Physical exercise: effects in
cancer patients

Miranda Velthuis

Physical exercise: effects in cancer patients
Thesis, Utrecht University, the Netherlands, 2010
© Miranda Velthuis
ISBN 978-94-6108-075-2
Design and lay-out: Marja van Vliet
Printed by: Gildeprint B.V., Enschede, the Netherlands

Physical exercise: effects in cancer patients

Fysieke training: effecten bij patiënten met kanker
(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht op gezag van
de rector magnificus, prof.dr. J.C. Stoof, ingevolge het besluit van het college voor
promoties in het openbaar te verdedigen op
dinsdag 19 oktober 2010 des middags te 12.45 uur

door

Miranda Jannine Velthuis

geboren op 27 maart 1976
te Zwolle

Promotoren: 		
			

Prof.dr. P.H.M. Peeters
Prof.dr. E. van der Wall

Co-promotoren:
			

Dr. A.M. May
Dr. E.M. Monninkhof

Dit proefschrift werd (mede) mogelijk gemaakt met financiële steun van KWF
Kankerbestrijding (projectnummer: UU 2003-2793 en UU 2009-4473), ZonMw
Doelmatigheidsonderzoek (projectnummer: 171002202), Stichting Oncologieprojecten Utrecht, Integraal Kankercentrum Midden Nederland, Stichting Golf for
Health, Rotaryclub Leudal, Stichting Elise Mathilde Fonds en het K.F. Heinfonds.

Manuscripts based on the studies presented
in this thesis:
International refereed publications
Chapter 2
Velthuis MJ, Schuit AJ, Peeters PH, Monninkhof EM. Exercise program affects body
composition but not weight in postmenopausal women. Menopause 2009, 16(4):77784.
Chapter 3
Agasi-Idenburg C, Velthuis M, Wittink H. Quality criteria and user-friendliness in selfreported questionnaires on cancer-related fatigue: a review. Journal of Clinical
Epidemiology 2010; 63 (7): 705-11. Epub 2010 Feb 21.
Chapter 4
Velthuis MJ, Agasi-Idenburg SC, Aufdemkampe G, Wittink HM. The effect of physical
exercise on cancer-related fatigue during cancer treatment: a meta-analysis of
randomised controlled trials. Clin Oncol (R Coll Radiol) 2010, 22(3):208-21.
Chapter 5
Velthuis MJ, May AM, Koppejan-Rensenbrink AG, Gijsen BCM, Breda van E, de Wit
GA, Schröder CD, Monninkhof EM, Lindeman E, Wall van der E, Peeters PHM.
Physical Activity during Cancer Treatment (PACT) Study: design of a randomised
clinical trial. BMC Cancer 2010, 10:272.

Additional manuscripts:
International refereed publications
Monninkhof EM, Velthuis MJ, Peeters PH, Twisk JW, Schuit AJ. Effect of exercise on
postmenopausal sex hormone levels and role of body fat: a randomized controlled
trial. J Clin Oncol 2009;27(27):4492-9.
Professional publications
Velthuis MJ, van der Pol M. ‘Ontwikkeling Richtlijn ‘Oncologische revalidatie’ gestart
met knelpunteninventarisatie onder patiënten en professionals’. Psychosociale
Oncologie 2009.
De Knikker R, El Hadouchi M, Velthuis MJ, Wittink H. De Nederlandstalige Victorian
Institute Sports Assessment-Achilles (VISA-A) questionnaire: cross-culturele
adaptatie en validering bij Nederlandse patiënten met achillespees tendinopathie.
Nederlands Tijdschrift voor Fysiotherapie 2008;118(2):34-41.
Hoeps K, Velthuis MJ. Effect van een multidisciplinaire behandeling bij patiënten met
fibromyalgie- een systematische review. Stimulus 2008; 27(1).
Kingma JJ, Velthuis MJ, Groeneweg N, Verkerk K, Van Meeteren NLU.
Wetenschapsloket. Tijdschrift voor Manuele Therapie 2005;4:16-21.
Groeneweg N, Nederstigt-van Lieshout MRJ, Velthuis MJ, van Meeteren NLU.
Inventarisatie van onderzoeksvragen uit de fysiotherapie-praktijk.
Het wetenschapsloket. Fysiopraxis 2004;13(10):37-45.
Van Meeteren NLU, Dronkers JJ, Velthuis MJ, Daal MM, Ten Berge H. Fysiotherapie,
in Utrecht een wetenschap. TMO 2004;23(5):240-249.
Velthuis MJ, De Schryver AMP, Keulemans YCA, van Berge Henegouwen GP, de Vries
WR, Van Meeteren NLU. De Shuttle Wandel Test bij patiënten met chronische
idiopathische obstipatieklachten. Geneeskunde en Sport 2003;36(2):46-50.

Contents
Chapter 1

General introduction

PART I: EFFECTS IN HEALTHY WOMEN
Chapter 2

Exercise programme affects body composition
but not weight in postmenopausal women

PART II: EFFECTS IN CANCER PATIENTS DURING TREATMENT
Chapter 3

Chapter 4

Chapter 5

Quality criteria and user-friendliness in selfreported questionnaires on cancer-related
fatigue: a review
The effect of physical exercise on cancer-related
fatigue during cancer treatment: a meta-analysis
of randomised controlled trials
Physical Activity during Cancer Treatment
(PACT) study: design of a randomised clinical
trial

PART III: EFFECTS IN CANCER SURVIVORS
Chapter 6

Chapter 7

Fear of movement in cancer survivors: validation
of the Modified Tampa Scale of KinesiophobiaFatigue
The role of fear of movement in cancer survivors
participating in a rehabilitation programme

GENERAL DISCUSSION
Chapter 8

Randomisation in lifestyle intervention studies in
cancer patients

SUMMARY | SAMENVATTING | DANKWOORD |
CURRICULUM VITAE

11
21

23

47

49

77

109

135

137

159

177
179

191

General introduction

chapter 1

Cancer in the Netherlands
In 2007, 76.000 persons were newly diagnosed with cancer in the Netherlands. Of
every 1000 men, 5.5 developed some form of cancer, against 5 of every 1000 women.
In the Netherlands, the incidence of breast cancer is the highest (12.843 women and
87 men in 2007), followed by colon cancer (6.344 men and 5.480 women), lung cancer (6.725 men and 3.808 women) and skin cancer (9.681 persons) 1. More than 50%
of the cancer patients survive more than five years. This results in a high number of
cancer survivors - 400.000 (about 2.5 % of the Dutch population) - which will further
increase due to ageing of the population 1. Most cancer survivors were previously
diagnosed with breast cancer (about 25%), skin, colon and prostate cancer.
Cancer is characterised by uncontrolled cellular growth as a result of changes in the
genetic information of cells. Normally the division, differentiation and death of cells
are carefully regulated. All cancers start as a single cell that has lost control of its
normal replication process. About 5-10 per cent of cancers result directly from inheriting genes associated with cancer, but the majority involve alterations of damage
accumulated over time to the genetic material within cells. Experimental and clinical data has recently been accumulating which supports the hypothesis that cancer
may also arise from mutations in stem cell populations 2. The causes of damage are
endogenous (internal) or exogenous (environmental), with lack of physical activity
being considered one of the known lifestyle risk factors 3. Physical exercise protects
not only (partly) against cancer, but it has also been associated with benefits during
and after cancer treatment, including reduction of treatment related side effects and
improvements in physical and psychosocial outcomes. This thesis will focus on effects
of physical exercise in cancer patients. Some aspects cover prevention of cancer;
other aspects include effects of physical exercise during cancer treatment or during
rehabilitation post treatment. This was previously defined in the Framework PEACE
(see Figure 1) 4.
DIAGNOSIS
rehabilitation
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CONTROL prevention
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prescreening

detection

buffering

health
promotion
survival

coping
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POSTDIAGNOSIS

Figure 1:The Framework PEACE: an organisational model for examining physical
exercise during the cancer experience 4
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Physical activity and cancer prevention

1

Convincing epidemiological evidence showed that physical activity diminished the risk
of developing breast and colon cancer during the period prior to cancer diagnosis 3,5,6.
Cancers of the prostate, lung and endometrium also have been linked to exerciserelated prevention 3,5,6. Although scientific evidence of other cancers is lacking associations may exist. The American Cancer Society recommends in their guidelines on
Nutrition and Physical Activity for Cancer Prevention, adults to be at least 30 minutes
moderately physically active on 5 or more days of the week. Forty five or 60 minutes
of intentional physical activity are even more preferably 7.
Various mechanisms for the protective effect of physical activity against cancer have
been hypothesised. Rogers et al. 8 summarised the most important direct and indirect
protective effects of physical activity to prevent cancer. The direct protective effects
are summarised in Figure 2. These mechanisms include: 1) interference with tumour
initiation and 2) blocking the process involved in the promotion and progression stages of carcinogenesis 8. The most cited indirect pathways are: enhanced anti-oxidant
defence mechanisms, reduction in body weight, adiposity or changes in energy balance, decreased reproductive hormone levels, altered growth factor
milieu; enhanced anti-tumour immunity and a reduction in inflammation. Some of the
mechanisms could be acting through similar pathways 8.

NORMAL

genetic/epigenetic
alterations
INITIATED

increased cell
proliferation
Anti-initiation strategies
• alter carcinogen metabolism
• enhance carcinogen detoxification
• scavenge electrophiles/reactive oxygen species
• enhance DNA repair

Anti-promotion/progression strategies
• scavenge reactive oxygen species
• decrease inflammation
• suppress profileration/enhance apoptosis
• enhance immunity
• discourage angiogenesis

PRENEOPLASTIC
additional
genetic/epigenetic
alterations

NEOPLASTIC

Figure 2: Multistep carcinogenesis pathway described by Rogers et al. 8.
Strategies to intervene in these processes are summarised in the boxes.
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Physical exercise during and after cancer treatment
Cancer and its treatment are associated with numerous physical and psychological
problems and adverse effects 9,10. One of the major problems of cancer patients is
fatigue. Sixty% - 96% of the cancer patients report high levels of fatigue during or
after cancer treatment 11. Fatigue is expected to lead to a decreased quality of life, a
decreased activity level and an increase in sick leave and production loss. In the
Netherlands in 2005, 22.000 persons were unfit for work due to cancer 12.
Physical exercise has been proposed as a promising strategy for the treatment of
cancer-related fatigue and improvement of quality of life, and various exercise interventions both during and shortly after cancer treatment have been studied 13,14. The
bio-behavioural model presented by Al-Majid and Gray 15 summarises the evidence
for the biological, psycho behavioural, and functional mechanisms that contribute to
cancer-related fatigue and explains how each of these mechanisms may be altered
by physical exercise (see Figure 3). Biological mechanisms that contribute to cancerrelated fatigue and that are hypothesised to be positively influenced by exercise are
1) a decreased muscle strength and muscle mass through the production by tumours
of factors that elicit an inflammatory response in muscle tissue and by the adverse
effects of immunosuppressive drugs 2) anaemia and 3) increased pro-inflammatory
cytokines release by tumour cells. The psycho behavioural factors related to cancerrelated fatigue that might be influenced by physical exercise include psychological
distress and sleep disturbances.
The functional mechanisms underlying cancer-related fatigue include decreased physical functioning due to additional reduction of physical activity levels in cancer patients,
which leads to decreased ability to carry out activities of daily living and decreased
maximal oxygen uptake 11,15,16. Increase of physical activity levels has proven to lead
to improvements of physical functioning en functional capacity.
Of the cancer patients that report feelings of fatigue during cancer treatment, up
to 30% experience fatigue for years after the end of treatment 11. In these patients
other factors might be responsible for persistence of cancer-related fatigue. Insufficient adjustment of life goals in the face of cancer and its symptoms, fear of disease
recurrence, dysfunctional cognitions concerning fatigue, dysregulation of sleep and
dysregulation of activity might lead to persistence of complaints of fatigue and subsequently a prolonged period with a reduced quality of life 17. Due to the multi-di-
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mensional problems underlying the persistence of the cancer-related fatigue, physical
exercise for patients with prolonged complaints of fatigue, is often incorporated in a
multidimensional rehabilitation programme 18-20 or cognitive behavioural therapy 17.

↑ cancer-related fatigue

1

physical
exercise

↓ quality of life
context:
cancer/cancer treatment

Biological
↓ muscle mass
↓ muscle strength
anemia
↑ proinflammatory
cytokines

Pyschobehavioral
↑ psychological distress
↑ sleep disturbances

Functional
↓ physical functioning
↓ functional
capacity (VO2max)

Biological
↑ muscle mass
↑ muscle strength
↓ anemia
↓ proinflammatory
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↑ anti-inflammatory
cytokines

Pyschobehavioral
↓ psychological distress
↓ sleep disturbances

Functional
↑ physical functioning
↑ functional
capacity (VO2max)

↓ cancer-related fatigue

↑ quality of life

Figure 3: Bio behavioural model of Al-Majid and Gray 15 for the study of exercise
interventions for cancer-related fatigue

Outline of the thesis
The aim of the present thesis is to study effects of physical exercise in cancer patients:
aspects in prevention of cancer in healthy women, as well as aspects during and after
cancer treatment.
Part I: Effects in healthy women
The first part of the thesis focuses on cancer prevention in healthy women. Physical
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activity has been shown to decrease breast cancer risk in many observational
studies 21. The mechanism through which physical activity accomplishes this effect is
hypo-thesised to be through lowering sex hormone levels. Indeed lower sex hormone levels were shown in the Sex Hormones and Physical Exercise (SHAPE) study,
but only in women who lost fat 22. Obesity is a well-known risk factor for postmenopausal breast cancer. We set out to study the effect of the SHAPE exercise programme on body composition (Chapter 2).
Part II: Effects in cancer patients during treatment
The second part of this thesis focuses on (measurements of ) effects of physical
exercise during cancer treatment. The relevant outcomes were: cancer-related
fatigue, health care utilisation, sick leave and production loss. Chapter 3 presents a
systematic review of the psychometric properties of questionnaires that measure
cancer-related fatigue. Chapter 4 presents a meta-analysis of randomised controlled
trials assessing the effect of different exercise programmes during cancer treatment
on cancer-related fatigue. In chapter 5, we present the design of the Physical Activity
during Cancer Treatment (PACT) study, a randomised controlled trial studying the
(cost)-effectiveness of a supervised exercise programme during cancer treatment.
Part III: Effects in cancer survivors
The final part of this thesis focuses on effects of physical exercise during rehabilitation of cancer survivors after they finished cancer treatment. Since 1996, there is a
programme known as ‘Herstel & Balans’ in the Netherlands and Belgium 20. This is a
combined exercise and educational programme based on the principles of behavioural graded activity. The rehabilitation programme starts three months after
cancer treatment has finished. Improvements of global quality of life and fatigue after
rehabilitation in cancer survivors have been demonstrated 20. Previous studies in
patients with chronic pain or fatigue showed that, patients with fear of movement
seem especially to profit from rehabilitation programmes based on the principles of
behavioural graded activity. Chapter 6 presents the results of a study to select the
optimal factor structure in cancer survivors for the Tampa Scale for Kinesiophobia, a
questionnaire to assess fear of movement. Psychometric properties of the derived
optimal model are also described. In chapter 7 we study the relation between fear
of movement and perceived global health status in cancer survivors. In this study,
we also examine whether a rehabilitation programme with graded activity reduces
fear of movement and thereby improves perceived global health status of cancer
survivors.
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General discussion
Finally, chapter 8 entails a general discussion about several alternatives for conventional randomisation in lifestyle intervention studies in cancer patients. Randomisation provides optimal comparability between groups and therefore gives a high level
of scientific evidence. Yet, randomisation is difficult to organise in daily settings and
thereby may affect participation and generalisability of results.

1

Summary
A summary of the main findings of this thesis is presented in chapter 9.

General introduction

17

References
1.
2.
3.
4.
5.
6.
7.

8.
9.

10.
11.
12.
13.
14.

15.
16.

18

Netherlands Cancer Registry. 2009.
Reya T, Morrison SJ, Clarke MF, Weissman IL: Stem cells, cancer, and cancer stem cells.
Nature 2001, 414:105-111.
WCRF/IARC: Food, Nutrition, Physical Activity and the Prevention of Cancer: a Global
Perspective. 2007.
Courneya KS, Friedenreich CM: Framework PEACE: an organizational model for examining physical exercise across the cancer experience. Ann Behav Med 2001, 23:263-272.
Signaleringscommissie Kanker van KWF Kankerbestrijding: De rol van lichaamsbeweging
bij preventie van kanker. 2005.
Kruk J, Aboul-Enein HY: The role of physical activity in the prevention of cancer. Cancer
Therapy 2007, 5:196-180.
Kushi LH, Byers T, Doyle C, Bandera EV, McCullough M, McTiernan A, et al.: American
Cancer Society Guidelines on Nutrition and Physical Activity for cancer prevention: reducing the risk of cancer with healthy food choices and physical activity. CA Cancer J Clin
2006, 56:254-281.
Rogers CJ, Colbert LH, Greiner JW, Perkins SN, Hursting SD: Physical activity and cancer
prevention : pathways and targets for intervention. Sports Med 2008, 38:271-296.
van den Beuken-van Everdingen MH, de Rijke JM, Kessels AG, Schouten HC, van Kleef
M, Patijn J: Quality of life and non-pain symptoms in patients with cancer. J Pain Symptom
Manage 2009, 38:216-233.
Miller KD, Triano LR: Medical issues in cancer survivors-a review. Cancer J 2008, 14:375387.
Lucia A, Earnest C, Perez M: Cancer-related fatigue: can exercise physiology assist
oncologists? Lancet Oncol 2003, 4:616-625.
Nivel: Zorg- en maatschappelijke situatie van mensen met kanker in Nederland. 2005.
Cramp F, Daniel J: Exercise for the management of cancer-related fatigue in adults.
Cochrane Database Syst Rev 2008,CD006145.
Knols R, Aaronson NK, Uebelhart D, Fransen J, Aufdemkampe G: Physical exercise in
cancer patients during and after medical treatment: a systematic review of randomized
and controlled clinical trials. J Clin Oncol 2005, 23:3830-3842.
Al-Majid S, Gray DP: A biobehavioral model for the study of exercise interventions in
cancer-related fatigue. Biol Res Nurs 2009, 10:381-391.
Irwin ML, McTiernan A, Bernstein L, Gilliland FD, Baumgartner R, Baumgartner K, et
al.: Physical activity levels among breast cancer survivors. Med Sci Sports Exerc 2004,
36:1484-1491.

Chapter 1

17. Gielissen MF, Verhagen CA, Bleijenberg G: Cognitive behaviour therapy for fatigued cancer survivors: long-term follow-up. Br J Cancer 2007, 97:612-618.
18. Korstjens I, May A, van Weert E, Mesters I, Tan F, Ros W, et al.: Quality of life after
self-management cancer rehabilitation: a randomised controlled trial comparing physical
training and cognitive-behavioural training versus physical training. Psychosomatic Medicine 2008, 70:422-429.
19. May AM, Korstjens I, van Weert E, van den Borne B, Hoekstra-Weebers JE, van der
Schans C, et al.: Long-term effects on cancer survivors’ quality of life of physical training
versus physical training combined with cognitive-behavioral therapy: results from a randomized trial. Support Care Cancer 2008.
20. Korstjens I, Mesters I, van der Peet E, Gijsen B, van den Borne B: Quality of life of cancer
survivors after physical and psychosocial rehabilitation. Eur J Cancer Prev 2006, 15:541547.
21. Monninkhof EM, Elias SG, Vlems FA, van der Tweel I, Schuit AJ, Voskuil DW, et al.: Physical activity and breast cancer: a systematic review. Epidemiology 2007, 18:137-157.
22. Monninkhof EM, Velthuis MJ, Peeters PH, Twisk JW, Schuit AJ: Effect of exercise on postmenopausal sex hormone levels and role of body fat: a randomized controlled trial. J Clin
Oncol 2009, 27:4492-4499.

General introduction

1

19

EFFECTS IN HEALTHY WOMEN

Exercise programme affects
body composition but not
weight in postmenopausal
women

chapter 2
Manuscript based on this chapter: Velthuis MJ,
Schuit AJ, Peeters PH, Monninkhof EM. Exercise program affects body composition but not
weight in postmenopausal women. Menopause
2009, 16(4):777-84.

Abstract
Objective
To investigate the effect of a 12-month moderate to vigorous exercise programme
combining aerobic and muscle strength training on body composition among sedentary, postmenopausal women.
Design
Randomised controlled trial. 189 sedentary postmenopausal women (age 50-69
years, body mass index 22 – 40 kg/m2) were randomly assigned to an exercise (n=96)
or a control group (n=93). Study parameters measured at baseline, four months and
12 months were: body weight and body height (body mass index), waist- and hip
circumference (body fat distribution), and dual-energy X-ray absorptiometry (total
body fat and lean mass). Differences in changes in study parameters between exercise
and control group were examined with Generalised Estimating Equations analysis.
Results
The exercise programme did not result in significant effects on weight, body mass
index and hip circumference. The exercise group experienced a statistically significant
greater loss in total body fat, both absolute (-0.33 kg) (borderline) as in a percentage (-0.43 %) compared to the control group. Also lean mass increased significantly
(+0.31 kg), while waist circumference (-0.57 cm) decreased significantly compared to
the control group.
Conclusions
We conclude that a 12-month exercise programme combining aerobic and muscle
strength training did not affect weight, but positively influenced body composition of
postmenopausal women. Affecting body fat distribution and waist circumference may
have important health implications, because it is an independent risk factor in obese,
but also in non-obese people. Therefore, this study gives further credence to efforts
of public health and general practitioners aiming to increase physical activity levels of
postmenopausal women.
Keywords
Exercise intervention, body composition, body fat distribution, lean body mass, postmenopausal women
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Introduction
Ageing is associated with changes in body composition. In general, lean mass decreases and the amount of body fat increases with age 1, 2. These changes lead to
an increased risk of a variety of (chronic) diseases, such as cardiovascular diseases,
diabetes and postmenopausal breast cancer 3-5. In addition, levels of physical activity
in women decrease with age, which also lead to unfavourable changes in body composition 1, 6, 7. Efforts to maintain or increase the physical activity level may prevent
unfavourable changes in body composition in ageing women 8. A systematic review
of randomised controlled trials investigating the effects of physical exercise in postmenopausal women showed that physical exercise positively influences body composition in about the half of the studies 9. The best results were accomplished in studies
with overweight women, combining physical exercise with a weight-reducing diet 9.
This has been confirmed in more recent studies examining the effects of aerobic and
muscle strength training in postmenopausal women separately, in some studies combined with a weight loss intervention 10-14. These studies showed in general that aerobic training leads to a reduction in weight and total body fat, while muscle strength
training positively influences lean mass and total body fat. Based on these results and
on recommendations of the American College of Sports Medicine, we expect that
aerobic training combined with muscle strength training will have the most beneficial
effects on body composition 15. As far as we know, this has been studied in only
three studies, which showed unanimously positive effects of the exercise programme
on total body fat and varying effects on body weight and lean mass 16-18. We aim to
examine the effect of combined aerobic and muscle strength training – a 12-month
moderate to vigorous exercise programme - in Dutch postmenopausal women on
body composition. We hypothesise that the amount of total body fat will decrease
and lean mass will increase in women of the exercise group relative to women of the
control group. We do not expect a decrease in body weight.

2

Methods
Between January 2005 and August 2005 189 postmenopausal women were recruited
through random selection out of the municipality registries in Utrecht and surroundings in the Netherlands. Postmenopausal women were eligible if they a) were aged
between 50 and 69 year old b) were sedentary (< two hours per week in moderate
sport / recreational activities and not adherent to the international physical activity
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recommendation) c) were non-smokers (at least 12 months) and not abusing alcohol
or drugs d) were not planning to go on a strict diet e) were not suffering from diabetes mellitus or other endocrine related diseases or any disease or disorder (locomotor, optical, neurological, mental) that might impede the participation in the exercise
programme f ) had a Body Mass Index (BMI) between 22 and 40 kg/m2 and g) had a
sufficient knowledge of the Dutch language. Additional inclusion criteria were formulated to address a second aim of the study, i.e. whether exercise affects sex hormone
levels: h) had their last menses at least 12 months ago i) had not been using hormone
replacement or oral contraceptives in the past six months j) had not been diagnosed
with breast cancer in the past k) had not been diagnosed with other types of cancer
in the past five years and l) were not currently using corticosteroids or beta blockers.
Written informed consent was obtained from each participant. All procedures were
approved by the ethical committee of the University Medical Center of Utrecht. Details of the design of the study have been published previously 19.

Study design
This study was designed as a two-arm randomised controlled trial. Eligible women
were enrolled by a study nurse and were randomised into the exercise group or the
control group by a data manager. Allocation to the exercise- or control group was
concealed. Randomisation was blocked on two categories of waist circumference:
< 92 cm and ≥ 92 cm (cut-off level is based on the median value reported in similar
women 20).

Intervention
The intervention consisted of a one-year moderate to vigorous exercise programme.
The exercise programme included two supervised group sessions of one hour per
week and an additional home-based individual session of half an hour per week.
The group exercise sessions were offered to groups of about 15-20 women in six
fitness centres in Utrecht and surroundings. The sessions were supervised by a qualified sports instructor who had experience in exercise training in this age group. The
sessions consisted of aerobic training and muscle strength training. The group exercise sessions started with a warming up of ten minutes, followed by 20 minutes of

26

Part I: Effects in healthy women | Chapter 2

aerobic training, 25 minutes of muscle strength training and a cooling down of five
minutes. The aerobic training was performed at 60% to 80% of the age predicted
maximum heart rate. The maximum heart rate was established as 220 minus the
person’s age in years. Aerobic training intensity was controlled by heart rate monitors
and was gradually increased during the first weeks. General muscle strength training
of back, lower and upper extremities was performed at an intensity level of 60% of
one repetition measurement (1-RM), 20-25 repetitions. Muscle strength training of
the abdomen was performed at an intensity level of 50 % of 1-RM, 30-40 repetitions.
The first four weeks of the exercise programme were used for instruction of the
muscle strength exercises.
Once a week participants were asked to perform a 30 minutes home-based individual
exercise session. The home-based individual exercise session was explained during
the group exercise sessions by the sport instructor and consisted of 30 minutes brisk
walking or cycling. The training intensity was supposed to be moderate to vigorous
(60% to 80% of maximal heart rate) and was controlled by heart rate monitors.
Participants were asked to keep an exercise log to help them track the frequency,
intensity (mean heart rate and BORG-score), and duration of the individual exercise
sessions. Procedures to promote adherence were: 1) use of group exercise sessions
in combination with an individual programme, 2) personal feedback, 3) realistic individual goals that can be updated regularly, 4) use of exercise logs and 5) newsletters.

2

Participants in the control group were requested to retain their habitual exercise
pattern. Participants in the exercise and control group were asked to maintain their
usual diet. Habitual exercise patterns or physical activity levels were measured with
the Modified Baecke Questionnaire at the start of the study and at 12 months (end
of the study). The Modified Baecke Questionnaire designed by Voorrips and coworkers, is developed to measure habitual physical activity in elderly women 21. The
questionnaire includes questions about work, household activities, sports, and leisure
time activities, over the past year.
Food intake was measured with a food frequency questionnaire at the beginning of
the study and after 12 months 22,23. This questionnaire consists of 74 questions about
dietary habits in the past month.
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Outcome measurements
At baseline, after four months and after 12 months intervention participants visited
the research unit of the Julius Center for the measurement of body composition and
aerobic capacity. Socio-demographic information and information about reproductive factors, smoking and medical history was obtained by a self-constructed questionnaire at baseline.
Body weight and height (to the nearest 0.5 kg and 0.5 cm, respectively) were measured while the subjects wore light clothes and no shoes using an analogue balance
(SECA) and wall mounted tape measure. The Body Mass Index (BMI) was calculated
as weight in kilograms divided by height in meters squared (kg/m2).
Body fat distribution was measured by waist- and hip circumference. Waist circumference (to the nearest 0.1 cm) was measured standing at the midway between lower
ribs and iliac crest. Hip circumference (to the nearest 0.1 cm) was measured standing
over the buttocks. All measurements were taken in duplicate and averaged.
Total body fat (kg, %) and lean mass were determined by using a whole-body dualenergy X-ray absorptiometry scan (DEXA, Lunar, Prodigy TM). A three-compartment model estimated fat mass, lean tissue, and bone mineral content. The standard
soft tissue analysis was performed using software supplied by the manufacturer.
Aerobic capacity was assessed by the Fit Test programme, a sub maximal test on a
Life Fitness cycle ergo meter based on the Ästrand Rhyming Protocol 24. The Fit Test
programme is a reproducible measure of sub maximal work capacity 19. During the
test, the subject pedalled for 5 minutes using a relatively consistent cadence with an
intensity of 60 – 85% of the age-predicted maximum heart rate (220 - age). Once a
steady state was obtained, the programme calculated a VO2 max based on the subject’s
weight, age, gender, obtained resistance and steady state heart rate.

Statistical Analyses
Baseline characteristics were reported as means ± SD or as percentages of the study
groups. For both the exercise and the control group, we computed the percentage
change from baseline in body measurements and maximal oxygen consumption at
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four and 12 months. To determine differences in changes in body composition and
maximal oxygen consumption between exercise and control group, we performed
repeated measurement analyses using Generalised Estimating Equations from SAS
version 9.1 (SAS Institute Inc, Cary, NC) a longitudinal data analysis technique 25, 26.
This analysis technique is suitable to investigate the ‘course’ of the outcome variable
over time and to compare the development between study arms. In all models, the
outcome variable (i.e. body composition or maximal oxygen consumption at baseline, four and 12 months) was analysed as a dependent variable using group (1, exercise group; 0, control group) as a key independent variable adjusted for the baseline
body composition measurement. Primary analysis was an intention-to-treat analysis.
In order to analyse the impact of differences in energy intake between the study
groups, we also performed GEE analyses with change in total energy intake during
the study period as an additional covariate. Additionally, we assessed whether BMI at
baseline modified the intervention effect by performing stratified analyses (intention
to treat), using the definitions of the World Health Organization (normal weight:
22-25 kg/m2, overweight: ≥25 kg/m2).

2

We also performed a per-protocol analysis including participants of the exercise
group who attended 70% or more to the group exercise sessions, participants of the
control group who retained their habitual exercise pattern and participants of the
exercise and control group who maintained their usual diet.

Results
Baseline characteristics of both groups are presented in Table 1. Exercise and control
group were comparable with respect to age (mean 59 year), waist circumference
(mean 88 cm), hip circumference (mean 102 cm), lean mass (mean 42 kg), maximal
oxygen consumption (mean 24 ml/kg/m2) and physical activity level (mean score
Modified Baecke Questionnaire 9.7 points). However, despite randomisation baseline differences occurred for time since last menses, weight, BMI, total body fat (%
and kg) and total energy intake.
In total, 183 participants (97%) completed the study, 95 (99%) of the exercise group
and 88 of the control group (95%) (Figure 1). During the study period, the physical
activity level scored on the Modified Baecke questionnaire increased in exercisers
on average with 6.17 points (95% CI 5.76 to 6.58) compared to 1.51 points (95%
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CI 1.10 to 1.93) in controls 27. Mean total energy intake declined during the study
period in the controls with 445.1 kJ/day (95% CI 515.5 to 374.8) compared to 26.6
kJ/day (95% CI -97.0 to 43.8) in the exercisers 27. Compared to the control group,
participants in the exercise group had a statistical significant loss in total body fat,
both absolute (-0.33 kg), although borderline significant, and in a percentage (-0.43
%) (Table 2). Adjustment for energy intake changes during the study period did not
influence the results (loss in total body fat -0.28 kg (-0.61 to 0.05); – 0.38 % (-0.69 to
-0.08)). The percentage total body fat of the exercise group declined during the first
four months (-1.43%), and declined further during the remaining 8 months of training
to -2.19% (Figure 2A). The percentage total body fat in the control group increased
during the first four months (+0.81%), followed by a decrease (12 months: 0.00%).
Furthermore, women allocated to the exercise group experienced a statistical significant decrease in waist circumference (-0.57 cm) and an increase in lean mass (+0.31
kg) compared to the control group. Lean mass of the exercise group mainly increased
in the first four months of training (+0.76%) and stabilised in the next months (12
months: +0.71%). The control group showed a decrease in lean mass during the first
four months, which diminished after 12 months (respectively -0.83% and -0.48%)
(Table 2; Figure 2B). Adjusting for energy intake slightly attenuated the increase in
lean mass that remained statistical significant (0.29 kg (0.09 to 0.49)). Also aerobic
capacity of the exercise group significantly improved compared to the control group
(+0.36 ml/kg/min (95% CI 0.10 to 0.62)). The intervention however showed no
effect on weight, BMI and hip circumference.
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Table 1: Baseline characteristics
Exercise Group (n=96)

Control Group (n=93)

Age, mean ±SD, y

58.9 ± 4.6

58.4 ± 4.2

Time since last menses, mean ±SD, y

8.9 ± 6.3a

9.9 ± 6.2b

weight, kg

73.6 ± 8.2

74.8 ± 10.8

body mass index

26.6 ± 2.9

27.3 ± 3.6

waist circumference, cm

88.3 ±8.2

88.2 ± 9.3

hip circumference, cm

102.2 ± 5.1

102.8 ± 7.1

total body fat, %

39.8 ± 4.5

a

40.9 ± 5.8

total body fat, kg

28.3 ± 5.7a

29.9 ± 8.0

lean mass, kg

42.3 ± 3.9

a

42.1 ± 4.2

24.0 ± 2.8

24.0 ± 3.4c

8.3 (0.5 to 27.1)

8.8 (0.8 to 32.5)

2

Body composition, mean ±SD

Calculated Maximal Oxygen consumption,
mean ±SD, ml/kg/min

Physical activity, median, range
Modified Baecke Questionnaire score
household score

2.3 (0.5 to 3.0)

2.2 (0.8 to 3.0)

sport score

0.0 (0.0 to 10.7)

0.0 (0.0 to 4.1)

leisure score

5.3 (0.0 to 24.7)

5.5 (0.0 to 29.6)

7817.9 ± 1946.2a

8096.5 ± 1788.0

Total energy intake, mean ±SD, kJ/day
a

n=95 n=90 n=92
b

c
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Assessed for eligibility

• Not meeting inclusion criteria

(n=1360)

(n=1065)

enrollment
Randomised (n=189)
Allocated to exercise

Excluded (n=1171)

• refused to participate (n=106)

Allocated to control group
allocation

programme (n=96)

(n=93)

Status at 4-months follow-up
• Complied to control status (n=80)

Status at 4-months follow-up

• Did not comply to control status, did show up for

• Received intervention as assigned (n=85)

FU-measurements (n=9)

• Did not receive intervention as assigned, did

-- Personal reasons (n=1)

show up for FU-measurements (n=10)

-- Started sports activities (n=4)

-- Medical reasons (n=4)

-- Started diet (n=2)

-- Personal reasons (n=5)

-- Started smoking (n=1)

-- Unknown (n=1)

-- Started sports activities combined with diet (n=1)

• Dropped out (n=1)

• Dropped out (n=4)

-- Personal reasons (n=1)

-- Medical reasons (n=1)
-- Personal reasons (n=3)
follow-up

Status at 12-months follow-up
• Received intervention as assigned (n=60)

Status at 12-months follow-up

• Did not receive intervention as assigned, did

• Complied to control status (n=77)
• Did not comply to control status, did show up for

show up for FU-measurements (n=35)

FU-measurements (n=11)

-- Stopped intervention (n=17)
* Medical reasons (n=9)

-- Started sports activities (n=5)

* Personal reasons (n=7)

-- Started diet (n=4)

* Unknown (n=1)

-- Started smoking (n=1)
-- Started sports activities combined with diet (n=1)

-- Did not attend 70% of the exercise sessions

• Dropped out (n=5)

		 (n=18)

-- Medical reasons (n=1)

• Dropped out (n=1)

-- Personal reasons (n=4)

-- Personal reasons (n=1)

Included in analysis (n=96)

analysis

Figure 1: Sample selection, allocation and follow-up

32

Part I: Effects in healthy women | Chapter 2

Included in analysis (n=93)

29.88
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42.10

control

41.75

42.66

30.03

27.84

+0.76
-0.83

41.90

+0.50

-1.69

+0.81

-1.43

-0.32

-0.70

-0.46

-1.30

-0.66

-0.86

-0.41

-0.68

%change
0-4 m

42.62

29.72

27.51

40.92

38.91

102.53

101.48

88.75

87.89

27.25

26.37

74.48

72.97

12 months
n=95/88

94-96 participants of the exercise and 86-93 participants of the control group

Calculations of mean values are based of the available data:

42.34

exercise

Lean mass, kg

28.32

41.25

40.92

exercise

39.21

102.42

102.75
39.78

101.52

87.78

88.19
102.24

87.13

control

Total Body Fat, kg

control

exercise

Total Body Fat, %

control

exercise

Hip circumference, cm

control

exercise

27.14

26.39

88.28

27.32

Waist circumference, cm

26.62

74.51

74.82

exercise

73.13

4 months
n=95/89

73.63

control

Body Mass Index

control

exercise

Weight, kg

Baseline
n=96/93

-0.48

+0.71

-0.54

-2.86

0.00

-2.19

-0.21

-0.74

+0.63

-0.44

-0.26

-0.94

-0.45

-0.90

%change
0-12 m

0.31 (0.12 to 0.49)

-0.33 (-0.66 to 0.0045)

-0.43 (-0.74 to -0.13)

0.02 (-0.08 to 0.11)

-0.57 (-1.13 to -0.01)

-0.04 (-0.19 to 0.11)

-0.06 (-0.46 to 0.33)

Intervention effect 0-12m
(mean, 95% CI)

four months and 12 months and difference between exercise and control group: intention to treat analysis

Table 2: Body measurements (mean) at baseline,
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Figure 2
A: Total Body Fat (%) at baseline, four and 12 months
B: Lean mass (kg) at baseline, four and 12 months

We also analysed the intervention effect in normal weight (BMI 22-25 kg/m2; total
n=61) and overweight women (BMI ≥ 25 kg/m2; total n=128). Intervention effects
on percentage total body fat and percentage lean mass were more evident in normal
weight women than in overweight women. In normal weight women, participants in
the exercise group had a statistical significant loss in percentage total body fat compared to the control group (intervention effect -0.75% (-1.30 to -0.19)) and statistical significant increase in lean mass (intervention effect +0.49 kg (0.17 to 0.81)). In
overweight women, participants in the exercise group also experienced a decrease in
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2

Figure 3
A: Total Body Fat (%) at baseline, four and 12 months of participants with a BMI ≥ 25
and a BMI 22 - 25
B: Lean mass (kg) at baseline, four and 12 months of participants with a BMI ≥ 25 and a BMI 22 - 25
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percentage total body fat (intervention effect -0.29% (-0.66 to 0.09)) and an increase
in lean mass (intervention effect +0.20 kg (-0.03 to 0.42)) compared to the control
group, although effects were smaller and non-significant (Figure 3A, Figure 3B).
One hundred and thirty seven participants (72%) were included in the per-protocol
analysis. Sixty women (63%) allocated to the exercise group attended at least 70% of
the group exercise sessions and also turned up at the follow-up measurements.
Seventy seven women (83%) allocated to the control group did not start a formal
weight loss or exercise programme during the study period and turned up at the
follow-up visits. The per-protocol analysis showed stronger intervention effects compared to the intention to treat analysis (Table 3). Differences in favour of the exercise group were found for total body fat, both absolute (-0.60 kg) as in percentage
(-0.66%), lean mass (+0.30 kg) and waist circumference (-1.03 cm). In addition, the
per-protocol analysis showed a significant decrease in hip circumference (-0.63 cm)
and a borderline significant decrease of BMI (-0.18 kg/m2). The per-protocol analysis
also showed that the aerobic capacity of the exercise group was significantly improved compared to the control group (+0.44 ml/kg/min (95% CI 0.12 to 0.76)).

Discussion
An exercise programme combining aerobic training and muscle strength training resulted in favourable effects on total body fat, lean mass and waist circumference in
postmenopausal women. The programme did not result in weight loss or a smaller
hip circumference.
In our study, there was no intervention effect on body weight. This might be explained by the fact that women in the exercise group experienced an increase in lean
mass. Since muscle mass is more dense and heavier than the body fat that is lost,
body weight may not rapidly change 28-30. Our results are consistent with previous
studies on the effects of a combined aerobic and muscle strength training programme
in postmenopausal women, although previous studies showed stronger effects 16-18.
Two studies showed already after 12 weeks of intervention fat losses of 1.23% and
1.4 kg respectively 16-18; while another study of 12 months intervention showed a loss
of 1.4 kg 17. These studies resulted in weight losses in the exercise group of respectively 0.47 kg, 1.3 kg, and 10.3 kg compared to 0.66 kg in our study 16-18. One of these
studies included a weight loss programme in their intervention, which might explain
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27.19

29.47
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41.81

control

41.60

42.58

29.65

27.59

41.78

42.56

29.61

27.04

40.88

38.62

102.51

101.25

88.61

86.98

27.35

26.02

74.26

72.38

12 months
n=60/77

60 participants of the exercise and 75-77 participants of the control group

Calculations of mean values are based of the available data:

42.24

exercise

Lean mass, kg

28.08

41.03

40.79

exercise

39.09

102.00

102.17

39.70

101.41

control

Total Body Fat, kg

control

exercise

Total Body Fat, %

control

exercise

87.25

86.54

27.06

26.11

102.23

87.39

control

Hip circumference, cm

87.83

exercise

Waist circumference, cm

26.34

73.92

74.12

exercise

72.71

4 months
n=60/77

73.25

control

Body Mass Index

control

exercise

Weight, kg

Baseline
n=60/77

and control group: per protocol analysis

-0.50

+0.80

+0.61

-1.75

+0.59

-1.54

-0.17

-0.80

-0.16

-1.47

-0.48

-0.87

-0.27

-0.74

%change
0-4 m

-0.07

+0.76

+0.48

-3.70

+0.22

-2.72

+0.33

-0.96

+1.40

-0.97

+0.59

-1.21

+0.19

-1.19

%change
0-12 m

0.30 (0.11 to 0.50)

-0.60 (-0.98 to -0.22)

-0.66 (-1.01 to -0.31)

-0.63 (-1.09 to -0.18)

-1.03 (-1.69 to -0.37)

-0.18 (-0.35 to -0.01)

-0.43 (-0.87 to 0.02)

Intervention effect 0-12m
(mean, 95% CI)

Table 3: Body measurements (mean) at baseline, four months and 12 months and difference between exercise
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the larger reductions in fat mass and body weight 18. In another study, strength training was recommended, but not required; subsequently women in the exercise group
were engaged primarily in aerobic activities 17, 31. The minimal attention to strength
training probably led to minimal increases in lean mass, which did not counteract
the weight loss due to fat loss. This might partly explain the larger reduction in body
weight in this study.
Furthermore, two of these studies were conducted among overweight women, while
we included women with a BMI between 22 and 40 kg/m2 (mean BMI 27 kg/m2) 17,18.
One might hypothesise that in overweight women a greater reduction in fat mass as
a result of physical exercise might be expected, although we were not able to corroborate this hypothesis because we found stronger effects in normal weight women.
This was likely caused by a larger reduction in energy intake in our overweight controls: they reduced their energy intake during the study period (mean reduction 624
kJ compared to 179 kJ in our overweight exercise group) and a smaller difference in
effect was observed. Additionally, in the exercise group the adherence to the exercise
programme of overweight compared to normal weight women was lower: 79% vs.
89% received the intervention as assigned and showed up for the follow up measurements. This difference in effect between normal weight and overweight women
should be interpreted cautiously, because this finding was based on subgroup
analyses and could be due to chance.
The major strengths of our study were the large sample size (n=189), the randomised
design and the relative long duration of the supervised exercise programme of one
year. This gave women of the exercise group the opportunity to incorporate physical exercise into their lifestyle habits. Furthermore, the attendance to the exercise
sessions was good, despite the long duration. Sixty three percent of the women allocated to the exercise group attended at least 70% of the group exercise sessions.
This also emphasises the feasibility of moderate to vigorous exercise programmes for
sedentary, postmenopausal women.
One-year changes in body composition – total body fat (kg) and lean mass (kg) –
found in our exercise group (– 2.86% and 0.71% respectively) counteract the one
year change in total body fat and lean mass that might be expected due to aging in
elderly white women (+0.5% and -0.6% (trunk lean soft tissue) respectively) 32. A reduction in total body fat might reduce chronic disease risk in these women 33-35 and an
increase in lean mass seems to be protective for osteoporotic fractures 36 and meta-
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bolic syndrome 37. Furthermore, a recently published study showed that both general
and abdominal adiposity are associated with higher risks of death in obese and as well
as in non-obese men and women. Moreover abdominal obesity is an established risk
factor for coronary heart disease 38,39. Several epidemiological studies showed that
abdominal obesity is more important than body weight to reduce chronic disease
risks in postmenopausal women 39-41 which underlines the relevance of our findings.
Therefore, postmenopausal women should be encouraged to perform aerobic and
muscle strength training for at least two times a week. Effects of aerobic and muscle
strength training on body fat and lean mass might be increased by combining it with
a reduction in energy intake (diet). Adherence to the exercise programme especially
in overweight women might be further increased by adding a cognitive behavioural
intervention to the exercise programme. The benefit of adding diet or a cognitive
behavioural intervention to a long lasting exercise programme combining aerobic and
muscle strength training on body composition should be studied in future studies in
postmenopausal overweight women.

2

Conclusion
Our data show that a combined aerobic and muscle strength programme in postmenopausal women is able to reduce fat mass, to increase lean body mass, and to reduce
waist circumference, although weight and BMI are not affected. Affecting body fat distribution and waist circumference may have important health implications, because
it is an independent risk factor in obese, but also in non-obese people 38. Therefore,
this study gives further credence to efforts of public health and general practitioners
aiming to increase physical activity levels of postmenopausal women.
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Quality criteria and userfriendliness in self-reported
questionnaires on cancer-related
fatigue: a review

chapter 3
Manuscript based on this chapter: Agasi-Idenburg C, Velthuis M, Wittink H. Quality criteria
and user-friendliness in self-reported questionnaires on cancer-related fatigue: a review.
Journal of Clinical Epidemiology 2010; 63 (7):
705-11. Epub 2010 Feb 21.

Abstract
Objective
Cancer-related fatigue (CRF) is a distressing, persistent, subjective sense of tiredness
or exhaustion that occurs in 70-100% of cancer patients. The purpose of this review
was to provide an overview of the quality of research performed on existing CRF
self-report questionnaires and compare their reported psychometric properties and
user-friendliness.
Methods
Database searches of CINAHL, Cochrane Library, EMBASE, MEDLINE, Scopus,
PEDro, and PsycINFO were undertaken to find published scales. Standardised criteria
were used to assess quality and user-friendliness.
Results
Thirty-five articles were included that described 18 questionnaires - seven one-dimensional questionnaires and 11 multi-dimensional questionnaires. The mean item
count was 20.8 (range: 3-83). The mean overall score of the one-dimensional questionnaires was 10.4 of a maximum of 18 points (range: 7.1-15.0). The mean overall
score of the multi-dimensional questionnaires was 10.0 of a maximum of 18 points
(range: 4.3-14.4).
Conclusion
Recommendations were made for the selection of a scale. We argue in favour of
repeatedly reassessing psychometric properties of even established questionnaires to
ensure they comply with evermore increasing stringent quality criteria.
Keywords
Fatigue, cancer, assessment, instruments, measurement, quality
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Introduction
Cancer and its medical treatment often cause severe fatigue which is unusually persistent 1. According to the National Comprehensive Cancer Network (NCCN) 70100% of cancer patients are affected by fatigue. The updated - in concept - definition
of Cancer-Related Fatigue (CRF) is ‘a distressing persistent, subjective sense of physical, emotional and/or cognitive tiredness or exhaustion related to cancer or cancer
treatment that is not proportional to recent activity and interferes with usual functioning’ (NCCN 2008 2). This new definition clearly reflects the multi-dimensional nature
of CRF. Biochemical, physiological, psychological and behavioural factors are thought
to contribute to CRF 3. Patients identify CRF as one of the most distressing problems
they experience 4, 5. Even after adjuvant cancer treatment, such as radiation therapy
or chemotherapy has long ended, CRF continues 5, 6. CRF profoundly affects patients’
abilities to perform activities of daily living and limits their personal and social roles
within their family and community, resulting in a significant reduction of overall quality of life 7. CRF is a subjectively experienced symptom, therefore the most common
and preferred assessment of this symptom is through self-report questionnaires 8, 9.
Self-report questionnaires use standardised questions in a variety of formats to obtain information from patients 10. Self-report questionnaires are inexpensive and time
efficient because patients can often complete a questionnaire without any assistance.

3

The diversity of the causes of fatigue and the belief that CRF is a multi-dimensional
problem is reflected in the wide range of dimensions fatigue is assessed in, for
example; physical fatigue, emotional fatigue, the lack of motivation and distress. Although some questionnaires measure one aspect of fatigue (one-dimensional questionnaires), most questionnaires measure a number of different aspects of fatigue
(multi-dimensional questionnaires).
Because the number of questionnaires is proliferating, choosing the most suitable
questionnaire becomes a time-consuming and difficult task 11. An overview of appropriate questionnaires could aid in the search. An important aspect in choosing a
questionnaire is its measurement properties.
The Scientific Advisory Committee (SAC) of the Medical Outcomes Trust, a complex
mix of non-profit organisations, academic researchers, public sector agencies, and
commercial firms set out to define a set of attributes and criteria to carry out instrument assessments and disseminated a set of review criteria for questionnaires 12.
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Terwee et al. 13 took on the challenge to further discuss and refine this set of review
criteria and other available explicit criteria for the following measurement properties:
content validity, internal consistency, criterion validity, construct validity, reproducibility, responsiveness, floor and ceiling effects, and interpretability. Their aim was
to contribute to the development of explicit quality criteria for the design, methods
and outcomes of studies on the development and evaluation of health status questionnaires. The refined quality criteria list developed by Terwee et al. 13 was used as a
guideline for the quality criteria used in this review of cancer-related fatigue questionnaires. We believe that a good questionnaire is not only defined by the quality of its
measurement properties but also by its user-friendliness (feasibility and practicality).
Questionnaires should pose a minimum burden on patients and clinicians. It therefore
should have easily understood items and be easy to score and interpret. Pragmatic
criteria on user-friendliness were added to complement the quality criteria. The userfriendliness criteria used in this review are based on Auger et al. 14, who have provided an overview of questionnaire criteria that define clinical feasibility and practicality.
This article reports on a systematic literature search of research on CRF self-report
questionnaires. The aim of this review is to provide an overview of these questionnaires, and compare the reported psychometric properties and user-friendliness.

Methods
The following electronic databases were searched, for appropriate literature from 15th
August 2006 until 1st August 2009: CINAHL, Cochrane library, EMBASE, MEDLINE,
Scopus, PEDro en PsycINFO. Both text words and Mesh terms of the following terms
were used in different combinations with or without the use of the conjunctions
AND, OR: fatigue, cancer, tumour, neoplasm, oncology, cancer-related fatigue, measure, assess*, scale*, monitor*, score*, scoring, questionnaire, psychometric*, validity,
sensitivity, reproducibility, responsiveness, feasibility. Names of assessment tools that
were found in the literature search were also entered in the electronic databases. The
included studies were checked for relevant references and related articles.
Inclusion criteria
We included self-report questionnaires designed to measure CRF in adult cancer patients that are available free of cost. No language restrictions were applied.
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Exclusion criteria
Fatigue scales that were subscales of multi-dimensional questionnaires, (i.e. quality of
life) were excluded, unless the psychometric qualities of fatigue subscales were individually investigated. Self-report questionnaires with unknown psychometric qualities
were excluded.
Data extraction
Two reviewers (HW and S.C.A-I.) independently scored the research performed on
the included questionnaires according to the quality criteria proposed by Terwee et al
13
and user-friendliness criteria proposed by Auger et al. 14. Disagreement on scoring
of the criteria was resolved by consensus. If this was not possible a third reviewer
made the final decision (M.J.V).
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The following psychometric criteria were assessed 13: 1) content validity, 2) internal
consistency; 3) construct validity, 4) interpretability, 5) reproducibility, 6) responsiveness, 7) floor or ceiling effects. The following user-friendliness criteria were
assessed 14: 8) assessors burden and 9) respondent burden. More information on the
criteria and their scoring can be found in Appendix 1.
Each criterion received a score between 0 (did not fulfil criterion or no evidence criterion was investigated) and 2 (fulfilled criterion fully). A maximum of 14 points could
be scored for the psychometric qualities and a maximum of 4 points could be scored
for user-friendliness criteria. The sum score (a maximum of 18 points) was used as an
indicator of the quality of the research on the questionnaire concerned.
Compliance with the quality criteria on the questionnaires was rated as follows:
• 0-4.4 points: poor
• 4.5-8.9 points: moderate
• 9.0-13.4 points: satisfactory
• 13.5-18.0 points: excellent

Results
Of the 669 potentially eligible papers, 634 were excluded on title or abstract. Two
hundred and eighty-one papers were excluded because they were about no specific
fatigue assessment tool or were a review of different assessment tools. Two hundred
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and fifty-five papers were excluded because they were not about fatigue, but about
quality of life in general. Seventy-one papers were excluded because they had a noncancer population. Twenty-five papers were excluded because they were duplicates.
Two papers on assessment tools were excluded because they described 1 item assessment tools 15, 16 and could not be rated as a questionnaire. Finally, 35 papers were
included that described 18 questionnaires.
One-dimensional questionnaires
Seven questionnaires were one-dimensional: 1) Brief Fatigue Inventory (BFI) 17-22,
2) Cancer-Related Fatigue Distress Scale (CRFDS)18, 23, 3) the European Organization
for Research and Treatment of Cancer Quality of Life Core Questionnaire Fatigue
Subscale (EORTC QLQ-C30 FA) 24-26, 4) The Fatigue and Functional Impact Scale
(FFIS) 27, 5) The Functional Assessment of Chronic Illness Therapy-Fatigue; a 13-item
FACIT Fatigue Scale (FACIT-Fatigue) 27-29, 6) Wu Cancer Fatigue Scale (WCFS) 30,
7) Wu Cancer Fatigue Scale Short Form (r-WCFS) 30, 31 (Table 1).
Two questionnaires were specifically developed for a population of breast cancer
patients (WCFS, rWCFS). Five questionnaires were developed for a heterogeneous
group of cancer patients (BFI, CRFDS, EORTC QLQ-C30 FA, FACIT-Fatigue, FFIS).
Three of the seven one-dimensional questionnaires assess different aspects of fatigue. One questionnaire assesses severity of fatigue only 17. Three questionnaires assess physical fatigue 25, 30, 31 and one questionnaire assesses distress caused by fatigue
23
. The mean item count of one-dimensional questionnaires was 11.0 (range 3-20)
items. The mean overall score was 10.4 of a maximum of 18 points (range 7.1-15.0).
Content validity, internal consistency and respondent burden scored highest; mode
was 2 of a maximum of 2. Interpretability (mode was 1/2), reproducibility (mode
was 0.5/2) and responsiveness scored poorly (mode was 0/2). Floor and ceiling
effects (mode was 2/2), construct validity (mode was 2/2) and assessors’ burden
scored moderately (modal values 0.3 and 1 of a maximum of 2). Overall, research on
three questionnaires scored moderately (CRFDS, EORTC QLQ-C30 FA and WCFS).
Two questionnaires scored satisfactory (r-WCFS and FFIS) and two questionnaires
scored excellent (BFI and FACIT-Fatigue). Of the one-dimensional questionnaires
the research on BFI and the FACIT-Fatigue scored highest with 15.0 and 14.3 of a
maximum of 18 points. The one-dimensional questionnaires with the highest psychometric quality criteria score were the BFI and the FACIT-Fatigue (11.0 of a maximum
of 14 points). The one-dimensional questionnaire with the highest user-friendliness
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0
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2
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Ease to administer
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0
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0
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2
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Table 1:Totals per scale one-dimensional self-report fatigue scales
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score was the BFI (4.0 of a maximum of 4 points).
Multi-dimensional questionnaires
Eleven questionnaires were multi-dimensional; 1) Cancer Fatigue Scale (CFS)18, 32, 33,
2) The Functional Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F) 29,
34
, 3) Fatigue Symptom Inventory (FSI) 36, 37, 4) Multi-dimensional Fatigue Inventory
(MFI) 18, 37-43, 5) Multi-dimensional Fatigue Symptom Inventory (MFSI) 39, 6) Multidimensional Fatigue Symptom Inventory short form (MFSI-sf ) 39, 44, 7) New Questionnaire to Assess Patient Perceptions of Cancer-Related Fatigue (NQAPPCRF) 45,
8) Piper Fatigue Scale (PFS) 24, 46, 47, 9) revised Piper Fatigue Scale (r-PFS) 24, 47-49,
10) Schwartz Cancer Fatigue Scale (SCFS)18, 49-51, 11) Schwartz Cancer Fatigue Scale
short form (SCFS-6) 41, 49, 50. (Tables 2 and 3).
Table 2:
Totals per scale multi-dimensional self-report fatigue scales: Breast Cancer patients
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r-PFS
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2
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1
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0
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0

0

0

Reproducibility

1.5
Agreement
Reliability

Responsiveness

1.5
2
1

1

1.0
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0
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0
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2
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9.5
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Abbreviations: FSI: Fatigue Symptom Inventory, MFSI: Multi-dimensional Fatigue Symptom Inventory,
MFSI-sf: Multi-dimensional Fatigue Symptom Inventory short form, PFS: Piper Fatigue Scale, r-PFS:
revised Piper Fatigue Scale
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All research on questionnaires assessed different aspects of fatigue i.e. impact, functional impairment, somatic, physical, affective, behavioural, perceptual and mental
fatigue. Five questionnaires were developed specifically for a population of breast
cancer patients (FSI, MFSI, MFSI-sf, PFS, r-PFS), six questionnaires were developed
for a heterogeneous cancer population (CFS, MFI, SCFS, SCFS-6, FACIT-F, NQAPPCRF). The mean overall item count of multi-dimensional questionnaires was 27.1
(range 6-83) items. The mean overall score was 10 of a maximum of 18 points (range
4.3-14.4). Content validity, internal consistency and floor and ceiling effects scored
highest on psychometric quality criteria (mode was 2 of a maximum of 2). Interpretability and responsiveness (modal values were 0 and 1) scored poorly. Reproducibility (mode was 1/2) scored moderately. Respondent burden (mode was 2/2) scored
moderately, but assessor’s burden scored poorly (mode 1.3/2).
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Table 3: Totals per scale multi-dimensional self-report fatigue scales: Heterogenous
cancer population
CFS

MFI SCFS SCFS-6 FACIT-F NQAPPCRF
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2
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1

2

2
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2

0

0

2

2

2

Total Score user-friendliness criteria
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0.6

2.3

2.0

3.3

2.0

Total Score
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Abbreviations: CFS, Cancer Fatigue Scale ; MFI, Multi-dimensional Fatigue Inventory; SCFS, Schwartz
Cancer Fatigue Scale; SCFS-6, Schwartz Cancer Fatigue Scale short form; FACIT-F, Functional
Assessment of Chronic Illness Therapy-Fatigue,NQAPPCRF, New Questionnaire to Assess Patient
Perceptions of Cancer-related Fatigue
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The multi-dimensional questionnaire with the highest score on the psychometric quality criteria was the FSI with 11.5 of a maximum of 14 points. The multi-dimensional
questionnaire with the highest score on user-friendliness was the FACIT-F with 3.3 of
a maximum of 4 points. Research on one questionnaire scored poorly (PFS), research
on two questionnaires scored moderately (r-PFS, SCFS-6) and research on six questionnaires scored satisfactory (CFS, FSI, MFI, MFSI-sf, NQAPPCRF, SCFS). Research
on two questionnaires scored excellent (FSI and FACIT-F) The FSI scored the highest
with 14.4 points of a maximum of 18 points. The FACIT-F scored second highest with
14.3 points of a maximum of 18 points.

Discussion
The purpose of this review was to provide an overview of the quality of research
performed on existing CRF self-report questionnaires, and compare their reported
psychometric properties, and user-friendliness. This review describes the quality of
research on 18 questionnaires; seven one-dimensional questionnaires and 11 multidimensional questionnaires. The quality of the reported research ranged from one
with poor quality, five with moderate quality, eight with satisfactory quality and four
with excellent quality. The one-dimensional questionnaire that scored highest overall
was the Brief Fatigue Inventory (BFI) (see Appendix 2). The multi-dimensional questionnaire that scored highest overall was the Fatigue Symptom Inventory (FSI) (see
Appendix 3).
We chose to give an overall score for the research quality on the questionnaires,
resulting in an easy to use overview. One should, however, realise that it has the
disadvantage that one might simply use the questionnaire with the most points regardless of the purpose of its use. Terwee et al. 13 choose not to provide an overall
score per questionnaire. They write: ‘An overall quality score assumes that all measurement properties are equally important, which is probably not the case’. We feel
that although the questionnaire that has the highest score on the quality criteria and
user-friendliness is rewarded more points than other questionnaires, one should realise that sometimes it might not be the best questionnaire for one’s purpose. A poor
score on a questionnaire does not mean that the questionnaire is not useful, but that
more, good quality, research is needed.
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At the time of writing, the criteria list of Terwee et al. 13 was the only one that reported on the quality of research on questionnaires in an objective way. By complementing this list with criteria of Auger et al. 14 the clinical feasibility and practicality
of the questionnaires could also be assessed. Both criteria lists have recently been
developed and have not fully been validated. There is ongoing discussion on the criteria and the way they were tested 52. In this review older questionnaires might be
disadvantaged over more recent questionnaires, because insights on (calculating) optimal measurement properties have changed over the years. This argues in favour of
repeatedly reassessing even established questionnaires for their psychometric properties to ensure they comply with evermore increasing stringent quality criteria. For
instance, currently, some promising advances are developed in psychometric modelling (e.g. item response theory (IRT)) which make it possible to compare results of
different measurement tools across different studies and populations 53. IRT is a relative new method to assess questionnaires. Although we wanted to include research
using IRT techniques to evaluate measurement properties in CRF questionnaires, we
could only find two studies 45, 54. One study 54 compared the conventional sum scoring
used in the traditional psychometric methods with an IRT based scoring in the assessment of a fatigue questionnaire (EORTC QLQ-C30 FA). The authors concluded that
sum scoring and IRT scoring result in similar measurement properties for the different
scales and because of the simplicity of the sum scoring method this should be the
preferred method in the assessment of the EORTC QLQ-C30 FA scales.
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A promising paper that is submitted for publication is a description of the Consensusbased Standards for the selection of health status Measurement Instruments
(COSMIN) checklist that was developed to evaluate the methodological quality of
studies on measurement properties of health-related patient reported outcomes 55.
In this checklist standards are developed for studies based on Classical Test Theory
as well as on Item Response Theory. The checklist is based on arguments, literature
references and other remarks given by a panel of members of a Delphi study and
by two teams of researchers who conducted systematic reviews of measurement
properties. This checklist might possibly start a new era of reporting and developing
measurement properties of health-related patient reported outcomes.
In choosing a questionnaire to measure CRF, the measurement properties and the
user-friendliness of the questionnaire need to be considered. We have reported on
these in this paper. In addition, one needs to consider with what purpose one wants
to measure -diagnostic, prognostic or evaluative- and how frequently one wants to
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measure. Considering the lack of reproducibility and responsiveness data, one can
assume most instruments were developed for diagnostic purposes. For evaluative
purposes sensitivity to change is important. Data on sensitivity to change or responsiveness (longitudinal validity) were scarce.
If one wants to measure frequently, as in several times a week, then a ‘today’ or
‘yesterday’ recall is preferred. Recall ranged from ‘right now’ (MFI, PFS), ‘today’
(r-PFS), ‘yesterday’ (WCFS), ‘prior 2-3 days’ (CFS) to ‘the prior week’ (FSI, MFSI).
We included tools that are in the public domain only. This means they can easily be
found on the internet and are free of charge, at least for the English language versions.
Usually scoring instructions are included.

Conclusion
This review is the only known review of CRF self-report questionnaires that combines the quality of research on psychometric properties of questionnaires with their
clinical feasibility and practicality. For the assessment of the quality criteria of the
questionnaires the criteria list of Terwee et al 13 was used. In time other criteria lists
such as the COSMIN checklist might provide a better alternative. We argue in favour
of repeatedly reassessing psychometric properties of even established questionnaires
to ensure they comply with evermore increasing stringent quality criteria.
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Appendix 1:
Scoring of psychometric and user-friendliness criteria
Psychometric criteria
Content validity
1. Measurement aim of the questionnaire: Is the questionnaire developed for a dis
criminative, evaluative or a predictive purpose? Measurement aim of the 		
questionnaire is named Y/N
2. Is the target population defined Y/N? For which population of cancer patients is
the questionnaire developed?
3. Clear framework overall Y/N? Which aspects of fatigue are assessed in the questionnaire?
2 points = patients involved + clear framework + defined purpose + target population defined
1 point = clear framework + defined purpose + target population defined
0 points = defined purpose + target population defined
Internal consistency
The precision of a scale, based on the homogeneity of the scale’s items at one point
in time1.
2 points = homogeneity scale was checked with factor analysis and Cronbach’s alpha
was calculated for each dimension separately and scored between >0.70-0.95 and
the sample size is 7 x number of items, minimum of 100 patients)
1 point = the internal consistency was explored with the Pearson’s correlation coefficient or the Cronbach’s alpha was only reported, or the sample size was too small for
factor analysis (min 4 patients/ item 50 patients in total) + Cronbach’s alpha > 0.70
0 points = minimum of 4 patients / item, sample size < 50 or Cronbach’s alpha
< 0.70 or the internal consistency is not reported
Construct validity
Construct validity refers to the extent to which scores on a particular instrument
relate to other measures in a matter that is consistent with theoretically derived hypotheses concerning the concepts that are being measured 2.
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The construct validity can be assessed with a variety of methods. Terwee et al. 3 chose
to use a method called hypothesis testing. This is a method in which the questionnaire is assessed on theoretically derived hypotheses about expected correlations
between measurement scores.
2 points = specific hypotheses were formulated and at least 75% of the results are in
accordance with these hypotheses + at least 50 patients
1 point = specific hypotheses were formulated but less than 75% of the results are in
accordance with these hypotheses or a plausible relationship was found with other
measures + at least 50 patients
0 point = a plausible relationship was found with other measures or no information
was found on construct validity or <50 patients

3

Interpretability
Interpretability is defined as the degree to which one can assign qualitative meaning
to quantitative scores 4.
2 points = means and standard deviation (SD) of scores of at least four relevant subgroups of patients who are expected to differ in scores are reported
1 points = means and SD of scores of less than four relevant subgroups of patients
who are expected to differ in scores are reported
0 points = only means or SD of scores of less than four relevant subgroups of patients are reported, or no information was found on interpretability
Reproducibility
Stability of an instrument over time and inter-rater agreement at one point in time1.
Agreement and reliability are two aspects of reproducibility. The scores on agreement and reliability were summed and divided by two which resulted in a single score
on reproducibility.
Agreement
Agreement describes measurement error, and assesses exactly how close the scores
for repeated measurements are 5. If repeated measures in an unchanged situation are
close together there is a small measurement error, which is required for evaluative
purposes.
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2 points = standard error of measurement is reported or can be calculated or authors provide a convincing argument that the agreement is acceptable in a sample of
at least 50 patients
1 point = standard error of measurement is reported or can be calculated or authors
provide a convincing argument that the agreement is acceptable in a sample less than
50 patients
0 point = agreement is not assessed or cannot be calculated or the authors do not
provide a convincing argument that the agreement is acceptable.
Reliability
Reliability describes the degree to which an instrument is free from random error 1.
2 points = ICC (intraclass correlation coefficient) or weighted Kappa is used to assess
reliability and is ≥0.70 in a sample of at least 50 patients,
1 point = the ICC or weighted Kappa is between 0.60-0.70 in a sample of at least 50
patients or the ICC or weighted Kappa is used and is ≥0.70 in a sample less than 50
patients
0 point = reliability is not assessed with ICC or weighted Kappa or no information on
reliability was reported
Responsiveness
Responsiveness analyses the sensitivity of the questionnaire to changes in the severity
of fatigue over time 1.
An adequate measure of responsiveness is the assessment of the area under the receiver operating characteristics (ROC) curve (AUC) 6,7. Furthermore, an instrument
should be able to distinguish clinically important change from measurement error.
Responsiveness should therefore be tested by relating the smallest detectable change
(SDC) to the minimal important change (MIC) 3.
2 points = the minimal important change (MIC)>the smallest detectable change
(SDC), or the AUC is ≥0.70.
1 point = any measure of responsiveness is named.
0 points = no measure of responsiveness is reported
Floor and ceiling effects
If more than 15% of the respondents achieve the highest or the lowest possible
scores on a questionnaire the questionnaire might not be sensitive enough to detect
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the whole spectrum of fatigue. As a consequence, patients with the lowest or
highest possible score cannot be distinguished from each other, thus reliability is reduced. Furthermore, the responsiveness is limited because changes cannot be measured in these patients 3.
Floor and ceiling effects are scored as follows:
2 points = ≤15% of respondents achieved the highest or lowest possible scores in a
sample size of at least 50 patients.
1 point = ≤15% of respondents achieved the highest or lowest possible scores in a
sample size <50 patients
0 point = >15% of respondents achieved the highest or lowest possible score, no
information was found that can be used to assess floor and ceiling effects

3

User-friendliness criteria
Assessors and respondent burden are two elements of user-friendliness. The scoring
on user-friendliness provides for an indication of feasibility for the use in the clinical
environment. Both criteria can be divided in 3 sub scores.
Assessors burden
The sub scores on assessors burden were summed and divided by three.
This criterion consists of three sub scores:
1) The necessity for instructions or schooling, 2) Ease to administer, 3) Ease to judge
rating.
The criterion was rated as follows:
The necessity for instructions or schooling
2 points = no schooling needed
1 point = the assessor needs to study up to one page of instructions
0 points = the assessor needs to study, more than one page of instructions or has
to have special schooling to be able to use the questionnaire or no information was
reported to assess the necessity for instructions or schooling
Ease to administer
2 points = easy, the items are simply summed
1 point = moderate, a Visual analogue scale (VAS) was used or a simple formula
0 points = difficult, a VAS and a simple formula or a difficult formula was used, no
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information was found to assess the ease to administer
Ease to judge rating
By giving a qualitative meaning to a quantitative score the assessor knows which score
correlates with which level of fatigue (e.g. severe, moderate, no fatigue)
2 points = a qualitative meaning is given to a quantitative score or
0 = no qualitative meaning was given to a quantitative score
Respondent burden
This criterion consists of three sub scores: 1) Readability, 2) Time needed to complete questionnaire, 3) Intrusive or insensitive line of questioning. The sub scores
on respondent burden are summed and divided by three. The criteria were rated as
follows:
Readability
2 points = patients tested the questionnaire in a pilot study and were directly involved
with the development of the questionnaire
1 point = patients tested the questionnaire in a pilot study or were directly involved
with the development of the questionnaire
0 points = patients were not involved or the contribution of patients in the development of the questionnaire was not reported
Time needed to complete questionnaire
2 points = questionnaire can be completed within 5 minutes
1 point = questionnaire takes 5-10 minutes to complete
0 points = questionnaire takes over 10 minutes to complete or no information was
found on the time needed to complete the questionnaire
Intrusive or insensitive line of questioning
Intrusive or insensitive line of questioning can be an extra burden for respondents.
Some patients might feel uncomfortable when they are confronted with these questions.
2 points = no intrusive or insensitive line of questioning was used
1 point = one intrusive or insensitive question was asked
0 point = more than one intrusive or insensitive question was asked

70

Part II: Effects in cancer patients during treatment | Chapter 3

References
1.
2.
3.

4.

5.
6.

7.

Lohr KN. Assessing health status and quality-of-life instruments: Attributes and review
criteria. Quality of Life Research. 2002;11(3):193.
Kirschner BG, Guyatt G. A methodological framework for assessing health indices. Journal of Chronic Diseases. 1985;38:27-36.
Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker J, et al.
Quality criteria were proposed for measurement properties of health status questionnaires. Journal of Clinical Epidemiology. 2007;60(1):34-42.
Lohr KN, Aaronson NK, Alonso J, Burnam MA, Patrick DL, Perrin EB, et al. Evaluating
quality of life and health status instruments: development of scientific review criteria.
Clinical Therapeutics 1996;18(5):979-92.
de Vet HC, Terwee CB, Knol DL, Bouter LM. When to use agreement versus reliability
measures. Journal of Clinical Epidemiology. 2006;59:1033-9.
Deyo RA, Centor RM. Assessing the responsiveness of functional scales to clinical change: An analogy to diagnostic test performance. Journal of Chronic Diseases.
1986;39(11):897-906.
van de Windt DA, van der Heijden GJ, de Winter AF, Koes BW, Deville W, Bouter
LM. The responsiveness of the Shoulder Disability Questionnaire. Ann Rheum Dis. 1998
February 1, 1998;57(2):82-7.

Quality criteria and user-friendliness in self-reported questionnaires on
cancer-related fatigue: a review

3

71

Appendix 2: Brief Fatigue Inventory (BFI)
Throughout our lives, most of us have times when we feel very tired or fatigued.
Have you felt unusually tired or fatigued in the last week?
Yes O		
No O
1. Please rate your fatigue (weariness, tiredness) by circling the one number
that best describes your fatigue right NOW.
0
1
2
3
4
5
6
7
8
9
10
No						
As bad as
fatigue						
you can imagine
2. Please rate your fatigue (weariness, tiredness) by circling the one number that
best describes your USUAL level of fatigue during past 24 hours.
0
1
2
3
4
5
6
7
8
9
10
No						
As bad as
fatigue						
you can imagine
3. Please rate your fatigue (weariness, tiredness) by circling the one number that
best describes your WORST level of fatigue during past 24 hours.
0
1
2
3
4
5
6
7
8
9
10
No 						
As bad as
fatigue						
you can imagine
4. Circle the one number that describes how, during the past 24 hours,
fatigue has interfered with your:
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A. General activity
0
1
2
3
4
5
6
7
8
Does not interfere				

9

10
Completely Interferes

B. Mood
0
1
2
3
4
5
6
7
8
Does not interfere				

9

10
Completely Interferes
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C. Walking ability
0
1
2
3
4
5
6
7
8
Does not interfere				

9

10
Completely Interferes

D. Normal work (includes both work outside the home and daily chores)
0
1
2
3
4
5
6
7
8
9
10
Does not interfere				
Completely Interferes
E. Relations with other people
0
1
2
3
4
5
6
7
8
Does not interfere				

9

10
Completely Interferes

F. Enjoyment of life
0
1
2
3
4
5
6
7
8
Does not interfere				

9

10
Completely Interferes
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Appendix 3: Fatigue Symptom Inventory (FSI)
For each of the following, circle the one number that best indicates how that item
applies to you.
1. Rate your level of fatigue on the day you felt most fatigued during the past week.
0
1
2
3
4
5
6
7
8
9
10
Not at all 					
As fatigued as
fatigued						
I could be
2. Rate your level of fatigue on the day you felt least fatigued during the past week.
0
1
2
3
4
5
6
7
8
9
10
Not at all 					
As fatigued as
fatigued					
I could be
3. Rate your level of fatigue on the average in the last week.
0
1
2
3
4
5
6
7
8
9
10
Not at all 					
As fatigued as
fatigued						
I could be
4. Rate your level of fatigue right now.
0
1
2
3
4
5
6
7
8
Not at all 					
fatigued						

9

10
As fatigued as
I could be

5. Rate how much, in the past week, fatigue interfered with your general level of
activity.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference					
interference
6. Rate how much, in the past week, fatigue interfered with your ability to bathe
and dress yourself.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference					
interference
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7. Rate how much, in the past week, fatigue interfered with your normal work activity
(includes both work outside the home and housework).
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference 					
interference
8. Rate how much, in the past week, fatigue interfered with your ability to concentrate.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference 					
interference

3

9. Rate how much, in the past week, fatigue interfered with your relations with
other people.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference 					
interference
10. Rate how much, in the past week, fatigue interfered with your enjoyment of
life.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference					
interference
11. Rate how much, in the past week, fatigue interfered with your mood.
0
1
2
3
4
5
6
7
8
9
10
No 						
Extreme
interference					
interference
12. Indicate how many days, in the past week, you felt fatigued for any part of the
day.
0
1
2
3
4
5
6
7
Days				
Days
13. Rate how much of the day, on average you felt fatigued in the past week.
0
1
2
3
4
5
6
7
8
9
10
None of 					
The entire
the day						
day
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The effect of physical exercise
on cancer-related fatigue during
cancer treatment:
a meta-analysis of randomised
controlled trials

chapter 4
Manuscript based on this chapter: Velthuis MJ,
Agasi-Idenburg SC, Aufdemkampe G, Wittink
HM. The effect of physical exercise on cancer
related fatigue during cancer treatment: a metaanalysis of randomised controlled trials. Clin
Oncol (R Coll Radiol) 2010, 22(3):208-21.

Abstract
The aim of this meta-analysis was to evaluate the effects of different exercise prescription parameters during cancer treatment on cancer-related fatigue (CRF). We
also aimed to gain insight into the safety and feasibility of exercise during adjuvant cancer treatment. A systematic search of CINAHL, Cochrane Library, Embase, Medline,
Scopus and PEDro was carried out. Randomised controlled trials studying the effects
of exercise during cancer treatment on CRF were included. In total, 18 studies (12 in
breast, four in prostate and two in other cancer patients) met all the inclusion criteria.
During breast cancer treatment, home-based exercise lead to a small, non-significant
reduction (standardised mean difference 0.10, 95% confidence interval -0.25 to 0.45),
whereas supervised aerobic exercise showed a medium, significant reduction in CRF
(standardised mean difference 0.30, 95% confidence interval 0.09 to 0.51) compared
with no exercise. A subgroup analysis of home-based (n = 65) and supervised aerobic
(n = 98) and resistance exercise programmes (n = 208) in prostate cancer patients
showed no significant reduction in CRF in favour of the exercise group. Adherence
ranged from 39% of the patients who visited at least 70% of the supervised exercise
sessions to 100% completion of a home-based walking programme. In more than
half the studies (12 of 18; 67%) adverse events were reported. Eight events in total
(0.72%) occurred in these studies.
Key words
Exercise therapy, fatigue, neoplasm, randomised controlled trials
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Statement of Search Strategies Used and Sources of
Information
The following databases were used to obtain relevant studies for this meta-analysis: CINAHL (1982–2008), Cochrane Library (1993–2008), Embase (1947–2008),
Scopus (1966–2008), PEDro (1929–2008), Medline (1950–2008). The current controlled register (http://www.controlled-trials.com) was checked. Four experts who
published on this subject were contacted with the question whether they were aware
of any published or unpublished randomised controlled trial that should be included
in this meta-analysis. The reference lists of identified studies were searched for additional relevant studies.

Introduction
In Western societies one in three people will experience cancer once in their lifetime 1. One of the most frequently reported complaints of patients with cancer is fatigue 2. The National Comprehensive Cancer Network defines cancer-related fatigue
(CRF) as a distressing, persistent, subjective sense of physical, emotional and/or cognitive tiredness or exhaustion related to cancer or cancer-related treatment that is
not proportional to recent activity and interferes with usual functioning 3. High levels
of fatigue during or after cancer treatment are reported by 60-96% of patients 4,5.

4

According to recent research, physical exercise shows promise in preventing and
reducing complaints of CRF 6-11. The rationale supporting exercise interventions for
CRF is based on the proposition that the combined effect of the disease, the medical intervention and a decreased level of activity during treatment causes a reduction in physical capacity 4,5,12. A workload of about 40% of maximal oxygen uptake
(VO2 peak) can be sustained throughout the day without premature fatigue 13. When
physical capacity is reduced, the workload of normal physical activities demands a
relatively higher percentage of physical capacity, resulting in premature fatigue. Physical exercise of sufficient frequency, intensity and duration improves physical capacity
through increased cardiac output and increased capillarisation, increased number of
mitochondria and mitochondrial activity in the periphery, thereby it may lead to a
reduction or prevention of CRF 6-11.
In the past, physicians advised patients with cancer to avoid physical activity. Despite
the fact that more recent investigations show the benefits of early mobilisation, starting during cancer treatment, nowadays early physical exercise is still not an inherent
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part of cancer care 6-11. In order to integrate exercise in regular cancer care effectively, more evidence for different exercise prescription parameters (population, exercise
type, intensity, duration, frequency and setting) and feasibility and safety of exercise
during cancer treatment, is necessary.
A meta-analysis that provides evidence that exercise is beneficial in the management
of CRF, also during cancer treatment, has recently been published 11. This metaanalysis includes studies during or after cancer treatment describing adults of any
age, regardless of gender, tumour type, tumour stage and type of cancer treatment.
Interventions could take place in any setting and included all types of exercise. This
meta-analysis did not provide detailed information about the safety and feasibility of
exercise during cancer treatment. The authors of this meta-analysis recommended
further work to determine the most effective parameters of exercise for fatigue
management. This recommendation is supported by non-cancer studies that also
showed that the effectiveness of exercise is influenced by the frequency, intensity,
type and duration of exercise 14-16.
The general exercise prescription for people undertaking or having completed cancer
treatment is low to moderate intensity, regular frequency (3-5 times/week) for at
least 20 minutes per session, involving aerobic, resistance of mixed exercise types 17.
Future work needs to push the boundaries of this exercise prescription, so that we
can better understand what constitutes optimal, desirable and necessary frequency,
duration, intensity and type, and how specific characteristics of the individual (e.g.
age, cancer type, treatment, presence of specific symptoms) influence this prescription 17.
We systematically evaluated and summarised the evidence from randomised controlled trials that have investigated the effectiveness of exercise during cancer treatment
on reducing CRF. In addition to prior meta-analyses that proved the effectiveness of
exercise during cancer treatment, our meta-analysis aimed to evaluate the short term
and long term effects of different exercise prescription parameters during adjuvant
treatment on CRF. We also aimed to gain insight into the safety and feasibility of
exercise during adjuvant cancer treatment.
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Methods
The Quality Of Reporting Of Meta-analyses guidelines were used.
Search strategy
A computer-aided search of CINAHL (1982-2008), Cochrane Library (1993-2008),
Embase (1947-2008), Medline (1950-2008), Scopus (1966-2008) and PEDro (19292008) was performed. Search terms related to cancer (e.g. neoplasm, cancer,
oncology, tumour), adjuvant treatment (e.g. chemotherapy, radiotherapy, hormon*),
exercise (cycle, train*, walk, exercise) and fatigue were used. A search filter for
Randomised Controlled Trials was used 18. The reference lists of identified studies
were searched for additional relevant studies. The current controlled trials register
(http://www.controlled-trials.com) was checked and four experts who published on
this subject were contacted with the question whether they were aware of any published or unpublished RCT’s that should be included in this meta-analysis.

4

Inclusion criteria
Types of study
We included randomised controlled trials (RCT’s) only.
Types of participants
We included studies that evaluated the effects of exercise on CRF in adults of any
age, regardless of tumour type, tumour stage and type of cancer treatment. Patients
had to actively receive adjuvant treatment for cancer.
Types of interventions
The included studies examined the effects of an exercise intervention during cancer
treatment. We defined exercise during cancer treatment as an overlap of 50% or
more of the exercise intervention with the cancer treatment period. We defined the
cancer treatment period as the period between treatment initiation and either:
a) 1 week after the last radiation treatment (RT), b) three weeks after the last intravenous chemotherapy treatment (CT) or c) three weeks after the cessation of
hormone therapy 19.
The studies compared exercise with no exercise, a usual care group without emphasis on physical exercise or a different, non-exercise, intervention (e.g. advice). The
intervention could take place in any setting, be delivered to a group or individual and
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could be supervised or unsupervised. All types of physical exercise were included,
including aerobic exercise, strength training, flexibility exercises or combinations of
these exercises.
Types of outcome measure
The outcome of interest was patient-reported fatigue by means of reliable and valid
measurement instruments.
No language restrictions were used.
Selection of trials and data extraction
Two independent reviewers (CA, MV) screened the titles and abstracts of identified
studies for eligibility. Papers that seemed to be relevant were obtained, and the full
text articles were screened by the two independent reviewers for inclusion. Disagreement between reviewers was resolved by discussion. Included trials were summarised in data extraction forms. Authors were contacted when relevant data were
missing.
Quality assessment
Two reviewers (CA, MV) independently rated the methodological quality of included
studies using the Physiotherapy Evidence Database (PEDro) Scale 20. This scale was
chosen since it is valid for assessing the quality of a RCT and has been widely used in
other rehabilitation and physiotherapy reviews. The PEDro Scale consists of eleven
items 20: specification of eligibility criteria (not rated and taken into account in PEDro
score); use of randomisation; concealed allocation; similarity of groups at baseline
regarding the most important prognostic factors; blinding of subjects; blinding of
therapists; blinding of assessors; obtainment of key outcome measures from more
than 85% of the subjects; use of an intention to treat analysis; reporting of results
of between-group statistical comparisons of at least one key outcome measure and
reporting of point estimates and measures, resulting in a score ranging from 0-10. As
it was considered that blinding of subjects and therapists was not feasible for exercise
interventions, we omitted these items 21. One point was awarded when an item was
present, resulting in a range of scores from 0 to 8. As proposed by van Peppen
et al. 22, we used a score of 4 points as a cut off: below 4 points the study was considered to be of low methodological quality. Percentage agreement and Cohen’s Kappa
were calculated using the Statistical Package for the Social Sciences (SPSS for Windows, version 14.0; SPSS Inc., Chicago, Illinois, USA).
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Data analyses
Study results were pooled, when appropriate, by cancer diagnosis, home-based versus supervised exercise programmes and type of exercise. Considering clinical
heterogeneity due to differences in exercise duration, frequency and intensity, random effect models were planned a priori. Statistical heterogeneity among the studies
was assessed using a χ2 test. A p-value < 0.10 indicated significant heterogeneity. In
case of significant heterogeneity, a post hoc sensitivity analysis without the outlying
studies was carried out. We summarised the study results by using the standardised
mean difference (SMD) (small effect size: 0.1 to 0.3, medium effect size: 0.3 to 0.6:
large effect size: ≥ 0.6) 23. Review Manager (RevMan 4.2, The Cochrane Collaboration, Oxford, England) was used to carry out the meta-analysis.

4

Results
Study characteristics
We identified 1097 articles of which 50 were potentially relevant after screening title
and abstract. Applying our inclusion criteria led to inclusion of 19 articles describing
the results of 18 studies involving 1109 participants (see Figure 1). As only one study
described the long term effects, we decided to limit our meta-analysis to the short
term effects 24. Of the 18 studies included in this meta-analysis, 12 studies examined
the short term effects of exercise during breast cancer treatment 25-36 and six studies during treatment of other cancers (multiple myeloma (n=1), acute myelogenous
leukaemia (n=1) and prostate cancer (n=4)) 37-42. Nine studies investigated the effects of an individualised home-based exercise programme 25-31,37,42, while nine trials
studied the effects of a supervised exercise programme 32-36,38-41. CRF was assessed
using the following questionnaires: Piper Fatigue Scale (PFS) (two studies 29,30), revised
Piper Fatigue Scale (r-PFS) (six studies 25,26,31,32,36,39), the Functional Assessment Cancer Therapy-Fatigue and Anaemia scale (FACT-F and FACT-A) (four studies 33,35,40,41),
Profile of Mood States (POMS) (two studies 29,37), Functional Assessment Cancer
Therapy-Fatigue (FACIT-F) (one study 27), Brief Fatigue Inventory (BFI) (three
studies 34,38,42) and the Symptom Assessment Scale (SAS) (one study 28).
Methodological quality
Kappa statistics for agreement between reviewers on methodological quality was 0.7
(SE 0.06). The reviewers agreed on 125 of the 144 items of the PEDro scale (87%).

The effect of physical exercise on cancer-related fatigue during cancer treatment:
a meta-analysis of randomised controlled trials

83

The median score for methodological quality of all included studies was 5.5 (range
PEDro score 2-8) (see Table 1). Three studies had a low methodological
quality (PEDro score < 4) 27,31,37. The low quality studies did not present any information about the similarity of groups at baseline, blinding of the assessors, results of an
intention to treat analysis and results of between-group statistical comparisons. The
remaining 15 studies were considered of a high methodological quality (PEDro score
≥ 4). Three studies with blind assessment of the outcome received a PEDro score of
8 (maximum quality) 25,35,40.

Considered for inclusion: n = 1097

Excluded on title and abstract: n=1047

Included on title and abstract: n=50

Excluded on reading full text: n=31
Reason for exclusion:
patients: n=1; intervention: n=4 ; double: n=3; outcome: n=8;
design, no RCT: n=14; no full text: n=1

Included in systematic review: n=19 articles describing n=18 trials

Trials of breast cancer patients: n=12

Trials of other cancer patients: n=6

• home-based exercise: n=7

• multiple myeloma: n=1

• supervised exercise: n=5

• acute myelogenous leukemia: n=1
• prostate cancer: n=4

Figure 1: Flow diagram for trial identification and selection
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Table 1 Methodological quality
Article

Total

1

2

3

4

5

6

7

8

Randomised controlled trials in breast cancer patients
home-based exercise programme
Crowley 25

8/8

+

+

+

+

+

+

+

+

Drouin 26

6/8

+

-

+

-

+

+

+

+

Headley

2/8

+

-

-

-

-

-

-

+

Mock 1994 28

4/8

+

-

+

-

-

-

+

+

Mock 2001

29

6/8

+

+

+

-

+

-

+

+

Mock 2005 30

6/8

+

+

-

-

+

+

+

+

Payne

3/8

+

-

-

-

+

-

+

-

27

31

Randomised controlled trials in breast cancer patients
supervised exercise programme
Battaglini 36

5/8

+

-

+

-

+

-

+

+

Campbell 32

4/8

+

-

-

-

+

-

+

+

Courneya

+

-

-

+

+

+

+

6/8

+

34

5/8

+

-

+

-

+

-

+

+

Mutrie 35

8/8

+

+

+

+

+

+

+

+

Hwang

33

4

Randomised controlled trials in prostate cancer patients
4/8

+

-

+

-

-

-

+

+

40

8/8

+

+

+

+

+

+

+

+

Segal 2009 41

7/8

+

+

+

-

+

+

+

+

Windsor

6/8

+

-

+

-

+

+

+

+

Monga 39
Segal 2003
42

Randomised controlled trials in other cancer patients
multiple myeloma
Coleman 37

3/8

+

+

-

-

-

-

-

+

+

-

+

-

+

-

+

+

acute myelogenous leukaemia
Chang 38

5/8

1) use of randomisation; 2) allocation was concealed; 3) similarity of groups at baseline
regarding the most important prognostic factors; 4) blinding of assessors; 5) obtainment
of key outcome measures from more than 85% of the subjects; 6) use of an intention
to treat analysis; 7) reporting of results of between-group statistical comparisons of at
least one key outcome measure; 8) reporting of point estimates variability
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Randomised controlled trials in breast cancer patients
Twelve studies investigated the effect of exercise during adjuvant treatment of breast
cancer (see Table 2 and 3) 25-36. The exercise intervention was home-based and self
monitored in seven studies (see Table 2) 25-31 and supervised in five studies (see Table
3) 32-36. The pooled results of all studies in breast cancer patients (674 patients included in the analysis) showed a small-sized, significant reduction of CRF in favour of the
exercise group (SMD 0.29, 95% CI 0.06 to 0.52) (see Figure 2). Since heterogeneity
was evident (p=0.08), we performed a sensitivity analysis without the outlying study
of Battaglini et al. 36. This reduced the effect, although it remained significant (n=654,
heterogeneity p=0.82, SMD 0.22, 95% CI 0.06 to 0.37).
Home-based exercise
The mean age of the patients participating in home-based exercise was 52 years
(range: 28-78 yrs). The included patients were diagnosed with stage 0-III breast cancer in all but one study that investigated the effect of exercise in advanced breast
cancer (stage IV) 27,36. In one study the tumour stage was not reported 31. Patients
included in home-based exercise studies underwent hormonal therapy (one
study) 31, radiotherapy only (one study) 26, chemotherapy only (two studies) 27,28, and
radiotherapy or chemotherapy (two studies) 29,30.
In most studies the home-based exercise intervention consisted of walking 25,26,28-31, in
one study combined with resistance exercises 25. Patients walked between three and
six times for 10-45 minutes per week. The intensity of exercise varied between “at
own desired pace” to 70% of maximum heart frequency (HRmax) adjusted for age.
In the only study in patients with advanced breast cancer, the home-based exercise
programme consisted of seated exercises 27. Home-based exercise was mostly (in
five of seven studies) offered for the duration of the radiotherapy (6-7 weeks) or the
chemotherapy (3-6 months) 26-30.
Participants allocated to the control group received usual care in all but one study 26.
In this study the control group was given a placebo stretching protocol 26.
The completion rate or adherence to the exercise programme was reported in all but
one study 25. Between 70 and 100% of the participants were reported to have completed the home-based exercises. The occurrence of adverse events was reported in
four studies 26-28,30. Three of those studies reported there were no adverse events, in
the fourth study only one adverse event was reported: one patient needed to stop
the exercise programme due to over exercising (shoulder tendonitis) 26.
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Radiotherapy
(58%)
Chemotherapy
(42%)

Total: 108
I: 54
C: 54

Total: 18
I: 9
C: 9

Mock 2005 30

Payne 2008 31

Total: 32
I: 16
C: 16

Total: 22
I: 13
C: 9

Chemotherapy

Chemotherapy

Stage IV
Age: mean 51
(range 37-73)

Stage I to II
Age: range 36-58

Stage not reported
Age: mean 65
(range 56-78)

Stage 0 to III
Age: mean 52
(range 30-69)

Stage I, II, IIIa
definitive surgery
Age: mean 48
(range 28-75)

Stage I to II
Age: mean 44
(range 34-61)

Stage 0 to III
Age: mean 50
(range 35-65)

Patient
Characteristics

I: seated exercise
programme
C: usual care

I: aerobic exercise
(walking) and resistance
C: usual care

I: aerobic exercise
(walking)
C: usual care

I: aerobic exercise
(walking)
C: usual care

I: aerobic exercise
(walking)
C: usual care

I: aerobic exercise
(walking) + support
group
C: usual care

I: aerobic exercise
(walking)
C: stretching

Intervention

Duration of
four cycles of
chemotherapy

13 weeks

14 weeks

Duration of
radiotherapy
(6 weeks) or
chemotherapy
(3-6 months)

Duration of
radiotherapy
(6 weeks) or
chemotherapy
(4-6 months)

Duration of
chemotherapy
(4-6 months)

Duration of
radiotherapy
(7 weeks)

Duration
intervention

not reported

75% adherence

SAS

PFS
POMS

PFS

r-PFS

r-PFS

FACIT-F

I: 4-5x per week,
10-45 min brisk
walking.
Support group: 1x per
2 weeks, 90 min
I: 5-6x per week
10-30 min

I: 5-6x per week
50-70% HRmax,
15-30 min

I: 4x per week, 20 min

I: 3-5x per week
60% HRmax

I: 3x per week, 30 min
5 min warm up, 20
min moderate intensity repetitive motion
exercises, 5 min cool
down

90% completed intervention

45 (75%) completed
intervention (engaged in
≥ 60 min aerobic exercise
per week for 67% of duration trial)

70% completed intervention (≥ 90 min. 3 sessions
per week)

9 (100%) completed
intervention (≥ 30 min, ≥
3x per week)

100% completed intervention

r-PFS

I: 3-5x per week,
20-45 min
50-70% HRmax
C: 3-5x per week

Completion Exercise
(n(%))

Assesment
Fatigue

Intensity

0

not reported

not reported

0

not reported

0

1 over exercised,
shoulder tendonitis

Adverse events
(n)

I=intervention group, C=control group, HRmax=maximal heart frequency, POMS=Profile of Mood States, r-PFS=revised Piper Fatigue Scale, PFS= Piper Fatigue scale, SAS=Symptom Assessment Scale,
FACIT-F= Functional Assessment of Chronic Illness Therapy-Fatigue

Headley 27

Seated exercises

Crowley 25

Aerobic and resistance exercises

Radiotherapy
(64%)
Chemotherapy
(36%)

Total: 48
I: not
reported
C: not
reported

Mock 2001 29

Hormonal
therapy

Chemotherapy

Total: 14
I: 9
C: 5

Mock 1994 28

Radiotherapy

Adjuvant
treatment

Total: 20
I: 13
C: 7

Population (n)

Drouin 26

Aerobic exercises

Reference

Table 2: Randomised controlled trials in breast cancer patients (home-based exercise)
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The pooled results of two high quality studies out of seven studies describing a
home-based exercise programme (128 patients included in the analysis), showed
a small, non significant reduction in CRF (SMD 0.10, 95% CI -0.25 to 0.45)
(heterogeneity: p = 0.77) (see Figure 2) 26,30. The data of three high quality studies
(84 patients in total) 25,28,29 and two low quality studies (50 patients in total) 27,31
could not be included in the pooled analysis, since we were not able to obtain the
data from the researchers.
Supervised exercise programmes
The mean age of the participants in supervised exercise programmes was 50 years
(range: 25-78 yrs). Patients included in supervised exercise programmes were diagnosed with stage 0-III breast cancer. In one study, tumour stage was not reported 34.
Patients were treated with radiotherapy only (one study) 34 or chemotherapy only
(one study) 33. In the remaining three studies patients treated with radiotherapy only,
chemotherapy only as well as patients treated with a combination of radiotherapy
and chemotherapy were included 32,35,36.
Three supervised exercise interventions consisted of aerobic exercises 32,33,35.
Courneya et al. 33 described a three-armed study, one intervention group performing aerobic exercises; one intervention group performing resistance exercises and
a control group. Battaglini et al. 36 and Hwang et al. 34 combined aerobic exercises
with stretching and resistance exercises in their exercise intervention. The exercise
programmes were offered two or three times a week. Aerobic exercises were performed with an intensity of 40%-80% HRmax adjusted for age for a duration of 10 to
30 minutes. The resistance exercises were performed with an intensity of 60-70% of
one repetition maximum (2 x 12 repetitions). In two studies, duration (15 to 30 minutes) instead of intensity of the resistance exercises was presented 34,36. Participants
allocated to the control group received usual care in all but one study 34. In the study
of Hwang et al. 34 the control group was given advice.
The completion rate or adherence to the exercise programme was reported in all but
one study 36. The supervised exercise programme was completed by 39-100% of the
participants. The occurrence of adverse events was reported in four studies 32-35. In
only one of these four studies, two patients reported adverse events after baseline
maximal exercise testing, namely light headedness and dizziness 33.
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Population
(n)

Radiotherapy (28%)
Chemotherapy (8%)
Radiotherapy +
Chemotherapy
(64%)

Total: 174
I: 82
C: 92

Mutrie 35

Total: 149
I: 76
C: 73

Total: 37
I: 17
C: 20

Hwang 34

Radiotherapy

Radiotherapy
Chemotherapy
Radiotherapy +
Chemotherapy
Stage not
reported
Age: mean 46
(range 29-66)

Stage M0
Age: mean 57
(range 35-70)

Stage I to IIIa
Age: mean 49
(range 25-78)

Stage 0 - III
Age: mean 52
(range 29-76)

Stage I to IIIa
Age: mean 49
(range 25-78)

Stage I to III
Age: mean 48
(range 32-68)

Patient
Characteristics

I: aerobic exercise +
resistance exercise
+ stretching
C: advise

I: aerobic exercise +
resistance exercise
+ stretching
C: usual care

I: resistance exercise
C: usual care

I: usual care +
exercise class
(aerobic exercise)
C: usual care

I: aerobic exercise
C: usual care

I: usual care +
exercise class
(aerobic exercise)
C: usual care +
monitoring

Intervention

5 weeks

15 weeks

Duration of
chemotherapy

12 weeks

Duration of
chemotherapy

12 weeks

Duration
intervention

Assesment
Fatigue

r-PFS

FACT-A

FACT-F

FACT-A

r-PFS

BFI

Intensity

I: 2x per week, 5 min warm up, 10-20
min exercise(varied aerobic exercises
60-75% HRmax), cool down

I: 3x per week 60-80%
VO2max, 15-45 min

I: 3x per week
(1x home-based)
5-10 min warm up, 20 min exercise
(varied: aerobic exercise 50-75% HRmax), cool down. Group discussion

I: 3x per week 2 x 12 repetitions 6070% 1-RM

I: 2x per week, max 60 min: 6-12 min
cardiovascular activity, 40-60% HRmax.
5-10 min stretching, 15-30 min resistance exercises, 8 min cool down
I: 3x per week
10 min warm up, 30 min exercise
(stretching shoulders, treadmill walking,
bicycling and resistance exercises), 10
min cool down

I: 17 (100%)
completed
intervention

not reported

I: 56 (68%)
completed
intervention
(≥ 66% exercise)

I: 39 (39%)
completed
intervention
(≥ 70% exercise)

I: 56 (72%)
completed
intervention
(≥ 66% exercise)

I: 10 (83%)
completed
intervention
(≥ 70% exercise)

Completion
Exercise (n(%))

0

not reported

2 after baseline maximal
exercise testing
- light headed hypotensive,
moderately nauseous
-dizziness, weakness, mild
diarrhoea

0

2 after baseline maximal
exercise testing
- light headed hypotensive,
moderately nauseous
-dizziness, weakness, mild
diarrhoea

0

Adverse events (n)

I=intervention group, C=control group, HRmax=maximal heart frequency, VO2max=maximum oxygen uptake, 1-RM=one repetition maximum, r-PFS=revised Piper Fatigue Scale, BFI=Brief Fatigue Inventory, FACTF=Functional Assessment Cancer Therapy-Fatigue, FACT-A= Functional Assessment Cancer Therapy-Anaemia

Total: 20
I: 10
C: 10

Battaglini 36

Aerobic and resistance exercises

Courneya 33

Chemotherapy

Chemotherapy

Total: 147
I: 74
C: 73

Courneya 33

Resistance exercises

Radiotherapy (27%)
Chemotherapy
(27%)
Radiotherapy +
Chemotherapy
(45%)

Total: 19
I: 10
C: 9

Adjuvant
treatment

Campbell 32

Aerobic exercises

Reference

Table 3: Randomised controlled trials in breast cancer patients (supervised exercise)

4

89

Figure 2: Randomised controlled trials in breast cancer patients (home-based and
supervised exercise)
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The results of the supervised exercise studies were pooled for studies describing
supervised aerobic; resistance and combined aerobic and resistance exercise programmes separately. The pooled results of three high quality studies (340 patients
included in analysis) describing a supervised exercise programme consisting of aerobic exercises showed a medium-sized and significant reduction of CRF in favour of
the exercise groups (SMD 0.30, 95% CI 0.09 to 0.51) (heterogeneity: p = 0.46) (see
Figure 2) 32,33,35. The results of an individual high quality study (n=149 patients)
describing a supervised exercise programme consisting of resistance exercises showed
a small, non-significant reduction in CRF in favour of the exercise group (SMD 0.13,
95% CI -0.20 to 0.45) 33. The pooled results of two high quality studies (57 patients
included in analyses) describing a combination of resistance and aerobic exercises
showed a large-sized, although non significant reduction of CRF in favour of the
exercise group (SMD 1.04, 95% CI -0.71 to 2.80) 34,36. Because statistical heterogeneity was present (p = 0.006), we carried out a sensitivity analysis in which we
excluded the outlying study of Battaglini et al. 36. This reduced the effect to a smallsized and non-significant reduction of CRF (n=37 patients, SMD 0.20, 95% CI -0.45
to 0.85).

4

Randomised controlled trials in prostate cancer patients
Four studies investigated the effect during adjuvant treatment of prostate cancer (see
Table 4) 39-42. The exercise intervention was home-based in one study 42 and supervised in three studies 39-41. The pooled results of these four high quality studies in
prostate cancer patients (heterogeneity p=0.18, 371 patients included in the analysis)
showed a medium-sized, significant reduction of CRF in favour of the exercise group
(SMD 0.32, 95% CI 0.05 to 0.59) (see Figure 3) 39-42.
Home-based exercise
In one high quality study patients with prostate cancer (n=65, mean age 69 yrs (5282 yrs, localised prostate cancer) allocated to the intervention group were offered a
home-based exercise programme during radiotherapy 42. The exercise intervention
consisted of walking three times a week, 30 minutes with an intensity of 60%-70%
HRmax, for the duration of the radiotherapy. Participants allocated to the control
group received usual care.
All patients (100%) completed the exercise intervention. They walked for at least 1.5
hour per week. The occurrence of adverse events was not reported. The results of
the individual study (n=65) of home-based exercise during prostate cancer treatment

The effect of physical exercise on cancer-related fatigue during cancer treatment:
a meta-analysis of randomised controlled trials

91

showed a medium-sized, although non-significant reduction of CRF in favour or the
exercise group (SMD 0.33 (-0.16 to 0.82)) (see Figure 3).
Supervised exercise programmes
The three high quality studies in patients with prostate cancer investigated effectiveness of supervised exercise during radiotherapy and androgen deprivation therapy 39-41. The exercise programme during radiotherapy was offered for the duration
of the radiotherapy 39. The exercise programmes during radiotherapy with or without androgen therapy or during androgen therapy had a fixed duration of 12 and
24 weeks 40,41. The mean age of the participants diagnosed with prostate cancer in
supervised exercise programmes was 68 years (n=331, (range: 44-85 yrs)). Tumour
stage differed between localised and stage I to IV prostate cancer.
In two studies, patients allocated to the intervention group participated three times
a week in a supervised exercise programme consisting of aerobic exercises with an
intensity of respectively 65% of the maximum heart frequency (HRmax) adjusted for
age and 50%-75% of the VO2peak (15-45 minutes) 39,41.
In two supervised exercise programmes the intervention consisted of resistance
exercises two or three times a week with an intensity of two sets of 8-12 repetitions
at 60%-70% of one repetition maximum 40,41.
Participants allocated to the control group received usual care in these studies.
The completion rate or adherence to the exercise programme was reported in two
out of three studies 39,40. Eighty two of the participants were reported to have completed the supervised exercise programme 39. Segal et al. 40 reported an attendance
of 79%. Two studies described the occurrence of adverse events of the exercise programme 40,41. Four adverse event were reported, a knee injury, chest pain, syncope
and an acute myocardial infarction.
The results of the supervised exercise studies were pooled for studies describing
aerobic exercise and resistance exercise programmes separately. The pooled results
from the two high quality studies (98 patients included in the analysis) after supervised
aerobic exercise in prostate cancer patients, showed a large-sized, although non-significant reduction of CRF in favour of the exercise group (SMD 0.76, 95% CI -0.42 to
1.93) (see Figure 3) 39,41. Because statistical heterogeneity was present (p=0.03), we
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Population
(n)

Adjuvant
treatment

Total: 65
I: 32
C: 33

Radiotherapy
(external beam)

Total: 77
I: 37
C: 40

Segal 2009 41

Radiotherapy with
or without hormonal therapy

Radiotherapy

Radiotherapy with
or without hormonal therapy

Total: 73
I: 33
C: 40

Segal 2009 41

Stage I-IV
Age: mean 66
(SD 7.0)

Stage I-IV
Age: mean 68
(range 44-85)

Stage I-IV
Age: mean 66
(SD 7.0)

Stage localised
Age: mean 69
(range 62-80)

Stage localised
Age: mean 69
(range 52-82)

Patient
Characteristics

I: resistance exercise
C: usual care

I: resistance exercise
C: waiting list

I: aerobic exercise
C: usual care

I: aerobic exercise
C: usual care

I: aerobic exercise
(walking)
C: usual care

Intervention

24 weeks

12 weeks

24 weeks

Duration of
radiotherapy
(8 weeks)

Duration of
radiotherapy

Duration
intervention

Assesment
Fatigue

BFI

r-PFS

FACT-F

FACT-F

FACT-F

Intensity

I: 3x per week, 30 min, 60-70% HRmax

I: 3x per week, warm up, 30 min walking
(65% HRR), cool down
I: 3x per week, 15-45 min, 50-75% VO2max

I: 3x per week, 9 resistance exercises,
2x12 repetitions, 60-70% 1-RM
C: same after 12 week waiting period
I: 2x per week, 2x 8-12 repetitions, 6070% 1-RM

not reported

attendance 79%
(28 of 36 sessions)

not reported

I: 9 (82%)
completed
intervention

32 (100%)
completed
intervention
(≥ 1.5h exercise
per week)

Completion
Exercise (n(%))

1: chest pain

1: knee injury

2: syncope; acute myocardial infarction

not reported

not reported

Adverse events (n)

I=intervention group, C=control group, HRmax=maximal heart frequency, HRR=heart rate reserve, VO2max=maximum oxygen uptake, 1-RM=one repetition maximum, r-PFS=revised Piper Fatigue Scale, BFI=Brief
Fatigue Inventory, FACT-F=Functional Assessment Cancer Therapy-Fatigue

Androgen deprivation therapy

Total: 135
I: 74
C: 61

Segal 2003 40

Supervised resistance exercises

Total: 21
I: 11
C: 10

Monga 39

Supervised aerobic exercises

Windsor 42

Home-based aerobic exercises

Reference

Table 4: Randomised controlled trials in prostate cancer patients
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Figure 3: Randomised controlled trials in prostate cancer patiens
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carried out a sensitivity analysis in which we excluded the outlying study of Monga
et al 39. This reduced the effect to small-sized and a non-significant reduction of CRF
(n=77 patients, SMD 0.23, 95% CI -0.21 to 0.68).
The pooled results of two high quality studies (208 patients included in the analysis,
heterogeneity p=0.49) studying resistance exercises showed a small-sized, nonsignificant reduction of CRF in favour of the resistance exercise group (SMD 0.20,
95% CI -0.07 to 0.47) (see Figure 3) 40,41.

Randomised controlled trials in other cancer patients
Two studies have been carried out in cancer other than breast and prostate cancer:
one study in patients with multiple myeloma 37 and one study in acute myelogenous
leukaemia 38 (see Table 5).

4

Multiple myeloma
In the low quality study in patients with multiple myeloma (n=21, mean age 55 yrs
(range 42-74 yrs), tumour stage not reported), participants allocated to the intervention group were offered a home-based exercise programme during chemotherapy
and peripheral blood stem cell transplantation 37. The exercise programme consisted
of a combination of aerobic and resistance exercises, three times a week, 20 minutes,
for the duration of the chemotherapy (± six months). Participants allocated to the
control group received usual care and encouragement to remain active.
The completion rate or adherence to the exercise programme was not reported.
One adverse event was reported: a broken central venous catheter stick. Results of
this individual low quality study in patients with multiple myeloma showed a small,
non-significant reduction in CRF in favour of the exercise group (SMD 0.17, 95% CI
-0.74 to 1.08) 37.
Acute myelogeous leukaemia
In the high quality study in patients (n=22, mean age 51 (range 22-77 yrs) with acute
myelogeous leukaemia, participants allocated to the intervention group were offered
a three week supervised walking programme during chemotherapy 38. Participants
walked five times a week 12 minutes in the hospital hallway, intensity was not reported. Participants allocated to the control group received usual care and were visited
by a research assistant.
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Population
(n)

Total: 21
I: 14
C: 7

Chemotherapy
+ tandem
peripheral
blood stem cell
transplantation

Adjuvant
treatment

Total: 22
I: 11
C: 11

Chemotherapy

♂: 12 (55%)
Stage not applicable
Age: mean 51
(range 22-77)

♂: 14 (58%)
Stage not reported
Age: mean 55
(range 42-74)

Patient
Characteristics

I: aerobic exercise
(walking)
C: usual care + visit
research assistant

I: aerobic exercise +
resistance exercise
C: usual care +
encouragement
to remain active
(walking)

Intervention

Supervised

Home-based

Home-based/
supervised

I=intervention group, C=control group, POMS=Profile of Mood States, BFI=Brief Fatigue Inventory

Chang 38

Acute Myelogenous Leukaemia

Coleman 37

Multiple Myeloma

Reference

Table 5: Randomised controlled trials in other cancer patients

3 weeks

Duration of
chemotherapy
(± 6 months)

Duration
intervention

I: 5x per week 12
min walking in hospital hallway
C: 12 min visit of
research assistant

I: individualised,
aerobic (dependent
of fitness patient),
resistance: stretch
band, upper and
lower extremities
C: 3x per week,
20 min

Intensity

BFI

POMS

Assesment
Fatigue

96% completed
intervention

not reported

Completion Exercise
(n(%))

0

1: broken central venous catheter stitch

Adverse events
(n)

The supervised exercise programme was completed by 69% of the participants. No
adverse events occurred. Results of the individual study in patients with acute
myelogenous leukaemia of Chang et al. 38 showed a medium-sized, although nonsignificant reduction in CRF in favour of the exercise group (SMD 0.45, 95% CI -0.40
to 1.30).

Discussion and Conclusion
The primary aim of this meta-analysis was to evaluate the short term and long term
effects of different exercise prescription parameters during adjuvant treatment on
CRF. We also wanted to gain insight into the safety and feasibility of exercise during
adjuvant cancer treatment. In total, 18 trials were identified, 12 in patients with breast
cancer and six in patients with another cancer diagnosis including four in prostate
cancer patients. Although the purpose of this meta-analysis was not to study only the
short-term effects, we were forced to present only the short-term effects, as only
one study described the long-term effects (six months) of physical exercise on
CRF 24.

4

A subgroup analysis including pooled results from three high quality studies in patients
with breast cancer showed a significant reduction of CRF in favour of the aerobic
exercise groups. Supervised aerobic exercise programmes were more effective in reducing CRF than home-based exercise programmes, which did not lead to significant
reductions in CRF. A subgroup analysis of home-based (n=65) and supervised aerobic (n=98) and resistance exercise programmes (n=208) in prostate cancer patients
showed no significant reduction of CRF in favour of the exercise group. This lack of
significance may be due to a limited number of data. In the two studies in patients
with other cancer diagnoses no significant effects of exercise on CRF were found.
Both these studies were small (n=21 and n=22) and may not have had sufficient statistical power to yield significant results.
In this meta-analysis, we found that supervised aerobic exercise programmes were
more effective in reducing CRF during breast cancer treatment than home-based
exercise. This finding is supported by non-cancer reviews 43,44. Especially in the short
term supervised exercise programmes might be superior to home-based exercise as
the intensity of or the adherence to these home-based programmes may have been
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insufficient to yield physiological benefits.
We found significant positive effects of aerobic exercise during breast cancer treatment. These findings do not correspond to the results described by Markes et al 7.
They found a positive trend only in the differences between the exercise and control
groups. Mc Neely et al. 6 confirmed the results of Markes et al. 7 in their review, although they combined studies regarding exercise during and after cancer treatment
in their analysis 6. We included two newly published studies - including a reasonable
number of patients (223 and 174 respectively) - describing the effects of supervised
aerobic exercise programmes during breast cancer treatment 33,35. This may explain
why we found positive effects of exercise on CRF that were not previously reported.
We found, like Cramp and Daniel 11, a significant beneficial effect of exercise on CRF
in prostate cancer patients when the results of all exercise regimens were pooled.
However, we were unable to prove effectiveness of home-based (n=65) and supervised aerobic (n=98) and resistance exercise programmes (n=208) separately. This
may have been due to a limited number of data.
In addition to the exercise settings, we set out to study the effect of other exercise
prescription parameters during adjuvant treatment. Due to a considerable degree of
clinical heterogeneity between the studies in terms of exercise duration, frequency
and intensity and the often poor reporting of exercise intensity, we were only able to
present these data to a limited extent. We were able to determine the most effective setting in breast cancer patients. However, we were not able to determine the
most effective parameters for exercise frequency, duration and intensity. The fact that
aerobic exercise seems effective in patients with breast cancer seems to suggest that
increasing physical capacity helps with decreasing CRF. What the mechanism behind
this is remains to be determined.
The general exercise prescription for people undertaking or having completed cancer
treatment is low to moderate intensity, regular frequency (three to five times/week)
for at least 20 minutes per session, involving aerobic, resistance of mixed exercise
types 17. We observed that the exercise prescription parameters of the included studies partly fulfilled these exercise prescriptions. In home-based exercise studies, the
exercise frequency and duration is usually sufficient (three to six times a week for a
duration varying from 10, but mostly 20 to 45 minutes). However, in most studies
information about the exercise intensity is lacking. In most supervised exercise studies, exercise intensity has been described. The exercise intensity of the supervised
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resistance exercises was sufficient, but the intensity of the aerobic exercises was in
some studies too low (40 to 60% HRmax). In some supervised exercise studies, the
exercise frequency and duration also were not sufficient (two times a week, 12 or 10
to 20 minutes) to yield physiological benefits, although any physical activity is better
than none.
The adherence to or completion rate of the exercise programme was reported in
most of the studies. However, the described studies did not report the measurement
or the stimulation to long-term adherence to physical exercise. The completion rate
or adherence to the exercise programme was reported in 14 out of 18 studies. The
definition of adherence varied between the different studies. It ranged from 39% of
the patients that visited at least 70% of the supervised exercise sessions to 100%
completion of a home-based walking programme. In more than half of the studies
(12 out of 18 studies (67%)) adverse events were reported. Eight events in total
(0.72%) occurred in these studies, of which two events seemed to be caused specifically by the exercise programme (over exercising (shoulder tendonitis) and a knee
injury). Because a limited number of adverse events occurred (eight in total, 0.72%)
and the adherence to the exercise programmes was moderate to excellent, it may be
concluded that a physical exercise programme, supervised, as well as home-based,
during adjuvant cancer treatment is feasible and does not cause any additional health
risks for cancer patients.

4

Despite the fact that this meta-analysis aimed to include studies in cancer patients
of any tumour stage, nine out of ten studies that reported tumour stage, were performed in non-metastatic breast cancer patients. We found only one RCT that investigated the effects of exercise in metastatic breast cancer 27. In two of four prostate
cancer studies, patients with metastatic disease were included at the same time as
non-metastatic patients 40,41. The other prostate cancer studies included only patients
diagnosed with localised disease 39,42. We were therefore unable to assess if the benefits of exercise extend to those with metastatic disease. Rest has long been the
recommendation to palliative patients. However, more recent studies have shown
that palliative patients are willing and able to participate in exercise programmes and
that exercise is a promising intervention to improve physical performance 45. More
randomised studies are needed to confirm the effect of exercise in patients receiving
palliative treatment for metastatic cancer.
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Limitations of this review
Although our findings, especially of supervised aerobic exercise programmes in
breast cancer patients, seem to be promising, the conclusions should be interpreted
with care.
First, the conclusions are based on a limited amount of data, three studies
including 340 patients. The studies describing home-based exercise, supervised resistance exercises (combined with aerobic exercises) in breast cancer patients, and the
studies in patients with other cancers than breast provided a limited amount of data
adequate for pooling. This may have led to an underestimation of the effectiveness of
home-based exercise programmes and supervised resistance exercises during breast
cancer treatment and exercise during adjuvant treatment in other cancer diagnoses
than breast cancer.
Furthermore, it was not possible to determine the clinical relevance of our findings.
A wide range of measurement instruments for CRF were used in the included studies
and only for one of them; the Functional Assessment Cancer Therapy-Fatigue, have
estimates of clinical important differences been provided 46.
Although we did not study the working mechanism of cancer-related fatigue, we presume that promising effects of exercise during cancer treatment might be even more
positive than we could show in this meta-analysis. Participants allocated to the intervention groups increased their activity levels, while the controls maintained their habitual exercise pattern. Despite the increased activity levels, the intervention groups
reported less increase in fatigue than the controls.

Conclusions and recommendations
Recommendations for research
Supervised aerobic exercise programmes during breast cancer treatment seem to be
a promising and feasible therapy in the management of CRF. Short-term significant
effects were found, adherence was moderate to excellent and a limited number of
adverse events occurred. Scientific evidence for home-based exercise and for exercise in patients with other cancers than breast was not found. Most included studies
investigated the effects of exercise in non-metastatic cancer. Because of the limited
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number of studies and heterogeneity, we were not able to determine the most effective parameters for exercise duration, frequency and intensity.
More studies on the effects of resistance exercises and the effects of home-based
exercise programmes during treatment in cancers other than breast cancer and on
the effects of exercise during treatment of metastatic disease are needed. These
future studies, should aim to determine the most effective exercise prescription parameters (intensity, frequency, type and duration) taking into account the Australian
Association to Exercise and Sport Science position stand and the American Cancer
Society Guide for Informed Choices 17. Studies should report the exercise parameters
in detail, so they can be compared with others. Consensus on outcome parameters
of exercise studies across the International Classification of Functioning and Health
domains is needed 47. A core set of measures that include physical and psychological
variables will greatly enhance comparability across studies. The framework for assessment in oncology rehabilitation is a basis for selection of outcome measures in cancer
patients 48. Special attention should be directed to extensive reporting of the adverse
events and long term adherence and the measurement of the long term effects of
physical exercise on CRF.

4

Furthermore, studies aimed at getting insight in the underlying pathophysiological
causes of CRF and the pathway along which physical exercise might prevent or reduce CRF are needed.
Recommendations for practice
Exercise during breast and prostate cancer treatment seems to be feasible, causes no
additional health risks and seems to have promising effects on CRF. Supervised aerobic exercise programmes in breast cancer patients seem promising in the short-term.
Therefore, exercise should become part of the usual care of breast cancer patients
during their adjuvant treatment. The indication for referral should be expanded to
include treatment related to CRF and central funding should be made available to
train more exercise professional specifically in cancer rehabilitation. Despite the fact
that no scientific evidence has yet been published, we expect that exercise might also
have beneficial effects in other cancer diagnoses than breast and prostate. Until more
evidence is available, it is recommended to follow the Australian Association to
Exercise and Sport Science position stand and the American Cancer Society Guide
for Informed Choices 17 .
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Abstract
Background
Fatigue is a major problem of cancer patients. Thirty percent of cancer survivors
report serious fatigue three years after finishing treatment. There is evidence that
physical exercise during cancer treatment reduces fatigue. This may also lead to an
improvement of quality of life. Such findings may result in a decrease of healthcare
related expenditures and societal costs due to sick leave. However, no studies are
known that investigated these hypotheses. Therefore, the primary aim of our study
is to assess the effect of exercise during cancer treatment on reducing complaints of
fatigue and on reducing health service utilisation and sick leave.
Methods/Design
The Physical Activity during Cancer Treatment study is a multicentre randomised
controlled trial in 150 breast and 150 colon cancer patients undergoing cancer treatment. Participants will be randomised to an exercise or a control group. In addition
to the usual care, the exercise group will participate in an 18-week supervised group
exercise programme. The control group will be asked to maintain their habitual physical activity pattern. Study endpoints will be assessed after 18 weeks (short term) and
after 9 months (long term). Validated questionnaires will be used. Primary outcome:
fatigue (Multidimensional Fatigue Inventory and the Fatigue Quality List) and cost-effectiveness, health service utilisation and sick leave. Secondary outcome: health related quality of life (European Organisation Research and Treatment of Cancer-Quality
of Life questionnaire-C30, Short Form 36 healthy survey), impact on functioning and
autonomy (Impact on functioning and autonomy questionnaire), anxiety and depression (Hospital Anxiety and Depression Scale), physical fitness (aerobic peak capacity,
muscle strength), body composition and cognitive-behavioural aspects. To register
health service utilisation and sick leave, participants will keep diaries including the
EuroQuol-5D. Physical activity level will be measured using the Short Questionnaire
to Assess Health-Enhancing Physical Activity and will be monitored with an exercise
log and a pedometer.
Discussion
This study investigates the (cost) effectiveness of exercise during adjuvant treatment
of patients with breast or colon cancer. If early physical exercise proves to be (cost)
effective, establishing standardised physical exercise programmes during cancer treatment will be planned.
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Trial registration
Current Controlled trials ISRCTN43801571, Dutch Trial Register NTR2138

Background
With the rising number of cancer survivors, there is an increasing awareness of maintenance optimal health in this group. Although treatment of other cancer- or treatment-related symptoms such as nausea and pain has improved considerably during
the last decades, there is still no accepted treatment for complaints of fatigue. Sixty
to 96% of (former) cancer patients report complaints of fatigue during and/or after
treatment 1,2. Although levels of fatigue decrease gradually in disease-free survivors,
30% of cancer survivors still report serious complaints of fatigue three years after
completion of medical treatment 3. Fatigue is expected to lead to decreased quality
of life, decreased levels of physical activity and increased episodes of sick leave and
production loss. For instance, in 2005, in the Netherlands 22.000 persons were unfit
for work due to current or previous cancer 4.

5

The cause of fatigue in cancer patients and survivors is unknown: it may be caused by
the disease itself, its treatment or it may be the result of psychological and
physiological responses 2. Deconditioning due to further reduction of physical activity
in cancer patients might even further affect feelings of fatigue 5. To date, there is no
definitive treatment for fatigue. The National Comprehensive Cancer Network, an
alliance of 21 of the world’s leading cancer centres, advises to start physical exercise
shortly after cancer diagnosis 6. Several studies, mainly small scaled and in breast
cancer patients, have shown that exercise during cancer treatment prevents complaints of fatigue and improves quality of life 7-13. A Cochrane meta-analysis recently
provided evidence that exercise is beneficial in the management of cancer-related
fatigue, also during cancer treatment 12. The meta-analysis includes physical exercise
during or after cancer treatment, in adults, regardless of gender, age, tumour type,
tumour stage or type of cancer treatment. Interventions took place in different settings and included all types of exercise (supervised as well as home-based exercise
and aerobic as well as resistance exercise). We published a meta-analysis assessing
effects of different exercise prescription parameters during adjuvant treatment on
cancer-related fatigue with special emphasis on safety and feasibility of exercise during adjuvant treatment 13. Significant beneficial effects were visible for exercise during
breast cancer treatment (supervised aerobic), adherence was moderate to excellent
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and few adverse events occurred.
However, cost-effectiveness of such programmes has not been studied before. We
hypothesise that an early start of physical exercise during treatment will lead to a
decrease in health care related expenditures by reducing healthcare utilisation.
Especially reductions in the number of visits to medical specialists, general practitioners and from home care workers are expected.
We further anticipate that the beneficial effect on healthcare related expenditures
is present during the exercise programme, and that it will continue to exist after
termination of the physical exercise programme. Furthermore, we hypothesise that
early physical exercise programmes will lead to a reduction in sick leave and related
production loss and that such programmes will be cost-effective. To study this hypothesis, we designed a randomised clinical trial: the Physical Activity during Cancer
Treatment (PACT) study. In this manuscript, we describe the design and methods of
the PACT study.

Methods/Design
Design
The PACT-study examines the effects of exercise during cancer treatment on reducing complaints of fatigue and in reducing health service utilisation and sick leave
(primary outcomes). In addition, we will study the effects on improving health related
quality of life, impact on autonomy and participation, anxiety and depression, physical
fitness, body composition and cognitive-behavioral aspects (secondary outcomes).
This study is designed as a multicentre pragmatic randomised controlled trial, with
two study arms, i.e. a group invited for an exercise programme in addition to usual
care; and the control group receiving usual care while maintaining their habitual physical activity pattern. The exercise programme is an 18-week supervised group programme. Because blinding of participants towards allocation is not feasible, this study
has a pragmatic design.
Subjects
A total of 300 newly diagnosed breast and colon cancer patients (150 per cancer
type), who will receive adjuvant treatment, including chemotherapy, will be invited to
participate in the PACT-study.
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We decided to include patients diagnosed with breast and colon cancer, since these
cancer types are among the most prevalent 13,14. Inclusion criteria are: histological
diagnosis of cancer less than six (breast cancer) or ten (colon cancer) weeks before
study recruitment; stage M0; and scheduled for chemotherapy. Breast cancer patients with immediate use of a tissue expander after surgery may be included until
ten weeks after histological diagnosis. They will start the exercise programme after
replacement of the tissue expander by a breast prosthesis, since exercising with a
tissue expander is discouraged by medical specialists. In agreement with the recommendations by the National Comprehensive Cancer Network, patients allocated to
the exercise group will start shortly after diagnosis 6. We decided to recruit patients
scheduled for chemotherapy, because medical specialists frequently report fatigue
in these patients. Some patients are also scheduled for radiotherapy preceding the
chemotherapy. By choosing a more or less arbitrarily 18-week exercise programme,
the programme in these patients will at least run during part of their chemotherapy
treatment (see Figure 1).
Additional inclusion criteria are: age 25-75 years; not treated for cancer in the five
years preceding recruitment (except basal skin cancer); able to read and understand
the Dutch language; Karnovsky Performance Status of 60 or higher; able to walk 100
meter or more; no contra-indications for physical activity (assessed through the Revised Physical Activity Readiness Questionnaire).

5

Written informed consent will be obtained from all patients. This study has been approved by the Medical Ethics Committee of the University Medical Centre Utrecht
and the local Ethical Boards of the participating hospitals.
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Diagnosis

Adjuvant treatment

Intervention group

Supervised group exercise
programme and exercise
recommendation

Usual care

Control group

Usual care

Usual care

Baseline

time
18 weeks

9 months

Figure 1: Interventions and timeline

Recruitment and Allocation
Patients will be recruited by medical specialists and specialised nurses in at least six
hospitals in the regions of the Comprehensive Cancer Centers Middle Netherlands,
Limburg and Rotterdam. New cancer patients will be informed and invited by the
clinician or the oncological nurse during a regular outpatient clinic visit. Patients willing to participate will be asked to visit the study centre to assess study eligibility and
for baseline measurements. If eligible, patients will be asked to sign informed consent
upon which they will be randomly allocated to the intervention or the control group
by central data management. Allocation to the intervention- or control group will be
concealed. Randomisation will be stratified per tumour site (breast or colon) by the
sequential balancing method. The following characteristics will be balanced: age (2540, 40-65 and 65-75 years), adjuvant treatment (radiotherapy versus no radiotherapy
(before chemotherapy)); using a tissue expander (for breast cancer patients yes versus no) and hospital. For colon cancer patients, gender will be included as a first step
in above balancing algorithm. Recruitment and allocation strategy is summarised in
Figure 2.
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Recruitment
Newly diagnosed cancer patients
treated in one of the participating hospitals will be invited for an
intake for the PACT-study

enrollment

Intake
Screening/
Baseline testing

Randomisation

5
Intervention group
Supervised group
exercise programme
and exercise recommendation

18 weeks post-test

allocation

follow-up

9 month follow-up

Control group
Usual care

18 weeks post-test

9 month follow-up

Figure 2: Planned inclusion and allocation of patients
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Exercise Intervention
The exercise programme is designed by applying the principles of ‘Intervention Mapping’ 15. ‘Intervention Mapping’ provides a framework for effective decision making
in the developmental process of (health promotion) interventions using five steps:
1) specification of objectives, 2) development of methods and strategies, 3) design
of the programme, 4) anticipation of implementation and 5) evaluation. The exercise
objectives, specified for the specific target population were set by an in-depth literature search and by seeking advices of medical oncologists, radiotherapists and a surgeon. Subsequently, the exercise methods were developed in close cooperation with
physiotherapists experienced in rehabilitation programmes for cancer survivors. This
resulted in a clear exercise programme and materials for instruction for physiotherapists as well as information leaflets for patients. We continuously involved medical
specialists and physiotherapists in the development in order to optimise implementation of the exercise programme in the health care system.
The exercise programme will be offered at several outpatient clinics of general hospitals. Participants will attend this programme twice a week. The programme incorporates principles for aerobic training and muscle strength training as well as principles
of Bandura’s social cognitive theory 16.
The programme will be individualised to the patient’s personal preferences and physical fitness level. During an intake prior to the exercise programme, information about
patient’s preferences, regular sports activities, requirements at home and work, and
physical fitness level (by means of a symptom limited exercise test and 1-repetition
maximum (1-RM) muscle strength tests) and physical limitations will be collected by
the physiotherapist. After the intake, the patient will start the 18-week exercise programme. The 1-hour exercise classes will include a warming up (5 min), aerobic and
muscle strength training (50 min) and a cooling down (5 min). Aerobic training includes
interval training of alternating intensity at or below the ventilatory threshold (3 x 2
min increasing to 2 x 7 min) as determined during the baseline symptom limited bicycle ergometry test (see study end points, secondary outcomes). Heart rate and the
Borg scale of perceived exertion will be monitored during the aerobic training.
Muscle strength training will be performed for all major muscle groups: arms, legs,
shoulders, and trunk: 2 x 10 repetitions (65% 1-RM) increasing to 1 x 10 repetitions
(75% 1-RM) and 1 x 20 repetitions (45% 1-RM).
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The exercise programme incorporates principles of Bandura’s social cognitive theory
(SCT) to help participants maintaining a physically active lifestyle during and after
cancer treatment 16. This theory emphasises the role of cognitive processes in determining behaviour such as exercise. The most important construct in the theory is selfefficacy that is defined as ‘an individual’s beliefs in his/her capabilities to organise and
execute the course of action required to produce given attainments’ 16. The concept
has been used successfully in other intervention studies that aim to alter health related behaviour 17. Self efficacy will be altered using three different techniques, namely
actual or mastery experience, vicarious or observational experience and verbal persuasion. First, actual or mastery experience will be used by asking participants to report training results in graphs. Physiotherapists will check these weekly and give positive feedback about the obtained results and will stimulate the participant to make
action plans to further increase their exercise level. The starting point of the training
schedule has been carefully chosen so it will be likely that the participant will succeed
and subsequently have a mastery experience in doing physical exercises.
Vicarious or observational experience is applied by using DVDs where other cancer patients show their experiences with exercise programmes. Also the use of a
so-called buddy will help in role modelling as a component of the programme. The
buddy is a senior participant introducing a new participant to the programme. During
the programme they will work together and support each other when facing difficulties in executing the exercises. Finally, verbal persuasion is used. Physiotherapists will
strongly recommend exercise which will be supported by written information.

5

In addition to the supervised exercise programme twice a week, patients are recommended to be physically active for at least 30 minutes a day, five days a week according to the Dutch guideline for physical activity 18-20, which is based on international
recommendations . This should include an aerobic component of moderate intensity
in agreement with the participant’s fitness and desires.
Control group
Participants assigned to the control group will receive usual care, i.e., no exercise
intervention. They will be asked to maintain their habitual physical activity pattern.
After completion of the present study, the control subjects will be offered participation in a rehabilitation programme for cancer survivors 21-23.
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Study endpoints
At baseline, at 18 weeks and at nine months study participants will visit the study
centre for outcome assessment (see Figure 2). During the entire nine months, once
a week, participants will fill out diaries to assess their healthcare use and work status.
Participants will be asked to wear a pedometer during seven days once following
baseline measurements and again after 18 weeks and after nine months. Participants
of the exercise group fill out exercise logs. The following data will be collected:
demographics (gender, age, hospital, name of medical specialist) and factors related
to cancer (type of cancer, treatment regime). More detailed information regarding
diagnosis and the treatment regime will be collected from medical records.
Primary outcomes:
Fatigue will be measured using the Multidimensional Fatigue Inventory (MFI) and the
Fatigue Quality List (FQL). 24,25. The MFI (see Appendix 1) is a 20-item self-report
instrument designed to measure multiple fatigue characteristics and the impact on
function (general fatigue, physical fatigue, reduced activity, reduced motivation and
mental fatigue). The Dutch version of the MFI has proven to be valid and consists of
five subscales (general fatigue, physical fatigue, reduced activity, reduced motivation
and mental fatigue) 24.
The FQL (see Appendix 2) consists of 28 adjectives addressing the perception of
fatigue 25. Participants are asked to mark which out of 28 adjectives fit their experienced fatigue. Multiple answers are possible. The adjectives are clustered in four
subscales: frustrating, exhausting, pleasant and frightening.
To register health service utilisation and sick leave participants will keep diaries. Diaries will include all types of health care consumption such as contacts with alternative
medicine and own out of pocket expenses. Participants will be asked to keep track of
their absence from work (if applicable).
The diaries include also a multidimensional measurement of health status, the
EuroQuol-5D (EQ-5D) (see Appendix 3). The EQ-5D will be used to calculate quality adjusted life years (QALYs) and consists of the EQ-5D descriptive system and
the EQ VAS 26. The EQ-5D descriptive system comprises five dimensions of health
(mobility, self-care, usual activities, pain/discomfort anxiety/depression). Each dimension comprises three levels (no problems, some/moderate problems, extreme
problems). The EQ VAS records the respondents self-rated health status on a vertical
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graduated (0-100) visual analogue scale.
Secondary outcomes:
To measure health related quality of life the European Organisation Research and
Treatment of Cancer-Quality of Life-C30 questionnaire (EORTC-QLQ-C30) (version 3) and the Short Form 36 healthy survey (SF-36) will be used. Both questionnaires have been validated 27-29.
The EORTC-QLQ-C30 incorporates five functional scales (physical, role, emotional,
cognitive and social functioning), one quality of life scale and one symptom scale (including fatigue and pain). The SF-36 consists of 36 items, organised into eight scales:
physical functioning, role limitations due to physical health problems, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional
problems and general mental health.
The perceived impact of the disease on participation and autonomy will be measured
with the validated Impact on Participation and Autonomy (IPA) questionnaire 30,31.
The IPA incorporates 32 items clustered in the subscales autonomy indoors, family
role, autonomy outdoors, social life and relationships, and work and education.

5

Anxiety and depression will be self-rated with the Dutch language version of the
Hospital Anxiety and Depression Scale (HADS) 32. The HADS consists of 14 items,
seven items of the depression subscale (HADS-D) and seven items of the anxiety
subscale (HADS-A).
Physical fitness will be assessed as aerobic peak capacity and muscle strength. Aerobic capacity will be determined using a symptom-limited bicycle ergometry test with
breathing gas analysis using a ramp 10-, 15-, or 20-protocol, dependent on the patient’s condition. The load will be increased every minute in such a way that patients
reach peak workload within 10 minutes. The test will be terminated on the patients’
symptoms or at the physicians’ discretion. Borg scores for dyspnoea and muscle fatigue will be taken before and after the test. Peak workload, peak oxygen uptake and
Borg scores at peak workload will be taken for analysis. Heart rate and work load at
ventilatory threshold will be used to determine the work load for the aerobic training
during the exercise programme.
Muscle strength of quadriceps and hamstring will be assessed by using a Cybex dy-
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namometer at 60°/s and 180°/s. After a standardised 5-minute warm-up, five repetitions will be performed to practice before the definitive measurements at 60°/s and
180°/s will be taken. Between all sessions, there will be a 1-minute rest period. The
patient will be verbally encouraged. The highest peak torque value of three repetitions for both velocities will be calculated. The fatigue index comparing the first and
the last of fifteen repetitions will be calculated at 180°/s.
Handgrip strength of both hands will be measured with a mechanical handgrip dynamometer. The best score of two attempts will be recorded in kilogram force (kgF).
The Body Mass Index (BMI) will be calculated as weight in kilograms divided by height
in meters squared (kg/m2). Body weight and height (to the nearest 0.5 kg and 0.5
cm respectively) will be measured while the subjects wear light clothes and no shoes
using an analogue balance (SECA) and wall mounted tape measure, respectively.
Body fat distribution will be estimated by the waist- and hip circumference. Waist
circumference (to the nearest 0.5 cm) will be measured standing at the smallest circumference between abdomen and chest. Hip circumference (to the nearest 0.5 cm)
will be measured standing as the largest circumference between waist and thigh. All
measurements will be taken in duplicate and averaged.
Self efficacy about the performance of physical activity will be assessed by seven
(exercise programme) or eight (exercise recommendation) items based upon the
Social Cognitive Theory. Items will be scored on a 5-point Likert scale with endpoints
labelled ‘strongly disagree’ and ‘strongly agree’.
Physical activity level will be measured using the Short Questionnaire to assess health
enhancing physical activity (SQUASH) 33.
To monitor the physical activity level, participants of the intervention group will also
be asked to keep an exercise log during the 18-week exercise programme. In the log,
they register the frequency, intensity, and duration of the exercises they were performing during the study period. In addition, physical activity will be measured by a
pedometer. Participants, of both the intervention and the control group, will wear the
pedometer during seven days following their baseline and follow-up measurements.
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The attendance rate for the exercise sessions will be recorded in a Case Record
Form. Adherence to the exercise recommendation will be registered in the exercise
log.
Adverse events reported spontaneously by the subject or observed by physiotherapists, study nurse or medical doctor will be recorded, i.e. sports accidents,
surmenage, or injuries. All serious adverse events will be reported to the accredited
ethical committee that approved the protocol, according to the requirements of that
ethical committee.
Sample size
In accordance with previous studies 34, we consider an effect of a 2-unit improvement
in the MFI questionnaire to be clinically relevant. To detect an intervention effect of
two units of change (± SD 4) in fatigue (MFI questionnaire (range subscale 4-20)) we
will need 75 participants in the intervention and control group for each cancer type,
300 participants in total (alpha=0.05, power=0.80). A drop-out of 10% is anticipated.
The proposed number of participants also allows us to perform analyses for the two
types of cancer separately.

5

This sample is also large enough to detect a clinically relevant intervention effect of
ten units of change (±SD 20) on the secondary outcome EORTC-QLQ-C30 subscales 35.
Data analysis
Descriptive statistics will be used to characterise the study population and the instrument scores at baseline and at the follow up measurements. Mean differences including 95% confidence intervals will be calculated. Mean differences will be presented
for the total study population and for different subgroups (cancer type, cancer regime). The effect of physical exercise on fatigue will be tested at 18 weeks (end of the
exercise programme) and nine months post-enrolment according to the intention to
treat principle (primary analyses), and on a per protocol basis including participants
of the exercise group who attended at least 75% of the exercise sessions. Longitudinal analyses will be conducted, using mixed linear regression models while taking
different levels (time and hospital) into account 35. In the longitudinal analyses the
programme accounts for missing data based on the observed data.
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Economic Evaluation
In the economic evaluation, the balance between costs and effects will be assessed
of a supervised exercise programme versus usual care in cancer patients during treatment. The actual costs incurred with both strategies will be compared up until nine
months after randomisation. Results of both cost and effect measurement will be
integrated using cost-effectiveness and cost-utility analyses.
Cost estimates will be based on the actual costs, direct and indirect, in both study
arms. Direct costs include costs of the exercise programme (estimated to cost approximately €1000 per patient). Other direct costs include costs of health service
utilisation such as general practitioner and oncologist contacts, hospitalisation and
rehabilitation. We will also register use of alternative medicine, as it is anticipated
that part of the patients will use this type of care. Indirect cost include own expenses
and travel cost. Furthermore, work status and absence from work due to illness
and its treatment will be administrated. Patient will be asked to complete diaries on
these direct and indirect cost items. Data from diaries will be summarised at the two
follow-up moments. Indirect costs for paid work will be calculated using the friction
costs method 31, 32.
Patient outcome analysis: Intervention and control groups will be compared with
regard to the effects of treatment on their health status, using EQ-5D questionnaires.
This will enable the calculation of quality adjusted life years gained as a result of the intervention. As the percentage of patients that is expected be fatigued will be reduced
from 60-96% to 40-50%, substantial gains in quality of life may be found 6. Incremental
cost-effectiveness ratios (ICER) will be generated by calculating the incremental costs
of the exercise programme compared to the non-intervention group divided by the
incremental effects 33. The time horizon of the study will be similar to the study period of nine months. Hence, it will not be necessary to discount costs and life-years.

Preliminary results
Currently, we conduct a pilot study in three general hospitals and one rehabilitation
centre in the region Middle Netherlands to test all major procedures. In order to
prevent non-participation in the control group we tested the Zelen randomisation
procedure 36. We hypothesised those cancer patients willing to participate in an
exercise trial would be dissatisfied when allocated to usual care only. According to the
Zelen design, patients were asked consent only for following them and taking some
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measurements at baseline, after 18 weeks and nine months. Then after randomisation, only those allocated to the intervention are asked to participate also in the
supervised group exercise programme.
One hundred sixty six patients were invited to the study: 12 were not eligible and
90 refused. Reasons amongst others were: long travel distance to the study centre,
medical complications, or lack of time. Forty six patients were included, 32 in each
study arm. One patient in the control group refused participation (3%) and eight
patients in the intervention group (25%). Reasons were again: medical complications
(3), long travel distance (2), lack of time (2), other reasons (1). One patient quitted
the exercise programme after two sessions (3%). The remaining 23 patients (72%)
started the exercise programme and 21 patients (66%) completed the programme.
These patients were satisfied with the exercise programme (mean score 8.8 ± SD 0.8
on a 10 point scale) and attended 50 to 97% of all sessions during the 18 week period.
Also our testing procedure consisting of several physical fitness tests and questionnaires appeared to be feasible.
We concluded from the pilot study that the Zelen design may have prevented nonparticipation in the control group, but it seemed to have increased the non-participation in the intervention group. It is likely that women after hearing from the exercise
programme were not willing to respond, because they were not prepared for such
investment during or after a life event. Because of this, we decided the Zelen design
will not be used in the PACT study.

5

Discussion
There are several reviews that show that exercise during treatment improves complaints of fatigue 7-13. However, cost effectiveness of exercise during cancer treatment
has not been studied before. Most studies were performed in breast cancer patients.
For that reason, we chose to include colon cancer patients as well. Power was calculated to study effects for each cancer site separately.
We will study the effectiveness of a supervised exercise programme that incorporates both aerobic training and muscle strength training as well as cognitive behavioural aspects as suggested by Cramp and Daniel 12. By incorporating the behavioural
aspects of Bandura’s social cognitive theory, we expect to increase self efficacy of
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participants regarding maintaining a physically active lifestyle during and after cancer
treatment. Based on the pilot study, we conclude that the exercise programme is
feasible for most patients.
However, being also subject of the pilot study, the Zelen randomisation appeared not
to be effective. Study subjects willing to participate in the study withdraw because of
the unexpected confrontation with the exercise programme. In addition, the logistics
of the study were such that many meetings between the women being part of the
control group and women participating in the intervention group occurred, e.g. at
the hospital during chemo therapy. So, control women soon knew about the exercise
programme. Due to these findings, we decided to use conventional randomisation
in the definitive PACT study. We expect that the use of the conventional design will
lead to a higher inclusion rate. Furthermore, we expanded the PACT-study to more
hospitals for patient recruitment. By doing so, we expect to include the aimed 300
patients within two years.
In conclusion, the aim of the PACT-study is to assess the (cost)-effectiveness of
exercise during adjuvant treatment of patients with breast or colon cancer. If early
physical exercise proves to be effective and cost effective, establishing standardised
physical exercise programmes during treatment of breast and colon cancer patients
will be a logical next step.
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Appendix 1: Multidimensional Fatigue Inventory (MFI)
The Multidimensional Fatigue Inventory (MFI) consists of 20 items grouped in five
dimensions (facets). The responder indicates on a 1-to 5-point scale to what extent
the statement applies to him or her.
general fatigue
• fit
• tired
• rested
• tire easily
physical fatigue
• do little
• take on a lot
• physically bad condition
• physically excellent condition
reduced activity
• very active
• do a lot in a day
• do very little in a day
• get little done
reduced motivation
• want to do nice things
• dread doing things
• lots of plans
• don’t feel like doing anything
mental fatigue
• keep my thoughts
• concentrate well
• effort to concentrate
• thoughts easily wander
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Appendix 2: Fatigue Quality List (FQL)
Fatigue can be described in different ways. The adjectives below can be seen as
descriptions of fatigue. Please indicate which adjectives accurately describe the
fatigue you experienced during the last two weeks by marking them with a cross.

upsetting
relaxing
wearisome
normal

persistent
exhausting
insuperable
extreme

discouraging
inexplicable
frightening
pleasant

frustrating
incessant
unbearable

temporary
fulfilling
annoying

5
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Appendix 3: EuroQuol-5D (EQ-5D)
By placing a tick in one box in each group below, please indicate which statements
best describe your own health state today.

132

Mobility
I have no problems walking about 					
I have some problems walking about					
I am confined to bed							

O
O
O

Self-care
I have no problems with self-care					
I have some problems washing or dressing myself 			
I am unable to wash or dress myself 					

O
O
O

Usual activities
(e.g. work, study, housework, family or leisure activities)
I have no problems with performing my usual activities			
I have some problems with performing my usual activities			
I am unable to perform my usual activities				

O
O
O

Pain
I have no pain or discomfort						
I have moderate pain or discomfort					
I have extreme pain or discomfort					

O
O
O

Anxiety/depression
I am not anxious or depressed						
I am moderately anxious or depressed					
I am extremely anxious or depressed					

O
O
O
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To help people say how good or bad a health state is, we
have drawn a scale (rather like a thermometer) on
which the best state you can imagine is marked 100 and the
worst state you can imagine is marked 0.
We would like to indicate you on this scale how good
or bad your own health is today, in your opinion.
Please do this by drawing a line from the box below to
whichever point on the scale indicates how good or bad
your health state is today.

best imaginable
health state
100

9 0

8 0

7 0

Your own health
state today

6 0

5
5 0

4 0

3 0

2 0

1 0

0
worst imaginable
health state
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EFFECTS IN CANCER SURVIVORS

Fear of movement in cancer
survivors: validation of the
modified Tampa Scale of
Kinesiophobia-Fatigue

chapter 6
Manuscript based on this chapter: Velthuis MJ,
Van den Bussche E, May AM, Gijsen BCM, Nijs
S, Vlaeyen JWS. Fear of movement in cancer
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Abstract
Objective
To date, there is no validated questionnaire to assess fear of movement in cancer
survivors. We investigated the appropriateness and psychometric properties of the
Modified Tampa Scale of Kinesiophobia-Fatigue (TSK-F) in cancer survivors.
Methods
A sample of 658 cancer survivors participating in a comprehensive rehabilitation programme was included. First, out of eight models derived in chronic pain and chronic
fatigue patients, the optimal model of the TSK-F was selected in a calibration sample
(n1=329) using confirmatory factor analysis. Stability of the derived optimal model
was confirmed in a validation set (n2=329). Internal consistency and construct validity
using Pearson correlations and hierarchical regression analyses were assessed in the
full sample.
Results
The 11-item two-factor model of TSK-F was the best fitting model for cancer survivors and it seemed to be invariant for sex and cancer diagnosis. Internal consistency
of the model was acceptable (Cronbach’s alpha between 0.62 and 0.74). Construct
validity was illustrated by significant associations between TSK-F total and TSK-F
somatic focus with global health status (EORTC-QLQ-C30) and fatigue (FACT-F)
(p<0.001).
Conclusions
The adjusted 11-item TSK-F consisting of two subscales ‘somatic focus’ and activity
avoidance’ is shown to be a robust, reliable and valid tool in measuring fear of movement in cancer survivors. Further psychometric testing of the TSK-F in cancer survivors is recommended. In the future, TSK-F scores as a measure for fear of movement
may be used to direct rehabilitation programmes in cancer survivors.
Key words
Factor structure, Tampa Scale for Kinesiophobia, fatigue, cancer survivors, cancer,
oncology

138

Part III: Effects in cancer survivors | Chapter 6

Introduction
Cancer-related fatigue is one of the problems that are the most activity limiting and
frequently reported. About 70% of the cancer patients report feelings of fatigue during cancer treatment and up to 30% experience fatigue for years after the end of
treatment 1. Hypothetical triggers of fatigue during cancer treatment are direct and
indirect effects of cancer and its treatment. But other factors, such as dysregulation
of activity and insufficient adjustment of life goals in the face of cancer and its symptoms, might be responsible for persistence of fatigue complaints 2.
Inactivity can lead to deconditioning, which is thought to contribute also to increased
levels of fatigue. Previous studies showed that breast cancer survivors were significantly less physically active within their first year after diagnosis than they were one
year before diagnosis 3. Following cancer treatment and a prolonged period of rest
during cancer treatment, cancer survivors may perceive activity levels that were previously well tolerated as excessively fatiguing. If, due to increased fear levels, one of
the responses to this is to avoid or limit physical activity levels, instead of to gradually
increase it, then the fatigue may paradoxically be persisting and leading to a reduced
of quality of life. Such avoidance has been hypothesised as central to fear of pain and
chronic fatigue and is called fear of movement or kinesiophobia 4-6. In chronic pain
patients fear of movement or kinesiophobia is defined as ‘an excessive, irrational,
and debilitating fear of physical movement and activity from a feeling of vulnerability
to painful injury or reinjury’ 7. The cognitive behavioural model of fear of movement states that patients with chronic pain or chronic fatigue syndrome tend to avoid
physical activity because in their views activity causes symptoms, like pain and fatigue.
The avoidance behaviour leads to even more fear and symptoms as patients deprive
themselves from the opportunity to falsify the assumption that increased activity will
lead to more pain or fatigue 8-10. Since we hypothesise that the same mechanism is
underlying the persisting complaints of fatigue in cancer survivors, we assume that it
will be relevant to assess fear of movement in these patients as well.

6

The Tampa Scale for Kinesiophobia (TSK) was initially developed to measure fear of
movement in chronic pain patients 4,5. The original TSK for chronic pain patients consists of 17 items, and the reliability and validity of the TSK has been well established.
However, several studies reported inconsistent factor structures of the
TSK 5,6,11-14. Seven models have been demonstrated (see Table 1); i.e. a one-factor
model including all 17 items of the TSK (model 1), a one-factor model with omission
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of the inversed key items (13 items, model 2), the 12- item four-factor model proposed by Vlaeyen et al. 5 (model 3), the 13 item two-factor model of Clark et
al. 11 (model 4), the 13-item two-factor model of Geisser et al. 12 (model 5), the 13item two-factor model proposed by Swinkels-Meeuwisse et al. 13 (model 6), and the
11 item two-factor model of Roelofs et al. 14 (model 7). Previous studies in chronic
pain patients compared four models, the one-factor model including all items, the
one-factor solution without the inverses items, the four-factor solution of Vlaeyen et
al. 5 and the two-factor solution proposed by Clark et al. 11 15-18. All studies showed
that of these four models, the two-factor model of Clark et al. provided the best fit
in chronic pain patients 15-18.
Silver et al. 6 modified and validated the original TSK in order to make it appropriate
for chronic-fatigue syndrome patients. The TSK items were modified for chronicfatigue syndrome patients by changing the word ‘pain’ for ‘fatigue’. Silver et al. 6 proposed a 14-item two-factor model for the Modified Tampa Scale for KinesiophobiaFatigue (TSK-F) (model 8) (see Table 1). Nijs et al. 19 validated the TSK-F in patients
with a chronic fatigue syndrome. As far as we know, the TSK-F has not been used
and validated before in cancer survivors. We hypothesise that the TSK-F might also
be applicable to cancer survivors.
The primary objective of this study is to validate the TSK-F in Dutch cancer survivors
participating in a rehabilitation programme. For this purpose we first want to select
from the above mentioned models derived in chronic pain and chronic fatigue patients the optimal model for the TSK-F in cancer survivors. The stability, the internal
consistency, and the construct validity of this optimal model will then be studied in
our sample of cancer survivors.
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T
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I am afraid that I might make my symptoms worse accidentally

Simply being careful that I do not make any unnecessary movements is the safest
thing I can do to prevent my fatigue from worsening

I would not have this much fatigue if there was not something potentially dangerous going on in my body

Although I am fatigued, I would be better off if I were physically active

Fatigue lets me know when to stop exercising so that I do not harm myself

It is really not safe for a person with a condition like mine to be physically active

I cannot do all the things normal people do because it’s too easy for me to get
tired

Even though something makes me fatigued, I do not think it is actually harming me

No one should have to exercise when he/she is fatigued
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H: 0.55
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Model 6 13

AA: 0.67

SF: 0.76

T: 0.77
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UED
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Model 7 14

BA:0.70

IB:0.78

EFA

CFS
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BA
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-

IB

IB

IB

BA

IB
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Model 8 6

I: Inversed item, T: Total, H: Harm, F: Fear of (re)injury, E: Importance of exercise, AA: Activity avoidance, SF: Somatic Focus, BA: Beliefs about Activity, IB: Illness Beliefs, CLBP: Chronic Low Back Pain,
CP: Chronic Pain, ALBP: Acute Low Back Pain, UED: Upper Extremity Disorders, CFS: Chronic Fatigue Syndrome, EFA: Exploratory Factor Analysis, CFA: Confirmatory Factor Analysis

Internal consistency (Cronbach’s alpha)

Analysis

Sample

T

T

Just because something increases my fatigue, it does not mean it is dangerous

8 (I)

T

T

-

T

T

T
T

Fatigue always means I have harmed my body

7

T

T

T

T

T

T

13

17

T

Model 2

Model 1

T

People are not taking my medical condition seriously enough

My illness has put my body at risk for the rest of my life

5

6

My body is telling me I have something dangerously wrong

My fatigue would probably be relieved if I were to exercise

If I were to try to overcome it, my fatigue would increase

2

3

I am afraid that I might make my symptoms worse if I exercise

1

4 (I)

Item content

Item

Table 1: Descriptives of the TSK models
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Method
Study participants
Our study participants consisted of 658 cancer survivors who participated between
1996 and 2002 in a rehabilitation programme consisting of physical exercise and psycho-education in the working area of the Comprehensive Cancer Center Limburg
(Hoensbroek and Horn). Cancer survivors were eligible for the rehabilitation programme if a) they have received their last cancer-related treatment (except hormone
therapy) at least two months ago, b) they were at least 18 years old, c) their estimated life expectancy was more than one year, and d) they were able to participate
in a group programme.
Procedure
At the start of the rehabilitation programme participants completed the Modified
Tampa Scale for Kinesiophobia-Fatigue (TSK-F), the Functional Assessment of Cancer Therapy-Fatigue (FACT-F) and the European Organisation Research and Treatment of Cancer-Quality of Life-C30 questionnaire (EORTC-QLQ-C30). Social demographic and medical data (age (in years), sex (male/female), cancer type, and time
since diagnosis in years) were also obtained at baseline.
Measures
Fear of movement
The Dutch version of the TSK-F was used in this study 4,6,20,21. The TSK-F consists
of 17 items and each is scored on a 4-point Likert type scale (see Table 1). Scoring
possibilities range from ‘strongly disagree’ (score = 1) to ‘strongly agree’ (score = 4).
Items 4, 8, 12, and 16 are reversely scored.
Fatigue
Fatigue was measured using the FACT-F questionnaire 22. The FACT-F is a part of
the Functional Assessment of Cancer Therapy-General (FACT-G), which assesses
multiple fatigue characteristics and their impact on function. The FACT-F subscale
consisted of 13 items and gives a combined score from 0 – 52 with higher scores
indicating less fatigue.
The FACT-F was found to be valid and reliable 22. Cronbach’s alpha ranged from 0.93
to 0.95 and the test-retest reliability was r = 0.90 22. The Cronbach’s alpha of the
FACT-F in our study sample was 0.92.
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Global health status
Global health status was assessed using the subscale of the EORTC-QLQ-C30 questionnaire (version 2), a reliable (Cronbach’s alpha > 0.70) and valid measure of quality
of life in cancer patients 23. In our study, Cronbach’s alpha of the EORTC-QLQ-C30
was 0.82. Global Health Status is scored on a scale which ranges from ‘Very poor’ (1)
to ‘Excellent’ (7). After recoding and transformation the score ranges from 0 to 100:
a higher score represents a higher (‘better’) quality of life.
Statistical Analysis
The statistical analyses were performed using Amos version 17.0 and SPSS 17.0 24,25.
We randomly split the full sample of cases into two subsamples, a calibration sample
and a validation sample. The split-sample strategy 26,27 was used for cross-validation.
The calibration sample was used to assess the eight TSK models. The validation sample was used to validate the final best fitting model.
First, confirmatory factor analyses were used to test the factor structure of the TSK-F
in cancer survivors. Eight alternative models, which have been previously proposed in
the literature 5,6,11-14, were tested using the calibration sample: model 1: a one-factor
model including all items of the TSK; model 2: a one-factor model with omission of
the inversed key items (item numbers 4, 8, 12, and 16); model 3: the four-factor
model, as proposed by Vlaeyen and colleagues 5; model 4: the two-factor model as
proposed by Clark and colleagues 11; model 5: the two-factor model as proposed by
Geisser and colleagues 12; model 6: the two-factor model as proposed by SwinkelsMeeuwisse and colleagues 13; model 7: the two-factor model as proposed by Roelofs
and colleagues 14; model 8: the 2 two-factor model as proposed by Silver et al. 6. See
Table 1 for a more detailed description of the eight models. Standardised scores
on the constructs were estimated. The Maximum Likelihood algorithm was used to
assess the fit of the model. In line with the recommendations of Bollen and Long 28
and Byrne 29, model fit was assessed using several goodness-of-fit indices: χ2, root
mean square error of approximation (RMSEA), goodness-of-fit index (GFI), adjusted
goodness-of-fit index (AGFI), comparative fit index (CFI) and the Consistent Akaike
Information Criterion (CAIC).
a) χ2 is the most frequently used goodness-of-fit index. A statistical significant χ2 indicates that a significant amount of observed covariance between items remains unexplained by the model, while a non-significant χ2 implies a good fit of the model to the
data. This index is sensitive to sample size, which is a disadvantage. In a small sample,
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a poor fit may result in a non-significant χ2, indicating a good fit. In a large sample, a
good fit may result in a significant χ2, indicating a poor fit 30.
b) The RMSEA 26 is a fit measure based on population error of approximation. It is
unreasonable to assume that the model will hold exactly in the population. Therefore the RMSEA takes into account the error of approximation in the population. A
RMSEA value below 0.05 indicates a close fit and values up to 0.08 represent reasonable errors of approximation in the population 26.
c) The GFI and the AGFI 31 assess the extent to which the model provides a better
fit compared to no model at all. These indices have a range between 0 and 1, with
higher values indicating a better fit. A GFI larger than 0.90 and an AGFI larger than
0.85 indicate a good fit of the model.
d) The CFI is an incremental fit index 32. It represents the proportionate improvement
in model fit by comparing the target model with a baseline model (usually a null model
in which all the observed variables are uncorrelated). The CFI ranges between 0 and
1, with values larger than 0.90 indicating an adequate fit.
e) The CAIC is a goodness-of-fit measure which adjusts the model’s chi-square to
penalise for model complexity and sample size 33. This measure can be used to compare non-hierarchical as well as hierarchical (nested) models. Lower values on the
CAIC measure indicate better fit 33.
After validating the optimal model using the validation sample, we examined whether
the derived model was invariant across gender and cancer type by conducting multisample analyses across the full sample (calibration and the validation sample). A very
restrictive model was tested by equating the number of factors, the factor loadings,
and the correlations between the factors. Internal consistency of the derived optimal
model was measured using Cronbach’s alpha in the full sample.
The construct validity of the derived optimal model was confirmed by examining the
association with fatigue and global health status in the full sample. The association of
the TSK-F scores with scores on the FACT-F and EORTC-QLQ-C30, global health
status were assessed with Pearson correlations and hierarchical multiple regression
analysis. Separate regression analyses were conducted to assess the association of
TSK-F total scores and the association of the two subscales with scores on the
FACT-F and EORTC-QLQ-C30, global health status. We investigated the potential
confounding effect of age, sex, cancer type and time between diagnosis and programme start.
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Results
Study participants
Six hundred and fifty eight patients participated in the rehabilitation programme
and completed all questionnaires. The sample consisted of 138 men (21%) and 512
women (78%) with a mean age of 51 years (± SD 9.5). Forty five percent of the total
sample (n=357) was diagnosed with breast cancer. The median score on the FACTfatigue was 20 (range 0-50). The median score for global health status (EORTCQLQ-C30) was 67 (range 0-100). (see Table 2). We randomly split the full sample
of 658 cases into two subsamples, a calibration sample (n1 = 329) and a validation
sample (n2 = 329). The calibration and validation sample group were comparable
with respect to age, sex, cancer diagnosis, time between diagnosis and programme
start, fatigue level and global health status (see Table 2).
Assessing the factor structure of the TSK-F
Using the calibration sample, the model fit of the eight TSK models was assessed for
cancer survivors. Table 3 summarises the goodness-of-fit indices of all eight models
of the TSK-F. These suggest that the two-factor model of Roelofs et al. 14 (model 7)
provides the best fit for cancer survivors. Most fit indices indicate an acceptable fit
(χ2 (43) = 79.05, p = 0.001; GFI = 0.95; AGFI = 0.93; CFI = 0.92; RMSEA = 0.052
(90% CI: 0.034 - 0.070)). All other models have a poorer fit to the data (see Table 3).

6

Cross-validation of the two-factor model of Roelofs et al 14
Using the validation sample, the model of Roelofs et al. 14 was cross-validated. Goodness-of-fit indices again indicate a reasonable fit (χ2 (43) = 62.67, p = 0.027; GFI
= 0.96; AGFI = 0.94; CFI = 0.96; RMSEA = 0.039 (90% CI: 0.014 - 0.058)). This
indicates that the model was robust across two similar samples of cancer survivors.
Figure 1 shows the standardised factor loadings for the validation and the calibration
sample.
Test of invariance of the two-factor of Roelofs et al. 14 across gender and
cancer diagnosis
To examine whether the two-factor model of Roelofs and colleagues 14 was invariant
across gender, multi-sample analyses were conducted separately for men (n= 138)
and women (n= 512). The results of the multi-sample analysis showed that the model
adequately fitted the data: χ2 (86) = 172.82, p < 0.001; GFI = 0.95; AGFI = 0.93;
CFI = 0.91; RMSEA = 0.038 (90% CI: 0.030 - 0.046). This indicates that the model is
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Total (n=658)

512 (77.8%)
8 (1.2%)

female

missing

45 (7.0%)
55 (8.3%)

other

missing

29 (8.9%)

22 (6.6%)

20 (6.1%)

20 (0-50) (n=571)
67 (0-100) (n=649)

Fatigue (FACT-F)

Global Health Status (EORTC-QLQ-C30)

67 (0-100) (n=325)

22 (0-47) (n=282)

Median (min-max)

38 (5.8%)

lower airway

20 (6.1%)

21 (6.4%)

Median (min-max)

41 (6.2%)

female genital tract

1 (0-23) (n=300)

48 (7.3%)

digestive tract

35 (10.6%)

182 (55.3%)

4 (1.2%)

261 (79.3%)

64 (19.5%)

51 (9.9) (n=309)

Calibration sample (n=329)

1 (0-25) (n=594)

74 (11.2%)

blood/bone marrow/lymphoma

Time between diagnosis and programme start in years, median (min-max)

357 (54.3%)

breast

Cancer type (n (%))

138 (21.0%)

51 (9.5) (n=614)

male

Sex (n (%))

Age at start in years, mean (sd)

Table 2: Participants’ characteristics

67 (0-100) (n=324)

19 (1-50) (n=289)

Median (min-max)

1 (0-25) (n=294)

26 (7.9%)

23 (6.9%)

18 (5.5%)

21 (6.4%)

27 (8.2%)

39 (11.9%)

175 (53.2%)

4 (1.2%)

251 (76.3%)

74 (22.5%)

51 (9.0) (n=305)

Validation sample (n=329)
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GFI
0.87
0.90
0.92
0.93
0.92
0.90
0.95
0.84

χ (119) = 368.79, p <0.001

χ2 (65) = 204.89, p < 0.001

χ (48) = 162.19, p < 0.001

χ2 (64) = 150.61, p < 0.001

χ (64) = 166.69, p < 0.001

2

χ (64) = 204.56, p < 0.001

χ2 (43) = 79.05, p = 0.001

χ (76) = 352.24, p < 0.001

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

Model 8

CFI
0.65
0.77
0.79
0.86
0.83
0.77
0.92
0.57

AGFI
0.83
0.86
0.87
0.90
0.89
0.86
0.93
0.78

RMSEA (90% CI)

0.11 (0.097 -0.120)

0.052 (0.034 - 0.070)

0.084 (0.072 - 0.098)

0.072 (0.059 - 0.086)

0.066 (0.053 - 0.080)

0.088 (0.073 - 0.103)

0.084 (0.071 - 0.097)

0.083 (0.073 -0.092)

CAIC

547.51

233.92

386.36

348.49

332.41

364.19

379.95

597.73

Note: model 1 = 1-factor model including all 17 items, model 2 = 1-factor model without reversed items, model 3 = 4-factor model of Vlaeyen et al. 5,
model 4 = 2-factor model of Clark et al. 11, model 5 = 2-factor model of Geisser et al. 12, model 6 = 2-factor model of Swinkels-Meewisse et al. 13, model 7 =
2-factor model of Roelofs et al. 14, model 8 = 2 factor model of Silver et al. 6.

2

2

2

2

χ2 (df ), p

Model

Table 3: Goodness-of-fit indices of confirmatory factor analyses of the TSK-F
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Figure 1. Standardised factor loadings of the two-factor model of Roelofs et al. 14 in
cancer survivors as obtained with confirmatory factor analysis shown for the validation
sample and the calibration sample (between parentheses)

stable in both samples for the number of factors (invariant factor numbers), the intercorrelations between factors (invariant factor intercorrelations), and for the contribution of all items to their respective factors (invariant factor loadings).
In a second multi-sample analysis, the invariance of the two-factor model of Roelofs
et al. 14 across cancer type was evaluated. The model was fit separately for patients
suffering from breast cancer (n= 357) and patients suffering from other cancer types
(n = 246). The results of the multi-sample analysis showed that the model adequately
fitted the data: χ2 (86) = 146.74, p < 0.001; GFI = 0.95; AGFI = 0.93; CFI = 0.93;
RMSEA = 0.035 (90% CI: 0.025 - 0.044). This indicates that the model is stable in
both samples.
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Descriptives of the two-factor model of Roelofs et al. 14
The mean TSK-F score of the complete sample based on the two-factor model of
Roelofs et al. was 23.3 (± SD 6.1; range 1-40). This model contains two factors:
‘activity avoidance’ (TSK-F AA) and ‘somatic focus’ (TSK-F SF). The mean activity
avoidance score was 12.4 (± SD 3.5; range 1-21) and the mean somatic focus score
was 10.9 (± SD 3.6; range 3-17).
Internal consistency of the two-factor model of Roelofs et al. 14
The internal consistency of the TSK-F proposed by Roelofs et al. 14 is acceptable.
Cronbach’s alpha of the TSK-F is 0.74 in the full sample. Also the two subscales are
sufficiently reliable. Cronbach’s alphas are 0.62 (TSK-F AA) and 0.68 (TSK-F SF).
Construct validity of the two-factor model of Roelofs et al. 14
The construct validity of the two-factor model of Roelofs et al. 14 was confirmed
using Pearson correlations and hierarchical multiple regression analyses. The correlations between TSK-F (total score, activity avoidance, somatic focus) global health
status and (p<0.001) and fatigue (p<0.001) are presented in Table 4. In a further
investigation of the construct validity, multiple hierarchical regression analyses were
performed to calculate the value of TSK-F in explaining respectively global health
status and fatigue. In these regression analyses age, sex (male 0, female 1), time between diagnosis and programme start and cancer type (breast cancer = reference)
were entered in a first block to control for. In the first set of regression analyses
TSK-F total score was entered in the second block. In the second set of regression
analyses TSK-F AA and TSK-F SF were entered in the second block. Separate regression analyses were conducted to assess the association of TSK-F with scores on
EORTC-QLQ-C30, global health status and the FACT-F. Table 5a en 5b shows the
results of these analyses. Both regression analyses with TSK-F total as independent
variable in the second block, show that TSK-F total score was significantly related
to a lower global health status and a higher fatigue score, even after controlling for
demographic variables and variables related to cancer diagnosis (see Table 5a). The
analyses with TSK-F AA and TSK-F SF subscales as independent variables in the second block showed that TSK-F SF was significantly related to a lower global health
status and a higher fatigue score. TSK-F AA was not related to global health status
and fatigue, even after controlling for demographic variables and variables related to
cancer diagnosis (see Table 5b).
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Table 4: Pearson correlations of TSK-F scores with scores on global health status
(EORTC-QLQ-C30) and fatigue (FACT-F)
TSK-F Total

TSK-F AA

TSK-F SF

Global Health Status

Fatigue

-

0.842***

0.859***

-0.331***

0.308***

-

0.461***

-0.199***

0.181***

-

-0.374***

0.347***

-

-0.560***

TSK-F
TSK-F Total
TSK-F AA
TSK-F SF
Global Health Status
Fatigue
*

-

p < 0.05, p < 0.01,
**

***

p < 0.001

Discussion
The aim of our study was twofold. The primary aim was to select the optimal model
for the TSK-F in Dutch cancer survivors. Secondly we assessed the stability, the internal consistency and the construct validity of the derived optimal model in cancer
survivors.
The two-factor model of Roelofs et al. 14 was the best fitting model for cancer survivors. The model of Roelofs et al. 14 was robust and invariant across gender and
cancer type. Using this model, we found an acceptable internal consistency of the
TSK-F total score and subscales. Correlations of TSK-F total, TSK-F AA and TSK-F
SF with global health status and fatigue were significant indicating construct validity of
the TSK-F. Multiple hierarchical regression analyses showed that the total score of the
TSK-F had a unique and independent contribution to global health status as well as to
fatigue. The TSK-F SF was related to a lower global health status and a higher fatigue
score. TSK-F AA was not related to global health status and fatigue.
In contrast to our results, findings from prior studies in chronic pain patients supported the two-factor model of Clark et al. 11. However, these studies compared only
four models (our models 1-4) and the model of Roelofs et al. 14 was not included in
these studies. The two factors in the model of Roelofs et al. 14, ‘somatic focus’ and
‘activity avoidance’, are in line with the two-factor 13-item model of Clark et al. 11
also consisting of the factors ‘somatic focus’ and ‘activity avoidance’. Silver et al. 6
explored the factor structure of the TSK-F in chronic fatigue patients and found a 14
item two-factor model (see model 8, Table 1). The poorer fit of Silver’s two-factor
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0.026

-0.055

0.085
0.108*
0.298***

-0.078
-0.328***

-0.113
*

0.121

0.129**

**

0.105***

0.076

-0.049
-0.132

0.039

-0.035

-0.025

0.015
0.095

0.029
*

Standardised ß

Adj. R2

-0.043

0.010

∆R2

0.087***

0.023

∆R2

Fatigue

0.094

0.008

Adj. R2

Standardised betas from the last step in the analyses are displayed. Note. Covariates: Age, Sex (0 = m, 1 = f ), Cancer type (breast cancer = reference).
In each step a block of independent variables is entered in the following order: Step 1: Age at start, Sex, Time between diagnosis and programme start,
Cancer type; Step 2: TSK-F Total
Dependent variable: EORTC-QLQ-C30 Global Health Status or FACT-F
*
p < 0.05, ** p < 0.01, *** p < 0.001

Step 2 TSK-F Total

other

lower airway

female genital tract

digestive tract

blood/bone marrow/lymphoma

Cancer type

Time between diagnosis and programme start in years

Sex

Step 1 Age at start in years

Standardised ß

Global Health Status

Table 5a: Hierarchical regression analyses predicting global health status (EORTC-QLQ-C30) and fatigue (FACT-F) by TSK-F total
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-0.052
-0.033

Sex

Time between diagnosis and programme start in years

***

-0.331

-0.057

TSK-F SF

-0.099

lower airway

other
-0.056

0.071

*

TSK-F AA

0.019

-0.048

female genital tract

0.310

***

0.049

0.088

0.124**

-0.048

0.075

0.037

0.104

-0.011

-0.127**

0.141

0.015

digestive tract

0.127***

0.029*

Standardised ß

blood/bone marrow/lymphoma

Cancer type

-0.006

Age at start in years

Adj. R2

0.110***

0.023

∆R2

Fatigue

0.116

0.008

Adj. R2

*

p < 0.05, ** p < 0.01, *** p < 0.001

Dependent variable: EORTC-QLQ-C30 Global Health Status or FACT-F

Cancer type; Step 2: TSK-F AA, TSK-F SF

In each step, a block of independent variables is entered in the following order: Step 1: Age at start, Sex, Time between diagnosis and programme start,

Standardised betas from the last step in the analyses are displayed. Note. Covariates: Age, Sex (0 = m, 1 = f ), Cancer type (breast cancer = reference).

Step 2

Step 1

∆R2

Global Health Status
Standardised ß

avoidance (TSK-F AA) and TSK-F somatic focus (TSK-F SF)

Table 5b: Hierarchical regression analyses predicting global health status (EORTC-QLQ-C30) and fatigue (FACT-F) by TSK-F activity

model compared to Roelofs’ two-factor model 14 in our study sample might be explained by the inclusion of two inversed items in Silver’s model. In previous studies
these negatively phrased items were omitted because of their low correlation with
the scale total score 11.
The derived two-factor model of Roelofs et al. 14 seemed to be invariant for sex and
cancer type and the internal consistency of the model was acceptable. Comparable
to our findings, Roelofs et al. 14 reported that the TSK was invariant across pain
diagnoses and Dutch, Swedish and Canadian samples of chronic pain patients and
that the internal consistency was reasonable. The internal consistency of the
TSK-F 14 in our sample of cancer survivors was similar to the internal consistencies
of the other models validated in patients with chronic pain 4,21. In chronic fatigue patients, better internal consistencies were reported, i.e., Cronbachs’ alpha’s of respectively 0.70- 0.78 (model of Silver et al. 6) and 0.93 (17 items, two-factor model 19).
The TSK-F total score and the SF subscale based on the two-factor model of Roelofs
et al. 14 were associated with global health status (EORTC-QLQ-C30) and fatigue
(FACT-F) in cancer survivors, indicating construct validity. These results are in line
with the findings of others 13,14,19. Roelofs et al. 14 studied the validity of their twofactor model in chronic pain patients and found that the TSK SF was associated with
self-reported disability related to work, and that the TSK AA was related to disability
related to functioning and sports/hobby. Swinkels-Meeuwisse et al. 13 studied the
validity of their two-factor model (model 6 in our study) in patients with acute low
back pain and found that items associated with both ‘harm’ and ‘activity avoidance’
were significantly associated with disability and participation.

6

TSK-F AA was not associated with global health status (EORTC-QLQ-C30) and fatigue (FACT-F) in cancer survivors. As far was we know, this was not reported in
previous studies. This might be explained by the fact that cancer-related fatigue, in
contradiction with chronic pain and chronic fatigue, is almost certainly multi-factorial
in origin 34. As much as fears and concerns may lead to persistence of fatigue, several other biological and behavioural factors may also contribute to cancer-related
fatigue. Unfortunately, we were not able to adjust for all these factors in the analyses.
This might have led to a dilution of the relation of activity avoidance with global
health status and fatigue.
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Our study is an important step towards identifying the factor structure of the TSK-F
in cancer survivors. We studied this in a large sample of Dutch cancer survivors
(n=658).
Despite this, there are several limitations of this study. First, we did not include a
separate measure to assess the criterion validity. A golden standard for fear of movement is not available yet, but a comparison with questionnaires measuring illness beliefs or coping styles might be used in future validation studies of the TSK-F. Secondly,
we were not able to determine the test-retest reliability in our study. Stability of the
response variable (TSK-F) is an important factor when determining the test-retest reliability. However, our participants started with a rehabilitation programme immediately after the assessment of the TSK-F and consequently a second stable (i.e., without the influence of the rehabilitation) TSK-F assessment could not be taken. Future
research should assess the test-retest reliability in cancer survivors. Furthermore, our
results might not generalise to all cancer survivors because we validated the TSK-F
in cancer survivors participating in a rehabilitation programme. However, we performed our validation in a subgroup of cancer survivors for whom the assessment of
fear of movement might be important and useful to direct the rehabilitation process.
In conclusion, the two-factor 11-item TSK-F proposed by Roelofs et al. 14 has the best
fit and it proved to be a robust, reliable and valid tool in measuring fear of movement
in cancer survivors. Further psychometric testing of the TSK-F in cancer survivors is
recommended. In the future, scores on the TSK-F may be used to direct rehabilitation programmes in cancer survivors. High scores on TSK-F would indicate graded
exposure to feared movements in rehabilitation programmes based on an individual
hierarchy 35. Future research is needed to examine whether scores on the TSK-F
are related to changes of quality of life following interventions, like exercise training
based on principles of graded activity, and whether those interventions reduce fear
of movement and fatigue in cancer survivors.
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Abstract
Objective
Up to 30% of cancer patients still experience fatigue years after the end of treatment.
Patients with chronic fatigue often exhibit fear of movement. We studied the relationship between fear of movement and perceived global health status and the role
of a graded activity rehabilitation programme in cancer survivors.
Methods
1.236 cancer survivors participated in a 12-week graded activity rehabilitation programme. Fear of movement (TSK-F), fatigue (FACT-F) and perceived global health
status (EORTC-QLQ-C30) were measured at baseline and after rehabilitation. We
performed multiple linear regression analyses to examine the association between
fear of movement and perceived global health status at baseline. Differences between baseline and post-intervention scores were assessed with paired t-tests and
effect sizes (ES). Hierarchical multiple regression analyses were used to investigate
whether changes in fear of movement were associated with perceived global health
status.
Results
Fear of movement was associated with perceived global health status prior to rehabilitation (p<0.01). Only participants with high scores on baseline fear of movement
showed a considerable decrease in fear of movement following rehabilitation
(ES = -0.69 (95% CI -0.80 to -0.57)), the reduction was largest for fears due to a somatic focus (ES = -0.57 (95% CI -0.68 to -0.45)). Changes in fear of movement due
to a somatic focus were related to perceived global health status post-intervention
(p<0.05).
Conclusions
Fear of movement influences the perceived global health status of cancer survivors.
Fear of movement decreases after rehabilitation with graded activity in high scorers
on baseline fear of movement.
Key words
Fear of movement, graded activity, quality of life, cancer survivors, cancer, oncology

160

Part III: Effects in cancer survivors | Chapter 7

Introduction
Up to 60 to 96 percent of the cancer patients report high levels of fatigue during
or after cancer treatment, which is expected to lead to a decreased quality of life 1.
Fatigue may be caused by the cancer itself and/or its treatment 1. Several studies most in breast cancer survivors – show that physical exercise after cancer treatment
might lead to a reduction in fatigue and an improvement in quality of life 2,3. Of the
patients who report fatigue during cancer treatment, up to 30% continue to experience fatigue years after the end of treatment 1. In these patients several factors might
be responsible for the persistence of complaints, such as a disruption of activity and
an inadequate adjustment to life’s goals, while facing cancer and its treatment 4. After
cancer treatment and a prolonged period of rest during treatment, cancer survivors
may perceive activity levels - that were previously well tolerated - as excessive and
this may cause fatigue. If the response is to further limit physical activities, instead of
gradually increasing them, fatigue may paradoxically persist and also lead to a reduced
quality of life 5.
Previously, in patients not having cancer, but symptoms of chronic pain and chronic fatigue this ‘cognitive behavioural model’ of fear of movement (kinesiophobia),
including the mechanisms as explained above, has been described 6-8. Patients reporting fear of movement seem to benefit from rehabilitation programmes based
on the principles of behavioural graded activity, during which patients are gradually
exposed to feared movements 9-11. We hypothesise, that the same mechanism of
fear of movement explains persistence of complaints of fatigue, at least in part of the
cancer survivors. Quality of life and fatigue complaints improved in cancer survivors
after a graded activity rehabilitation programme 12. The aim of the current study is
to examine the relationship between fear of movement and perceived global health
status in cancer survivors. Furthermore, we will test whether fear of movement and
symptoms of fatigue are reduced and perceived global health status is improved after
a comprehensive rehabilitation programme including graded activity. Finally, we will
test whether a decreased fear of movement is associated with a positive change in
perceived global health status during the intervention.
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Materials and Methods
Study participants
Between 1996 and 2005 cancer survivors (varying in age, gender, type of cancer
and activity level) were referred for rehabilitation by medical specialists and general
practitioners, who were familiar with the rehabilitation programme that was offered
in four Comprehensive Cancer Center regions in the Netherlands. Cancer survivors
were eligible for rehabilitation if a) at least two months ago, they had finished their
last cancer-related treatment (except hormone therapy), b) they were 18 years or
older, c) the estimated life expectancy was over one year, and d) they were judged to
be able to participate in a group rehabilitation programme.
Group rehabilitation programme
A detailed description of the group rehabilitation programme has been previously
published 12. The 12 week programme, consisting of a physical training and an educational module, aimed to enhance quality of life and recovery in cancer survivors.
Physical training was offered twice a week, and consisted of endurance and strength
training (2 x 1 hour) and group sports (1 x 1 hour) and was based on the principles
of graded activity 13. This means that the training intensity levels increase gradually,
based on incremental rates determined prior to start, a so-called ‘time contingent
approach’ 13.
The aim of the educational programme (seven two-hour sessions) was to improve
the knowledge about cancer-related subjects and to stimulate sharing experiences on
cancer-related subjects, such as nutrition, skin care, lymph oedema, and returning to
work.
Measurements
Patients completed questionnaires at baseline and after 12 weeks (end of the programme) measuring the following constructs:
Fear of movement
Fear of movement is measured with the Modified Tampa Scale for KinesiophobiaFatigue (TSK-F), which is a questionnaire including 11-items that are scored on a
4-point scale (’strongly disagree’ (1) to ’strongly agree’ (4)). Total scores range from
11 to 44. The two-factor model has been shown to be invariant across gender and
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cancer types 14. The two subscales are somatic focus (TSK-F SF) and activity avoidance (TSK-F AA). The somatic focus subscale (five items) taps into a belief that
fatigue is associated with serious underlying medical problems. The subscale activity
avoidance (six items) measures the belief that activity may result in increased fatigue
and hence should be avoided 15,16. Internal consistency of the two-factor 11- item
model is acceptable (Cronbach’s alpha: 0.62 to 0.74) 17. Construct validity was illustrated by significant associations between TSK-F total and TSK-F SF with global
health status (EORTC-QLQ-C30) and fatigue (FACT-F) (all p<0.001). In our study
sample, Cronbach’s alpha of TSK-F total was 0.73 at baseline and Cronbach’s alphas
of respectively baseline TSK-F AA and TSK-F SF were 0.60 and 0.65. Based on the
median score of the TSK-F total we divided our study sample in high and low scorers
on fear of movement.
Fatigue
Fatigue is measured using the validated questionnaire Functional Assessment of Cancer Therapy-Fatigue (FACT-F) 18. The FACT-F is part of the Functional Assessment of
Cancer Therapy-General (FACT-G), which assesses multiple fatigue characteristics
and their impact on function. The FACT-F subscale consists of 13 items and gives a
combined score between 0 and 52. Higher scores indicate less fatigue. Cronbach’s
alpha of the FACT-F in our study population was 0.89 at baseline and post-intervention.
Global health status
Perceived global health status is assessed using the subscale of the EORTC-QLQC30 questionnaire (version 2), a reliable and valid measure of quality of life in cancer
patients 19. Global health status is scored on a scale ranging from ‘Very poor’ (1) to
’Excellent’ (7). Scores range from 0 to 100; with a higher scores representing better
global health status. In our sample internal consistency of the global health status
subscale was good (Cronbach’s alpha 0.78 at baseline and 0.84 post-intervention).

7

Socio-demographic and medical data
At baseline, age (in years), sex, cancer type, cancer treatment (chemotherapy, radiotherapy) and time since diagnosis (in years) are obtained by self report.
Statistical Analyses
Descriptive statistics were used to describe the study population and instrument
scores at baseline and at the end of the programme. Missing values were replaced by
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imputed values estimated by an expectation-maximization (EM) analysis 20. Imputed
values were used for further analyses.
To evaluate the association of fear of movement with perceived global health status, we performed multiple linear regression analyses. Separate as well as combined
analyses were conducted to assess the association of perceived global health status
and the two domains of fear of movement, activity avoidance and somatic focus. We
investigated the potential confounding effect of fatigue, age, sex, cancer type and time
between diagnosis and start of the programme.
Differences between baseline and post-intervention scores on fear of movement,
fatigue and perceived global health status were assessed with paired t-tests and effect
sizes (ES). Effect sizes < (-)0.2 were indicated as ‘no change’, effect sizes of (-)0.2 to
(-)0.5 as ‘small change’, effect sizes of (-)0.5 to (-)0.8 as ‘moderate change’ and effect
sizes ≥ (-)0.8 as ‘considerable change’ 21.
To investigate whether changes in fear of movement and fatigue during the intervention were associated with perceived global health status after the intervention,
we performed hierarchical multiple regression analyses with perceived global health
status post-intervention as the dependent variable. In the first step, perceived global health status at baseline is entered to control for pre-intervention levels. In the
second step, fear of movement, somatic focus and activity avoidance, and fatigue at
baseline are entered and in the third step, fear of movement, somatic focus and activity avoidance, and fatigue post-intervention are entered into the model. As an acceptable level of significance (two-sided), a p-value of less than 0.05 was taken. These
analyses were performed for the full population, and separately for cancer survivors
with high and low scores for fear of movement.
Analyses were performed by using the Statistical Package for the Social Sciences
(SPSS for Windows, release 17.0; SPSS Inc., Chicago, Illinois, USA). Effect sizes were
calculated using the ‘effect size calculator’
(http://davidmlane.com/hyperstat/effect_size.html).
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Results
Study participants
A total of 1236 cancer survivors participated in the rehabilitation group programme
between 1996 and 2005. The characteristics of the study population are listed in
Table 1.
Table 1: Participants’ characteristics at baseline (t0)
Age at start in years
mean (sd)

n=1055
50 (9.6)

Sex (n(%))

1236 (100%)

male

197 (15.9%)

female

898 (72.7%)

missing

141 (11.4%)

Cancer diagnosis (n (%))

1236 (100%)

breast

615 (49.8%)

blood/bone marrow/lymphoma

133 (10.8%)

digestive tract

77 (6.2%)

female genital tract

72 (5.8%)

lower airway

53 (4.3%)

other

89 (7.2 %)

missing

197 (15.9%)

Cancer Treatment (n (%))
chemotherapy

1236 (100%)

yes

647 (52.3%)

no

353 (28.6%)

missing

236 (19.1%)

radiotherapy

1236 (100%)

yes

566 (45.8%)

no

434 (35.2%)

missing

236 (19.1%)

Time between diagnosis and programme start in years
median (min-max)

7

n=1012
2.0 (0-24)
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The mean age of the participants is 50 (± SD 9.6). Seventy-three percent of the
participants was female. About 50 percent of the participants were diagnosed with
cancer 1 to 3 years prior to starting the rehabilitation programme. Fifty percent
had breast cancer, 34% had other cancers and for 16% type of cancer was unknown.
Eighty-seven percent completed the programme (n=1078), 1% dropped out (n=9)
for several reasons: cancer recurrence, personal reasons, negative impact of the programme or co-morbidity. For 149 (12%) participants it was unknown if they finished
the programme.
Relation fear of movement with global health status prior to
rehabilitation (t0)
Both activity avoidance and fears due to a somatic focus were associated with perceived global health status prior to rehabilitation (see Table 2).
Table 2: Association between fear of movement and global health status prior to
rehabilitation (t0)
Global Health Status (t0)

Model 1
ß
A

Fear of movement

95% CI

95% CI

-1.257 to -0.677

-0.498

***

-1.515***

-1.789 to -1.242

-0.529**

-1.309***

-0.967

***

Model 2
ß

Model 3
ß

95% CI

-0.748 to -0.248

-0.497

**

-0.793 to -0.202

-0.860***

-1.105 to -0.614

-0.847***

-1.136 to -0.557

-0.829 to -0.229

-0.322*

-0.580 to -0.065

-0.325*

-0.585 to -0.065

-1.597 to -1.022

-0.713***

-0.966 to -0.461

-0.699***

-0.953 to -0.445

activity avoidance (t0)

B

Fear of movement
somatic focus (t0)

C

Fear of movement
activity avoidance (t0)
Fear of movement
somatic focus (t0)

*

p < 0.05, ** p <0 .01, *** p <0 .001

Model 1: crude model
Model 2: model 1 adjusted for fatigue (t0)
Model 3: model 1 adjusted for fatigue (t0) and additional medical and socio demographic variables

A decrease of one unit in activity avoidance (TSK-F AA) was related to an increase
of one unit in perceived global health status (EORTC-QLQ-C30), while a decrease
of one unit in fear due to a somatic focus (TSK-F SF) resulted to an improvement of
perceived global health status (EORTC-QLQ-C30) of one and a half units. After correcting for baseline fatigue and medical and socio-demographic variables, the associa-
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tion of both activity avoidance (p<0.01) and fears due to a somatic focus (p<0.001)
with perceived global health status was still significant.
Effects of rehabilitation on fear of movement, fatigue and global health
status
Mean values (SD) for fear of movement, fatigue, and perceived global health status at
baseline and after rehabilitation as well as mean differences and effect sizes are shown
in Table 3.
Table 3: Mean scores and mean differences on fear of movement, fatigue and global
health status (t0 and t1)
Mean
Baseline (SD)

Mean Post-test
(SD)

Mean Difference
(95% CI)

Effect Size (95% CI)

23.2 (5.8)

22.2 (5.8)

-1.0 (-1.3 to -0.7)

-0.17 (-0.25 to -0.09)

High scorers fear of movement (n=613)a

28.0 (3.4)

24.9 (5.4)

-3.0 (-3.5 to -2.7)

-0.69* (-0.80 to -0.57)

Low scorers fear of movement (n=623)

18.5 (3.2)

19.5 (4.8)

1.0 (0.7 to 1.4)

0.25* (0.13 to 0.36)

Fear of movement (TSK-F)
Total
(range 11-44) (n=1236)

b

Activity Avoidance
(range 6-24) (n=1236)

12.4 (3.3)

12.2 (3.5)

-0.2 (-0.4 to -0.03)

-0.06 (-0.14 to -0.02)

a

High scorers fear of movement (n=613)

14.4 (2.8)

13.4 (3.3)

-1.0 (-1.2 to -0.7)

-0.33* (-0.44 to -0.21)

Low scorers fear of movement (n=623)b

10.5 (2.6)

11.0 (3.2)

0.5 (0.3 to 0.8)

0.17 (0.06 to 0.28)

10.8 (3.5)

10.0 (3.3)

-0.8 (-1.0 to -0.6)

-0.24* (-0.31 to -0.16)

High scorers fear of movement (n=613)a

13.0 (2.8)

11.3 (3.2)

-1.6 (-1.9 to -1.4)

-0.57* (-0.68 to -0.45)

Low scorers fear of movement (n=623)b

8.6 (2.6)

8.7 (2.9)

0.04 (-0.2 to 0.3)

0.04 (-0.07 to 0.15)

21.8 (9.7)

17.8 (9.1)

-3.9 (-4.4 to -3.5)

-0.43* (-0.50 to -0.35)

High scorers fear of movement (n=613)a

23.9 (9.3)

19.7 (9.1)

-4.2 (-4.8 to -3.5)

-0.46* (-0.57 to -0.34)

Low scorers fear of movement (n=623)b

19.7 (9.6)

16.0 (8.8)

-3.7 (-4.3 to -3.0)

-0.40* (-0.51 to -0.29)

61.2 (17.3)

68.8 (17.0)

7.6 (6.6 to 8.5)

0.44* (0.36 to 0.52)

High scorers fear of movement (n=613)a

57.0 (16.9)

65.6 (17.3)

8.6 (7.1 to 10.0)

0.50* (0.39 to 0.62)

Low scorers fear of movement (n=623)

65.2 (16.7)

71.8 (16.1)

6.5 (5.2 to 7.9)

0.40* (0.29 to 0.51)

Somatic Focus
(range 5-20) (n=1236)

Fatigue (FACT-F)
(range 0-52) (n=1236)

Global Health Status
(EORTC-QLQ-C30)
range 0-100 (n=1236)

b

7

Imputed data (n=1236) were used
*

ES ≥ [0.2]
< median score (23) TSK-F (t0)

a

b

≥ median score (23) TSK-F (t0)

For the total study population, we found no change in fear of movement after rehabilitation (ES = -0.17 (95% CI -0.25 to -0.09)). However, a considerable decrease
in fear of movement in participants with high scores on baseline fear of movement
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(ES = -0.69 (95% CI -0.80 to -0.57) was found. Fears in the domain of somatic focus
decreased more after rehabilitation than activity avoidance. In the total population
activity avoidance did not change after rehabilitation (ES= -0.06 (95% CI -0.14 to
-0.02)), while fears due to a somatic focus, showed a small decrease (ES= -0.24 (95%
CI -0.31 to -0.16)). In participants with high scores on baseline fear of movement,
activity avoidance showed a small decrease (ES= -0.33 (95% CI -0.44 to -0.21)), while
fears due to a somatic focus decreased moderately after rehabilitation (ES= -0.57
(95% CI -0.68 to -0.45)).
We found a small decrease of fatigue (ES = -0.43 (95% CI -0.50 to -0.35)) after
rehabilitation. This decrease did not differ between high scorers and low scorers on
baseline fear of movement (see Table 3).
Perceived global health status scores showed a small increase, after rehabilitation
(ES = 0.44, 95% CI 0.36 to 0.52)). This mean improvement was higher in those with
high scores on baseline fear of movement (see Table 3).
Associations of changes in fear of movement and global health status
after rehabilitation (t1)
Changes in fears due to a somatic focus were related to the perceived global health
status after rehabilitation, also after correcting for baseline values of perceived global
health status, activity avoidance, somatic focus and fatigue and fatigue at follow-up
(p<0.05) (see Table 4). Changes in activity avoidance were not related to perceived
global health status after rehabilitation.

Discussion
The aim of our study was to investigate the relation between fear of movement
and perceived global health status in cancer survivors. We studied whether fear of
movement was reduced and symptoms of fatigue and perceived global health status
were improved after rehabilitation with graded activity. Finally, we assessed whether
a decreased fear of movement is associated with a positive change in perceived global
health status.
In cancer survivors prior to rehabilitation, both activity avoidance and fears due to
a somatic focus were negatively associated with perceived global health status. We
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***

-0.116
-0.456
-0.461

*

***

-0.086

0.008
0.142***

0.046

***

0.196***

∆R2
0.377

0.237

0.195

-0.450***

-0.127

***

-0.036

0.081

0.024

-0.001

0.302***

0.157***

0.030

***

0.202***

0.382

0.227

0.201

Standardized betas from the last step in the analyses are displayed. In each step, a block of independent variables is entered in the following order. Step 1: Global Health
Status (t0); Step 2: Fear of movement, activity avoidance (t0), Fear of movement, somatic focus (t0), Fatigue (t0); Step 3: Fear of movement, activity avoidance (t1), Fear of
movement, somatic focus (t1), Fatigue (t1) Dependent variable: Global Health Status (t1)
*
p <0 .05, ** p < 0.01, *** p < 0.001
a
< median score (23) TSK-F (t0)
b
≥ median score (23) TSK-F (t0)

Fatigue (t1)

Fear of movement, somatic focus (t1)
***

0.145***

0.396

-0.012

Fear of movement, activity avoidance (t1)

Step 3

0.179***

0.131***

Fatigue (t0)

0.019
-0.118**

0.252

Fear of movement, somatic focus (t0)

0.035

0.029
-0.047

Fear of movement, activity avoidance (t0)

Standardized ß

Step 2

0.328***

0.219

0.220***
***

∆R2

0.319***

Adj. R2

Global Health Status (t0)

Standardized ß

Step 1

Adj. R2

Low scorers fear of movement
(n=623)b
Standardized ß

High scorers fear of movement
(n=613)a

∆R2

Total (n=1236)

Adj. R2

Table 4: Multiple hierarchical regression analysis predicting global health status after rehabilitation (t1)
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found no change in fear of movement and small improvements in complaints of fatigue and perceived global health status after rehabilitation. However, the results of
participants with high baseline fear of movement scores showed a considerable decrease in fear of movement, largest in movement fears due to a somatic focus. Reductions in these fears of movement were related to perceived global health status
post-intervention. We found no associations of activity avoidance with perceived
global health status after rehabilitation.
Fear of movement was negatively associated with perceived global health status. This
is in accordance with a previous study 22.
Although we found small improvements in fatigue and perceived global health status,
we found no decrease in fear of movement (one point on the TSK-F) after rehabilitation. These findings are not fully in accordance with previous studies investigating
rehabilitation with graded activity in patients with chronic pain 10,11,23. Vonk et al. 10,
Staal et al. 11 and Woods et al. 23 found improvements in functioning and return to
work, as well as, improvements on the TSK-F varying between two to four points
post-intervention. These differences in improvements in fear of movement can be
explained by the use of different models of the TSK-F: in these studies a 17- item
model 10,11,23 (range 17-68) was used, while we used a 11-item model (range 11-42)14.
Furthermore, this difference might have been caused by our study population. In
previous studies, graded activity was studied in patients with chronic pain or chronic
fatigue, persisting for a long time (> 6 months) in which other medical treatment
options for their complaints of pain or fatigue failed. In our study, cancer survivors
shortly after they had finished cancer treatment were included. Reasons for the persistence of fatigue symptoms may be caused by cancer (treatment) related problems
or complaints will not resolve due to fear of movement, with subsequent risk of developing chronic complaints of fatigue. This rehabilitation programme may be particularly helpful for this latter patient group. Since we identified not specifically patients
in which other treatment options failed and complaints may persist due to fear of
movement, we probably included both groups. This mixed population might have led
to an underestimation of the effect of the graded activity rehabilitation programme.
For both groups with high and low scores on baseline fear of movement, we found
that fears due to a somatic focus decreased more during the graded activity rehabilitation programme than activity avoidance. A previously conducted randomised trial
- comparing graded activity with graded exposure - showed that graded exposure is
more effective in reducing avoidance than graded activity 23. During graded exposure

170

Part III: Effects in cancer survivors | Chapter 7

treatment, participants are gradually exposed to previously avoided activities leading
to the elimination of the fear of movement, while during graded activity, the intensity
levels of the physical training gradually increase, according to principles of operant
conditioning. Leeuw et al. 24 suggested that graded exposure might be more effective
in patients with high levels of fear of movement, since graded activity may leave to
much room for escape and avoidance of feared behaviours. Nijs et al. 7 confirmed this
in their study in patients with chronic fatigue. They found that graded activity might
worsen the condition of chronic fatigue patients, but that they may benefit from
graded exposure instead.
Reductions in fear of movement due to a somatic focus were related to perceived
global health status in our population but not in patients with chronic pain 16,25,26.
Boersma et al. 25 found that activity avoidance had a unique predictive value for pain
and disability, while fear due to a somatic focus had no unique predictive value.
Geisser et al. 26 and Roelofs et al. 16 also found that activity avoidance was more
strongly associated with future behaviour than fears due to a somatic focus.
Although our findings are promising, especially for patients reporting high scores on
baseline fear of movement, these results should be interpreted with care. Initially, the
lack of a control group made it impossible to determine whether the improvements
in fear of movement and perceived global health status resulted from the rehabilitation programme or was an effect of natural course after finishing cancer treatment.
Moreover, the better results for the high fearful patients may just have been the effect of the regression to the mean. Secondly, it was impossible to determine whether
changes in fear of movement and perceived global health status were a result of the
physical training module, the educational module or the combination. Finally, the reliance on self-reported outcome measures may have introduced bias.

7

Conclusions and recommendations
Recommendations for research
Fear of movement seems to influence perceived global health status of cancer survivors and appears to decrease after rehabilitation with graded activity in cancer survivors with high levels of fear of moment. Specific fear with a somatic focus is associated with less perceived global health status after rehabilitation. Future research should
be conducted that might help to identify reference values for fear of movement in
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cancer survivors. Subsequently, randomised controlled studies should be conducted
in cancer survivors with increased fear of movement, to investigate effectiveness of
graded activity and graded exposure rehabilitation programmes.
Recommendations for practice
Despite the fact that scientific evidence is lacking, we expect that cancer survivors
with increased fear of movement might benefit from rehabilitation programmes focused on reducing fear of movement. Cancer survivors without fear of movement
seem to benefit less from these programmes and can be offered regular exercise
programmes.
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Randomisation in lifestyle
intervention studies in cancer
patients

chapter 8
Manuscript based on this chapter: Velthuis MJ,
May AM, Monninkhof EM, van der Wall E.,
Peeters, PHM. Randomisation in lifestyle intervention studies in cancer patients. Submitted.

In this thesis, we present the design of the PACT-study (Physical Activity during Cancer Treatment) 1. The PACT-study is a multicenter, pragmatic randomised controlled
trial (RCT) that studies the (cost) effectiveness of exercise during cancer treatment.
Participants will be randomised to an exercise or a control group. The exercise group
will participate in an 18-week supervised group exercise programme, while the control group will be asked to maintain their habitual physical activity pattern.
PACT is an example of a study where the aim is to prove that a specific lifestyle
has beneficial effects in cancer patients. The design with the strongest evidence for
a causal effect is the RCT. This implicates an allocation by chance to the potentially
beneficial lifestyle intervention or to a control group only receiving usual care.
In lifestyle intervention studies, the main problem related to this type of design is
preference of the participants for the potentially beneficial lifestyle intervention. Lifestyle interventions, like physical exercise, diets and programmes that support discontinuation of smoking, usually are highly desired by all interested study participants.
For that reason, non-compliance of participants of the control group is a frequently
reported problem. Participants allocated to the control group may – consciously or
unconsciously – change their lifestyle habits and their behaviour may closely resemble
that of the intervention group. This is also known as ‘contamination’. In case of the
PACT-study this contamination might result in an undesirable increase of the physical
activity level of the control group. This has been observed in other lifestyle intervention studies 2. These increases are probably caused by increased awareness due to
study participation, but may also be a result of regular measurements 3. In the worst
case, patients might refuse to participate, due to disappointment of having a 50%
chance of not receiving the lifestyle intervention. And finally, patients allocated to the
control group may, for the same reason, withdraw from the study.
Problems due to preference for the lifestyle intervention have also been observed
in prior studies 3-7. In the ONCOREV study, examining the effects of a multidisciplinary rehabilitation programme that started after cancer treatment was finished,
participants were so disappointed about their allocation to the control group that
they refused to participate and sought alternative exercise programmes by themselves 6. One solution is to look for another study population. In case of the ONCOREV
study, participants were recruited among patients of a waiting list for rehabilitation 6.
This waiting list group was added to the ONCOREV study as a control group, without randomisation. In the PACT-study, cancer patients allocated to the control group
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are asked to maintain their habitual physical activity patterns. The question is, however, what the habitual pattern implies in this population: patients are usually for the
first time diagnosed with cancer, and would they (without any study) decrease their
activities (because of fatigue, the psychological burden of the disease, or because of
the time spend on being treated) or will they be able to maintain their prediagnostic activity level? In the Sex Hormones and Physical Exercise (SHAPE) study, a RCT
in healthy sedentary women studying the effects of a 12-month physical exercise
programme on postmenopausal sex hormone levels, 12% of the controls (11/93)
reported that they increased their habitual activity level during the study period 3-5.
This contamination rate may be even higher in cancer patients: in a RCT studying the
effects of exercise during breast cancer treatment, 39% of the controls started regular walking by themselves 7.
There are several solutions to the above described problems that were also considered in the design phase of the PACT-study 1. We considered a cluster randomised
trial. In this design, clusters instead of individual patients are randomised. We considered randomisation on the level of hospitals or physicians. However, it is difficult
to predict how the recruitment process will proceed in each cluster. In the case that
more physicians in the intervention than in the control group are inactive, this may
lead to an imbalance between both groups. In this way cluster randomised trials challenge comparability of intervention and control group.
Another solution might be to use the so-called Zelen design. There are several ways
the Zelen design can be used. These ways are summarised in Table 1.
The single and the double consent version of the Zelen design can be considered if no
or few, non aggravating, additional (to usual care) measurements in the control group
are needed.
In a single consent version of the Zelen design, potential study participants are first
randomised without knowing it and, subsequently, only patients allocated to the intervention group are informed about the lifestyle intervention 8,9. If they do not wish
to participate in the new lifestyle intervention they receive usual care, but according
to the intention-to-treat principle they are still part of the intervention group. All
controls receive usual care, whereas participants allocated to the intervention group
receive usual care with or without the lifestyle intervention. Hence, there is a risk of
underestimating the treatment effect 9,10. Furthermore, the single consent version of
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the Zelen design is not suitable for trials like the PACT-study, where several measurements at baseline and follow-up additional to usual care are needed 9,10. Since controls
did not give consent to these measurements, this does not meet the usual ethical
requirements.
Table 1: Overview of versions of the Zelen design
Single consent

Double consent

Two-stage

Consent to

version

version

randomised

postponed

consent design

information

yes

yes

Consent control

no

group

yes
to usual care

to additional

to additional

measurements

measurements and
postponed
information

Consent
intervention
group

yes

yes

yes (2 x)

yes

to experimental

to experimental

1) to additional

to additional

treatment / lifestyle

treatment / lifestyle

measurements

measurements

intervention

intervention

(prior to

and to postponed

randomisation)

information

2) to experimental
treatment / lifestyle
intervention (after
randomisation)
Information

no

no

no

about

at the end of the

randomisation
Moment of

yes,

study
prior to consent

prior to consent

after first consent

after consent

randomisation

In the so-called double consent version of the Zelen design, participants again are randomised without them knowing it, and subsequently not only the intervention group
but also the control group are asked for consent to that part of the study they were
allocated to. Patients who decline the offered (randomised) treatment might receive
the other trial treatment (or perhaps some other treatment), but according to the
intention-to-treat principle they are still part of the group they were allocated to.
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For ethical reasons, researchers preferred the double consent version, but since both
groups might receive another treatment than allocated to, the dilution effect might
be even larger compared to the single consent design 9,10. Comparable to the single
consent version, all patients are included in the analyses, whether they did or did not
give consent. So, both versions are applicable only in trials where no or only few
additional measurements are needed in the control (usual care) group. Therefore,
also the double consent version is not suitable for the PACT-study, where for example
measurements of aerobic capacity and muscle strength are needed.
A third modification of the Zelen design is the two stage randomised consent design.
First, patients are informed only about the measurements and procedures needed
in the control arm of the study. After their consent, they are randomised for the
intervention without them knowing it. Those patients allocated to the intervention
group will be asked for additional consent to the lifestyle intervention. This design
could have been useful for the PACT-study. However, the proposal was rejected
by our Institutional Medical Ethical Committee. The Committee did not accept that
control participants were asked consent only for additional measurements and not
for the subsequent randomisation. They recommended a modified informed consent
version of the Zelen design with consent to postponed information 11. In this fourth version, patients are not asked for consent to randomisation, but only for additional (to
routine care) measurements at baseline and follow-up. Additionally, the overall aim
of the study is shortly explained and consent to postponement of detailed information until the end of the study is asked. Those not giving consent are not included
in the study. Those who gave consent are randomised without knowing it, and after
randomisation they are informed about the treatment they are allocated to. At the
end of the study, participants will receive full information about the research aim and
randomisation procedure and the reasons why they were not informed about the
additional research question 11.
In the pilot of the PACT study, the Zelen design with consent to postponed information 11 was tested. Patients were asked for consent to the PACT-study after informing
them that the main aim was investigating the effect of physical activity during cancer
treatment and that participation included a set of physical examinations and questionnaires at study entry, after 18 weeks and nine months. They gave also consent
to postponing further information about the detailed research aims until the end of
the study. After consent, patients were randomised either to the intervention or the
control group. Next, those randomised to the intervention were informed about the
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18-week supervised group exercise programme. Participants who were allocated to
the control group were recommended to be physically active for at least 30 minutes
a day, five days a week according to the Dutch guideline for physical activity 12, which
is based on international recommendations 13,14. During the pilot study, 64 patients
were included (September 2008-December 2009) 1. The proposed Zelen design
could have been effective if patients had not had the chance to meet each other. But
potential participants of the PACT-study frequently met in day care while receiving
chemotherapy. That provided an opportunity to exchange information about their
participation in the PACT-study, and to find out that other participants had different
treatments. In addition, it was difficult to blind the intervention in a campaign trying
to attend patients, physicians and oncology nurses to the PACT-study. Therefore,
participants allocated to the control group soon knew about the supervised exercise programme. Furthermore, it appeared to be difficult for medical specialists and
nurses, to inform the patients about the PACT-study without explaining the possibility
of being randomised to a supervised exercise programme. We fully and repeatedly
informed the medical specialists and the nurses about the study aims to motivate
them to participate in the study. We also informed them about the Zelen design
and the importance of postponed information. Despite this approach, some patients
were informed in advance about the detailed study aims. This may have been caused
by the fact that medical specialists and nurses felt it to be unethical not to provide
their patients with the full information about the PACT-study. In addition, they were
afraid that not fully informing them would result in lack of trust. Furthermore, the
Zelen design with consent tot postponed information also provoked negative responses
of patients. Patients refused to participate prior to randomisation, because they were
not fully informed about the study aims and the related efforts that were expected.
These reasons might explain the low inclusion rate in the pilot study: only 40% of
eligible patients were included. This percentage is low compared to other comparable randomised studies addressing effects of physical exercise in cancer patients.
Maddocks et al. 15 describe in their review that 58% (4524 out of 7224) of patients
approached was enrolled in studies.
After randomisation, in our pilot study only 5% of the participants (3/64) refused
further participation. Of the 32 study subjects offered to participate in the exercise
programme, two withdraw (6%) and nine (28%) refused participation to the exercise programme, but did show up for the follow-up measurement. The high refusal
rate to participate in the allocated intervention arm is in accordance with a previous
overview of randomised consent design intervention studies in cancer patients. In
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this overview, it was concluded that more patients need to be randomised in studies
with a randomised consent design (Zelen design) to obtain comparable power as in
a conventional RCT 10.
Participation problems we experienced with the Zelen design are not in accordance
with others 11,16,17. Campbell et al. 16 assessed the feasibility of a single consent design
nested within an observational study of a behavioural intervention for patients with
chronic arthritis. They found no indication that anyone in the control arm was aware
of the intervention and a high participation rate of 64% was observed. Boter et
al. 11,17 studied the Zelen design with consent to postponed information, in a trial on
the effectiveness of an outreach nursing care programme for patients who returned
home after being admitted for a stroke. Campbell et al. 16 as well as Boter et al. 11,17
did not mention participation problems: patients did not refuse participation in the
lifestyle intervention because of modified informed consent procedure 11,16,17. Patient
recruitment in the trials of Campbell et al. 16 and Boter et al. 11,17 differed from the
PACT-study. Researchers were directly involved in patient recruitment instead of the
medical specialists and nurses 1. Since the PACT-study is a large multicenter trial in
which patients should be informed about the study shortly after their cancer diagnosis, it is impossible for the researches to inform all patients by themselves.
Negative responses of professionals and patients that we experienced using the modified informed consent procedure of the Zelen design are also reported by
others 10,18. Altman et al. 10 experienced that medical specialists were concerned about
their doctor-patient relationship, and they clearly preferred to provide their patients
with all information upfront. Dennis 18 pointed out that telling patients that there is
a secret additional research question, like in the consent to postponed information
procedure, is likely to reduce the participation rate.
The reason we chose for the Zelen design was to prevent drop out of participants
in the control group due to disappointment about the allocation, but the result was a
low participation rate in the whole eligible study population due to lack of information. Furthermore, a relatively high drop-out in the intervention group occurred, because study participants were not informed and, therefore not prepared for the timeconsuming exercise programme. Based on these experiences, we decided that for the
PACT-study the Zelen design will not provide higher participation rates compared
to conventional randomisation. It also did not lead to blinding of participants for the
study aims and the potential beneficial lifestyle intervention. Therefore, a conventional
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randomised protocol will be applied in the actual PACT-study 1.
In order to prevent non-compliance of the control group, we included several measures in the design of the PACT-study as recommended by Hertogh et al. 3. Firstly, we
decided to shorten the study duration from 12 to nine months. A shorter study duration on average leads to higher compliance both by the intervention and the control
group 3. Secondly, the control group of the PACT-study will no longer be advised to
be physically active for at least 30 minutes a day, five days a week. In the pilot study,
we noticed that this instruction induced a change of behaviour of the controls: many
of the control subjects became more physically active. Therefore, we decided to ask
the control group to maintain their habitual exercise pattern. Furthermore, we will
also not monitor physical activities of the control group in detail and assess physical
activities only on a few fixed moments during the study period.
In order to minimise disappointment of the patients in the control group about not
receiving the exercise programme, we will explain advantages of the symptom-limited
bicycle ergometry test that is used in the study and that may detect cardiopulmonary
limitations due to cancer treatment 19.
The PACT-study started in January 2010 and results will be available in 2013. At that
time, we will know how our choice of the final study design has affected participation
and compliance in the study.

Conclusions
The Zelen design with consent to postponed information was not feasible in the
PACT-study.
The Zelen design with consent to postponed information is probably not feasible in:
• A study population recently diagnosed with cancer, since patients are in an unstable and uncertain situation. Therefore, patients will be very uncomfortable with
the fact that they are not fully informed about the study aims and will frequently
refuse participation.
• Studies in which patients are recruited by health professionals like medical specialists and nurses who are involved in the medical treatment, instead of researchers.
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•

Studies where patients frequently receive medical treatments since the chance
that patients will be informed about the detailed study aims by other patients or
by health professionals might be high.

The PACT-study will use a conventional randomisation procedure and non-compliance
of the control group will be prevented by specific measures, like shortening of the
study period, modifying instructions to the controls, deleting the use of exercise logs
in the control group, but increasing involvement of the control group by other
methods.
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Summary
Physical exercise plays an important role in cancer prevention as well as in the prevention and treatment of cancer-related fatigue during and after treatment. This thesis presents some of these effects.
The first part presents effects of physical exercise in relation to cancer prevention.
The second and third part describe effects of physical exercise during cancer treatment and during rehabilitation post cancer treatment, respectively.
Part I: Effects in healthy women
Part I, chapter 2, of this thesis describes results of the Sex Hormones and Physical
Exercise (SHAPE) study that examined the effects of physical exercise on anthropometric measurements in healthy postmenopausal women. In a randomised controlled trial in 189 sedentary postmenopausal women, we assessed the effects of a 12month moderate to vigorous intensity exercise programme combining aerobic and
muscle strength training. Controls were asked to maintain their habitual exercise pattern. Anthropometric measurements, including dual-energy X-ray absorptiometry,
were taken at baseline, four months and 12 months. Results showed that the exercise
programme did not affect weight, body mass index or hip circumference. However,
the programme did positively influence body composition. The exercise group experienced a statistically significant greater loss in total body fat, both absolute (-0.33 kg)
and in percentage (-0.43 %) compared to the control group. Also lean mass increased
significantly (+0.31 kg), while waist circumference (-0.57 cm) decreased significantly
compared to the control group. Lower measures of (abdominal) fat have been related to a lower risk of breast cancer and other chronic diseases.
Part II: Effects in cancer patients during treatment
The second part of this thesis presents results of three studies with a focus on effects
of physical exercise during cancer treatment. We were interested in the outcomes
cancer-related fatigue, health care utilisation, sick leave and production losses. Chapter 3 presents a systematic literature review of questionnaires that measure cancerrelated fatigue and compares their psychometric properties and user-friendliness.
Thirty-five articles were included (published before August 2009) that used in total 18
questionnaires: seven one-dimensional and 11 multi-dimensional questionnaires. The
one-dimensional questionnaire that scored highest was the Brief Fatigue Inventory.
The multi-dimensional questionnaire that scored highest was the Fatigue Symptom
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Inventory. We argue in favour of repeatedly reassessing psychometric properties of
previously validated questionnaires to ensure they comply with increasingly stringent
quality criteria.
The next step was systematically evaluating and summarising the evidence from randomised controlled trials that assessed the effectiveness of exercise during cancer
treatment on reducing cancer-related fatigue. This meta-analysis is presented in chapter 4. Literature was searched using CINAHL, Cochrane Library, Embase, Medline,
Scopus and PEDro. A total of 18 trials were identified, 12 in patients with breast cancer, six in patients with other cancer types including four in prostate cancer patients.
A pooled analysis of three high quality studies in patients with breast cancer showed a
significant reduction of cancer-related fatigue in favour of the exercise groups (Standardised Mean Difference 0.30, 95% CI 0.09 to 0.51) compared to non-exercising
controls. Supervised aerobic exercise programmes were more effective in reducing
cancer-related fatigue than home-based exercise programmes (Standardised Mean
Difference 0.10, 95% CI -0.25 to 0.45). In prostate cancer patients, exercise showed
no significant reduction of cancer-related fatigue. Adherence ranged from 39% of
the patients that visited at least 70% of the supervised exercise sessions to 100%
completion of a home-based walking programme. In 67% of all studies (12 out of 18)
adverse events were registered. Eight events (for example dizziness, weakness and
injuries due to over exercising) in total (0.72%) occurred in these studies.
We concluded that supervised aerobic exercise programmes during breast cancer
treatment seem to be a promising and feasible therapy in the management of cancer-related fatigue. However, scientific evidence for exercise in patients with other
cancers than breast was not found. This meta-analysis resulted in the design of a
randomised controlled trial to study the effects of physical exercise in patients during adjuvant treatment of breast or colon cancer. This is the Physical Activity during
Cancer Treatment (PACT)-study, presented in chapter 5. In this randomised controlled trial we will investigate the (cost) effectiveness of an 18-week supervised group
exercise programme compared to usual care. The primary outcomes are fatigue and
cost-effectiveness, health service utilisation and sick leave. Secondary outcomes are:
health related quality of life, impact on functioning and autonomy, anxiety and depression, physical fitness, body composition and cognitive-behavioural aspects. We aim
to include 150 breast cancer and 150 colon cancer patients undergoing cancer treatment. Study endpoints will be assessed after 18 weeks (short term) and after nine
months (long term). We conducted a pilot study in 64 patients and the study started
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in January 2010. The study is financed by The Netherlands Organisation for Health
Research and Development (ZonMw, project number: 171002202) and the Dutch
Cancer Society (KWF Kankerbestrijding. Project number: UU 2009-4473). Results
will be available in 2013.
Part III: Effects in cancer survivors
The third part of this thesis includes two studies on effects of physical exercise as a
part of a rehabilitation programme after cancer treatment was finished. Chapter 6
reports about the selection and psychometric testing of the derived optimal factor
structure for the Modified Tampa Scale for Kinesiophobia-Fatigue (TSK-F) in cancer
survivors. TKS-F is a questionnaire to assess fear of movement and TSK is previously
validated in patients with chronic pain and chronic fatigue. In our study, 658 cancer
survivors participating in a rehabilitation programme completed the questionnaires.
Confirmatory factor analyses were performed in a calibration and validation sample
and demonstrated that the 11-item two-factor model of TSK-F was the best fitting
model for cancer survivors. This model seemed to be robust for sex and cancer type
and showed adequate psychometric properties. We found an acceptable internal
consistency (Cronbach’s alpha 0.74) and correlations of TSK-F with global health
status and fatigue were significant indicating construct validity (p<0.001). The conclusion is that the 11-item two-factor model of TSK-F is a reliable and valid instrument
to assess fear of movement in cancer survivors.
In chapter 7, the association between fear of movement and perceived global health
status is assessed. We studied whether fear of movement was reduced and perceived global health status had improved after rehabilitation with a graded activity
programme. We also studied whether decreases in fear of movement are associated with positive changes in perceived global health status. A total of 1.236 cancer
survivors participated in the 12-week rehabilitation programme with graded activity
and filled out questionnaires at baseline and after 12 weeks. Three questionnaires
were administered to measure fear of movement (TSK-F), perceived global health
status (EORTC-QLQ-C30) and fatigue (FACT-F). Fear of movement was associated
with global health status prior to rehabilitation (p<0.01). Only cancer survivors that
scored high at baseline assessment of fear of movement showed a considerable decrease in fear of movement. The largest decrease was found for fear due to a somatic
focus. Changes in fear of movement due to a somatic focus were related to perceived
global health status after rehabilitation.

194

Summary | Samenvatting | Dankwoord | Curriculum Vitae

Chapter 6 and 7 conclude that assessment of level of fear of movement prior to cancer rehabilitation is helpful. Regular physical exercise programmes may be effective in
patients without these fears, while rehabilitation programmes with a specific focus on
reducing fear of movement can be offered to cancer survivors with increased levels
of fear.
General discussion
Chapter 8, the general discussion, focuses on alternative strategies for informed consent procedures in randomised studies. Assessing effects of lifestyle interventions
such as an exercise programme has some specific challenges. While randomisation
is urgently needed for evidence based knowledge, sometimes it is difficult to apply
in daily settings. From the four Zelen designs (single and double consent design, two
stage randomised consent design and Zelen design with consent to postponed information) we tested the modified version with consent to postponed information in a
pilot study. This design was chosen to prevent drop out of participants of the control
group due to disappointment about the allocation, but the result was a low participation rate overall in the trial most likely due to perceived lack of information by eligible
patients and in addition a relatively high drop-out in the intervention group because
participants were not informed and therefore not prepared for the time-consuming
exercise programme. Based on the experiences in the pilot study, we decided to use
a conventional randomisation procedure in the PACT-study and to introduce specific
measures to reduce non-compliance of the control group.
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Samenvatting
Fysieke training heeft een belangrijke invloed, zowel bij de preventie van kanker als bij
de behandeling van vermoeidheid tijdens en na afloop van de behandeling van kanker.
In dit proefschrift presenteren we enkele van deze effecten.
In het eerste deel presenteren we de effecten van fysieke training bij de preventie van
kanker. In het tweede en derde deel van het proefschrift beschrijven we de effecten
van fysieke training tijdens de behandeling van kanker en als onderdeel van revalidatie
na afloop van de behandeling van kanker.
Deel I: Effecten bij gezonde vrouwen
Deel I, hoofdstuk 2 van dit proefschrift beschrijft de resultaten van de studie genaamd
Sex Hormones and Physical Exercise (SHAPE). In de SHAPE-studie onderzochten we
de effecten van fysieke training op lichaamsgewicht en lichaamssamenstelling van 189
gezonde, fysiek inactieve postmenopauzale vrouwen. In een gerandomiseerde studie
werden de effecten van een 12 maanden durend, matig tot hoog intensief, gecombineerd aeroob en krachttrainingsprogramma bestudeerd. De controlegroep werd
gevraagd hun reguliere bewegingspatroon te handhaven. Tijdens baseline metingen
en follow-up metingen na vier en 12 maanden is het lichaamsgewicht en de lichaamssamenstelling gemeten (inclusief DEXA-scan). Resultaten laten zien dat het trainingsprogramma niet van invloed is op lichaamsgewicht, body mass index en heupomvang.
Het programma heeft echter wel een positieve invloed op de lichaamssamenstelling.
Ten opzichte van de controlegroep liet de trainingsgroep een statistisch significante
grotere afname zien van de totale hoeveelheid lichaamsvet, zowel absoluut (-0.33 kg)
als procentueel (-0.43%). De vetvrije massa was in de trainingsgroep significant meer
toegenomen (+0.31 kg) vergeleken met de controlegroep, terwijl de middelomtrek
significant meer was afgenomen (-0.57 cm).
Deel II: Effecten bij patiënten tijdens de behandeling van kanker
In het tweede deel van dit proefschrift presenteren we de resultaten van drie studies
gericht op effecten van fysieke training tijdens de behandeling van kanker. We zijn
geïnteresseerd in de uitkomsten kankergerelateerde vermoeidheid, zorgconsumptie,
ziekteverzuim en afname van arbeidsproductiviteit. Hoofdstuk 3 laat de resultaten
zien van een systematische literatuurstudie naar vragenlijsten voor kankergerelateerde vermoeidheid. De psychometrische eigenschappen en gebruiksvriendelijkheid van
deze vragenlijsten zijn met elkaar vergeleken. Wij includeerden 35 artikelen (gepu-
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bliceerd vóór augustus 2009), die in totaal 18 vragenlijsten beschrijven: zeven eendimensionale vragenlijsten en 11 multi-dimensionale vragenlijsten. De een-dimensionale vragenlijst die het hoogst scoorde was de Brief Fatigue Inventory. Van de
multi-dimensionale vragenlijsten scoorde de Fatigue Symptom Inventory het hoogst.
Om er zeker van te zijn dat vragenlijsten continu voldoen aan de toenemend striktere
criteria voor psychometrische eigenschappen, pleiten wij ervoor dat gevalideerde
vragenlijsten herhaaldelijk hierop getoetst worden.
De volgende stap was het systematisch evalueren en samenvatten van de evidentie uit
gerandomiseerde studies naar het effect van training tijdens de behandeling van kanker op vermoeidheid. Hoofdstuk 4 presenteert de resultaten van deze meta-analyse.
We zochten literatuur met behulp van CINAHL, Cochrane Library, Embase, Medline,
Scopus en PEDro. Wij includeerden in totaal 18 studies, waarvan 12 bij patiënten met
borstkanker en zes bij patiënten met een ander type kanker, waaronder vier studies
bij patiënten met prostaatkanker. Na het samenvoegen van de resultaten van drie
kwalitatief goede studies bij patiënten met borstkanker, bleek dat kankergerelateerde
vermoeidheid significant meer afneemt in de aerobe trainingsgroep (Standardised
Mean Difference 0.30, 95% BI 0.09 to 0.51) in vergelijking tot een controlegroep die
niet traint. Gesuperviseerde aerobe trainingsprogramma’s waren meer effectief in
het reduceren van vermoeidheid dan trainingsprogramma’s thuis (Standardised Mean
Difference 0.10, 95% BI 0.25 to 0.45). Bij patiënten met prostaatkanker zijn geen
significante effecten van fysieke training op kankergerelateerde vermoeidheid gevonden. De therapietrouw varieerde van 39% van de patiënten die minimaal 70% van de
gesuperviseerde trainingssessies gevolgd hebben tot 100% van de deelnemers die
het trainingsprogramma thuis geheel volgden. In 67% van de studies werden de ongewenste effecten van de trainingen bijgehouden. In totaal werden acht ongewenste
effecten (0.72%) gerapporteerd (bijvoorbeeld duizeligheid, zwakte en blessures door
overbelasting).
Wij concludeerden dat gesuperviseerde aerobe trainingsprogramma’s tijdens de behandeling van borstkanker veelbelovend en haalbaar lijken als therapie voor kankergerelateerde vermoeidheid. Wetenschappelijke onderbouwing voor andere kankertypen dan borstkanker is echter nog niet voor handen. De meta-analyse resulteerde
in het design van een gerandomiseerde gecontroleerde studie naar de effecten van
fysieke training tijdens de adjuvante behandeling van mamma- en coloncarcinoom.
Dit is de Physical Exercise during Cancer Treatment (PACT) -studie, gepresenteerd
in hoofdstuk 5. In deze gerandomiseerde gecontroleerde studie, die in januari 2010
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startte, onderzoeken we de (kosten)-effectiviteit van een 18-weken durend, gesuperviseerd groepstrainingsprogramma en vergelijken dit met reguliere zorg. De primaire
uitkomstmaten zijn vermoeidheid, kosteneffectiviteit, zorgconsumptie en ziekteverzuim. Secundaire uitkomstmaten zijn gezondheidsgerelateerde kwaliteit van leven,
impact op functioneren en autonomie, angst en depressie, fysieke fitheid, lichaamssamenstelling en cognitief gedragsmatige aspecten. We hebben tot doel 150 patiënten
met een mammacarcinoom en 150 patiënten met een coloncarcinoom tijdens de
behandeling te includeren. Metingen van de uitkomsten vinden plaats na 18 weken
(korte termijn) en na negen maanden (lange termijn). We hebben eerder een pilotstudie uitgevoerd bij 64 patiënten. De PACT-studie wordt gefinancierd door ZonMw
Doelmatigheidsonderzoek (projectnummer: 171002202) en KWF Kankerbestrijding
(projectnummer: UU 2009-4473). De resultaten zijn naar verwachting in 2013 beschikbaar.
Deel III: Effecten bij patiënten na afloop van de behandeling van kanker
Het derde deel van dit proefschrift beschrijft twee studies naar de effecten van fysieke
training als onderdeel van een revalidatieprogramma na afloop van de behandeling
van kanker. Hoofdstuk 6 beschrijft de selectie en validatie van de verkregen optimale
factorstructuur van de gemodificeerde Tampa-schaal voor Kinesiofobie-Vermoeidheid (TSK-F) bij deelnemers aan een revalidatieprogramma na afronding van de behandeling. De TSK-F is een vragenlijst die bewegingsangst meet en is eerder gevalideerd bij patiënten met chronische pijn en chronische vermoeidheid. In onze studie
vulden 658 deelnemers de vragenlijsten in voorafgaand en na afloop van het revalidatieprogramma. Wij voerden confirmatieve factoranalyses uit in een calibratie en een
validatie steekproef. Hieruit bleek het 11-item twee-factoren model van de TSK-F
het best passende model te zijn voor deelnemers aan het revalidatieprogramma. Het
model bleek robuust te zijn voor geslacht en type kanker, en liet adequate psychometrische eigenschappen zien. De interne consistentie was acceptabel (Cronbach’s
alpha 0.74). Het construct was valide: er waren significante (p<0.001) correlaties van
de TSK-F met globale gezondheidstoestand en vermoeidheid. Concluderend is het
11-item twee-factoren model van de TSK-F een betrouwbaar en valide instrument
om bewegingsangst te meten na afloop van de behandeling van kanker.
In hoofdstuk 7 beschrijven we een studie naar de associatie tussen bewegingsangst en
ervaren globale gezondheidstoestand. We bestudeerden de veranderingen in bewegingsangst en globale gezondheidstoestand na afloop van een revalidatieprogramma
volgens de principes van graded activity. We bestudeerden daarnaast of een afname
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in bewegingsangst samenhangt met positieve veranderingen in ervaren gezondheidstoestand. Bij aanvang van het revalidatieprogramma en na afloop na 12 weken werden drie vragenlijsten ingevuld door 1.236 deelnemers. De vragenlijsten waren de
TSK-F voor bewegingsangst, EORTC-QLQ-C30 voor ervaren globale gezondheidstoestand en FACT-F voor vermoeidheid. Bij aanvang van het bewegingsprogramma
bleek bewegingsangst significant samen te hangen met de ervaren globale gezondheidstoestand (p<0.01). Bij deelnemers die hoog scoorden op bewegingsangst bij
aanvang van het programma bleek de bewegingsangst aanzienlijk te zijn afgenomen
bij afronding van het programma. Veranderingen in bewegingsangst ten gevolge van
somatische focus (angst voor lichamelijke klachten door bewegen) bleken een relatie
te hebben met de ervaren globale gezondheidstoestand bij afronding van het revalidatieprogramma.
Op basis van hoofdstuk 6 en 7 concluderen wij dat het bepalen van de mate van bewegingsangst voorafgaand aan een oncologisch revalidatieprogramma zinvol is. Voor
patiënten zonder bewegingsangst is reguliere fysieke training mogelijk meer geschikt.
Voor patiënten met enige mate van bewegingsangst werkt een revalidatieprogramma
specifiek gericht op de reductie van bewegingsangst waarschijnlijk beter.
Algemene discussie
Hoofdstuk 8, de algemene discussie, richt zich op alternatieven voor de geïnformeerde toestemmingsprocedures in gerandomiseerde studies. Bij het aantonen van effecten van interventies gericht op leefstijlveranderingen, zoals een trainingsprogramma,
loopt men vaak tegen specifieke problemen aan. Randomisatie is nodig om de hoogste graad van wetenschappelijke bewijsvoering te verkrijgen, maar is tegelijkertijd in
de praktijk moeilijk toepasbaar. Van de vier Zelen designs (enkel en dubbel consent
design, twee fasen gerandomiseerd consent design en Zelen design met toestemming
voor uitgestelde informatieverstrekking) hebben wij de gemodificeerde versie met
toestemming voor uitgestelde informatieverstrekking getest in een pilot-studie. Wij
kozen voor dit design om te voorkomen dat patiënten uit de controlegroep uitvallen
vanwege teleurstelling over de toewijzing aan de controlegroep. Het gevolg was dat
relatief weinig patiënten wilden deelnemen aan de studie, omdat ze vonden dat ze
te weinig geïnformeerd waren over het onderzoek. Daarnaast weigerden een aantal deelnemers in de inventiegroep deel te nemen, omdat ze niet voorbereid waren
op de tijdsinvestering die het bewegingsprogramma met zich meebrengt. Op basis
van de ervaringen in de pilot-studie, hebben we besloten om in de PACT-studie een
reguliere randomisatieprocedure te gebruiken. We hebben een aantal maatregelen
genomen om betrokkenheid van de controlegroep bij het onderzoek te vergroten.
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Dankwoord
Training voor patiënten met kanker, zoals beschreven in dit proefschrift, kan zonder
twijfel met topsport worden vergeleken. Een groot aantal patiënten heeft voor de
verschillende studies een dergelijke topprestatie geleverd en ik wil hen dan ook hartelijk danken. Mede dankzij deze bijdrage komen we tot nieuwe wetenschappelijke
inzichten!
Maar ook het schrijven van een proefschrift mag in zekere zin als topsport betiteld
worden. Een dergelijke (sportieve) prestatie is alleen mogelijk dankzij teamwork en
de steun van trouwe supporters. Ik besluit dit proefschrift dan ook met een dankwoord in stijl.
In mijn geval waren daar in de eerste plaats de technische staf, bestaande uit een
viertal coaches en een teammanager.
Het team van coaches bestond uiteraard uit mijn promotoren en co-promotoren:
prof. dr. Petra Peeters, prof. dr. Elsken van der Wall, dr. Anne May en dr. Evelyn Monninkhof.
Petra, veel dank voor het vertrouwen dat je destijds in mij stelde en voor je steun
om dit promotietraject te kunnen starten. Je gedegen scherpe blik en altijd positief
opbouwende kritiek heb ik altijd zeer gewaardeerd en ik heb erg veel van je geleerd.
Elsken, ook jou wil ik hartelijk danken voor je grote betrokkenheid. Dankzij jouw kennis sluit de PACT-studie absoluut beter aan bij de wensen van patiënten en medisch
specialisten. Ik vind het inspirerend om te zien hoe jij als medisch specialist warmloopt
voor onderzoek op een ander aspect van de medische oncologie dan voor jou gebruikelijk.
Anne, jou wil ik danken voor je enthousiaste betrokkenheid en steun, met name bij
het opzetten en starten van de PACT-studie. Jouw begeleiding was precies wat ik
nodig had. Je liet me vooral mijn eigen gang gaan en stelde zaken aan de orde indien
nodig. En op cruciale momenten kon ik altijd op je onmiddellijke steun rekenen en
kwam je meteen in actie, super!
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Evelyn, zonder jou was dit promotietraject überhaupt niet gestart. Jij attendeerde mij
ruim vier jaar geleden op mijn huidige functie en zie hier het resultaat. Dank hiervoor
en natuurlijk ook voor je begeleiding de afgelopen jaren, vooral bij de SHAPE-studie.
Geweldig dat ik met de gegevens van de SHAPE-studie, toch ‘jouw studie’ aan de slag
mocht!
Het teammanagement was in handen van Ria Koppejan-Rensenbrink, directeur van
het IKMN. Ria, hartelijk dank voor de mogelijkheid en faciliteiten die jij mij hebt geboden om te promoveren bij het IKMN. En voor het feit dat je gedurende de afgelopen
jaren altijd achter me hebt gestaan en me alle ruimte hebt gegeven. Onze ‘Cancer
Survivorship’ reis naar Washington en New York was voor mij een prachtig hoogtepunt in onze samenwerking. Ik vergeet nooit hoe we onder jouw bezielende leiding
in sneltreinvaart de tien toeristische hoogtepunten van Washington bezocht hebben!
Het schrijven van een proefschrift is geen individuele prestatie, maar een teamprestatie, waaraan in mij geval een groot aantal teamgenoten in wisselende samenstelling
hebben meegespeeld.
Voor de PACT-studie hadden de teamgenoten onder andere zitting in een stuurgroep. Deze bestond uit de technische staf aangevuld met Abel ten Hoorn, Eric van
Breda, Brigitte Gijsen en Birgit Fröhleke.
Abel, Eric, Brigitte en Birgit wil ik danken voor hun nuttige bijdrage aan de stuurgroep.
Ik heb jullie specifieke vakkennis zeer gewaardeerd en erg goed kunnen gebruiken.
Brigitte wil ik in het bijzonder hartelijk danken voor de ondersteuning bij het opzetten van de PACT-studie. Dankzij jouw inzet is Herstel & Balans en het bijbehorende
netwerk geworden tot wat het nu is en van jouw expertise heb ik dankbaar gebruik
gemaakt.
Ook Birgit wil ik in het bijzonder bedanken. Ze is niet voor niets één van mijn paranimfen! Birgit, je bent voor mij een grote steun geweest. Je stond altijd achter mij en
mijn wens om te promoveren en dat heeft me erg geholpen. Onze gezamenlijke ontberingen tijdens de donkere en vooral koude Roparun nachten, scheppen een band
en zal ik zeker niet snel vergeten.
Zonder de instructeurs van het SHAPE-bewegingsprogramma, fysiotherapeuten,
sportartsen, medisch specialisten en verpleegkundig(en) (specialisten) betrokken bij
de PACT-studie en de uitvoerders van Herstel & Balans hadden de studies niet uitgevoerd kunnen worden. Ik dank jullie allemaal voor jullie geweldige inzet en betrokken-
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heid bij het coachen van de deelnemers bij het leveren van hun topprestatie.
Ook drs. Bram van der Buijs, drs. Iris Kanera en Gerben Aarnoudse speelden en
spelen een belangrijke rol in het PACT-team. Bram en Iris, bedankt voor de gedrevenheid waarmee jullie de metingen van de PACT-studie uitvoeren. Mede dank zij jullie
enthousiasme zijn de patiënten gemotiveerd om deel te nemen! Gerben, dank voor
je inzet voor de PACT-studie en ik vertrouw erop dat je harde werken binnenkort
beloond wordt met je bul!
Verder zijn er nog vele mensen die mij in een wisselende samenstelling ondersteund
hebben in het team. Dit zijn de co-auteurs waarmee ik – naast mijn (co)-promotoren
- de verschillende artikelen heb geschreven. Carla Agasi-Idenburg MSc, Geert Aufdekampe MSc, dr. Jan-Paul van den Berg, dr. Eric van Breda, prof. dr. Eva Van den
Bussche, drs. Brigitte Gijsen, drs. Ria Koppejan-Rensenbrink, prof. dr. Eline Lindeman,
Sara Nijs MSc, prof. dr. Jantine Schuit, dr. Carin Schröder, prof. dr. Johan Vlaeyen, dr.
Ardine de Wit en dr. Harriët Wittink. Jullie wil ik allemaal hartelijk bedanken voor jullie enthousiaste medewerking en bijdrage aan de artikelen uit dit proefschrift.
Een sportteam kan zeker niet zonder gedegen technische ondersteuners. Dit team
wil ik hier dan ook niet onvermeld laten. Allereerst Esther van Zunderd – van Leeuwen, een teamondersteuner eerste klas! Esther, bedankt voor al je inzet voor de
PACT-studie en in het bijzonder voor het enthousiasmeren van patiënten om toch
echt deel te nemen aan de studie. Jouw doorzettingsvermogen kunnen we echt goed
gebruiken!
En op het gebied van technische ondersteuning, mogen natuurlijk mogen ook Ciska
de Ruijter en het team van datamanagers niet onvermeld blijven. Allemaal ontzettend
bedankt voor jullie inzet! Zonder jullie ondersteuning bij de PACT-studie zou deze
een stuk minder gladjes en georganiseerd verlopen.
Materiaalverzorger Marja van Vliet bedank ik voor alle mooie dingen die ze voor mij
en de PACT-studie gemaakt heeft! Van folders tot proefschrift, je weet overal vol
overgave en geduld iets prachtigs van te maken.
En net als topsport, wordt ook het schrijven van een proefschrift een stuk eenvoudiger met de broodnodige financiële ondersteuning. De sponsoren KWF Kankerbestrijding, ZonMw, Stichting Oncologieprojecten Utrecht, Integraal Kankercentrum Mid-
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den Nederland, Stichting Golf for Health, Rotaryclub Leudal, Stichting Elise Mathilde
Fonds en het K.F. Heinfonds dank ik allen voor hun bijdrage aan het onderzoek beschreven in dit proefschrift. Het Julius Centrum voor Gezondheidswetenschappen en
Eerstelijns Geneeskunde en het Integraal Kankercentrum Midden Nederland bedank
ik hartelijk voor financiële steun voor publicatie van mijn proefschrift.
En ook al net als in de sport, wordt het oordeel over het uiteindelijke resultaat geveld
door een jury of een scheidsrechterscorps. Bij dit proefschrift was deze rol voorbehouden aan de manuscriptcommissie. Prof. dr. Bensing, prof. dr. Lindeman, prof. dr.
Schuit, prof. dr. Siersema en prof. dr. Voest dank ik allen voor hun scherpe blik op dit
proefschrift.
Topsporters zijn in staat tot nét dat beetje meer als ze ondersteund worden door
enthousiaste supporters. Ook ik werd ondersteund door een aantal supporters, die
ik hier graag wil bedanken. Natuurlijk mijn collega’s van het Integraal Kankercentrum
Midden Nederland en mijn collega’s van Herstel na Kanker. Jullie enthousiasme en
interesse voor mijn onderzoek heb ik bijzonder gewaardeerd. Dank hiervoor en natuurlijk voor al het werk dat jullie mij uit handen namen als dat nodig was. En uiteraard
vormden ook alle ‘social events’, zoals de Roparun en activiteiten van de Waaghalzenclub een welkome afwisseling tijdens het schrijven van een proefschrift!
Dan natuurlijk vrienden en familie. Dank voor jullie belangstelling, voor alle afleiding
en gezelligheid!
En tot slot het thuisfront. Dit zijn ongetwijfeld mijn meest trouwe en fanatieke supporters.
Allereerst mijn andere paranimf en zus Chantal Velthuis. Lieve Chantal, ik vind het
geweldig dat jij mij tijdens mijn promotie als paranimf wilt bijstaan en dank voor je
support en interesse tijdens mijn promotietraject. Ik kijk er naar uit om over een paar
jaar bij jouw promotie aanwezig te zijn!
En natuurlijk mijn ouders. Lieve papa en mama, zonder jullie stimulans en enthousiasme had ik hier misschien wel helemaal niet gestaan. Ik heb het altijd erg gewaardeerd
hoe jullie altijd achter me hebben gestaan en mij gemotiveerd hebben bij alles wat ik
deed. Super veel dank hiervoor!
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En lieve Erik, zoals het hoort met de meest belangrijke mensen, die komen het laatst!
Mentaal ging het dan misschien best goed met me, maar je hebt me absoluut heel veel
uit handen genomen, altijd een luisterend oor geboden en voor de broodnodige ondersteuning, relativering en humor gezorgd. Dank voor alles en voor nog veel meer!
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Miranda Jannine Velthuis was born on March 27th, 1976 in Zwolle, the Netherlands.
In 1994, after graduating her secondary school at the Florens Radewijns College
in Raalte, the Netherlands, she studied Health Sciences at Maastricht University in
Maastricht, the Netherlands. After obtaining her Master of Science degree in Human
Movement Sciences in 1998, she studied Physiotherapy at the University of Professional Education, Faculty of Health Care in Utrecht, the Netherlands and obtained
her Bachelor of Science in 2001. She followed several programmes at the NIHES
Summer School in Epidemiology (Study design, Clinical Decision Analysis, Methods
of Clinical Research, Principles of Research in Medicine, Case-control studies, Topics
in meta-analysis and Causal inference) (2004 and 2008). From 2002 to 2007 she worked as lecturer at the Graduate Programme of Physiotherapy Science at the Utrecht
University, Utrecht, the Netherlands. Since 2006, she is coordinator of the cancer
rehabilitation programme at the Comprehensive Cancer Center Middle Netherlands,
Utrecht, the Netherlands (IKMN, director A.G. Koppejan-Rensenbrink, MSc) and
since 2008 she is involved in the coordination of the Dutch national guideline project
on Cancer Rehabilitation. In 2007, she started her PhD research described in this thesis at the Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht, the Netherlands under supervision of prof. dr. P.H.M. Peeters,
prof. dr. E. van der Wall, dr. A.M. May and dr. E.M. Monninkhof. She will continue
to work at IKMN and will coordinate the Physical Activity during Cancer Treatment
(PACT)-study in cancer patients.
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