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Abstract

Introduction Having a better understanding of predictors of cancer-related fatigue makes it easier to early identify patients at risk
of suffering from long-term fatigue. The aim of this longitudinal study was to identify factors that predict long-term fatigue
6 months after discharge from a rehabilitation clinic using a multidimensional conceptualization.

Method A mixed sample of cancer survivors (N = 948) were recruited while in-patient at a rehabilitation clinic. The follow-up
survey was administered 6 months after they were discharged from the clinic. Fatigue was assessed with the EORTC QLQ-FA12.
Predictive values were estimated using hierarchical multiple linear regression analyses.

Results Mean fatigue scores were 20.7 (cognitive fatigue), 30.9 (emotional fatigue), and 53.2 (physical fatigue) at baseline and
significantly lower at follow-up (Cohen’s d 0.12-0.31). Baseline levels of fatigue and depression were identified as important
predictors of all dimensions of fatigue. Partnership and time since diagnosis predicted only the levels of physical fatigue. The
regression models explained between 36% and 45% of variance in fatigue.

Conclusion Levels of fatigue in early stages as well as psychosocial issues could enable clinicians to identify patients with
elevated long-term fatigue and thus to provide optimal care for improving patients’ quality of life. Findings of different associates

of individual dimensions of fatigue support the multidimensional concept of fatigue.

Keywords Cancer - Oncology - Fatigue - Predictors - Depression - Longitudinal design

Introduction

Cancer-related fatigue (CRF) is defined “as a distressing, per-
sistent, subjective sense of physical, emotional, and/or cogni-
tive tiredness or exhaustion related to cancer or cancer treat-
ment that is not proportional to recent activity and interferes
with usual functioning” [1]. CRF is highly prevalent in pa-
tients both receiving and recovering from cancer treatment,
with rates reaching up to 90% [1, 2]. Longitudinal studies
indicate that fatigue often decreases after completing treat-
ment. However, approximately 30% of patients suffer from
persistent or chronic fatigue [3, 4]. It has profound effects on
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quality of life, even in patients who have otherwise been suc-
cessfully treated for cancer [3, 5]. Knowing more about factors
that predict long-term fatigue both helps care providers better
identify patients at risk of suffering from it already during
treatment and increases their effectiveness at planning individ-
ual screenings and intervention programs. Furthermore, offer-
ing early intervention programs may reduce fatigue in the
long-term and thereby prevent the detrimental impact of fa-
tigue on quality of life [3, 5], work ability [6, 7], and compli-
ance [8, 9].

Previous research on predictors of long-term fatigue is lim-
ited. Results indicate that pathogenesis is multifactorial, in-
cluding physiological/biochemical, psychological, behavior-
al, and subjective correlates [10—12], but it is not clear if these
factors cause fatigue or occur as a result of fatigue.
Longitudinal studies have revealed that patients who experi-
ence fatigue at the beginning of treatment are more likely to
suffer from fatigue further along their illness/recovery trajec-
tory [13—15]. Other predictors reported in the literature are
depressed mood [13, 16], anxiety [17], younger age [14, 18],

female sex [18], chemotherapy treatment [18], occupational

status [13], and physical limitations [13, 15]. However, re-
search regarding sociodemographic, clinical, and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-019-4660-4&domain=pdf
http://orcid.org/0000-0003-3218-2147
mailto:Susanne.Kuhnt@medizin.uni-leipzig.de

3464

Support Care Cancer (2019) 27:3463-3471

psychological factors, has produced conflicting findings. For
example, some studies that examined the factor depression
found statistically significant effects [13, 15] while others
did not [19-21]. Such discrepancies may be explained by
differences in definitions and measurements of fatigue, hetero-
geneous statistical analyses and the time points of assessing
predicting factors. Multidimensionality of fatigue is
underlined by research about manifestations and causes of
fatigue [10, 11] and about interventions of fatigue, which gen-
erally showed that combined interventions, e.g., physical ac-
tivity and psychosocial interventions, had the highest effects
in reducing fatigue [22]. Despite these findings, most relevant
studies did not consider the multidimensional conceptualiza-
tion of fatigue, and used a general factor or a sum score. We
instead consider it necessary to identify specific predictors for
the physical, emotional, and cognitive domains of fatigue.

The aim of this longitudinal study was a unidimensional
and multidimensional examination of predictors of fatigue in
cancer patients who have completed acute treatment and re-
habilitation. We use the term predictor to identify factors
which could help estimate the risk to suffer from long-term
fatigue based on relationships between different baseline var-
iables and long-term fatigue over a 6-month period, but not to
identify causes of fatigue. Referring to the multifactorial con-
cept of the perpetuation of CRF, we tested the impact of
sociodemographic, clinical, physical, and psychological fac-
tors on the total score and the different dimensions of fatigue
when controlling for baseline fatigue levels. For a better inter-
pretation of the results, we additionally provide data about the
severity and the change of fatigue levels across the measure-
ment points.

Methods
Study design

We conducted a longitudinal study to examine the associa-
tions of predictors of the development of long-term CRF over
a 6-month period. The selection of predictors was based on
previous research findings which suggest a multifactorial na-
ture of CRF [12]. We included sociodemographic variables
(age, sex (male/female), living together with a partner (no/
yes), occupational status (unemployed/employed), parent of
children under 14 years (no/yes)), clinical variables (chemo-
therapy (no/yes), radiotherapy (no/yes), time since diagnosis
(in months)), and psychological variables (depression, anxi-
ety, sleep difficulties, self-efficacy).

The study took place between October 2016 and April
2017. A group of 1547 patients were consecutively recruited
in a standard oncological rehabilitation clinic. In Germany, all
cancer patients are entitled to participate in a 3—4 week med-
ical rehabilitation program in order to receive treatment
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concerning a broad spectrum of physical and psychosocial
impairments. However, the treatment is not focused on fa-
tigue. Inclusion criteria were minimum age of 18 years, ab-
sence of severe cognitive impairment, and sufficient knowl-
edge of the German language. Participants completed the
questionnaires during their stay (t1) and 6 months after reha-
bilitation clinic discharge (t2). Patients were informed about
and asked to take part in the study. Experienced clinicians
introduced in the study and gave answers to patients’ ques-
tions. At t2, participants received a letter with a pre-stamped
envelope to fill in the follow-up questionnaires. All study
participants provided written informed consent. The study
was approved by the Ethics Committee of the Leipzig
University.

Instruments

Fatigue was assessed using the EORTC QLQ-FA12 (provided
by the European Organization for Research and Treatment of
Cancer, [23]). The EORTC QLQ-FA12 consists of ten items
on symptomatology and two additional criteria items, each
scored on a four-point Likert scale (higher values represent
higher levels). The items cover three dimensions of fatigue,
i.e., the physical, emotional, and cognitive domain. Further
two criteria items measure the interference of fatigue with
daily activities and social life. Scores are transformed to a
range of 0 to 100. We also calculated the total score for the
EORTC QLQ-FA12 as recommended by a previous study
[24], Cronbach’s « of subscales and total scale ranged from
0.79 and 0.93 in studies including German samples [23, 24].

Depression was measured with the Patient Health
Questionnaire-9 (PHQ-9; [25]), a 9-item self-report measure
for depressive symptoms based on the DSM-IV diagnostic
criteria for major depressive disorder. Each item is scored on
a four-point Likert scale resulting in a sum score ranging from
0 to 27. The PHQ-9 is reported to be a reliable instrument in a
German sample of cancer patients (Cronbach’s o = 0.84) [26].

Anxiety was examined using the Generalized Anxiety
Disorder scale-2 (GAD-2), which is based on the ICD-10
diagnostic criteria. It consists of two items that result in a
sum score between 0 and 6 (items range from 0 to 3) and
showed good measurement properties (Cronbach’s a=0.75)
[27, 28].

We also used the 4-item Jenkins Sleep Scale (JSS) to assess
sleep difficulties [29]. Each of its items is rated on a 6-point
Likert scale (0-5) based on the frequency of sleep problems.
The JSS sum score ranges between 0 and 20, with higher
scores reflecting worse sleep problems. Acceptable
Cronbach’s « in a German-speaking population had been re-
ported (0.77) [30].

The General Self-Efficacy Scale (GSES, [31]) is a 10-item
scale that was designed to assess optimistic attitudes towards
coping with a variety of difficult demands in life. It was used
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in German cancer populations [32], and normative values are
available [33]. Items are rated on a 4-point Likert scale (1-4).
Scores range from 10 to 40; higher values indicate higher
levels of perceived self-efficacy.

Socio-demographic (age, sex, partnership, number and age
of children, occupational status) and clinical data (tumor loca-
tion, time since diagnosis), were obtained from the question-
naires and the medical records.

Statistical analyses

Patients’ characteristics and mean scores of fatigue for
each time point were analyzed using descriptive statistics
(means and percentages). Effect sizes (Cohen’s d) were
calculated for comparisons between fatigue levels at base-
line and follow-up; the statistical significance was indicat-
ed with confidence intervals. Drop-out analyses were con-
ducted using ¢ tests (continuous data) or chi-squared tests
(nominal data).

Hierarchical multiple linear regression analyses were
conducted to evaluate the associations of the potential
predictor variables at baseline on the total score and the
dimensions of fatigue at follow-up. The scores of all fa-
tigue dimensions (subscales of EORTC QLQ-FA12) as
well as the sum score were used as dependent variables.
Thus, four separate regression models were analyzed.
Dummy variables were created for categorical treatment-
related and sociodemographic variables. Independent var-
iables were assessed at baseline and entered blockwise
into the regression analyses, with Block 1 containing
sociodemographic variables, Block 2 containing clinical
variables, Block 3 representing psychological variables,
and Block 4 containing baseline fatigue (physical, emo-
tional, or cognitive fatigue according to the respective
dependent variable). Multicollinearity between the inde-
pendent variables, especially fatigue, depression, and
sleep was tested with correlation analyses and variance
inflation factors (VIF). Correlation coefficients ranging
from low to moderate and the low VIFs (variance infla-
tion factors < 10) indicate no relevant multicollinearity.
p values below .05 were considered statistically signifi-
cant. All statistical procedures were executed using IBM
SPSS Statistics 24.0.

Results

Patients’ characteristics

A total of 1225 patients agreed to participate in the study and
provided data for t1. Of those, 986 (80.5%) sent back the t2

questionnaire. A further 38 patients (3.9%) had to be excluded
due to incomplete data for variables examined in the regression

analyses. Thus, the sample consists of a total of 948 patients. Of
these, 496 (52.3%) were female, 738 (77.8%) were living with
a partner, and 465 (49.1%) were employed. The mean age was
57 (SD =15) years. Further sociodemographic and disease-
related data are presented in Table 1.

The drop-out analysis showed that patients who partic-
ipated at both time points were older (57 vs. 52 years; p <
0.001), had lower fatigue levels at baseline (total score,
39.0 vs. 45.4; p<0.001), and were more likely to be

Table 1  Patients’ characteristics (N =948)

Demographic characteristics

Age in years, mean (SD; range) 57.0 (15.4; 18-88)

No. (%)
Sex (female) 496 (52.3)
Living in partnership 738 (77.8)
Having children < 14 years 149 (15.7)
Education
High school/university degree 318 (33.5)
Other 630 (66.5)
Occupational situation
Employed 465 (49.1)
Retired 381 (40.2)
Other 102 (10.7)
Medical characteristics
Tumor location
Breast 234 24.7)
Prostate 193 (20.4)
Gastrointestinal tract 174 (18.4)
Hematological cancers 99 (10.4)
Kidney/urinary tract 85 9.0)
Female genital organs 53 (5.6)
Melanoma 41 4.3)
Male genital organs 30 3.2)
Thyroid/endocrine glands 13 (1.4)
Other 26 2.7)
Cancer therapy
Surgery 366 (38.6)
Surgery+CT 167 (17.6)
Surgery +RT 133 (14.0)
Surgery+CT + RT 198 (20.9)
CT or RT or CT/RT 84 (8.9)
Hormone therapy' 199 (21.2)
Antibody therapy" 109 (11.6)
Active treatment between t1-t2 186 (19.6)
Recurrence/progress between t1-t2 81 (8.7)
Months since current diagnosis, median 7.0

*CT chemotherapy, RT radiation

! Only applied in combination with a standard treatment, i.e., surgery, CT,
or RT

@ Springer



3466

Support Care Cancer (2019) 27:3463-3471

retired than drop-outs (40.2% versus 30.7%; p <0.001).
No significant differences were found regarding education
levels and sex.

Levels of fatigue at baseline and follow-up

Table 2 shows that fatigue mean scores were 20.7 (cognitive
fatigue), 30.9 (emotional fatigue), and 53.2 (physical fatigue)
at baseline; the corresponding follow-up values were 17.7,
25.6, and 44.8. Statistically significant decreases in fatigue
severity were observed in all three dimensions, the greatest
of which occurred in the physical dimension (d=0.31).

Predictors at baseline on fatigue levels at follow-up

Across the four outcomes (physical, emotional, cognitive, and
overall fatigue), variables entered in Block 1 (sociodemographic
variables) and Block 2 (disease- and treatment-related variables)
explained between 4% and 6% of the variance (Tables 3, 4, 5,
and 6). After psychological variables (Block 3) had been includ-
ed, these entered variables explained between 26% and 32% of
the variance. Once the Block 4 variable (baseline fatigue) had
been added, the explained variance increased to values between
36% and 45%. Almost all changes of explained variance as
compared to the previous models were statistically significant,
except for when clinical variables were added to the emotional
and cognitive fatigue models.

In Blocks 1 and 2, female sex, older age, not having a
partner, having received chemotherapy, and time since
diagnosis were significant predictors of fatigue
(Tables 3, 4, 5, and 6). In Block 3, depression was a
highly significant factor in all of the fatigue dimensions.
Anxiety, sleep difficulties, and lower self-efficacy were
statistically significant in models for physical and emo-
tional fatigue. In the full model (i.e., after including
Block 4), baseline fatigue emerged as the strongest pre-
dictor of fatigue for all outcomes. After entering baseline
fatigue, sleep lost its predictive effect on physical fatigue.
To the contrary, the predictive effect on partnership and
time since diagnosis on fatigue levels substantially in-
creased after entering baseline fatigue levels. Depression
remained a significant factor in all fatigue dimensions as
it had been before entering baseline fatigue levels.

Furthermore, partnership and time since diagnosis only
contributed significant proportions of variance in the
physical fatigue dimension, and only after the baseline
fatigue level was included in the calculations.

Analyses of collinearity between sociodemographic vari-
ables showed low to moderate correlation coefficients (.001 to
.641). Correlations coefficients of fatigue baseline levels, de-
pression, anxiety, and sleep ranged between .039 and .448.
Observed VIFs (variance inflation factors) were between
1.03 and 3.56.

Discussion

The aim of the study was to identify predictors of long-
term fatigue in a mixed sample of cancer patients who had
completed a post-treatment rehabilitation program.
Besides identification of predictors, we also analyzed the
severity and temporal course at the two measurement
points. Hereby, the differences in fatigue levels across
the domains indicate that physical fatigue was rated more
severe by the participants than emotional and cognitive
fatigue. Nevertheless, this difference could also be ex-
plained otherwise: while the items assessing physical fa-
tigue are closely related to the experience of “normal”
tiredness (e.g., “Did you lack energy?”), items that
operationalize cognitive (e.g., “Did you feel confused?”)
or emotional fatigue (e.g., “Did you feel helpless?”) are
less likely to be reported by people who do not have
fatigue. Because normative values of our assessment in-
strument for specific clinical samples have not been
established yet, it was not possible to assess the degree
to which fatigue in our sample was rated in relation to
other cancer patients. Comparing fatigue levels in our
sample with those in the general population, the levels
of fatigue are higher in our sample of cancer patients
[34]. Kecke et al. [24] investigated a sample of 354 fe-
male cancer patients during their hospital stay and
3 months later using the EORTC QLQ-FA12. They found
similar levels of emotional fatigue, but higher levels of
physical and cognitive fatigue, a fact which may have to
do with characteristics specific to patients who are in re-
habilitation programs. Results from studies that used the

Table 2 Levels of fatigue at

baseline and follow-up Baseline Follow-up (+6 months) Cohen’s d (95%CI)
M (SD) M (SD)
Physical fatigue 53.2(28.1) 44.8 (27.2) 0.31 (0.25-0.36)
Emotional fatigue 30.9 (28.4) 25.6 (27.2) 0.19 (0.13-0.25)
Cognitive fatigue 20.7 (25.1) 17.7 22.7) 0.12 (0.07-0.18)
Fatigue total score 39.0 (24.0) 33.0(23.4) 0.25 (0.20-0.31)
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Table 3 Hierarchical regression

analyses with physical fatigue at Model 1 Model 2 Model 3 Model 4

t2 as dependent variable 0.04 0.06 0.32 0.41
A 0.04 0.02 0.26 0.09
P(AF) <0.001 <0.001 <0.001 <0.001

Beta (p) Beta (p) Beta (p) Beta (p)

Age 0.09 (0.068) 0.13 0.011) 016 (<0.001)  0.08 (0.055)
Sex (female) 0.16 (<0.001) 0.12 0.001)  0.01 (0.765) —-0.01 (0.682)
Children (< 14 years)  0.06 (0.120) 0.06 (0.099)  0.04 (0.236) 0.02 (0.461)
Occupational status —-0.02 (0.621) —-0.03 (0467) —0.02 (0.571) —=0.01 (0.809)
Partnership =0.09 (0.007) =0.09 (0.008 —0.06 (0.021) =0.07 (0.007)
Surgery —-0.03 (03000 —0.04 (0.199) -0.04 (0.160)
Chemotherapy 0.09 0.012) 0.07 0.021) 0.05 (0.085)
Radiotherapy 0.06 (0.085) 0.04 (0.202) 0.04 (0.206)
Time since diagnosis 0.08 0.009)  0.05 (0.067) 0.05 (0.049)
Sleep problems 0.10 (0.005) 0.04 (0.243)
Anxiety —0.06 (0.138) -0.01 (0.744)
Depression 0.47 (0.001) 0.15 (0.003)
Self-efficacy —-0.08 (0.024) -0.05  (0.125)
Physical fatigue (baseline) 0.45 (£0.001)

#2 explained variation/total variation, Ar? change in #* after adding another block, p(AF) significance of change
p g g p g g

in
p<0.05

fatigue subscale of the EORTC QLQ-C30 also indicated
lower levels of physical fatigue in cancer survivors and
cancer patients attending a rehabilitation program than in
our sample [14, 35, 36]. Furthermore, we found

Table 4 Hierarchical regression
analyses with emotional fatigue at

t2 as dependent variable

significant changes in fatigue at follow-up. Fatigue levels
were significantly lower at the 6-month follow-up mea-
surement than they were at baseline, especially in the
physical dimension (d=0.31).

2
AP

Pp(AF)

Age

Sex

Children (< 14 years)
Occupational status
Partnership

Surgery
Chemotherapy
Radiotherapy

Time since diagnosis
Sleep problems
Anxiety

Depression
Self-efficacy

Model 1

Beta
—0.06
0.13
—0.00
0.05
-0.07

Emotional fatigue (baseline)

0.03
0.03
<0.001
()
(0.226)
(£0.001)
(0.986)
(0.240)
0.047)

Model 2

Beta
—0.04
0.10
—0.00
0.05
—0.06
0.01
0.06
0.03
0.08

0.04
0.01
0.018
()
0.472)
(0.005)
(0.973)
(0.301)
(0.053)
(0.851)
(0.087)
(0.348)
0.017)

Model 3

Beta
0.00
-0.02
-0.02
0.06
-0.04
0.01
0.05
0.01
0.04
0.01
0.12
0.39
= 0.09

0.30
0.26
<0.001
()
(0.938)
(0.600)
(0.444)
(0.086)
0.127)
(0.802)
(0.118)
(0.679)
(0.163)
(0.838)
0.009)
(£0.001)
0.012)

Model 4

Beta
—0.03
—0.00
—0.02
0.06
—0.05
0.01
0.06
0.01
0.03
0.02
0.03
0.18
-0.03
0.39

0.36
0.06
<0.001
()
(0.429)
(0.956)
(0.504)
(0.114)
(0.087)
(0.710)
(0.060)
(0.730)
(0.239)
(0.567)
(0.406)
(£0.001)
(0.386)
(£0.001)

#2 explained variation/total variation, A* change in /* after adding another block, p(AF) significance of change

m
p<0.05
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Table 5 Hierarchical regression

analyses with cognitive fatigue at Model 1
t2 as dependent variable
A
P(AF)
Beta
Age —0.09
Sex 0.07
Children (< 14 years)  0.06
Occupational status 0.03
Partnership —-0.03
Surgery
Chemotherapy
Radiotherapy
Time since diagnosis
Sleep problems
Anxiety
Depression
Self-efficacy

Cognitive fatigue (baseline)

Model 2 Model 3 Model 4
0.02 0.04 0.26 0.39
0.02 0.01 0.22 0.13
<0.001 0.023 <0.001 <0.001
(p) Beta (P Beta () Beta ()
(0.058) —0.07 (0.176) —0.04 (0.377) -0.04 (0.373)
0.029)  0.05 (0.191)  —0.05 (0.116) -0.04  (0.220)
(0.126)  0.06 (0.108)  0.04 (0.250) 0.01 (0.764)
0.482)  0.02 (0.574)  0.04 (0.309) 0.04 (0.223)
0423) -0.02 (0460) —0.00 (0.968) -0.00 (0.876)
-0.03 (0.325) —0.03 (0.238) -0.04 (0.167)
0.05 (0.172)  0.03 (0.284) 0.01 (0.693)
0.04 (0.243)  0.02 (0.489) 0.02 (0.556)
0.07 (0.043)  0.03 (0.272) 0.02 (0.394)
-0.01 (0.682) 0.02 (0.612)
0.03 (0.485) -0.02  (0.668)
0.47 (<0.001) 0.19 (£0.001)
-0.02 (0.584) 0.01 (0.736)

049  (<0.001)

#2 explained variation/total variation, Ar? change in #* after adding another block, p(AF) significance of change
p g g p g g

in
p<0.05

Baseline fatigue level was the strongest predictive fac-
tor of long-term fatigue, a finding that is in line with those
of several other studies [13, 14, 16, 37]. Nevertheless, this
association was stronger in our sample than in those from
other studies (e.g., beta=0.39-0.50 in our study versus
beta=0.31 in [13]). This could be due to differences in
the study design: in our study, participants’ fatigue levels
were measured while they were taking part in a rehabili-
tation program, i.e., at a point when most patients had
already completed acute treatment. In contrast, other stud-
ies used fatigue baseline levels assessed during acute
treatment, where fatigue is much more related to tempo-
rary treatment side effects. Furthermore higher depression
scores, living without a partner and longer time since di-
agnosis were associated with increased levels of fatigue
6 months after discharge from the rehabilitation clinic.

Our results are in line with those of van Muijen et al., affirming
the additional impact of depression on all dimensions of fatigue
(beta 0.13-0.19) [13], but in contrast of other studies which ob-
served that baseline fatigue neutralized the variance proportion of
depression when measuring long-term fatigue [19, 21]. Therefore,
depression appears to have an impact on the trajectory of fatigue
development. This means that key symptoms of depression that
are not common symptoms of fatigue, for example, capacity for
enjoyment, lack of interests, low self-confidence, and feelings of
worthlessness, can perpetuate or intensify long-term fatigue.

Partnership status had a substantial impact on physical fa-
tigue and total fatigue scores, thus confirming the assumption
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that partner (spouse or live-in partner) support, such as atten-
tion, concern, and help with everyday tasks can positively
affect the quality of life of the patients [13, 18]. We did not,
however, observe a similar decreasing effect on emotional or
cognitive fatigue.

Furthermore, this study indicates that longer time since
diagnosis corresponds with increased physical fatigue, a
finding that may be due to response shift or the increase
of responsibilities. Cancer survivors may be more likely
to rate their fatigue levels more highly when they begin
resuming their everyday tasks, caretaking responsibilities,
and work duties they had before falling ill and thereby
begin noticing the impacts of fatigue more acutely at that
point than when they were in treatment or rehabilitation.

The positive association between fatigue levels and
sleep disturbances has often been described in the litera-
ture [20, 36, 37]. Nevertheless, in our study, this associa-
tion did not remain statistically significant after adding
baseline fatigue. Thus, sleep disturbances are not associ-
ated with changes in fatigue, a result which is in line with
only a few studies (e.g. [21]).

Although the proportion of explained variance in
sociodemographic and clinical variables is small (< 5%), the
changes in R* were significant with one notable exception
regarding clinical variables. Clinical variables only appeared
to have a significant impact on physical fatigue. Thus, we
assume that clinical factors are more related to physical fatigue
than they are to other dimensions of fatigue. Considering the
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Table 6 Hierarchical regression

analyses with total score of Model 1 Model 2 Model 3 Model 4

Jatigue at t2 as dependent variable 7 0.04 0.06 0.37 0.45
A 0.04 0.02 0.31 0.08
P(AF) <0.001 <0.001 <0.001 <0.001

Beta ) Beta () Beta ® Beta (p)
Age 0.01 (0.785) 0.05 (0.336)  0.09 0.041) 0.02 (0.570)
Sex 0.15 (£0.001) 0.11 0.002) —0.02 (0.594) -0.02  (0.509)
Children 0.05 (0.157) 0.05 (0.142)  0.03 (0.348) 0.01 (0.695)
(< 14 years)

Occupational status 0.00 0.977) -0.01 (0.865) 0.01 (0.822) 0.01 (0.717)
Partnership =0.09 (0.008) =0.08 (0.009 —0.06 (0.023) =0.07 (0.009)
Surgery -0.02 (0.576) —0.02 (0.470) -0.02  (0.504)
Chemotherapy 0.09 0.018)  0.07 (0.025) 0.05 (0.059)
Radiotherapy 0.06 (0.113)  0.03 (0.272) 0.03 (0.332)
Time since diagnosis 0.05 (0.074) 0.04 (0.101)
Sleep problems 0.06 (0.069) 0.03 (0.327)
Anxiety 0.01 (0.778) —0.00 (0.940)
Depression 0.49 (£0.001) 0.13 0.010)
Self-efficacy =0.09 (0.008) -0.04 (0.222)
Total score of fatigue (baseline) 0.50 (<0.001)

#? explained variation/total variation, Ar* change in #* after adding another block, p(AF) significance of change

m
p=<0.05

fact that across all dimensions of fatigue, the highest increase
in R* was found when adding psychological factors (0.22—
0.31), we think that psychological factors are associated with
long-term fatigue to a great extent, even in the physical man-
ifestation of fatigue [38]. For the planning of multimodal in-
terventions, it seems to be important to take into account psy-
chological interventions for all manifestations of fatigue.
Importantly, we showed that number and nature of pre-
dictors differed with respect to the fatigue dimensions, a
fact that reinforces the understanding of fatigue as a mul-
tidimensional concept. Especially sociodemographic and
treatment-related variables showed higher associations to
physical fatigue than in other dimensions of fatigue as
stated above. In the case of cognitive fatigue, the results
suggest that there are other crucial factors that we have
yet to identify. Except of depression and baseline fatigue,
the associations between further variables (e.g., partner-
ship) and long-term cognitive fatigue are much weaker
than in other dimensions of fatigue. Thus, we think that
cognitive fatigue differs from physical and emotional fa-
tigue. Comparing the unidimensional and multidimension-
al examination of predictors, there are also differences.
The significant effect of time since diagnosis on physical
fatigue disappears using a total score of fatigue. Vice
versa, the effect of partnership on emotional and in par-
ticular on cognitive fatigue can be overestimated, a fact
which is important for planning interventions of fatigue.
On the other hand, depression is strongly associated with

fatigue regardless of the dimension of fatigue. In this case,
the application of a total score is reasonable. Thus, we
conclude that both the use of uni- or multidimensional
assessments and analyses of fatigue are justified depend-
ing on the research question.

This study has some limitations, including the heterogene-
ity of the sample with respect to cancer entities and reliance on
self-report data for treatment variables. Furthermore, there
may exist a selection bias, as only one third of cancer patients
in Germany are treated in a rehabilitation clinic; higher age,
care dependency, and palliative disease status could be rea-
sons for low utilization, but also patients with higher family
and work commitments more seldom use rehabilitation care.
To the contrary, patients suffering from treatment side effects
are more likely to be found in rehabilitation settings. However,
a study which compared inpatient, outpatient, or rehabilitation
settings regarding the symptom burden of cancer patients
found similar fatigue mean scores for all settings [39].
Furthermore, according to the dropout analyses, participants
who remained in the study until t2 were older, retired, and had
lower baseline fatigue levels, i.e., the group of patients who
are supposed to have fewer professional demands. Another
limitation relates to the fatigue instrument we used. Very few
reference data currently is available for this measure.
Furthermore, we only used two measurement time points,
which limits information about the exact course of fatigue.
For example, we cannot decide whether fatigue levels at the
6-month follow-up measurement indicate the presence of
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chronic persistent fatigue or if the fatigue seen at that point is a
more recently developed phenomenon. Even though we tested
for a large variety of associating factors according to multifac-
torial persistence of fatigue, we did not assess biochemical
factors. Due to a lack of prospective data, we could not supply
information about causality of factors which are associated
with fatigue.

The main strength of the study is that we could analyze
predictors of fatigue in a large sample of cancer patients using
a longitudinal design. The results confirmed that it is impor-
tant to describe predictors of cognitive, emotional, and phys-
ical fatigue separately. As far as implications for clinical prac-
tice are concerned, our results support the assumption that
cancer survivors benefit when care providers assess fatigue
as early as possible, but also depressive symptomatology,
sleep difficulties, and self-efficacy when administering cancer
treatment in order to better plan the follow-up care.
Psychological variables emerged as being relevant to all man-
ifestations of fatigue even over longer periods of time and thus
play an important role in cancer patients’ and survivors’ qual-
ity of life. We showed here that it is possible to identify factors
that help predict who is more likely to suffer from fatigue
6 months after completing post-cancer rehabilitation and
therefore to extract those patients early enough who should
be screened more closely in aftercare and to encourage such
patients to participate in fatigue prevention interventions.
Furthermore, the results underline the importance of psycho-
social components of care plans for preventing or managing
long-term fatigue.
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