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Abstract

Objective: A waiting‐list randomized controlled trial supported the effectiveness of

the multimodal Untire app in reducing cancer‐related fatigue (CRF) in cancer pa-

tients and survivors. However, little is known about the causal mechanisms of

different app components through which the intervention effect was achieved. We

aim to examine whether specifically targeted factors (i.e., fatigue catastrophizing,

depression, mindfulness, sleep, and physical activity) mediated the intervention

effects of the Untire app on fatigue outcomes.

Methods: Seven hundred ninety‐nine persons with CRF were randomized (2:1) into

intervention (n = 519) and waiting‐list control (n = 280) groups. Self‐report data on
the primary outcome fatigue severity and interference and the abovementioned

potential mediators were collected at baseline and 12 weeks. Participants who

completed the 12‐week assessment were included in the analyses (interven-

tion = 159; control = 176). We performed longitudinal multi‐categorical multiple
mediation analysis using PROCESS macro to examine whether the potential medi-

ators explained the overall intervention effects.

Results: Improvements in fatigue catastrophizing (bootstrap 95% CI (−0.110;

−0.011)), depression (bootstrap 95% CI (−0.082; −0.004)), and mindfulness (boot-

strap 95% CI (−0.082; −0.002)), significantly mediated the intervention effect on

fatigue severity, whereas sleep quality (bootstrap 95% CI (−0.081; 0.009)), sleep

disturbance (bootstrap 95% CI (−0.038; 0.029)), and physical activity (bootstrap

95% CI (−0.068; 0.000)) did not. Similar associations were found for fatigue

interference.

Conclusions: Untire app access reduces fatigue severity and interference mainly by

decreasing fatigue catastrophizing, depression, and by increasing mindfulness.

Supporting these psychological mechanisms is crucial for reducing fatigue among

cancer patients and survivors.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.

© 2022 The Authors. Psycho-Oncology published by John Wiley & Sons Ltd.

970 - Psycho‐Oncology. 2022;31:970–977. wileyonlinelibrary.com/journal/pon

https://doi.org/10.1002/pon.5886
https://orcid.org/0000-0003-1039-8887
https://orcid.org/0000-0002-3333-562X
https://orcid.org/0000-0002-0823-1159
https://orcid.org/0000-0003-3444-3662
mailto:s.s.spahrkas@umcg.nl
https://orcid.org/0000-0003-1039-8887
https://orcid.org/0000-0002-3333-562X
https://orcid.org/0000-0002-0823-1159
https://orcid.org/0000-0003-3444-3662
http://wileyonlinelibrary.com/journal/pon


K E YWORD S

fatigue, longitudinal mediation, mHealth, mindfulness, physical activity, randomized controlled
trial

1 | BACKGROUND

Since cancer‐related fatigue (CRF) is the number one side effect of

cancer and cancer treatment,1 much research has been targeted at

determining effective interventions to ameliorate CRF symptoms.2 In

a recent waiting‐list randomized controlled trial (RCT),3 we found

evidence for the effectiveness of the Untire self‐management app in

reducing CRF in cancer patients and survivors. Cancer‐related fa-

tigue is a profound, complex, multifactorial problem, with many eti-

ologies involving physiological, biochemical, and psychological

systems.4 Therefore, the Untire app's content has a multimodal

design, combining as a self‐management toolbox various components
hypothesized to attenuate fatigue. However, little is known about the

causal mechanisms of these different app components through which

the intervention effect was achieved.

Effective CRF interventions include physical exercise and tar-

geted psychological and mind‐body treatments, whereas pharmaco-

logical interventions could not be advised due to limited

effectiveness and side effects.5 Evidence‐based CRF interventions

can address fatigue reduction through different mechanisms.4 Exer-

cise interventions aiming to reduce CRF in cancer patients assume

that a lack of physical activity and physical breakdown during cancer

(treatment) can worsen fatigue.6 It is presumed that with exercise

interventions, physical activity, strength, and fitness can be

increased,7 resulting in a reduction in CRF. Reduced CRF, in turn,

allows patients to become more capable of carrying out the activities

of daily living and thereby helping further improve the overall quality

of life (QoL).8 Cognitive‐behavioral therapy (CBT) aimed at reducing

CRF is based on the assumption that several fatigue‐related cogni-

tions (e.g., catastrophizing thoughts, depression2) and behaviors (e.g.,

difficulties with goal setting, setting boundaries, poor sleep hygiene)

are related to the persistence of fatigue.9 Targeting emotions, be-

haviors, and cognitive processes with CBT is assumed to result in less

dysfunctional thoughts about fatigue, contributing to fatigue reduc-

tion.10 Mindfulness‐based cognitive therapy (MBCT) can reduce CRF

by fostering deep relaxation and sleep quality via breathing exercises,

autogenic training (i.e., teaching the body to respond to own verbal

commands fostering relaxation), as well as body scans (i.e., paying

attention to parts of the body and bodily sensations in a gradual

sequence from head to toes).11,12 Despite the variety in research on

all kinds of CRF interventions, only about 13% percent of studies to

date investigated multimodal CRF interventions.2

Although many potential mechanisms of CRF interventions can

be assumed, to our knowledge, only a few studies have evaluated

mechanisms that mediate treatment effects of CRF interventions.

One RCT performing mediation analysis demonstrated that a phys-

ical activity intervention with yoga exercises could reduce cancer

fatigue via reduced sleep disturbance.13 A recent study on pooled

data from three RCTs that tested the efficacy of CBT on CRF sug-

gested causal mediation via increased (cognitive) self‐efficacy and

decreased fatigue catastrophizing, focusing on symptoms, perceived

problems with activity, and depressive symptoms.10 Another RCT on

CBT showed that cancer patients experienced a significant increase

in fatigue‐related self‐efficacy, with greater self‐efficacy associated

with decreased fatigue severity. Contrary, however, there was no

evidence that changes in physical activity, exercise capacity,

perceived physical activity, fatigue catastrophizing, or emotional

functioning mediated CBT's effect on fatigue.14

The Untire self‐management app has a multimodal set‐up that

combines most of the abovementioned evidence‐based treatment

approaches to reduce cancer patients' and survivors' disabling fa-

tigue.15 The self‐management app is based on face‐to‐face therapy

for CRF, including energy conservation, activity management, restful

sleep, mindfulness‐based stress reduction (MBSR), psychosocial

support, CBT, and physical activity exercises,15,16 and is in line with

the guidelines of the National Comprehensive Cancer Network.17

2 | PURPOSE OF THE RESEARCH

In the Untire app RCT, the primary analyses showed that the multi-

modal Untire app could effectively reduce fatigue symptoms (i.e.,

fatigue severity and interference). As a next step, we explore the

potential mediating role of psychological factors (i.e., fatigue cata-

strophizing, depression, mindfulness, sleep quality, sleep disruption)

and physical activity in lowering fatigue.

3 | METHOD

3.1 | Ethical approval

The Medical Ethical Committee of the University Medical Center

Groningen (UMCG), the Netherlands, approved the study proced-

ures. We received either ethical approval or a waiver from autho-

rized institutions in the four English‐speaking countries targeted (i.e.,
Australia, Canada, United Kingdom, and the United States).18 Further

details are provided in the protocol15 and outcome paper.3

3.2 | Study design and setting

The Untire app study is a large‐scale international waiting‐list RCT
that examined the effectiveness of the Untire intervention in
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improving fatigue and QoL in cancer patients and survivors. The

Untire self‐management app was launched worldwide in March 2018,

and study enrollment took place until October 2018. We recruited

potential participants online via paid social media advertisements on

Facebook and Instagram.19 We targeted patients and survivors of

≥18 years old who experienced fatigue at moderate/severe levels

(i.e., an average composite score of ≥3 on items 1, 2, and 3 of the

Fatigue Symptom Inventory [FSI]20,21) and owned a smartphone.

Exclusion criteria were a diagnosis of and receiving treatment for a

severe mental disorder (i.e., major depression, psychotic disorder,

anxiety disorder, or addiction) as these persons may need more

intensive treatment than offered by the app.3 Also excluded were

persons diagnosed with chronic fatigue syndrome, myalgic encepha-

lomyelitis, or fibromyalgia as the app focuses on improving physical

activity, which is not recommended and could potentially be harmful

to these patients.22 After having completed the baseline question-

naire, 799 participants were randomized (2:1) into intervention

(n = 519) and waiting‐list control (n = 280) groups. Participants in the

intervention group received access to the Untire app at the start of

the trial, whereas the control group was treated as usual (TAU). This

means that control group participants could participate in other

programs to reduce CRF. However, little interference of TAU was

expected since the usual treatment options for CRF symptoms are

limited and rarely discussed by care professionals.23 After 12 weeks,

the control participants also received the intervention (i.e., 1 year of

free app access). Participants received e‐mail invitations and re-

minders at 4, 8, 12, and 24 weeks to complete the questionnaires.

3.3 | Untire app

The Untire app intervention is based on evidence‐based methods for

patients with CRF in clinical practice and comprises four modules,

these are, My themes, My exercises, Physical activity, and Tips. It is

hypothesized that the app addresses dysfunctional thoughts and

sleep hygiene via CBT and psycho‐education (My themes). Further, it

is hypothesized that the app reduces stress and improves sleep via

MBSR (My exercises), helps to improve physical fitness through ex-

ercise instructions and activity management (Physical Activity), and

empowers via positive psychology (Tips).11,12,24 Additionally, through

Quick scans, participants get weekly insight into their fatigue levels,

burden, happiness, satisfaction, and energy leaks over time. Partici-

pants in the intervention group were instructed to use the app at

least once a week.

3.4 | Measurements

3.4.1 | Dependent variables

The primary outcome is the change in fatigue severity and fatigue

interference from baseline to 12 weeks, assessed with the self‐report
questionnaire FSI.20 Fatigue severity was assessed by calculating the

average of three severity items (Cronbach's α = 0.71) and fatigue

interference by calculating the average of seven interference items

(Cronbach's α = 0.91). All items were completed on an 11‐point
Likert scale ranging from 0 (not at all fatigued/no interference) to

10 (as fatigued as I could be/extreme interference). A higher score

indicates higher fatigue severity or interference.

3.4.2 | Potential mediators

The following potential mediating factors were assessed fatigue

catastrophizing, depression, mindfulness, sleep quality, sleep

disturbance, and physical activity. The 13‐item Fatigue Cata-

strophizing Scale was adapted from the Pain Catastrophizing

Scale,25 calculating a sum score ranging from 13 (never cata-

strophizing about fatigue) to 65 (all of the time fatigue cata-

strophizing; Cronbach's α = 0.93). Depression was measured with

the 4‐item depression subscale of the Patient‐Reported Outcomes

Measurement Information System (PROMIS‐29),26 calculating the

average score ranging from 1 (never depressed) to 5 (always

depressed; Cronbach's α = 0.87). Mindfulness was measured with

the 5‐item Mindful Attention Awareness Scale,27 calculating the

average score ranging from 1 (almost never mindful) to 5 (almost

always mindful; Cronbach's α = 0.81). Sleep quality was measured

with the 1‐item sleep quality subscale of the PROMIS‐29, ranging
from 1 (very poor sleep quality) to 5 (very good sleep quality). Sleep

disturbance was calculated as the average score on the three‐item
sleep disturbance subscale of the Symptom Checklist‐90‐
Revised,28 ranging from 1 (no sleep disturbance at all) to 5

(extreme sleep disturbance; Cronbach's α = 0.66). To measure

physical activity, we used a self‐constructed item (‘How physically

active have you been on average in the past month?’) on an 11‐
point Likert‐scale ranging from 0 (not physically active at all) to

10 (extremely physically active).

3.5 | Statistical analyses

Analyses were conducted in IBM‐SPSS Version 26.0, using α = 0.05.

We described sample characteristics (i.e., gender, age), treatment

outcomes (i.e., fatigue severity and fatigue interference), and poten-

tial mediator variables (i.e., fatigue catastrophizing, depression,

mindfulness, sleep quality, sleep disturbance, and physical activity) at

baseline and 12 weeks, for those who completed the 12‐week as-

sessments (i.e., T12‐completer). To investigate the mediating effects

of the potential mediator variables on fatigue outcomes after

12 weeks of Untire app access, we used the PROCESS macro, an

observed variable ordinary least squares regression‐based modeling

tool.29 This method can handle longitudinal mediation analysis,

including multiple mediators in a single model. Specifically, we tested

a parallel multiple mediator model29 that estimates the direct and

indirect effects of condition X (intervention vs. control) on Y (fatigue

outcomes) through the six proposed mediators measured at
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12 weeks for each mediation path while accounting for other medi-

ation paths, as well as for covariates (baseline scores for all mediators

and the fatigue outcome). The analysis of covariance model has been

supported by prior research comparing different methods for esti-

mating mediated effects.30

For the longitudinal mediation analyses, the following steps

were taken: (1) we tested intervention effects (i.e., X = intervention

vs. control) on potential mediators over 12 weeks (path‐a); (2) we
tested associations between the potential mediators and fatigue

severity and fatigue interference over 12 weeks (path‐b); and (3)

we tested if associations in potential mediators mediated the rela-

tionship between the intervention effect (X) and fatigue outcomes

(path‐ab). Paths a and b make up the mediating pathway over

12 weeks, with the mediating effect usually described in the liter-

ature as the product of coefficients (ab).31 The c0‐path is the direct

(unmediated) 12‐week intervention effect on fatigue outcomes in

intervention versus control groups. The multiple mediation analysis

provides the mediating effect's coefficients with bias‐corrected
bootstrapped confidence intervals (CIs), which is currently an

optimal way of performing mediation analysis.32 Five thousand bias‐
corrected bootstrapped samples and 95% CIs were used in the

present analysis. Complete case data were used for this analysis

because the bias‐corrected CIs can only be generated with com-

plete data.

4 | RESULTS

4.1 | Study sample

In total, 799 participants completed the primary outcome at baseline,

of which 335 completed the 12‐week fatigue outcome assessment

and were therefore included in the analysis. Table 1 shows that most

participants were female (92%), middle‐aged (57.4 � 9.5 years), and

moderate to severely fatigued (severity: 6.5 � 1.4; interference:

5.7� 2.0). Means and standard deviations for the potential mediators

are also reported in Table 1. Baseline characteristics (including the

potential mediator variables) of the 335 T12‐completers did not

differ significantly from the baseline characteristics of the 799

participants who completed the baseline assessment.

4.2 | Test of the intervention effect (X) on the
mediator over 12 weeks (ΔM)—a‐path

The self‐management intervention significantly improved outcomes

of fatigue catastrophizing, depression, mindfulness, sleep distur-

bance, and physical activity (Table 2). Sleep quality did not differ

significantly for both univariate regression models of fatigue severity

and fatigue interference (p > 0.05), suggesting that the intervention

TAB L E 1 Baseline characteristics and 12‐week outcomes of study participants who completed the 12‐week fatigue assessment in the

intervention or control group

Baseline 12 weeks

Total Intervention Control Intervention Control

(N = 335) (n = 159) (n = 176) (n = 159) (n = 176)

Demographics

Female, N (%) 306 (91.9) 146 (92.4) 160 (91.4) N/C N/C

Age, M � SD (years) 57.4 � 9.5 58.0 � 10.1 56.9 � 9.8 N/C N/C

Primary endpoints

Fatigue Symptom Inventory (FSI), M � SD

Severity 6.5 � 1.4 6.4 � 1.4 6.6 � 1.4 5.1 � 2.1 5.8 � 1.8

Interference 5.7 � 2.0 5.6 � 1.9 5.8 � 2.0 4.0 � 2.4 4.8 � 2.4

Potential mediators, M � SD

Fatigue Catastrophizing Scale (FCS) 30.3 � 10.5 30.7 � 10.9 29.4 � 10.2 26.6 � 11.0 29.2 � 11.0

Depression (PROMIS‐29) 2.5 � 0.9 2.5 � 0.9 2.5 � 0.8 2.2 � 1.0 2.4 � 1.0

Mindfulness (MAAS) 3.2 � 1.0 3.2 � 1.0 3.2 � 1.0 3.5 � 1.0 3.3 � 1.0

Sleep quality (SLC‐90) 2.5 � 1.0 2.6 � 1.0 2.4 � 1.0 2.8 � 1.1 2.5 � 1.0

Sleep disturbance (SLC‐90) 3.0 � 0.9 2.9 � 0.9 3.0 � 0.9 2.8 � 1.0 3.1 � 1.0

Physical activity 4.0 � 2.0 4.0 � 2.0 3.9 � 2.0 4.9 � 2.2 4.3 � 2.3

Note: Fatigue severity (0 = not fatigued at all–10 = as fatigued as I could be); Fatigue interference (0 = no interference–10 = extreme interference);

Fatigue catastrophizing (13 = never catastrophizing about fatigue–65 = all of the time catastrophizing about fatigue); Depression (1 = never depressed–

5 = always depressed); Mindfulness (1 = almost never mindful–6 = almost always mindful); Sleep quality (1 = very poor sleep quality–5 = very good

sleep quality); Sleep disturbance (1 = no sleep disturbance at all–5 = extreme sleep disturbance); Physical activity (0 = not physically active at all–

10 = extremely physical active). N/C = no change.

SPAHRKÄS ET AL. - 973



positively affected all but one potential mediator variable over

12 weeks.

4.3 | Test of the effect of the mediator (ΔM) on the
treatment outcome (ΔY) over 12 weeks—b‐path

The potential mediators from step 1 were significantly related to

fatigue severity (p < 0.05, Table 2), except sleep disturbance

(p > 0.05, Table 2). Sleep quality was significantly associated with a

reduction in fatigue severity (p < 0.05), although it was not signifi-

cantly associated with a reduction in fatigue interference (p > 0.05).

4.4 | Test of the mediating effect over 12 weeks—
path ab

Testing the mediation effects revealed significant associations for the

following mediators: fatigue catastrophizing, depression, mindfulness

(p < 0.05, Table 3), whereas sleep quality, sleep disturbance, and

physical activity did not mediate the intervention effect on fatigue

outcomes (p > 0.05, Table 3). For instance, the model for fatigue

severity shows that fatigue catastrophizing improved significantly on

average by 0.24 units in the intervention group compared to the

control group after 12 weeks. In turn, the reduction of fatigue cat-

astrophizing contributed to reducing fatigue severity experienced

over 12 weeks on average by 0.21 units. The mediation effect cor-

responds to −0.05 units. Controlling all six tested mediators leaves

an unmediated model effect of 0.27 units (c’‐path), whereas the total
model effect combined accounts for −0.63 units (c‐path). Standard-
ized coefficients (BETA’s) permitted comparison of effects across

different mediators, indicating minor differences between mediators

with fatigue catastrophizing having the most influence.

5 | DISCUSSION

Our international waiting‐list RCT demonstrated beneficial effects of

the Untire app on fatigue outcomes of cancer patients and survivors

after 12 weeks of app access. The current mediation analysis pro-

vides insights into the key drivers behind the multimodal mHealth

intervention. The findings support the hypothesis that changes in

fatigue catastrophizing, depression, and mindfulness are underlying

mechanisms of the found intervention effects. Minor differences

between these mediators were found, with fatigue catastrophizing

having the most impact. Our study adds to the limited literature on

the role of mediators in (multimodal) CRF management research.

Specifically, we could observe that through the Untire app, CRF could

be reduced via cognitive processes like fatigue catastrophizing and

depressive symptoms. A recent study on CBT for CRF demonstrated

similar findings, suggesting that the intervention effect could be

achieved via reduced fatigue catastrophizing, focusing on symptoms,

TAB L E 2 Testing paths a, b, c, and c0

Mediators

Intervention versus control over 12 weeks

Fatigue Fatigue

Severity Interference

Path a (X on M) BETA p BETA p

Fatigue Catastrophizing Scale (FCS) −0.245 0.003 −0.243 0.003

Depression (PROMIS‐29) −0.205 0.016 −0.198 0.019

Mindfulness (MAAS) 0.207 0.023 0.193 0.034

Sleep quality (SLC‐90) 0.144 0.149 0.140 0.163

Sleep disturbance (SLC‐90) −0.203 0.040 −0.194 0.049

Physical activity 0.260 0.013 0.261 0.012

Path b (M on Y)

Fatigue Catastrophizing Scale (FCS) 0.213 0.005 0.245 <0.001

Depression (PROMIS‐29) 0.173 0.020 0.251 <0.001

Mindfulness (MAAS) −0.174 0.006 −0.270 <0.001

Sleep quality (SLC‐90) −0.201 0.004 −0.091 0.129

Sleep disturbance (SLC‐90) 0.023 0.743 0.107 0.083

Physical activity −0.108 0.044 −0.101 0.029

Path c (total effect) −0.631 0.002 −0.768 0.001

Path c0 (direct effects) −0.271 0.126 −0.238 0.209
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perceived problems with activity, and depressive symptoms.10 Our

study also showed that the Untire app could reduce fatigue by

increasing mindfulness levels. This is in line with a systematic review

on mindfulness‐based eHealth and mHealth programs for patients

with cancer, indicating that these programs can reduce the levels of

fatigue, depression, stress, anxiety, sleep problems, and pain, and

improve the levels of mindfulness, posttraumatic growth, and some

parameters of general health.33

Contrary to our hypothesis, we did not identify physical activity

and sleep as mediators of the intervention effects on fatigue out-

comes, while we had expected this based on evidence‐based guide-

lines34 and earlier studies.10,12 Nevertheless, we observed that

access to the Untire app was associated with an increase in self‐re-
ported physical activity levels and a reduction in levels of sleep

disturbance. Our findings contribute to the mixed findings in the

literature on the mediating effect of physical activity on fatigue. Two

previous RCTs showed that the effect of CBT promoting physical

activity for patients with CRF were not mediated by a change in

physical activity or physical fitness,35 even when physical activity was

measured using actigraphy.36 On the contrary, another RCT identi-

fied graded exercise therapy (GET) as an essential component of CBT

for CRF, resulting in a larger reduction in fatigue than the other

components, mediating CRF by an increased level of perceived ac-

tivity.37 However, this does not mean that Get alone would be suf-

ficient to manage severe CRF since it was provided as a component

of CBT. Another RCT demonstrated that CBT with GET mediated

CRF via self‐efficacy only, but not via physical activity, exercise ca-

pacity, perceived physical activity, fatigue catastrophizing, or

emotional functioning.14 Self‐efficacy is assumed to play a role in

fatigue reduction but has unfortunately not been assessed in our

study. We also learned that Untire app access could not evoke im-

provements in sleep quality over 12 weeks, although we learned that

sleep quality was still significantly associated with fatigue reduction,

suggesting a theoretical base.

A limitation is that we used self‐reported, single‐item questions

to assess physical activity and sleep. Future studies could use more

extensive questionnaires or objective measures (e.g., wearables), and

perhaps such assessments would have painted a different picture.

Also, it could be the case that some themes within the app can be

further improved (e.g., sleep and physical activities).

5.1 | Clinical implications

Our research has shown that a multimodal self‐management app

can be an effective and advisable toolbox to support fatigued cancer

patients and survivors via different mediating pathways. We do not

know to what extent each part of the app was used since we

offered the Untire app as a ‘black box’ with multiple components.

Even though many cancer patients and survivors might prefer a

single module within the app, it also seems likely that a combination

accumulated to the intervention effect of fatigue reduction. More-

over, we believe that a multimodal intervention has further clinical

advantages over single‐component interventions because people

can prioritize and choose the components they want to work on.

5.2 | Study limitations

One advantage is that we simultaneously examined several potential

mediators in one model. While we could elucidate which mediators

contributed to the intervention effects, unfortunately, we cannot

make claims about the dose‐response relationship of engaging in

specific in‐app modalities concerning changes in mediators and fa-

tigue outcomes. In addition, our analysis allowed taking baseline and

12‐week assessments into account, meaning that we could gain in-

sights about potential mediators over time but could not zoom into

the dynamics of mediators and outcomes within the 12 weeks. It

seems plausible that the working mechanism of the self‐management
app is not a one‐way causal effect. Another limitation might be the

higher dropout rates in the intervention group. Although sample

characteristics do not differ significantly between completers and

non‐completers of the 12‐week assessment, we know that the sample

is relatively selective concerning gender, and type of cancer. Although

we do not expect differences between the working mechanisms in

men and women, we cannot say for sure because of the fewmen in the

TAB L E 3 Testing the mediation effect of the six pre‐specified longitudinal‐mediators using the bootstrap approach, ANCOVA‐model

Mediators

Intervention versus control over 12 weeks

Fatigue Fatigue

Severity Interference

Path ab (indirect effect) Estimated effect Bootstrap 95% CI Estimated effect Bootstrap 95% CI

Fatigue Catastrophizing Scale (FCS) −0.052 −0.110; −0.011 −0.060 −0.125; −0.013

Depression (PROMIS‐29) −0.036 −0.082; −0.004 −0.050 −0.103; −0.007

Mindfulness (MAAS) −0.036 −0.082; −0.002 −0.052 −0.112; −0.003

Sleep quality (SLC‐90) −0.029 −0.081; 0.009 −0.013 −0.047; 0.008

Sleep disturbance (SLC‐90) −0.005 −0.038; 0.029 −0.021 −0.058; 0.006

Physical activity −0.028 −0.068; <0.001 −0.026 −0.065; 0.003
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trial. Our sample's high number of women might be due to our

Facebook Ads recruitment strategy. We targeted cancer patients and

survivors, of which mainly women responded, and we then created

look‐alike‐audiences with similar characteristics. Research shows that
men are generally less likely to perform health‐protective behaviors

than women.38 In order to increase the use of such apps among male

cancer patients and survivors, recruitment via social media might be

adapted. In our study, Facebook Ads with images of male participants

were slightly associated with improved uptake among men. A recent

study demonstrated that using male‐specific ads can result in a

significantly higher proportion of men completing a survey than

gender‐neutral ads (38% male vs. 25% gender‐neutral).39 In order to

stimulate the use of these apps among men, it could also be helpful to

tailor information in the app specifically to men, informing users that

this information is selected for them.

5.3 | Future research

This study represents an essential step in mHealth research directed

at CRF. More research is required to identify factors and their

interplay on the causal pathway of CRF. We now investigated the

multimodal intervention as a whole, but future studies could further

match the time spent in specific modules to outcomes of these

modules. Dose‐response analysis could gain further insights into how
interventions work and lead to more effective interventions in the

future. Besides, future research could focus on app content person-

alization, which would support patients' use of the app's most

beneficial and personally relevant components.

6 | CONCLUSIONS

This study showed that access to the multimodal Untire app appears

to reduce fatigue severity and interference by reducing fatigue cat-

astrophizing, depression and by increasing mindfulness. Supporting

these psychological mechanisms is crucial for supporting patients

with fatigue due to cancer and cancer treatment.

ACKNOWLEDGEMENTS

Tired of Cancer BV. received a Grant from the European Union: Phase

II—SMEInst‐06‐2016‐2017: Accelerating market introduction of in-

formation and communications technology solutions for Health, Well‐
Being, and AgeingWell. This grant funds this research.We are grateful

to all participants for taking part in this study. We thank Dr. Roy

Stewart for his statistical advice and support.

CONFLICT OF INTEREST

None declared. The University Medical Center Groningen received

funding from Tired of Cancer BV., the developer of the Untire App, to

study its effectiveness independently. Independence is declared in a

research agreement.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Simon S. Spahrkäs https://orcid.org/0000-0003-1039-8887

Anne Looijmans https://orcid.org/0000-0002-3333-562X

Robbert Sanderman https://orcid.org/0000-0002-0823-1159

Mariët Hagedoorn https://orcid.org/0000-0003-3444-3662

REFERENCES

1. Fabi A, Bhargava R, Fatigoni S, et al. Cancer‐related fatigue: ESMO

clinical practice guidelines for diagnosis and treatment. Ann Oncol.
2020;31(6):713‐723. https://doi.org/10.1016/j.annonc.2020.02.016

2. Pearson EJM, Morris ME, di Stefano M, McKinstry CE. Interventions

for cancer‐related fatigue: a scoping review. Eur J Cancer Care (Engl).
2018;27(1). https://doi.org/10.1111/ecc.12516

3. Spahrkäs SS, Looijmans A, Sanderman R, Hagedoorn M. Beating

cancer‐related fatigue with the Untire mobile app: results from a

waiting‐list randomized controlled trial. Psycho Oncol. July

2020;29:1‐12. https://doi.org/10.1002/pon.5492
4. Bower JE. Cancer‐related fatigue—mechanisms, risk factors, and

treatments. Nat Rev Clin Oncol. 2014;11(10):597‐609. https://doi.
org/10.1038/nrclinonc.2014.127

5. Minton O, Richardson A, Sharpe M, Hotopf M, Stone PC.

Psychostimulants for the management of cancer‐related fatigue: a

systematic review and meta‐analysis. J Pain Symptom Manag.
2011;41(4):761‐767. https://doi.org/10.1016/j.jpainsymman.2010.

06.020

6. Davis MP, Khoshknabi D, Yue GH. Management of fatigue in cancer

patients. Curr Pain Headache Rep. 2006;10(4):260‐269. https://doi.
org/10.1007/s11916-006-0030-2

7. Kessels E, Husson O, van der Feltz‐Cornelis CM. The effect of ex-

ercise on cancer‐related fatigue in cancer survivors: a systematic

review and meta‐analysis. Neuropsychiatric Dis Treat. 2018;14:

479‐494. https://doi.org/10.2147/NDT.S150464
8. Mishra SI, Scherer RW, Geigle PM, et al. Exercise interventions on

health‐related quality of life for cancer survivors. Cochrane Database
Syst Rev. 2012;2012(8). https://doi.org/10.1002/14651858.CD007
566.pub2

9. Servaes P, Verhagen S, Bleijenberg G. Determinants of chronic fa-

tigue in disease‐free breast cancer patients: a cross‐sectional study.
Ann Oncol. 2002;13(4):589‐598. https://doi.org/10.1093/annonc/

mdf082

10. Müller F, Wijayanto F, Abrahams H, et al. Potential mechanisms of

the fatigue‐reducing effect of cognitive‐behavioral therapy in

cancer survivors: three randomized controlled trials. Psycho
Oncol. May 2021;30:1476‐1484:pon.5710. https://doi.org/10.1002/
pon.5710

11. Van Der Lee ML, Garssen B. Mindfulness‐based cognitive ther-

apy reduces chronic cancer‐related fatigue: a treatment study.

Psycho Oncol. 2012;21(3):264‐272. https://doi.org/10.1002/pon.

1890

12. Bruggeman‐Everts FZ, Wolvers MDJ, van de Schoot R, Vollenbroek‐
Hutten MMR, Van der Lee ML. Effectiveness of two web‐based in-

terventions for chronic cancer‐related fatigue compared to an active
control condition: results of the “Fitter na kanker” randomized

controlled trial. J Med Internet Res. 2017;19(10):e336. https://doi.
org/10.2196/jmir.7180

13. Lin PJ, Kleckner IR, Loh KP, et al. Influence of yoga on cancer‐related
fatigue and on mediational relationships between changes in sleep

and cancer‐related fatigue: a nationwide, multicenter randomized

976 - SPAHRKÄS ET AL.

https://orcid.org/0000-0003-1039-8887
https://orcid.org/0000-0003-1039-8887
https://orcid.org/0000-0002-3333-562X
https://orcid.org/0000-0002-3333-562X
https://orcid.org/0000-0002-0823-1159
https://orcid.org/0000-0002-0823-1159
https://orcid.org/0000-0003-3444-3662
https://orcid.org/0000-0003-3444-3662
https://doi.org/10.1016/j.annonc.2020.02.016
https://doi.org/10.1111/ecc.12516
https://doi.org/10.1002/pon.5492
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1016/j.jpainsymman.2010.06.020
https://doi.org/10.1016/j.jpainsymman.2010.06.020
https://doi.org/10.1007/s11916-006-0030-2
https://doi.org/10.1007/s11916-006-0030-2
https://doi.org/10.2147/NDT.S150464
https://doi.org/10.1002/14651858.CD007566.pub2
https://doi.org/10.1002/14651858.CD007566.pub2
https://doi.org/10.1093/annonc/mdf082
https://doi.org/10.1093/annonc/mdf082
https://doi.org/10.1002/pon.5710
https://doi.org/10.1002/pon.5710
https://doi.org/10.1002/pon.1890
https://doi.org/10.1002/pon.1890
https://doi.org/10.2196/jmir.7180
https://doi.org/10.2196/jmir.7180
https://orcid.org/0000-0003-1039-8887
https://orcid.org/0000-0002-3333-562X
https://orcid.org/0000-0002-0823-1159
https://orcid.org/0000-0003-3444-3662


controlled trial of yoga in cancer survivors. Integr Cancer Ther.
2019;18:153473541985513. https://doi.org/10.1177/153473541

9855134

14. Poort H, Müller F, Bleijenberg G, Verhagen S. “Condition or Cogni-

tion?” Mechanism of change in fatigue in a randomized controlled

trial of graded exercise therapy or cognitive behavior therapy for

severe fatigue in patients with advanced cancer. Under Rev.
2021:1‐39.

15. Spahrkäs SS, Looijmans A, Sanderman R, Hagedoorn M. Beating

cancer‐related fatigue with the Untire mobile app: protocol for a

waiting list randomized controlled trial. JMIR Res Protoc.
2020;9(2):1‐13. https://doi.org/10.2196/15969

16. Koornstra RHT, Peters M, Donofrio S, van den Borne B, de Jong FA.

Management of fatigue in patients with cancer—a practical over-

view. Cancer Treat Rev. 2014;40(6):791‐799. https://doi.org/10.

1016/j.ctrv.2014.01.004

17. NCCN. NCCN Clinical Practice Guidelines in Oncology. Published 2019.
Accessed July 7, 2019. https://www.nccn.org/professionals/physi

cian_gls/default.aspx

18. Looijmans A, Spahrkäs SS, Sanderman R, Hagedoorn M. Ethical re-

view procedures in international internet‐based intervention

studies. Internet Intervent. 2021 Nov 26:100487.

19. Spahrkäs SS, Looijmans A, Sanderman R, Hagedoorn M. Recruit-

ing participants for an international mHealth study via Facebook

ads: experiences from the Untire app RCT. Internet Intervent.
2021;23:100362. https://doi.org/10.1016/j.invent.2021.100362

20. Hann DM, Jacobsen P, Azzarello L, et al. Measurement of fatigue in

cancer patients: development and validation of the fatigue symptom

inventory. Qual Life Res. 1998;7:301‐310.
21. Hann DM, Denniston MM, Baker F. Measurement of fatigue in

cancer patients: further validation of the fatigue symptom inventory.

Qual Life Res. 2000;9(7):847‐854. https://doi.org/10.1023/A:10089
00413113

22. Vink M, Vink‐Niese A. Graded exercise therapy for myalgic

encephalomyelitis/chronic fatigue syndrome is not effective and

unsafe. Re‐analysis of a Cochrane review. Health Psychol Open.
2018;5(2):205510291880518. https://doi.org/10.1177/205510291

8805187

23. Cramp F, Daniel J. Exercise for the management of cancer‐related
fatigue in adults. Cochrane Database Syst Rev. 2009;11:1‐36.
https://doi.org/10.1002/14651858.CD006145.pub2

24. Seiler A, Klaas V, Tröster G, Fagundes CP. eHealth and mHealth

interventions in the treatment of fatigued cancer survivors: a sys-

tematic review and meta‐analysis. Psycho Oncol. 2017;26(9):

1239‐1253. https://doi.org/10.1002/pon.4489
25. Sullivan M, Bishop S, Pivik J. The pain catastrophizing scale: devel-

opment and validation. Psychol Assess. 1995;7(4):524‐532. https://
doi.org/10.1037/1040-3590.7.4.524

26. Ader D. Developing the Patient‐Reported Outcomes Measurement

Information System (PROMIS). Med Care. 2007;45(5 (Suppl 1)):

S3‐S11. https://doi.org/10.1097/01.mlr.0000258615.42478.55.The
27. Brown KW, Ryan RM. The benefits of being present: mind-

fulness and its role in psychological well‐being. J Pers Soc
Psychol. 2003;84(4):822‐848. https://doi.org/10.1037/0022-3514.

84.4.822

28. Derogatis LR, Lipman RS, Covi L. SCL‐90: an outpatient psychiatric

rating scale—preliminary report. Psychopharmacol Bull. 1973.
29. Hayes AF, Preacher KJ. Statistical mediation analysis with a multi-

categorical independent variable. Br J Math Stat Psychol. 2014;
67(3):451‐470. https://doi.org/10.1111/BMSP.12028

30. Valente MJ, MacKinnon DP. Comparing models of change to esti-

mate the mediated effect in the pretest–posttest control group

design. Struct Equ Model. 2017;24(3):428‐450. https://doi.org/10.
1080/10705511.2016.1274657

31. MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev
Psychol. 2007;58:593‐614. https://doi.org/10.1146/annurev.psych.

58.110405.085542

32. Jose PE. The merits of using longitudinal mediation. Educ Psychol.
2016;51(3‐4):331‐341. https://doi.org/10.1080/00461520.2016.

1207175

33. Matis J, Svetlak M, Slezackova A, Svoboda M, Šumec R. Mindfulness‐
based programs for patients with cancer via eHealth and mobile

health: systematic review and synthesis of quantitative research.

J Med Internet Res. 2020 Nov 16;22(11):e20709. https://doi.org/10.

2196/20709

34. Berger AM, Mooney K, Alvarez‐Perez A, et al. Cancer‐related fa-

tigue, version 2.2015 clinical practice guidelines in oncology. J Natl
Compr Cancer Netw. 2015;13(8):1012‐1039. https://doi.org/10.

6004/jnccn.2015.0122

35. Prinsen H, Bleijenberg G, Heijmen L, et al. The role of physical ac-

tivity and physical fitness in postcancer fatigue: a randomized

controlled trial. Support Care Cancer. 2013;21(8):2279‐2288. https://
doi.org/10.1007/s00520-013-1784-9

36. Gielissen MFM, Wiborg JF, Verhagen CAHHVM, Knoop H,

Bleijenberg G. Examining the role of physical activity in reducing

postcancer fatigue. Support Care Cancer. 2012;20(7):1441‐1447.
https://doi.org/10.1007/s00520-011-1227-4

37. Abrahams HJG, Gielissen MFM, Braamse AMJ, Bleijenberg G, Buf-

fart LM, Knoop H. Graded activity is an important component in

cognitive behavioral therapy to reduce severe fatigue: results of a

pragmatic crossover trial in cancer survivors. Acta Oncol (Madr).
2019;58(12):1692‐1698. https://doi.org/10.1080/0284186X.2019.

1659513

38. Boraita RJ, Ibort EG, Torres JMD, Alsina DA. Gender differences

relating to lifestyle habits and health‐related quality of life of ado-

lescents. Child Indic Res. 2020;13(6):1937‐1951. https://doi.org/10.
1007/s12187-020-09728-6

39. Lee S, Torok M, Shand F, et al. Performance, cost‐effectiveness, and
representativeness of Facebook recruitment to suicide prevention

research: online survey study. JMIR Ment Heal. 2020;7(10):e18762.
https://doi.org/10.2196/18762

How to cite this article: Spahrkäs SS, Looijmans A, Sanderman

R, Hagedoorn M. How does the Untire app alleviate cancer‐
related fatigue? A longitudinal mediation analysis.

Psychooncology. 2022;31(6):970‐977. https://doi.org/10.1002/
pon.5886

SPAHRKÄS ET AL. - 977

https://doi.org/10.1177/1534735419855134
https://doi.org/10.1177/1534735419855134
https://doi.org/10.2196/15969
https://doi.org/10.1016/j.ctrv.2014.01.004
https://doi.org/10.1016/j.ctrv.2014.01.004
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.nccn.org/professionals/physician_gls/default.aspx
https://doi.org/10.1016/j.invent.2021.100362
https://doi.org/10.1023/A:1008900413113
https://doi.org/10.1023/A:1008900413113
https://doi.org/10.1177/2055102918805187
https://doi.org/10.1177/2055102918805187
https://doi.org/10.1002/14651858.CD006145.pub2
https://doi.org/10.1002/pon.4489
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1097/01.mlr.0000258615.42478.55.The
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1111/BMSP.12028
https://doi.org/10.1080/10705511.2016.1274657
https://doi.org/10.1080/10705511.2016.1274657
https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1080/00461520.2016.1207175
https://doi.org/10.1080/00461520.2016.1207175
https://doi.org/10.2196/20709
https://doi.org/10.2196/20709
https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.1007/s00520-013-1784-9
https://doi.org/10.1007/s00520-013-1784-9
https://doi.org/10.1007/s00520-011-1227-4
https://doi.org/10.1080/0284186X.2019.1659513
https://doi.org/10.1080/0284186X.2019.1659513
https://doi.org/10.1007/s12187-020-09728-6
https://doi.org/10.1007/s12187-020-09728-6
https://doi.org/10.2196/18762
https://doi.org/10.1002/pon.5886
https://doi.org/10.1002/pon.5886

	How does the Untire app alleviate cancer‐related fatigue? A longitudinal mediation analysis
	1 | BACKGROUND
	2 | PURPOSE OF THE RESEARCH
	3 | METHOD
	3.1 | Ethical approval
	3.2 | Study design and setting
	3.3 | Untire app
	3.4 | Measurements
	3.4.1 | Dependent variables
	3.4.2 | Potential mediators

	3.5 | Statistical analyses

	4 | RESULTS
	4.1 | Study sample
	4.2 | Test of the intervention effect (X) on the mediator over 12 weeks (ΔM)—a‐path
	4.3 | Test of the effect of the mediator (ΔM) on the treatment outcome (ΔY) over 12 weeks—b‐path
	4.4 | Test of the mediating effect over 12 weeks—path ab

	5 | DISCUSSION
	5.1 | Clinical implications
	5.2 | Study limitations
	5.3 | Future research

	6 | CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT


