaci-
ty, verbal persuasion to perform training activities, and
enhancing vicarious learning through the group format
delivery [19].

CBT was conducted once a week for 12 weeks, in
2-h group sessions and aimed to train self-management
skills using a cognitive behavioral problem-solving ap-
proach [20]. This approach aimed at finding effective
and adaptive solutions to stressful problems and at
changing dysfunctional cognition, emotions, and behav-
iors [21]. It included discussions on distress, exercise
physiology, relaxation (sessions 1 to 4), and training
self-management skills to realize personal goals (ses-
sions 5 to 12). During this process, also problem orien-
tation, problem definition and formulation and goal set-
ting, generation of alternative solutions (brainstorming),
decision making, and solution implementation and veri-
fication were discussed.

Measures and measurements

Outcome

Global QoL was assessed at baseline and 12 weeks later
using the subscale of the European Organization for
Research and Treatment of Cancer Quality of Life
Questionnaire C30 (EORTC QLQ-C30) [22]. The
EORTC QLQ-C30 is a reliable and valid instrument that
has been used in many studies evaluating effects of
clinical and psychosocial interventions on cancer survi-
vors’ HRQoL [22]. The global QoL subscale includes
two questions addressing perceptions of general health
and overall QoL. After applying a linear transformation
procedure according to the manual, the scores of the
scale range from 0 to 100, with higher scores
representing a higher global QoL.

Potential moderators

Demographic and clinical characteristics

Demographic characteristics including age, gender, edu-
cation level, marital status, and employment status were
collected at baseline using a self-reported questionnaire.
We dichotomized education level into low (elementary
and lower vocational education) versus middle and high
(secondary and secondary vocational education, higher
vocational and university education), marital status into
single versus married and/or living together, and em-
ployment into employed versus unemployed at diagno-
sis. Because differences in moderating effects may ap-
pear when education level is dichotomized into low and
middle versus high, we conducted a sensitivity analyses
in which we examined this latter combination.

Clinical characteristics were collected using a self-
report questionnaire including type of cancer, type of
treatment received, time since completion of treatment,
cancer recurrence, and presence of comorbidity. We di-
chotomized the treatment regimens surgery, radiothera-
py, and chemotherapy into received versus not received.
In addition, we dichotomized treatment regimens into
having received both chemotherapy and radiotherapy
versus one of the two or none. Disease recurrence was
dichotomized into no or unknown versus yes and pres-
ence of comorbidity into none versus any. Cancer sur-
vivors with comorbidity reported to receive medical
treatment for one or more of the following problems:
cardiac problems, vascular problems, diabetes, asthma,
rheumatic problems, musculoskeletal problems, psycho-
logical problems, or other complaints. Clinical charac-
teristics were confirmed by the referring physicians.
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Psychological characteristics

General fatigue General fatigue was assessed at baseline with
the four-item general fatigue subscale of the multidimensional
fatigue inventory (MFI) [23]. The total MFI consists of 20
statements for which a person indicates the extent to which,
during the previous few days, a particular statement applies to
him or her on a five-point scale. The possible range for the
general fatigue subscale is 4–20, with higher scores indicating
higher levels of fatigue. TheMFI has good internal consistency
(average Cronbach’s alpha=0.84) [23].

General self-efficacy General self-efficacy was measured at
baseline with the standardized Dutch version of the general
self-efficacy scale [24]. This 16-item questionnaire yields a
total score and three subscales: willingness to expend effort
in completing a behavior, persistence in the face of adversity,
and willingness to initiate behavior. The total score, with a
possible range from 16 to 80, was used for further analysis
with higher scores representing higher self-efficacy.

Anxiety and depression Anxiety and depression were
assessed at baseline with the 14-item Hospital Anxiety and
Depression Scale (HADS) [25], validated for the Dutch pop-
ulation [26] and cancer survivors [27]. The HADS contains an
anxiety and a depression subscale, both ranging from 0 to 21
points. A score ≥8 on the subscale was used to indicate
possible anxiety or depression [28].

Statistical analysis

Baseline characteristics are presented as means and standard
deviations (SD) or as numbers and percentages. Moderation
analyses were conducted according to procedures proposed by
Aguinis et al. [29]. First, we tested the underlying assumption
of homoscedasticity among the moderator categories, indicat-
ing that the residual variances (i.e., the error variances that
remain after predicting a dependent variable from the indepen-
dent variables) are constant across the moderator categories.
To test this assumption, we used the computer programALTM
MR. This program provides four tests: Deshon and Alexan-
der’s rule for homogeneity, Bartlett’s test, James’s test, and
Alexander’s test [30–33]. Homoscedasticity was assumed
if three or more tests indicated homogeneous residual
variances [29].

Second, we examined the achieved power for each moder-
ator and the sample sizes required to be able to conduct sub-
group analysis with a power of 80 %. For categorical moder-
ators, we used the POWER computer program developed by
Aguinis et al. [34]. For continuous moderators, we used the
computer program GPower developed by Faul et al. [35].

Third, we used linear regression analysis to test effect mod-
ification of the intervention by each moderator variable in the

form of an interaction test [36]. Global QoL was modeled to
compare changes over time across intervention moderator
groups. The analyses were adjusted for the baseline value of
the outcome, marital status, educational level, and disease
recurrence. The latter three variables were included because
they differ significantly between the intervention and control
group [10, 15, 16]. If homoscedasticity was not assumed, we
used weighted least squares regression analyses. In this anal-
ysis, a weight factor was added in the analysis to adjust the
residual error variance of the model [36]. The weighted factor
was calculated for each moderator group by the number of
degrees of freedom of the residual variation divided by the
sum of squares of the residual variation.

We conducted stratified analysis to examine the interven-
tion effect in the different moderator categories. In case of a
continuous moderator, conditional effect of the intervention
on global QoL after the exercise intervention was examined
for the −1SD, mean, and +1SD values. A variable was con-
sidered a potential moderator when the p value of the interac-
tion term was ≤0.10. To examine whether a significant mod-
erating effect could be explained by differences in intervention
adherence, we compared differences in adherence between
moderator subgroups with an independent samples’ t test.

Finally, we calculated Cohen’s f 2 effect sizes [37] provid-
ing an estimate of the variance explained by the interaction
term [37]. In case of continuous moderators or homoscedas-
ticity in categorical moderators, effect sizes were calculated by
f 2=R2

2−R1
2, where R2

2 is the proportion of variance
accounted for with all variables in the model (including the
interaction term), and R1

2 is the proportion of variance
accounted for with all variables without the interaction term
in the model. In case of heteroscedasticity in categorical mod-
erators, effect sizes were calculated by f 2=R2

2−R12/1−R2
2.

We used Cohen’s cutoff points for multiple regression model-
ing of f 2=0.02, f 2=0.15, and f 2=0.35 to indicate a small,
medium, or large effect, respectively [37].

We used SPSS 20.0 (IBMCorp. Released 2011. IBMSPSS
Statistics for Windows, version 20.0. Armonk, NY: IBM
Corp.) to conduct the analyses.

Results

The mean age of cancer survivors in the exercise group was
48.8 years (SD=10.9), 84 % were female and 56 % were
diagnosed with breast cancer (Table 1). Cancer survivors in
the WLC group were on average 51.3 years old (SD=8.8),
90 % were female and 61 % were diagnosed with breast
cancer.

Homoscedasticity was found for gender, marital status, em-
ployment status, presence of comorbidity, and anxiety
(Table 2). Heteroscedasticity was found for education level,
radiotherapy, chemotherapy, combination chemoradiotherapy,
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and depression. The achieved power for the categorical vari-
ables varied between 0.2 % for marital status and 54 % for
combination chemoradiotherapy (Table 2).

We found a small (f 2=0.02, pinteraction=0.10) interac-
tion effect of radiotherapy, indicating that the exercise
intervention effect on global QoL was larger for cancer
survivors who received radiotherapy (β=10.3, 95 % con-
fidence interval (CI)=4.4; 16.2) than for those who did
not (β=1.8, 95 % CI=−5.9; 9.5). No statistical signifi-
cant (p=0.14) moderating effect was found for chemo-
therapy. However, sensitivity analyses showed a signifi-
cant (p=0.02) moderating effect of chemotherapy for
cancer survivors in the PT + CBT group (β=10.1,
95 % CI=3.5; 16.8), but not for survivors in the PT
group (β=9.3, 95 % CI=2.2; 16.3, p=0.71). Comparing
cancer survivors who received a combination of chemo-
radiotherapy and those who received one or none of the-
se treatments, we found a significant interaction effect
(pinteraction=0.02) in favor of cancer survivors who re-
ceived a combination of chemoradiotherapy (β=13.1,
95 % CI=6.0; 20.1) than for those who did not (β=
2.5, 95 % CI=−3.7; 8.7) (Fig. 1). In addition, we found
a small (f 2=0.02) but significant (pinteraction=0.03) inter-
action effect of fatigue, indicating that the exercise inter-
vention effect on global QoL is larger for cancer survi-
vors with higher baseline levels of fatigue (β=12.7,
95 % CI=5.7; 19.6) than for those with lower baseline
fatigue levels (β=2.4, 95 % CI=−3.9; 8.7, Fig. 2). No
differences in adherence were found for all subgroups.

No moderating effects were found for age, gender, educa-
tion level, marital status, employment status, time since treat-
ment, presence of comorbidity, self-efficacy, depression, and
anxiety (Table 2). Sensitivity analysis showed no significant
moderating effect of education level when education level is
dichotomized into low and medium versus high.

Table 1 Distribution of potential moderators by group assignment

Variable Physical exercise
group (n=147)

Wait-list control
group (n=62)

Demographic

Age, mean (SD) years 48.8 (10.9) 51.3 (8.8)

Gender, n (%)

Male 24 (16) 6 (10)

Female 123 (84) 56 (90)

Education level, n (%)*

Low 20 (14) 16 (26)

Middle 72 (49) 32 (52)

High 55 (37) 14 (22)

Marital status, n (%)*

Single 43 (29) 7 (11)

Married 104 (71) 55 (89)

Employment status, n (%)

Not employed at
diagnosis

40 (28) 16 (26)

Employed at diagnosis 107 (73) 46 (74)

Clinical

Type of cancer, n (%)

Breast 82 (56) 38 (61)

Hematological 23 (16) 10 (16)

Gynecological 18 (12) 7 (11)

Urologic 9 (6) 0 (0)

Lung 4 (3) 4 (7)

Colon 3 (2) 2 (3)

Other 8 (5) 1 (2)

Radiotherapy, n (%)

No 63 (43) 23 (37)

Yes 84 (57) 39 (63)

Chemotherapy, n (%)

No 47 (32) 21 (34)

Yes 100 (68) 41 (66)

Radiotherapy and
chemotherapy, n (%)

No 87 (59) 35 (56)

Yes 60 (41) 27 (44)

Time since treatment,
mean (SD) years

1.3 (1.7) 1.9 (2.7)

Recurrence >3 months ago*

No 133 (90) 47 (76)

Yes 14 (10) 15 (24)

Presence of comorbidity, n (%)

No comorbidity 79 (54) 34 (55)

Comorbidity 68 (46) 27 (43)

Psychological

General fatigue (MFI),
mean (SD)

15.6 (3.4) 15.0 (3.3)

General self-efficacy
(ALCOS), mean (SD)

44.0 (8.8) 42.6 (8.5)

Depression (HADS), n (%)

No (<8) 104 (71) 35 (57)

Table 1 (continued)

Variable Physical exercise
group (n=147)

Wait-list control
group (n=62)

Yes ≥8) 43 (29) 27 (43)

Anxiety (HADS), n (%)

No (<8) 77 (52) 34 (55)

Yes (≥8) 70 (48) 28 (45)

Global QoL (EORTC
QLQ-C30), mean (SD)

57.1 (17.6) 60.1 (18.4)

ALCOS general self-efficacy scale, CT chemotherapy, EORTC QLQ-C30
European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire, HADS Hospital Anxiety and Depression Scale, MFI
multidimensional fatigue inventory, RT radiotherapy, QoL quality of life,
SD standard deviation

*p<0.05, significant differences between exercise and wait-list control
groups using chi-squared tests
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Table 2 Exercise intervention effects on global quality of life (QoL), stratified by potential moderator subgroups

Intervention effect on global QoL

Moderator Number β (95 % CI)b pinteraction
b f2 ESP n (P80 %)

Demographic

Age, years 196 0.13 0.01 0.29 787

−1SD (39.4) 11.0 (3.7; 18.3)

Mean (49.7 ) 7.1 (2.3; 11.9)

+1SD (60.0) 3.2 (−3.4; 9.8)
Gendera 0.73 0.001 0.16

Male 28 8.9 (−4.9; 22.6) 154

Female 168 6.3 (1.2; 11.4) 924

Education levela 0.78 0.0003 0.03

Low 34 8.2 (−2.0; 18.5) 374

Middle or high 162 6.7 (1.3; 12.0) 1782

Marital statusa 0.56 0.001 0.02

Single 48 10.3 (−1.9; 22.5) 360

Married 148 6.4 (1.2; 11.6) 1110

Employment statusa 0.50 0.002 0.12

Not employed at diagnosis 52 4.50 (−4.6; 13.6) 260

Employed at diagnosis 144 8.1 (2.6; 13.6) 720

Clinical

Radiotherapya 0.10 0.02 0.23

No 81 1.8 (−5.9; 9.5) 230

Yes 115 10.3 (4.4; 16.2) 330

Chemotherapya 0.14 0.02 0.37

No 62 2.0 (−6.2; 10.1) 155

Yes 134 9.8 (3.9; 15.7) 335

Radiotherapy and chemotherapy 0.02 0.03 0.54

No 87 2.5 (−3.7; 8.7) 180

Yes 122 13.1 (6.0; 20.1) 140

Time since treatment in years 196 0.14 0.01 0.29 787

−1SD (0.1 ) 4.8 (−0.8; 10.5)
Mean (1.5) 6.9 (2.1; 11.7)

+1SD (3.6) 10.1 (3.8; 16.4)

Presence of comorbiditya 0.88 0.0001 0.15

No comorbidity 102 6.7 (0.2; 13.1) 273

Comorbidity 93 7.4 (0.4; 14.4) 253

Psychological

General fatigue 196 0.03 0.02 0.50 395

−1SD (12.1) 2.4 (−3.9; 8.7)
Mean (15.4) 7.5 (2.7; 12.3)

+1SD (18.8) 12.7 (5.7; 19.6)

General self-efficacy 196 0.20 0.01 0.29 787

−1SD (35.1) 9.9 (3.1; 16.6)

Mean (43.9) 6.7 (1.9; 11.5)

+1SD (52.6) 3.6 (−3.2; 10.4)
Depression 0.67 0.002 0.30

No (<8) 131 5.9 (−0.3; 12.0) 262

Yes (≥8) 65 8.0 (0.4; 15.6) 130
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Discussion

In the current analyses, we explored moderators of physical
exercise effects on global QoL. We found larger intervention
effectsfor cancer survivors who received radiotherapy, and
particularly for survivors who received the combination che-
moradiotherapy compared to those who did not.

Cancer survivors who received the combination chemora-
diotherapy improved 13 points (95 % CI=6; 20) on the global
QoL scale, which is larger than the clinically meaningful dif-
ference of 10 points [38]. In contrast, the intervention effect on
global QoL was 2 points (95 % CI=−6; 10) for cancer survi-
vors who were treated with one of these treatments or none.
Differences in intervention effects across moderator sub-
groups do not seem to be explained by exercise adherence,
since no significant differences in adherence were found
across moderator subgroups. A recent longitudinal study

showed that cancer survivors who received both types of treat-
ments had lower QoL and fatigue levels compared to radio-
therapy or surgery alone [39]. These differences in QoL may
consequently give more room for improvement by physical
exercise. However, we found in our study no statistically sig-
nificant differences in baseline values of QoL between cancer
survivors who received both radiotherapy and chemotherapy
and those who received one or none of these treatments.
Therefore, and due to the relatively small sample size and
the exploratory nature of our analysis, our findings should
be interpreted with caution. Future studies should examine
whether cancer survivors who received different treatment
regimens respond differently to physical exercise.

Baseline fatigue also moderated the exercise intervention
effects on global QoL. Improvements in global QoL were 12
points higher in cancer survivors with high baseline levels of
fatigue (≥1SD above the mean) compared to those with low

Table 2 (continued)

Intervention effect on global QoL

Moderator Number β (95 % CI)b pinteraction
b f2 ESP n

(P80 %)

Anxietya 0.64 0.001 0.22

No (<8) 105 6.0 (−0.3; 12.3) 258

Yes (≥8) 91 8.3 (1.1; 15.5) 223

Regression coefficients (β), 95% confidence intervals (CI), and p value of the interaction test (pinteraction) are presented as well as Cohen’s effect size (f
2 )

and estimated statistical power (ESP) for the interaction effect, and the number of cancer survivors needed for estimated statistical power of 80 %
(n (p80 %))

SD standard deviation
a No violation of homogeneity of error variances was assumed
bAdjusted for marital status, education level, disease recurrence, and global quality of life measured at baseline

Fig. 1 Differences in mean global quality of life (Global QoL) post-
intervention between wait-list control group (WLC) and physical
exercise group (PE) according to having received a combination of
chemoradiotherapy (solid line) or one or none of these treatments
(dotted line)

Fig. 2 Differences in mean global quality of life (Global QoL) post-
intervention between wait-list control group (WLC) and physical
exercise group (PE) according to low general fatigue (one standard
deviation (SD) below the mean of general fatigue; dotted line), mean
general fatigue (dashed line), and high general fatigue (one SD above
the mean of general fatigue; solid line)
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baseline levels of fatigue (≥1SD below the mean), which was
a clinically meaningful difference [38]. Differences in effects
could not be explained by differences in adherence to the
intervention. It is known that higher levels of fatigue negative-
ly affect a cancer survivors’ QoL [5]. Exercise may reduce
fatigue and consequently improve a cancer survivors’ QoL
[40]. Cancer survivors with higher levels of fatigue at baseline
may have more room for reducing their fatigue and conse-
quently have larger improvements in global QoL.

We found no moderating effect of marital status. This is in
contrast with the studies of Courneya et al. [13, 14], who
found a larger effect of exercise during cancer treatment on
QoL in unmarried cancer survivors with breast cancer or lym-
phoma than in their counterparts. It has been suggested that
unmarried cancer survivors may have less social support at
home than married cancer survivors and consequently benefit
more from the social group effect of the intervention [41],
resulting in larger improvements in global QoL [42]. In con-
trast with the previous mentioned studies, cancer survivors in
our intervention were included from 3 months after treatment.
Perhaps, social support from a partner may be more important
during treatment than after treatment. Cancer survivors who
participated in our group-based rehabilitation program report-
ed the support of fellow cancer survivors and the sharing of
experiences to be an important part of the rehabilitation [43]. It
should also be noted that our results were based on a compar-
ison between married and unmarried cancer survivors where
70 % in the exercise group and 90 % in the WLC group had a
partner. This may bias our results, and therefore, our findings
should be used with caution. Future studies should investigate
the moderating role of social support from a partner or fellow
cancer survivors of the physical exercise effect on global QoL.

Strengths of the present study are the supervised, standard-
ized and theory-based exercise interventions, the high atten-
dance rates, and the low dropout rates. However, this study
had some limitations. First, participants were not randomly
assigned to the WLC group. Nevertheless, the groups were
well balanced in baseline physical and psychological out-
comes, and we adjusted for relevant sociodemographic and
clinical variables in all analyses. Second, although the sample
size was relatively large for an exercise trial among cancer
survivors, the original study was not powered to investigate
moderators of intervention effect.This study showed that the
sample size should be at least 395 to be able to adequately
conduct stratified analyses with a power of 80 %. Therefore,
our analyses of moderating effects should be interpreted as
exploratory (hypothesis generating) post hoc analyses. Identify-
ing for whom and under what circumstances specific exercise
interventions improve the QoL is an important step toward the
development of personalized exercise interventions [44]. Future
studies with large sample sizes are needed to confirm the mod-
erating effects of being treated with radiotherapy or a combina-
tion chemoradiotherapy and fatigue and to provide insight into

whether people with different demographic, clinical, and psy-
chological characteristics indeed respond differently [11, 45].

In conclusion, this study suggests that the physical exercise
effects immediately after intervention on global QoL were
larger in cancer survivors who received radiotherapy, and in
particular, those who received a combination of chemoradio-
therapy, and cancer survivors with higher baseline levels of
fatigue compared to those who received no radiotherapy, no
combination of chemoradiotherapy, and had lower baseline
fatigue levels, respectively. Future studies with larger sample
sizes and thus more power are needed to confirm the moder-
ating effects of treatment regimens and fatigue.
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