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1 | BACKGROUND

Abstract

Objective: Fatigue is a distressing symptom many cancer patients experience even after
completion of treatment. Although theory and empirical evidence indicate that negative
cognitions perpetuate fatigue after completion of treatment, insight into how this process unfolds
in daily life is limited. This study used an intensive longitudinal design to investigate the reciprocal
relationship between catastrophizing and fatigue in daily life and whether affective and

behavioral processes mediate these relationships.

Methods:

3 times daily) regarding their fatigue, catastrophizing, positive and negative affect, and physical

Post-treatment colorectal cancer patients (n = 101) completed daily diaries (14 days,

activity. Multilevel modeling was applied to investigate within-person associations within days.

Results: Analyses revealed a positive reciprocal relationship between fatigue and
catastrophizing throughout the day. That is, high levels of catastrophizing were associated with
increases in fatigue within patients. In turn, but to a lesser extent, high levels of fatigue predicted
increases in catastrophizing at the next assessment. Low positive affect and high negative affect
mediated the effect of catastrophizing on increases in fatigue. Only negative affect mediated the

reverse relationship. Physical activity did not mediate either relationship.

Conclusions: This study provides evidence for a mutually reinforcing relationship between
catastrophizing and fatigue in daily life, which might explain the perpetuation of fatigue after
completion of cancer treatment. Fatigue-specific cognitive behavior therapy could be improved
by educating patients about this daily reciprocal relationship, train them to quickly replace
catastrophizing thoughts in daily life, and help them to cope with affective changes induced by

fatigue.
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the perpetuating effect of catastrophizing unfolds in daily life are

Fatigue is a prevalent and highly distressing symptom in cancer
patients that can persist for years after treatment completion in a
substantial number of patients. In support of cognitive-behavioral
models, psychosocial factors, particularly catastrophizing thoughts
about fatigue, have been found to perpetuate cancer-related fatigue

after treatment completion.>® However, current insights into how

limited. This study applied an intensive longitudinal design* to test
whether catastrophizing and fatigue are mutually reinforcing in daily
life and whether affective and behavioral processes can explain this
reciprocal relationship. Identifying mechanisms that perpetuate fatigue
in daily life can help advance current interventions aimed at improving
cancer-related fatigue, and thereby benefit the well-being of the

growing population of patients treated for cancer.
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Catastrophizing and fatigue might be mutually reinforcing in daily
life, which may explain persistent fatigue after completion of cancer
treatment. Catastrophizing is defined as a set of maladaptive cogni-
tions characterized by focusing on and exaggerating the somatic
symptom and a perceived inability to cope with it.>¢ Although
catastrophizing has mostly been studied as a maladaptive response
in coping with pain,” longitudinal studies in cancer patients have
demonstrated that catastrophizing is also a major predictor of
post-treatment fatigue.>® These studies, however, were not
designed to capture dynamic within-person processes between
catastrophizing and fatigue in daily life. Daily diary methods are
needed to look beyond between-person differences and investigate
how catastrophizing's perpetuating effect on fatigue unfolds within
individuals in daily life. While we currently lack research investigating
the daily reciprocal relationship between catastrophizing and fatigue
within cancer patients, diary studies in the field of pain demonstrated
that the longitudinal association of catastrophizing predicting pain is
also evident in daily life. That is, daily fluctuations in catastrophizing
have been found to positively predict pain severity within individ-
uals.”** Similarly, high levels of fatigue catastrophizing might predict
high levels of fatigue severity within cancer patients. In turn, high
levels of fatigue might trigger catastrophizing in everyday life.
Experiencing severe fatigue might lead to increases in catastrophizing
given that the fatigue may seem to confirm and thereby fuel maladap-
tive beliefs and worries characteristic of catastrophizing. To date, only
a few studies among pain populations investigated whether severe
symptoms can in turn trigger catastrophizing thoughts and yielded
inconclusive results.””*2"*> Even though the research to date is limited
to pain populations and resulted in mixed evidence, it seems plausible
that daily catastrophizing predicts daily fatigue which in turn triggers
catastrophizing thoughts.

The reciprocal relationship between catastrophizing and cancer-
related fatigue might be driven by subsequent affective and behavioral
processes. Some studies among patients with pain indicate that next
to catastrophizing, changes in affect and reduced physical activity
predict severe symptoms.’®1%1% These studies are in line with the
Fear-Avoidance model of pain,!” stating that catastrophizing maintains
pain through affective distress and reduced physical activity. The
processes driving the reverse relationship, that is how severe
symptoms trigger catastrophizing, are less well studied. Some studies
suggest that similar affective and behavioral processes might also drive
this reverse relationship. That is, among populations other than cancer,
diary studies found evidence for a reciprocal relationship between

fatigue and mood*®

and fatigue predicting reduced subsequent physi-
cal activity.*?2° While none of these studies was conducted among
cancer patients and none has examined the full mediational pathway,
these studies suggest that catastrophizing might predict increased
fatigue through daily changes in affect and physical activity. Increased
fatigue might in turn trigger catastrophizing through the same affective
and behavioral processes. Investigating the full mediational pathway of
the reciprocal relationship will help us understand the mechanisms
through which catastrophizing and fatigue unfold their maladaptive
effects in daily life.

We investigated the daily reciprocal relationship between

catastrophizing and fatigue within individuals and examined affective

and behavioral processes as mediators of this relationship. We
expected (1a) catastrophizing to positively predict increases in fatigue
and, in turn, (1b) fatigue to positively predict increases in subsequent
catastrophizing. Second, we hypothesized that (2a) low positive affect,
(2b) high negative affect, and (2c) low physical activity mediate the
positive association between catastrophizing and increases in fatigue.
Similarly, we hypothesized that (3a) low positive affect, (3b) high neg-
ative affect, and (3c) low physical activity mediate the positive associ-
ation between fatigue and subsequent increases in catastrophizing
(see Figure 1).

2 | METHODS

2.1 | Participants

This study draws on data from colorectal cancer patients and their inti-
mate partners collected to investigate dyadic coping with cancer. Only
patient data were used in the current study. Patients were eligible if
they (1) completed cancer treatment at least 6 months ago, (2) were
not terminally ill, (3) were married or in a cohabiting relationship for
at least 1 year, and (4) scored at least a 1 on average fatigue during
the previous week on a scale from O (no fatigue) to 10 (as fatigued as
| could be) during the telephone screening. Couples in which 1 or both
partners were (1) younger than 18 years, (2) not able to understand
Dutch, (3) cognitively impaired, or (4) diagnosed with chronic fatigue

syndrome or fibromyalgia were excluded.

2.2 | Procedure

Colorectal cancer patients were recruited via 4 Dutch hospitals. They
were recruited either by their nurse during their follow-up visit or
received a letter inviting them and their partners to participate in the
study. Of the 607 potentially eligible patients approached, 569
received study information, consent forms and prepaid envelopes (rea-
sons for not providing the study information were mainly patient's lack
of interest, 55%). After contacting interested patients and reviewing

their demographic and clinical characteristics, 88 patients appeared

J PA H3a
™ NA H3b
J Activity H3c

4 PA H2a
™ NA H2b
J Activity H2c

Catastrophizing

FIGURE 1 Conceptual model testing the reciprocal relationship
between fatigue and catastrophizing and its mediators within
individuals in daily life. PA, positive affect; NA, negative affect; Activity,
physical activity

Hla H1b
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not to be eligible. After both partners of eligible and interested couples
signed and returned the consent form (n = 185), each partner was
mailed a baseline questionnaire. Couples were invited to participate
in the diary component of the study if the patient scored above the
cut-off score for elevated fatigue as measured with (1) the Checklist

Individual Strength?"?? or (2) the Fatigue Symptom Inventory®32* o

r
(3) reported at least 2 days of fatigue during the previous week on
the Fatigue Symptom Inventory. Of those couples invited to partici-
pate in the diary component (n = 137), 36 couples refused. The main
reason for refusal was lack of interest (39%). According to the Dutch
law for medical research involving human subjects (WMO), a waiver
for ethical assessment was provided by the Medical Ethical Committee
of the Medical University of Groningen (METc 2013/158). The study
was conducted according to the declaration of Helsinki.

Diary data were collected between September 2014 and July
2016. A research assistant visited the couples at home to explain the
diary procedure. Participants were asked to complete brief question-
naires 3 times daily for 14 consecutive days on a tablet provided to
each partner of the couple. The morning assessment was completed
within approximately 1 hour after waking, the noon assessment
approximately 1 hour after lunch, and the evening assessment
approximately 1 hour prior to going to bed. Participants received a
reminder-signal to fill in each assessment. They could manually start
any assessment they could not respond to following the signal.
Participants were instructed to respond to the assessments separately
without discussing their answers.

None of the patients dropped out during the diary period, and
adherence to the protocol was excellent. Sixty-six percent of the
patients completed all 42 assessments, and 91.1% completed at last
40 assessments. Thirty-seven diary assessments were excluded from
analyses, mostly due to mistakes in manually starting assessments

after/before the reminder-signal (n = 20).

23 |
231 |

Gender, age, relationship duration, occupational status, and cancer-

Measures

Demographic and clinical variables

related variables were assessed by self-report in the baseline question-
naire. The cancer site was dichotomized into a carcinoma located in (1)
the colon and (2) the rectum, or anus. Treatment was dichotomized
into (1) surgery only and (2) surgery and additional treatment
(chemotherapy and/or radiotherapy). Patients with a stoma (perma-
nent or temporary) were categorized as having a stoma (yes). The
cancer stage was dichotomized into (1) good prognosis (stage |, stage
1) and (2) poor prognosis (stage Ill, stage V).

232 |

In each diary assessment, patients were asked to report their

Fatigue severity

momentary fatigue severity with the item: “How fatigued do you feel
right now?”. Responses ranged from O (not at all) to 10 (as fatigued as
| could be).

233 |

In each diary assessment, patients were asked to report their

Catastrophizing

catastrophizing during the hours preceding the diary. Catastrophizing

was measured using 3 items derived from the Pain Catastrophizing
Scale?® with each item representing 1 of the 3 subscales (rumination,
magnification, helplessness; eg, “Tonight, | worried about my fatigue”;
“Since rising, | was anxious my fatigue would become worse”; “Since
this afternoon, | thought | could not bear the fatigue any longer”).
Responses ranged from O (not at all) to 4 (extremely). Mean scores
were calculated with higher scores indicating higher levels of

catastrophizing.

234 | Affect

Momentary affect was measured 3 times daily with items derived from
the Circumplex Model of Affect.?® Six items assessed positive affect
(eg, “Right now, | feel happy”) and 6 items assessed negative affect
(eg, “Right now, | feel nervous”), to which the item “depressed” was
added to assess depressive feelings. Responses ranged from O (not at
all) to 4 (extremely). Higher mean scores indicate more positive or more

negative affect.

235 |

Physical activity in the hours preceding the diary assessment was

Physical activity

measured with 1 item (eg, “Since this morning, have you been
physically active (eg, biking, vacuum cleaning, lifting objects, sports,
hiking)?”) with responses ranging from O (not at all) to 10 (very much).

236 |

Quality of sleep was assessed every morning with 2 items (“I have slept

Sleep

well tonight”; “This morning, | felt rested after rising”). Responses
ranged from O (not at all) to 4 (extremely). Higher mean scores indicate

better sleep.

237 |

Multilevel modeling was used to account for the nested data structure

Statistical analysis

(ie, diary assessments nested within patients).* Models were run in R
using the Ime4 package.?” To examine the within-person associations
between catastrophizing and fatigue, the diary measures (level 1 pre-
dictors) were person-mean centered, that is, each patient's mean score
was subtracted from his/her raw score at each assessment. To exam-
ine between-person differences in fatigue and catastrophizing and to
facilitate model estimation and the interpretation of the intercepts,
these variables were also included as grand-mean centered variables
(level 2 predictors). Random intercepts and slopes were included in
all models unless otherwise specified. In some cases, effects were fixed
to enable model convergence.

Preliminary analyses included investigation of selective
non-response and confounders. First, high levels of fatigue (P = .85)
and catastrophizing (P = .51) did not predict missing diary
assessments. Second, we tested demographics, clinical characteris-
tics, daily sleep, and time trends as possible confounders. We
retained those that were significant predictors of fatigue and/or
catastrophizing, which included patient's age, daily sleep, diary day,
and assessment time.

To test our first hypothesis (H1a), we investigated whether
catastrophizing in the hours prior to the assessment (t) predicted

momentary fatigue severity (t), while controlling for previous levels
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of fatigue (t - 1). To test the reverse relationship (H1b), we
investigated whether previous levels of momentary fatigue (t - 1) pre-
dicted catastrophizing at the next assessment (t), while controlling for
previous levels of catastrophizing (t — 1). Controlling for previous
levels of the outcome variable allowed us to interpret our findings in
terms of predicting change in the outcome over time. Because the

items measuring catastrophizing assessed thoughts in the hours prior

TABLE1 Sample characteristics

Total Sample n = 101

Demographics

Age, years (SD) 64.3 (10.2)
Gender, male 67 (66.3%)
Relationship duration, years (SD) 37.7 (13.4)
Occupation
Employed (full-time or part-time) 26 (25.7%)
Retired 44 (43.6%)
Unemployed 15 (14.9%)
Unable to work 11 (10.9%)
Unpaid work 3 (3%)
Other, unknown 2 (2%)

Clinical Characteristics

63 (62.4%)
78 (77.2%)
45 (44.6%)

Cancer site, colon
Prognosis, good

Treatment, surgery only

Stoma, yes 50 (49.5%)
Time since diagnosis, months (SD) 17 (9)
Time since treatment, months (SD) 13 (8)

All values represent n and % unless otherwise indicated.

TABLE 2 Within-day associations between fatigue and catastrophizing

Outcome Fatigue

to each assessment, the relationship between catastrophizing and
subsequent momentary fatigue in our first hypothesis (H1a) was
operationalized by using both measures from the same assessment

(t). As is common in diary studies,®°

we investigated within-day
associations and did not predict fatigue and catastrophizing as
assessed in the morning using the evening assessment. Data of the
morning assessment were thus not used as an outcome in our
analyses. However, fatigue and catastrophizing as assessed in the
morning were used as predictors and covariates for models predicting
the outcomes as assessed at noon. Affect as assessed in the morning
was used for the mediation-models predicting catastrophizing as
assessed at noon.

In order to test the lower-level within-person mediation models
(H2 and H3), the approach as developed by Bauer, Preacher and
Gil?® was applied, using SPSS (Version 24). Unless otherwise specified,
all paths of the mediation-model were allowed to vary randomly across
patients. Intercepts and confounders were fixed to reach model
convergence. Confidence intervals were calculated to report on the
precision and significance of the average total and indirect effects.
The percentage of the total effect that is explained by the mediator
was calculated by dividing the average indirect effect by the average
total effect.*

3 | RESULTS

3.1 | Demographics and descriptive results

The sample consisted of 101 post-treatment colorectal cancer patients
(see Table 1). Descriptive statistics of the within-person variables can
be found in Table S1.

Outcome Catastrophizing

Predictors: Fixed Effects B
Level 1 (within-person)
Intercept 3.87"**
Assessment time 0.47***
Diary day -0.04***
Fatigue (t - 1) 0.15***
Catastrophizing (t) 1.03***
Catastrophizing (t - 1)
Sleep -0.09
Level 2 (between-person)
Fatigue
Catastrophizing 2.09***
Age -0.06***
R*/Q¢%° .65/.64
n patients/n diary assessments 101/2732

Abbreviation: Cl, confidence interval.
“Explained variance by the model.
*P < .05.

**P < .01.

***p < .001.

95% Cl B 95% Cl
[3.53 - 4.22] 0.38*** [0.30 - 0.4¢]
[0.36 - 0.59] 0.01 [-0.01 - 0.03]
[-0.05 - -0.02] -0.001 [-0.01 - 0.00]
[0.11 - 0.19] 0.02*** [0.01 - 0.03]
[0.83 - 1.22]
0.20*** [0.16 - 0.23]
[-0.19 - 0.01] -0.01 [-0.03 - 0.01]
0.15*** [0.10 - 0.19]
[1.46 - 2.73]
[-0.09 - -0.03] 0.01 [0.00 - 0.02]
.68/.68
101/2723
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3.2 | Reciprocal relationship between fatigue and
catastrophizing

As expected (H1a), high levels of catastrophizing significantly predicted
increases in levels of fatigue within patients across the day (b = 1.03,
P < .001). On average, a 1 unit increase in catastrophizing translated
into a 1.03 unit increase in fatigue severity (scale 0-10), while control-
ling for previous levels of fatigue severity. The reverse association was
also significant (H1b), that is, high fatigue significantly predicted
increases in catastrophizing at the next assessment (b = 0.02,
P <.001), see Table 2. On average, a 1 unit increase in fatigue severity
at the previous assessment translated into a 0.02 unit increase in
catastrophizing (scale 0-4), while controlling for previous levels of

catastrophizing.

3.3 | Mediators between fatigue and catastrophizing

In line with hypothesis 2a, low levels of positive affect significantly
mediated the relationship between catastrophizing and increases in
fatigue. The average total effect was 1.02 (95% ClI [0.77, 1.27]), and
the average indirect effect was 0.37 (95% ClI [0.20, 0.55]). It follows
that 36.3% of the overall average relationship between catastrophizing
and increases in fatigue was explained by low positive affect. Similarly,
high levels of negative affect were found to significantly mediate the
relationship between catastrophizing and fatigue (H2b). The average
total effect was 1.02 (95% Cl [0.79, 1.25]), and the average indirect
effect was 0.35 (95% ClI [0.20, 0.50]). Thus, 34.3% of the overall aver-
age relationship between catastrophizing and increases in fatigue was
explained by high negative affect. As expected, catastrophizing pre-
dicted low physical activity (b = -0.31, P = .04), but physical activity
in turn did not significantly predict increases in fatigue (b = 0.03,
P = .12). Thus, hypotheses 2c was not confirmed. Hypotheses H3a
and H3c were not confirmed either. Only the mediating effect of neg-
ative affect between fatigue and increases in catastrophizing reached
significance (H3b), with an average total effect of 0.022 (95% CI
[0.01, 0.03]) and an average indirect effect of 0.0076 (95% CI [0.001,
0.014]). This indicates that 34.5% of the overall average relationship
between fatigue and increases in catastrophizing was explained by
high negative affect. Results of the mediation models are shown in
Table S2.

4 | CONCLUSIONS

This diary study investigated the reciprocal relationship between daily
fatigue and catastrophizing within post-treatment cancer patients and
tested whether affective and behavioral processes mediate these rela-
tionships. As expected, catastrophizing positively predicted increases
in fatigue severity. While this relationship was evident in longitudinal
studies among post-treatment cancer patients,3’8 we demonstrated
that catastrophizing predicts increases in fatigue within individuals in
daily life. We also found some evidence for the reverse relationship,
that is, high fatigue predicting increases in subsequent catastrophizing.
This reciprocal relationship between catastrophizing and fatigue was
mediated by negative affect. Positive affect mediated the effect of

catastrophizing on increases in fatigue, but not the effect of fatigue

on increases in catastrophizing. Even though the evidence for the pre-
diction of catastrophizing by fatigue and its mediation through nega-
tive affect was less strong, these findings suggest that a mutually
reinforcing relationship between symptoms and maladaptive cogni-
tions, driven by high levels of negative affect, might be responsible
for the perpetuation of fatigue after completion of cancer treatment.

In line with earlier diary research among post-treatment cancer
patients,2? we found evidence that fatigue negatively predicts physical
activity in daily life. High catastrophizing was also predictive of low
physical activity. Contrary to our expectations, physical activity did
not mediate the reciprocal relationship between fatigue and
catastrophizing. This lack of evidence for mediation might be due to
the use of a self-report measurement of physical activity,?’ and the
applied assessment schedule in our diary. That is, we currently lack
knowledge on the time intervals in which psychological processes
unfold in daily life.%° While our 3 times daily assessment schedule
might have been appropriate to capture the mediating effect of affect
between catastrophizing and fatigue, investigating the mediating
effect through physical activity might require another schedule.

The strengths of our study include an ecological valid design with
repeated measurements within days that allowed us to reveal the
reciprocal relationship between fatigue and catastrophizing within
individuals. Our diary procedure resulted in a high completion rate
and no drop-out. Missing diaries were not sensitive to increased

fatigue and catastrophizing.

Study limitations

First, the response rate of the larger study (36%) was lower than that of
other psycho-oncological studies.3* This low response rate might be
due to the dyadic®2 and intensive longitudinal design of our study. How-
ever, the demographic and clinical characteristics of the patients in our
sample are comparable to those of a large population-based study
among post-treatment colorectal cancer patients in the Netherlands.>*

Second, due to the operationalization of catastrophizing (“since”)
and fatigue (“now”) in our study, we investigated catastrophizing as
predictor of fatigue as measured at the same assessment (t). This might
introduce some bias as fatigued patients might recall higher levels of
catastrophizing. The design choice was based on the assumption that
cognitions, as opposed to symptom severity, are not frequent enough
to be assessed by a 3 times daily momentary measure. A related limita-
tion is that the mean values of catastrophizing were rather low in our
sample. The fatigue scores of our sample were comparable to another
diary study among post-treatment cancer patients,2? but patients with
the most severe fatigue complaints were underrepresented. Future
studies might need to invest extra effort to include patients with the
most severe symptoms.

Further, of the

catastrophizing and physical activity (eg, “Since rising”) provided the

while the formulation items assessing
patients a clear anchor within their individualized assessment schedule,
this formulation does not allow us to state exactly how many hours the
constructs have captured.

Finally, in line with our primary research question, we only
included patient data to test an intra-personal model of fatigue and

catastrophizing. However, as noted by Sullivan and colleagues,’
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catastrophizing might have an inter-personal component as well.
Hence, the maladaptive effect of catastrophizing thoughts might be
influenced by the patient's social context, particularly by his or her
intimate partner. For example, Holtzman and Delongis® found that
arthritis patients satisfied with the support provided from their partner
engaged in less catastrophizing in daily life and, when they did, were
protected from its maladaptive effects on affect. Future studies should
adapt a dyadic approach to investigate whether partner support can
reduce the mutually reinforcing relationship between fatigue and
catastrophizing.

Clinical implications

Cognitive behavior therapy (CBT) has been shown to be effective in
reducing post-treatment fatigue.>* One important module in this
fatigue-specific CBT® entails educating the patient about the perpet-
uating effect of catastrophizing thoughts and stimulating more adap-
tive cognitions. First, our results indicate that the perpetuating effect
of catastrophizing operates quickly within the day. Patients should be
educated that even in the short term, thus within days, their
catastrophizing thoughts can increase their fatigue. Being aware of this
fast maladaptive process, patients should be trained to quickly identify
and immediately replace their catastrophizing thoughts with adaptive
cognitions that have been developed during the CBT sessions. Second,
patients should be educated to avoid interpreting currently feeling
fatigued as confirmation of their (former) maladaptive thoughts as this
interpretation might in turn perpetuate catastrophizing. Learning how
to cope with negative feelings induced by fatigue might foster this
adaptive change. Integrating these strategies might increase the bene-
ficial effect of CBT targeting fatigue and hence foster the well-being of
the growing population of patients treated for cancer.

ACKNOWLEDGEMENT

This work was supported by the Dutch Cancer Society (RUG 2013-
5928).

CONFLICT OF INTEREST

None declared.

ORCID

Fabiola Miiller (= http://orcid.org/0000-0002-0412-7469

REFERENCES

1. Jones JM, Olson K, Catton P, et al. Cancer-related fatigue and
associated disability in post-treatment cancer survivors. J Cancer Surviv.
2016;10(1):51-61. https://doi.org/10.1007/s11764-015-0450-2

2. Donovan KA, Small BJ, Andrykowski MA, Munster P, Jacobsen PB.
Utility of a cognitive-behavioral model to predict fatigue following
breast cancer treatment. Health Psychol. 2007;26(4):464-472. https://
doi.org/10.1037/0278-6133.26.4.464

3. Goedendorp MM, Gielissen MFM, Verhagen CAHHVM, Bleijenberg
G. Development of fatigue in cancer survivors: a prospective
follow-up study from diagnosis into the year after treatment. J Pain
Symptom Manage. 2013;45(2):213-222. https://doi.org/10.1016/j.
jpainsymman.2012.02.009

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Bolger N, Laurenceau J-P. Intensive Longitudinal Methods: An
Introduction to Diary and Experience Sampling Research. New York,
NY, US: The Guilford Press; 2013.

. Sullivan MJ, Thorn B, Haythornthwaite JA, et al. Theoretical perspectives on

the relation between catastrophizing and pain. Clin J Pain. 2001;17(1):
52-64. https://doi.org/10.1097/00002508-200103000-00008

. Severeijns R, Vlaeyen JWS, van den Hout MA. Do we need a communal

coping model of pain catastrophizing? An alternative explanation. Pain.
2004;111(3):226-229. https://doi.org/10.1016/j.pain.2004.07.024

. Quartana PJ, Campbell CM, Edwards RR. Pain catastrophizing: a critical

review. Expert Rev Neurother. 2009;9(5):745-758. https://doi.org/
10.1586/ERN.09.34.Pain

. Lukkahatai N, Saligan LN. Association of catastrophizing and fatigue: a

systematic review. J Psychosom Res. 2013;74(2):100-109. https://doi.
org/10.1016/j.jpsychores.2012.11.006

. Holtzman S, Delongis A. One day at a time: the impact of daily

satisfaction with spouse responses on pain, negative affect and
catastrophizing among individuals with rheumatoid arthritis. Pain.
2007;131(1):202-213. https://doi.org/10.1016/j.pain.2007.04.005

Litt MD, Shafer DM, lbanez CR, Kreutzer DL, Tawfik-Yonkers Z.
Momentary pain and coping in temporomandibular disorder pain:
exploring mechanisms of cognitive behavioral treatment for chronic
pain. Pain. 2009;145(1):160-168. https://doi.org/10.1016/j.
pain.2009.06.003

Sorbi MJ, Peters ML, Kruise DA, et al. Electronic momentary
assessment in chronic pain |: psychological pain responses as predictors
of pain intensity. Clin J Pain. 2006;22(1):55-66. https://doi.org/
10.1097/01.ajp.0000148624.46756.fa

Taylor SS, Davis MC, Yeung EW, Zautra AJ, Tennen HA. Relations
between adaptive and maladaptive pain cognitions and within-day pain
exacerbations in individuals with fibromyalgia. J Behav Med.
2017;40(3):458-467. https://doi.org/10.1007/s10865-016-9811-1

Sturgeon JA, Zautra AJ. State and trait pain catastrophizing and
emotional health in rheumatoid arthritis. Ann Behav Med.
2013;45(1):69-77. https://doi.org/10.1007/5s12160-012-9408-z

Vangronsveld KLH, Peters M, Goossens M, Vlaeyen J. The influence of
fear of movement and pain catastrophizing on daily pain and disability
in individuals with acute whiplash injury: a daily diary study. Pain.
2009;139(2):449-457. https://doi.org/10.1016/j.pain.2008.05.019

Litt MD, Shafer D, Napolitano C. Momentary mood and coping
processes in TMD pain. Health Psychol. 2004;23(4):354-362. https://
doi.org/10.1037/0278-6133.23.4.354

Leeuw M, Goossens MEJB, Linton SJ, Crombez G, Boersma K, Vlaeyen
JWS. The Fear-Avoidance model of musculoskeletal pain: current state
of scientific evidence. J Behav Med. 2007;30(1):77-94. https://doi.org/
10.1007/s10865-006-9085-0

Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. Fear of
movement/(re)injury in chronic low back pain and its relation to
behavioral performance. Pain. 1995;62(3):363-372. https://doi.org/
10.1016/0304-3959(94)00279-N

Hegarty RSM, Treharne GJ, Stebbings S, Conner TS. Fatigue and mood
among people with arthritis: carry-over across the day. Health Psychol.
2016;35(5):492-499. https://doi.org/10.1037/hea0000321

Band R, Barrowclough C, Caldwell K, Emsley R, Wearden A. Activity
patterns in response to symptoms in patients being treated for chronic
fatigue syndrome: an experience sampling methodology study. Health
Psychol. 2017;36(3):264-269. https://doi.org/10.1037/hea0000422

Murphy SL, Alexander NB, Levoska M, Smith DM. Relationship
between fatigue and subsequent physical activity among older
adults with symptomatic osteoarthritis. Arthritis Care Res. 2013;65(10):
1617-1624. https://doi.org/10.1002/acr.22030

Vercoulen JHMM, Swanink CMA, Fennis JFM, Galama JMD, van der
Meer JWM, Bleijenberg G. Dimensional assessment of chronic fatigue
syndrome. J Psychosom Res. 1994;38(5):383-392. https://doi.org/
10.1016/0022-3999(94)90099-X


http://orcid.org/0000-0002-0412-7469
https://doi.org/10.1007/s11764-015-0450-2
https://doi.org/10.1037/0278-6133.26.4.464
https://doi.org/10.1037/0278-6133.26.4.464
https://doi.org/10.1016/j.jpainsymman.2012.02.009
https://doi.org/10.1016/j.jpainsymman.2012.02.009
https://doi.org/10.1097/00002508-200103000-00008
https://doi.org/10.1016/j.pain.2004.07.024
https://doi.org/10.1586/ERN.09.34.Pain
https://doi.org/10.1586/ERN.09.34.Pain
https://doi.org/10.1016/j.jpsychores.2012.11.006
https://doi.org/10.1016/j.jpsychores.2012.11.006
https://doi.org/10.1016/j.pain.2007.04.005
https://doi.org/10.1016/j.pain.2009.06.003
https://doi.org/10.1016/j.pain.2009.06.003
https://doi.org/10.1097/01.ajp.0000148624.46756.fa
https://doi.org/10.1097/01.ajp.0000148624.46756.fa
https://doi.org/10.1007/s10865-016-9811-1
https://doi.org/10.1007/s12160-012-9408-z
https://doi.org/10.1016/j.pain.2008.05.019
https://doi.org/10.1037/0278-6133.23.4.354
https://doi.org/10.1037/0278-6133.23.4.354
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1016/0304-3959(94)00279-N
https://doi.org/10.1016/0304-3959(94)00279-N
https://doi.org/10.1037/hea0000321
https://doi.org/10.1037/hea0000422
https://doi.org/10.1002/acr.22030
https://doi.org/10.1016/0022-3999(94)90099-X
https://doi.org/10.1016/0022-3999(94)90099-X

MULLER €T AL

WILEY——%Z

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Knoop H, Bleijenberg G, Gielissen MFM, van der Meer JWM, White
PD. Is a full recovery possible after cognitive behavioural therapy for
chronic fatigue syndrome? Psychother Psychosom. 2007;76(3):171-176.
https://doi.org/10.1159/000099844

Hann DM, Jacobsen PB, Azzarello LM, et al. Measurement of fatigue in
cancer patients: development and validation of the Fatigue Symptom
Inventory. Qual Life Res. 1998;7(4):301-310. https://doi.org/10.1023/
A:1008842517972

Donovan KA, Jacobsen PB, Small BJ, Munster PN, Andrykowski MA.
Identifying clinically meaningful fatigue with the Fatigue Symptom
Inventory. J Pain Symptom Manage. 2008;36(5):480-487. https://doi.
org/10.1016/j.jpainsymman.2007.11.013

Sullivan MJL, Bishop SR, Pivik J. The pain catastrophizing scale:
development and validation. Psychol Assess. 1995;7(4):524-532.
https://doi.org/10.1037/1040-3590.7.4.524

Russell JA. A circumplex model of affect. J Pers Soc Psychol.
1980;39(6):1161-1178. https://doi.org/10.1037/h0077714

Bates D, Machler M, Bolker BM, Walker SC. Fitting linear mixed-effects
models using Ime4. J Stat Softw. 2015;67(1):1-48. https://doi.org/
10.18637/jss.v067.i01

Bauer DJ, Preacher KJ, Gil KM. Conceptualizing and testing random
indirect effects and moderated mediation in multilevel models:
new procedures and recommendations. Psychol Methods. 2006;11(2):
142-163. https://doi.org/10.1037/1082-989X.11.2.142

Timmerman JG, Dekker-van Weering MGH, Ténis TM, Hermens HJ,
Vollenbroek-Hutten MMR. Relationship between patterns of daily
physical activity and fatigue in cancer survivors. Eur J Oncol Nurs.
2015;19(2):162-168. https://doi.org/10.1016/j.ejon.2014.09.005

Hamaker EL, Wichers M. No time like the present: discovering the
hidden dynamics in intensive longitudinal data. Curr Dir Psychol Sci.
2017;26(1):10-15. https://doi.org/10.1177/0963721416666518

Wakefield CE, Fardell JE, Doolan EL, et al. Participation in
psychosocial oncology and quality-of-life research: a systematic

32.

33.

34.

35.

review. Lancet Oncol. 2017;18(3):e153-e165.
10.1016/S1470-2045(17)30100-6

Dagan M, Hagedoorn M. Response rates in studies of couples coping
with cancer: a systematic review. Health Psychol. 2014;33(8):845-852.
https://doi.org/10.1037/hea0000013

van Putten M, Husson O, Mols F, Luyer MDP, van de Poll-Franse LV,
Ezendam NPM. Correlates of physical activity among colorectal cancer
survivors: results from the longitudinal population-based profiles
registry. Support Care Cancer. 2016;24(2):573-583. https://doi.org/
10.1007/s00520-015-2816-4

Gielissen MFM, Verhagen CAHHVM, Bleijenberg G. Cognitive
behaviour therapy for fatigued cancer survivors: long-term follow-up.
Br J Cancer. 2007;97(5):612-618. https://doi.org/10.1038/sj.
bjc.6603899

Bleijenberg G, Gielissen M, Bazelmans E, Berends T, Verhagen C.
Cognitieve gedragstherapie voor vermoeidheid na kanker: een
behandel protocol. Tijdschr  Voor Gezondheidswetenschappen.
2004;82:364-369.

https://doi.org/

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Miiller F, Stephenson E, DeLongis A,
et al. The reciprocal relationship between daily fatigue and
catastrophizing following cancer treatment: Affect and physical
activity as potential mediators. Psycho-Oncology. 2018;27:
831-837. https://doi.org/10.1002/pon.4574



https://doi.org/10.1159/000099844
https://doi.org/10.1023/A:1008842517972
https://doi.org/10.1023/A:1008842517972
https://doi.org/10.1016/j.jpainsymman.2007.11.013
https://doi.org/10.1016/j.jpainsymman.2007.11.013
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1037/h0077714
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.1016/j.ejon.2014.09.005
https://doi.org/10.1177/0963721416666518
https://doi.org/10.1016/S1470-2045(17)30100-6
https://doi.org/10.1016/S1470-2045(17)30100-6
https://doi.org/10.1037/hea0000013
https://doi.org/10.1007/s00520-015-2816-4
https://doi.org/10.1007/s00520-015-2816-4
https://doi.org/10.1038/sj.bjc.6603899
https://doi.org/10.1038/sj.bjc.6603899
https://doi.org/10.1002/pon.4574

