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Preface 
The RESPECT study is an ongoing nationwide population-based prospective, controlled, mixed-

methods intervention study looking at children aged 6-18 years newly diagnosed with cancer in 

eastern Denmark and a matched control group in western Denmark. The studies in this thesis have 

been conducted at the Pediatric Oncology Ward and the Pediatric Oncology Research Laboratory 

(Bonkolab) under the Department of Pediatrics and Adolescent Medicine, The University Hospital 

Rigshospitalet, Copenhagen, Denmark. Cooperation took place with the Pediatric Oncology Wards 

at the HC Andersen University Hospital in Odense, Skejby University Hospital in Aarhus and the 

Aalborg University Hospital, all situated in Denmark. The RESPECT study is an integrated part of 

a comprehensive rehabilitation program (CIRE) for children and adults during and following their 

cancer diagnosis. The overall aim of the CIRE program is to identify rehabilitation needs, apply 

early physical training, and to combine quantitative and qualitative research methods to understand 

the functional, cognitive, emotional, social, and physiological mechanisms involved in successful 

rehabilitation. Financial support and additional collaborators are listed under acknowledgments in 

the individual studies. 
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Summary 

During cancer treatment children have reduced contact with their social network of friends, and 

have limited participation in education, sports, and leisure activities. During and following cancer 

treatment, children describe school-related problems, reduced physical fitness, and problems related 

to interaction with peers. This may negatively impact their quality of life. The thesis explores the 

motivations to participate in the RESPECT physical activity program during treatment as well as 

describe the physical capacity and function during treatment in children with cancers, from 

diagnosis until one year after cessation of treatment compared with an age- and gender matched 

group of healthy children. The thesis also describes the safety and feasibility of the physical activity 

intervention in the RESPECT study. 
 

The RESPECT study is an ongoing nationwide population-based prospective, controlled, mixed-

methods intervention study looking at children aged 6-18 years newly diagnosed with cancer in 

eastern Denmark (N=120) and a matched control group in western Denmark (N=120). RESPECT 

includes Danish-speaking children diagnosed with cancer and treated at pediatric oncology units in 

Denmark. From January 2013 to April 2016, 75 of 78 (96.2%) eligible children were included and 

participated in the intervention. 

The primary endpoint is VO2peak one year after the cessation of first-line cancer therapy. Secondary 

endpoints are quality of life measured by validated questionnaires and interviews, as well as 

physical performance. The intervention program was conducted by an exercise psychology 

consultant (TT, MSc, first author) in the pediatric oncology ward. The children with cancer were 

activated and motivated to be physically and socially active during treatment by professional and 

psychosocial support. The in-hospital intervention, from the time of diagnosis and throughout the 

treatment period, combined daily participation in supervised individual physical activity and group-

based physical activities twice weekly with other children. As part of the RESPECT study, each 

hospitalized child had two healthy classmates assigned as ambassadors. The ambassadors visited 

the child with cancer at the hospital (9 a.m.to 3 p.m.) at alternating two-week intervals during 

hospitalization and participated in the intervention program. The ambassadors act as a bridge 

between the children’s everyday lives at home and at the hospital, and serve as role models. 

Furthermore, they provide moral support, familiarity, and encouragement, and help to create a 

friendly educational, physical, and social environment for the child with cancer. Physical activity 
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sessions focused on physical functionality and balance, muscle strength and cardio-respiratory 

fitness during treatment. 

The RESPECT study protocol (Study I) describes the challenges children with cancer encounter and 

how the study wants to re-think rehabilitation. We describe the intervention and the comprehensive 

monitoring taking place at diagnosis, three and six months from baseline and one year after the 

cessation of treatment. The RESPECT combines educational, physical, and social intervention 

components in rehabilitation of children and adolescents with cancer. It is the first study to examine 

the effect of an early rehabilitation program including the involvement of healthy classmates to help 

facilitate normalization of social life for children undergoing cancer treatment in hospital. 

Study II is a qualitative study examining motivational factors and barriers for participating in an 

early, structured, group-based and individualized physical activity intervention within the hospital 

setting from the time of diagnosis and throughout the treatment period as part of the RESPECT 

study. Thirteen semi-structured interviews were conducted with seven males and six females, 

selected by maximum variation sampling, diagnosed with pediatric cancer in 2013, and treated with 

chemotherapy (age 8-16 years; time from diagnosis to interview 6-16 months). Interviews were 

conducted in the children’s homes. The qualitative analysis, systematic text condensation, showed 

that children’s motivations for engaging in the physical activity program during intensive treatment 

were primarily influenced by 1) opportunity for physical activity with a classmate; 2) participation 

in group training; 3) support from significant others; and 4) improvement of physical wellbeing. 

Main barriers included 1) poor physical wellbeing; 2) compliance with medical treatment, medical 

procedures and being treated in protective isolation; and 3) limited training facilities in the pediatric 

oncology ward. The study shows that despite barriers it is possible to motivate and engage children 

with cancer in daily physical activity during intensive treatment in a pediatric oncology ward.  

The aim of study III is to describe physical capacity and function in children with cancers compared 

to healthy age- and gender-matched children by comprehensive physiological monitoring as well as 

evaluating the feasibility of the physical activity intervention in the RESPECT study. We were not 

able to evaluate the primary endpoint since the RESPECT study is an ongoing study; thus, results of 

the control group are not included in this report. Seventy five of 78 consecutively eligible children 

(96.2%) were included in intervention part of the RESPECT study between January 2013 and 

March 2016. All participants took part in the physical intervention program and there were no drop-

outs. Median age was 11 years (range 6‒18). Physical capacity and function assessment was based 

on testing of physical strength, balance and cardiorespiratory fitness. Children were tested at 
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diagnosis, three and six months after diagnosis, and one year after cessation of treatment. The 

feasibility evaluation was inspired by the criteria for reporting the development and evaluation of 

complex interventions in healthcare (CReDECI). Strenuous physical exercise and physiological 

testing during pediatric cancer treatment were safe and feasible. Cardiorespiratory fitness was 

significantly lower in children with cancer than norms for healthy age-matched children at 

diagnosis (difference 19.1 ml/kg/min, 95% CI: 15.4-22.7; p<0.0001); during treatment 3 and 6 

months from diagnosis (difference 21.0 ml/kg/min, 95% CI: 17.4-24.6; p<0.0001, and difference 

21.6 ml/kg/min, 95% CI: 17.3-25.8; p<0.0001, respectively); and one year after cessation of 

treatment (difference 6.9 ml/kg/min, 95% CI 1.1-12.7; p<0.0072). Furthermore children with cancer 

experienced a pronounced decline in physical function. Children diagnosed with cancer have such 

low physical capacity and function that even small improvements can be considered vital, and may 

consequently mean the difference between a normal everyday life and a life where you are 

constantly dependent on others.  

 

The results from RESPECT strongly indicate that physical activity and psychosocial support to the 

children with cancer and their families, from diagnosis and throughout the treatment course will 

facilitate a less physical decline during treatment for cancer. Accordingly, supervised and 

individualized social and physical activities, involving peers and supported by a professional, 

should become an integral part of everyday life in pediatric oncology treatment. The results of this 

study are probably relevant and transferrable to similar contexts and settings relating to 

rehabilitation of children hospitalized with and burdened by long-term illnesses. 



12 
 

Summary in Danish (Dansk resume) 
Under behandling af kræft har børn reduceret kontakt med deres sociale netværk af venner og 

begrænset deltagelse i uddannelses-, sports- og fritidsaktiviteter. Under og efter kræftbehandlingen, 

beskriver børnene skolerelaterede problemer, nedsat fysisk funktion og kapacitet og problemer 

relateret til interaktion med jævnaldrende. Dette kan have en negativ indflydelse på deres 

livskvalitet. Afhandlingen undersøger motivation for at deltage i rehabiliteringsprojektet 

RESPECTs fysiske aktivitetsprogram under behandling af børn med kræft, samt gennemførligheden 

og sikkerheden af interventionen. Afhandlingen beskriver ligeledes kræftpatienternes fysiologiske 

kapacitet og funktion under behandlingen sammenlignet med alders- og kønsmatchede raske børn. 

Rehabiliteringsprojektet RESPECT er et igangværende landsdækkende, populationsbaseret 

fremadrettet, kontrolleret, mixed-methods interventionsstudie, der ser på børn i alderen 6-18 år, ny-

diagnosticerede med kræft i det østlige Danmark (N=120), og en matched kontrolgruppe i det 

vestlige Danmark (N=120). RESPECT inkluderer dansktalende børn, diagnosticeret med kræft, som 

behandles på en af de pædiatriske onkologienheder i Danmark. Siden januar 2013 til og med marts 

2016 har vi inkluderet 75 af 78 (96,2%) mulige børn i interventionsgruppen, der lever op til 

inklusionskravene. 

Det primære endepunkt er VO2peak et år efter afslutning af kræftbehandlingen. Sekundære 

endepunkter er livskvalitet målt med validerede spørgeskemaer, kvalitative interviews og fysisk 

kapacitet målt med fysiologiske test. Det fysiske interventionsprogram blev gennemført af en 

kandidat i idrætspsykologi (TT, første forfatter, MSc) i den pædiatriske onkologiafdeling på 

Rigshospitalet. De børn med kræft, der blev inkluderet, blev aktiveret og motiveret til at deltage 

aktivt i fysiske og sociale aktiviteter under behandlingen ved hjælp af professionel og psykosocial 

støtte. Interventionen foregik de dage, børnene var indlagt, fra diagnosetidspunktet og gennem hele 

behandlingsperioden. Interventionen kombinerede daglig deltagelse i superviseret individuel fysisk 

aktivitet og gruppebaserede fysiske aktiviteter to gange ugentligt med andre børn med kræft. Som 

en del af RESPECT har hvert indlagt barn to raske klassekammerater som ambassadører gennem 

behandlingsforløbet. Ambassadørerne besøgte barnet med kræft på hospitalet (kl. 9-15) skiftevis i to 

ugers intervaller under indlæggelse og deltog i interventionsprogrammet. Ambassadøren fungerer 

som en bro mellem barnets hverdag i hjemmet i skolen og fritidslivet samt på hospitalet. Desuden 

giver ambassadøren moralsk støtte og opmuntring og bidrager til at skabe et venskabeligt 

uddannelsesmæssigt, fysisk og socialt miljø på hospitalet for barnet med kræft. De fysiske 
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aktivitetssessioner havde fokus på fysisk funktion og balance, muskelstyrke og kardiorespiratorisk 

træning. 

I RESPECT studieprotokollen (Studie I) beskrives de udfordringer, kræftramte børn støder på, og 

hvordan RESPECT studiet ønsker at nytænke rehabilitering. Vi beskriver 

interventionskomponenterne og den omfattende monitorering, der finder sted på 

diagnosetidspunktet, 3 og 6 måneder efter diagnosen og 1 år efter afslutning af behandlingen. 

RESPECT projektet kombinerer uddannelsesmæssige, fysiske og sociale interventionskomponenter 

i rehabiliteringen af børn og unge med kræft. Det er det første studie, der undersøger effekten af  

tidlig rehabilitering med inddragelse af klassekammerater som ambassadører, som derved hjælper 

med at skabe et mere normalt hverdagsliv for børn, der gennemgår kræftbehandling på hospitalet. 

Studie II er et kvalitativt studie, der undersøger de motivationsfaktorer og barrierer, der er for at 

deltage i RESPECT projektets fysiske aktivitetsprogram, som indeholder struktureret, 

gruppebaseret og individualiseret fysisk aktivitet på hospitalet fra diagnosetidspunktet og i hele 

behandlingsperioden. Tretten semistrukturerede interviews blev gennemført med syv drenge og 

seks piger, udvalgt på baggrund af maksimum variationsstrategi, diagnosticeret med kræft i 2013 og 

behandlet med kemoterapi (alder 8-16 år, tid fra diagnose til interview 6-16 måneder). Alle 

interviews blev gennemført i børnenes hjem. Den kvalitative analyse, systematisk 

tekstkondensering, viste, at børns motivation for at engagere sig i det fysiske aktivitetsprogram 

under intensiv behandling primært var påvirket af 1) mulighed for fysisk aktivitet med en 

klassekammerat; 2) deltagelse i gruppetræning; 3) støtte fra betydningsfulde andre; og 4) forbedring 

af fysisk velvære. De vigtigste barrierer viste sig at være 1) dårligt fysisk velvære; 2) overholdelse 

af behandling, medicinske procedurer og isolationsregime; og 3) begrænsede træningsfaciliteter i 

den pædiatriske onkologiafdeling. Undersøgelsen viser, at det til trods for barriererne er muligt at 

motivere og engagere børn med kræft til daglig fysisk aktivitet under intensiv behandling på en 

pædiatrisk onkologiafdeling. Formålet med Studie III er at beskrive og sammenligne børn med 

kræfts fysiske kapacitet og funktion med alders- og kønsmatchede raske børn ved omfattende 

fysiologisk overvågning samt at evaluere gennemførligheden af det fysiske aktivitetsprogram. 

Undersøgelsen omfattede børn diagnosticeret fra januar 2013 til marts 2016. Da RESPECT studiet 

ikke er afsluttet, er det ikke muligt at rapportere det primære endepunkt; derfor er resultater for 

kontrolgruppen ikke inkluderet. 75 af 78 fortløbende børn (96.2%), der opfyldte 

inklusionskriterierne, blev inkluderet i interventionsdelen af RESPECT studiet. Alle børnene deltog 

i det fysiske interventionsprogram, og ingen børn droppede ud undervejs. Median alder var 11 år (6-
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18). Den fysiske kapacitet og funktion blev vurderet baseret på test af fysisk styrke, balance og 

kardiorespiratorisk fitness. Børnene blev testet ved diagnosen, tre og seks måneder efter diagnosen, 

og et år efter afslutningen af behandlingen. Evalueringen af det fysiske aktivitetsprograms 

gennemførlighed blev inspireret af kriterierne for indberetning, udvikling og evaluering af 

komplekse interventioner i sundhedsvæsenet (CReDECI). Intens fysisk træning og fysiologiske test 

under pædiatrisk kræftbehandling var sikkert og muligt. Kardiorespiratorisk fitness var signifikant 

lavere hos børn med kræft end normer for sunde aldersmatchede børn på diagnosetidspunktet 

(forskel 19,1 ml/kg/min, 95% CI: 15,4-22,7; p<0,0001), under behandling ved hhv. 3 og 6 måneder 

fra diagnose (forskel 21,0 ml/kg/min, 95% CI: 17,4-24,6; p<0,0001, og forskel 21,6 ml/kg/min, 

95% CI: 17,3-25,8; p<0,0001), og et år efter afsluttet behandling (forskel 6,9 ml/kg/min, 95% CI 

1,1-12,7; p<0,0072). Desuden oplevede børnene med kræft et markant fald i fysisk funktion. Børn 

diagnosticeret med kræft har så lav fysisk kapacitet og funktion, at selv små forbedringer kan anses 

som vitale og kan betyde forskellen mellem en normal hverdag og et liv, hvor de konstant er 

afhængige af andre. 

 

Resultaterne fra RESPECT studiet indikerer, at fysisk aktivitet og psykosocial støtte til børn med 

kræft og deres familier, fra diagnosetidspunktet og gennem hele behandlingsforløbet, kan facilitere 

et mindre fald i fysisk kapacitet og funktion under behandlingen. Derfor bør individualiserede 

sociale og fysiske aktiviteter, der involverer jævnaldrende og støttes af en professionel, blive en 

integreret del af hverdagen i pædiatrisk onkologibehandling. Resultaterne af denne undersøgelse er 

formentlig relevante for og kan overføres til lignende sammenhænge vedrørende rehabilitering af 

børn indlagt med og tynget af langvarig sygdom. 
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Introduction 
In recent decades an increased understanding of childhood cancer biology, improved surgery, 

chemo- and radiotherapy, and a generally intensified treatment have resulted in overall 5-year 

survival rates above 80% (1-3). However, this improvement comes at a cost. The disadvantages 

include severe acute and late effects (2-4), often involving isolation for long periods of time, both 

when in hospital and at home. During cancer treatment children have reduced contact with their 

social network of friends and have limited participation in education, sports, and leisure activities. 

During and following cancer treatment, children describe school-related problems, reduced physical 

fitness, and problems related to interaction with peers. Consequently there is a need to re-think 

rehabilitation in these children. 

  

The RESPECT (Rehabilitation including Social and Physical activity and Education in Children 

and Teenagers with cancer) study (Paper I (5)) is an integrated part of a comprehensive 

rehabilitation program (CIRE) for children and adults during and following their cancer diagnosis. 

The overall aim of the CIRE program is to identify rehabilitation needs, apply early physical 

training, and to combine quantitative and qualitative research methods to understand the functional, 

cognitive, emotional, social, and physiological mechanisms involved in successful rehabilitation. 

The RESPECT study is one of five rehabilitation projects integrated in CIRE and the only one 

focusing on children. 

 

The overall purpose of the RESPECT study is to examine whether a comprehensive rehabilitation 

program, involving healthy classmates during hospitalization from the time of diagnosis and 

throughout treatment, will improve the educational, physical, and social performance of children 

with cancer and maintain and facilitate their affiliations in existing communities and their return to 

everyday life following treatment. The RESPECT study comprises two main interventions: an 

educational intervention (Clinical Trials.gov: file.NCT01772849) and a physical and social 

intervention (Clinical Trials.gov: file.NCT01772862) separated into two PhD-studies. The present 

thesis only addresses the physical and social intervention. 

 

The RESPECT study is the first nationwide controlled population-based intervention study to test 

the effect and impact of a combined multimodal intervention program during treatment. This thesis 

summarizes the feasibility and possible effect of the physical and social components of the 
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RESPECT study aimed at supporting children with cancer and their families by creating a more 

normal everyday life at the pediatric oncology ward, by introducing visits from classmates 

(ambassadors), and by focusing on physical and social activities. The thesis also contributes to how 

to re-think rehabilitation and to the understanding of requirements for and methods by which such 

rehabilitation program can be feasible and acceptable for the children, their families, and the health 

care providers. 

 
Background 
Each year 200 children and adolescents (0-17.9 years old) in Denmark are diagnosed with cancer of 

which 40% are diagnosed with leukemia or lymphoma, 25% with a brain tumor, and 35% with a 

solid tumor (1). Approximately half of these are treated at the University Hospital Rigshospitalet in 

Copenhagen and the remaining patients are treated at Odense University Hospital, Aarhus 

University Hospital Skejby or Aalborg University Hospital. Treatment varies in length and intensity 

from a few months to two and half years depending on the diagnosis. Regardless of the diagnosis, 

all children and families need professional support to cope with such a life-changing event (6). 

The most common childhood cancer diagnosis is the hematological malignancies acute 

lymphoblastic leukemia (ALL) and the lymphomas. Treatment mainly consists of intensive and 

long-lasting chemotherapy requiring recurrent hospital visits up to every third day during the first 

six months of the course of treatment (7). After the first six months of induction and consolidation 

therapy the maintenance therapy begins. This treatment regimen last approximately 18 months and 

is less intense with fewer treatment-related side effects and more or less without hospital 

admissions. The lymphomas comprise Hodgkin’s disease, which mainly affects adolescents and is 

treated with chemotherapy at times combined with radiotherapy, and non-Hodgkin’s lymphoma, 

which has an incidence peak in children between 7 and 11 years of age and is treated with 

chemotherapy (8). Treatment duration for Hodgkin lymphomas is between 3 and 6 months, but 

longer for non-Hodgkin lymphoma (6-24 months) and the number of hospital admissions varies 

considerably dependent on diagnosis. The second most frequent childhood cancer is brain tumor, 

which is most common in children up to 10 years of age (9). The treatment consists of surgery in 

combination with radiation and/or chemotherapy and the prognosis and length of treatment depend 

on the type and location of the tumor. The third group comprises solid tumors. The most common 

kidney tumor, Wilms’ tumor, has an incidence peak in children younger than two to three years of 

age. Neuroblastoma (10) (sympathetic nervous system tumor) is most common in children younger 
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than two years of age, osteosarcoma and Ewing’s sarcoma (bone tumors) have an incidence peak in 

children between 10 and 12 years of age, and rhabdomyosarcoma (muscle tumor) is most common 

in children between two and five years of age and during adolescence (8). The treatment of solid 

tumors is generally multimodal with a combination of surgery and chemotherapy, and/or radiation 

(11). Treatment duration for solid tumors varies dependent on the type and location of the tumor. 

 

Treatment side effects 

The intensive treatments with potentially toxic mediations have considerable emotional, physical 

and social effects on the child with cancer (12). The children suffer from side effects such as 

disease- and treatment-related pain, nausea, organ dysfunction, muscle atrophy, mucositis, 

malnutrition, hair loss and fatigue that may persist for hours, days or weeks (13). The much used 

chemotherapeutical drug vincristine results in reduced neuronal/neuromuscular function and 

chemotherapy generally leads to fatigue and reduced physical function (14). Children who have 

undergone surgery may also suffer from consequences as palsy, impaired function and restraints. 

Another side effect is pancytopenia, general immunosuppression and defect mucosal barrier, which 

increases the risk of infections, anemia, and bleeding, requiring a protective isolation regimen. In 

addition, blood transfusions, days with fever, and need for antibiotics increase the frequency of 

hospital admissions.  

 
Social and emotional considerations 
The need to isolate the children for prolonged periods while in hospital and at home reduces their 

interactions with peers at school and in sporting activities. As a result, important social interactions 

and development of social skills with classmates are disrupted and can lead to both acute and late 

psychosocial side effects (2-4). These cancer-related disruptions in daily life may cause 

psychological distress, especially for adolescents (15). 

Following diagnosis, children are absent from school for an average of 85 days (16) during the first 

12 to 18 months, and 3 years after diagnosis their school attendance is still irregular and many fail 

classes (17;18). Childhood and adolescent cancer survivors report being bullied, feeling isolated 

(19-22), and having few or no friends (23-25). Although register-based data show that they achieve 

the expected educational level post-treatment (26), such data do not address social and physical 

functioning (27-29). The combination of intensive treatment, significant side effects, and isolation 

regimens compromises the children’s secondary socialization, disrupting social interactions with 



18 
 

peers and development of social skills (30). Accordingly, this negatively impacts the children’s 

emotional wellbeing and health-related quality of life (21;22;31;32). Attending school and leisure 

time activities as much as possible during treatment may help provide normality, continuity, and 

security, in an abnormal life situation (33). Participating in normal school and social activities 

includes everyday physical activity, such as walking, climbing stairs, getting into and out of a chair, 

cycling, playing games and simply just moving around. This is a major challenge for children with 

cancer.  

 

Physical considerations 
Intensive treatment, severe side effects, and isolation regimens, as well as low blood cell counts 

compromise the physical activity level (1;34-36). Physical fitness levels diminish in children with 

cancer directly or indirectly due to sedentary lifestyles imposed by their severe illness and treatment 

as well as a lack of opportunities for participation in physical activity (1;37;38). Being able to 

participate in normal school activities with peers includes being physically active. Accordingly, the 

compromised physical fitness level, not being able to participate in normal social activities may 

negatively impact the children’s emotional wellbeing and health-related quality of life (39-41). 

Lack of physical activity during treatment accelerates the decline in fitness level. It is unknown 

whether it is possible to implement a safe and feasible physical exercise intervention during the 

intensive treatment for childhood cancer with concomitant severe decline in physical capacity, 

strength and function. Participation in physical activity may cause sore muscles and stress injuries. 

However, there are no reports on such injuries in the existing literature on physical training of 

children with cancer. It is questionable if this has been studied systematically in physical activity 

interventions for children during intensive treatment. It is uncertain at which level of intensity 

children with cancer can exercise. Exercise interventions in adults suggest that high intensity 

aerobic training is feasible (42). 

Few studies have addressed physical activity levels in children with cancer. Most of these studies 

have relatively small sample sizes and describe diverse exercise interventions, outcome 

measurements, and duration of interventions (37-41). Overall, the studies indicate that children with 

cancer are less physically active and have decreased muscle strength, balance, and cardiorespiratory 

fitness during and after treatment compared with their peers (38-41;43). A long-term decline in 

physical fitness can lead to metabolic disease and previous studies have shown association between 

cardiorespiratory fitness and cardiovascular risk factors in childhood (44-47). In addition, unwanted 
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consequences of cancer treatment include obesity, osteoporosis, cardiomyopathy and 

neurocognitive and endocrine dysfunction that can be moderated by physical activity (34;48-51). 

Furthermore, physical activity during treatment can reduce side effects such as nausea and fatigue 

(51) and have beneficial effects on sleep efficiency and quality of life (52;53). 

Finally, fitness and parameters that influence cancer cells, e.g. insulin sensitivity and the immune 

system, are associated (50;54). An animal study shows that physical activity may inhibit cancer cell 

growth (54). 

 

Norm values for cardiorespiratory fitness in healthy children 
In the results section, comparison is made between children with cancer's VO2peak and norm values 

from healthy children. Unpublished norm material on cardiorespiratory fitness in healthy children 

collected from Denmark, Norway, Estonia and Portugal (55-59) is presented here in order to make 

the comparison possible (Table 1). Moreover, the normal development of cardiorespiratory fitness 

during childhood and adolescence is shown in Figure 1. The majority of data come from the 

European Youth Heart Study using the same progressive cycle ergometer protocol as us where and 

the children cycled to exhaustion. Data from the Copenhagen School Child Intervention Study has 

been added. In this study a progressive running test on treadmill was used, which is expected to 

give 4.7% higher values. Cardiorespiratory fitness was measured in 3861 girls and 3882 boys. Six 

cohorts (N=4806) of 9- and 15 year old boys and girls from the European Youth Heart Study 

(EYHS, 1997 through 2007) were included (55-57). Nine-year olds and 15-year olds assessed at 

two different time points from the same country were pooled. Additionally, four cohorts of 9- and 

15-year olds from EYHS Norway (N=3020) were included (58). The Copenhagen School Child 

Intervention Study (COSCIS) (N=1816) included three measurements collected in 2001, 2004 and 

2008 (59). Data collection procedures and analytical methods have previously been described in 

detail. 

From these cohorts data from each age group between 6 and 18 years were separated and mean 

values calculated. These were adjusted for cohort effects and protocol used (treadmill or cycle test) 

(60). 
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Table 1 Cardiorespiratory fitness in healthy boys and girls aged 6 to 18 years (55-59). 
 

Age 
(years) 

Girls 
(ml/kg/min) 

Boys 
(ml/kg/min) 

6 42.1 47.2 

7 42.6 47.7 

8 42.9 48.2 

9 43.0 48.6 

10 43.0 49.1 

11 42.8 49.6 

12 42.4 50.1 

13 41.8 50.6 

14 41.1 51.0 

15 40.2 51.5 

16 39.1 52.0 

17 37.9 52.5 

18 36.4 53.0 
 
 
Figure 1 Development of cardiorespiratory fitness in healthy boys and girls aged 6 to 18 years (55-59). 
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Motivational considerations 
There is a need to re-think the way health care professionals interact with patients and motivate 

them to participate and engage in training intervention programs. The thesis contributes to how to 
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re-think rehabilitation and understand requirements and methods required for a rehabilitation 

program to be feasible and acceptable for the children, their families, and the health care providers. 

The few physical intervention studies conducted in children with cancer during treatment showed 

that it is possible to improve and sustain their physical fitness, but only if the children are motivated 

and attend the programs. There seems to be challenges concerning compliance to the physical 

activity programs (38-41). 

 

A few studies have examined barriers and motivations for children with cancer to participate in 

physical activity during treatment (61-64). The studies indicate that improvements in physical 

fitness and mental well-being, health counselling and accessibility to physical activity facilities, and 

fun and sense of self-efficacy were main motivational factors to participate in physical exercise (61-

64). However, the varying frequency and compliance with physical activity and the small part of 

participants attending the programs suggest a further need for exploration of motivational factors 

for engaging in physical activity during treatment. Barriers includes physical, psychological, and 

organizational aspects such as lack of awareness on physical activity (e.g. children, parents, 

physicians), oncology treatments and associated physical changes and side effects (e.g. nausea, 

fatigue, dizziness, pain), social isolation, feeling of weakness and experiencing decreased pleasure, 

and overall lack of energy and motivation (61-64). Parents' behaviour related to physical activities 

of their children differs between being supportive, inert or inhibiting, and only a few patients 

receive information about exercise during treatment by their physicians (61). 

The low level of participation and compliance is a pronounced, yet not solved, challenge in all 

intervention studies carried out in children with cancer. None of the intervention studies addresses 

the potential effects of early rehabilitation from the time of diagnosis, involving healthy classmates 

and continuously professional support to enhance participation in physical and social activities as 

well as a tool to maintain the children’s social network during treatment. This could be a novel, 

innovative and beneficial approach to rehabilitation (31;62;63). As part of the RESPECT study, the 

hospitalized children each had two healthy classmates assigned as ambassadors. The ambassadors 

visited the child with cancer at the hospital (9 a.m. to 3 p.m.) at alternating two-week intervals and 

participated in the intervention program. The ambassadors were involved in the patient’s treatment 

and participated in the hospital school program, shared meals in the kitchen, and participated in 

physical and social activities. We hereby included pre-existing relations from the children with 

cancer’s everyday life. The ambassador’s act as a bridge between the children’s everyday lives at 
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home and at the hospital, and serve as role models. Furthermore, the ambassador provides moral 

support, familiarity, and encouragement, and helps to create a friendly educational, physical, and 

social environment for the child with cancer. 

Besides the social support from the healthy classmates, the RESPECT project also provides daily 

professional support to children with cancer during hospitalization. The aim of the professional 

support was to provide continuity, development of new healthy habits, support to retain and 

maintain both physical and social activity and strategies to make it through a difficult period.  

To create the cooperation with the children, confidentiality, continuity and building trust are 

cornerstones of any relationship with youth, when intervening on such serious matters (64;65). 

Taken together, the RESPECT study aimed to create awareness and to support the children with 

cancer to articulate subjects, which is important when breaking taboos. Moreover the study intends 

to empower children with cancer; to maintain acquired training habits as well as to strengthen and 

maintain their physical function and capacity after completion of treatment, and accordingly to 

obtain a long term effect.  
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Aims 
The RESPECT study examines the possible effect of early rehabilitation including social and 

physical training for children with cancer, and whether involving healthy classmates from the time 

of diagnosis and throughout treatment will facilitate the normalization of social life in the hospital 

and improve the physical and social performance of children with cancer and facilitate their reentry 

into everyday life following treatment. 

 

Primary endpoint 
Level of VO2peak 1 year after cessation of first-line cancer treatment.  

 

We hypothesize that the children in the intervention group receiving an individualized physical 

training program during the intensive treatment period with surgery, irradiation or chemotherapy 

treatments will have a 10% higher VO2peak (l/min) level than children with cancer in the control 

group who did not receive such training. Target N=120, Power 90%. Results concerning the 

primary endpoint analysis will be published when the intended 120 children have been included. 

 
Secondary endpoints 
The secondary endpoints include both physical performance and quality of life.  

 

We hypothesize that the social and physical components of the intervention study will enhance the 

children’s physical performance. Physical performance will in addition to the test VO2peak, be 

measured by tests of balance, muscle strength and physical function. Quality of life is assessed 

using validated questionnaires and interviews and will be evaluated 6 months after diagnosis and 1-

year post-treatment. Results from the quality of life assessments will be reported elsewhere. 

 
Scientific papers I-III  
The thesis consists of three studies; a study protocol describing the background and aims of the 

RESPECT study going through the most relevant literature and methods; a qualitative study 

(interview study) assessing the experiences of children with cancer with the social and physical 

components of the RESPECT study and exploring the motivations and barriers to participate in 

physical activity during treatment; and a third quantitative study describing physical capacity and 

function during treatment in children with cancers, from diagnosis until 1 year after cessation of 
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treatment compared with an age- and gender-matched group of healthy children, as well as the 

feasibility of the physical activity intervention in the RESPECT study. 

 

Paper I 
Thorsteinsson T, Helms AS, Adamsen L, Andersen LB, Andersen KV, Christensen KB, Hasle H,  

Heilmann C, Hejgaard N, Johansen C, Madsen M, Madsen SA, Simovska V, Strange B, Thing LF,  

Wehner PS, Schmiegelow K, Larsen HB. Study protocol: rehabilitation including social and  
physical activity and education in children and teenagers with cancer (RESPECT). BMC 

Cancer 2013 13:544. 
 

The RESPECT study protocol describes the challenges children with cancer encounter and how the 

RESPECT study wants to re-think rehabilitation. The study protocol describes the intervention and 

the comprehensive monitoring taking place at diagnosis, 3 and 6 months from baseline and 1 year 

after the cessation of treatment. 
 

Paper II 
Thorsteinsson T, Schmiegelow K, Thing LF, Andersen LB, Helms AS, Lindgren LH, Larsen HB. 

Classmates motivate childhood cancer patients to participate in physical activity during 
treatment: a qualitative study (re-submitted Marts 2017). 
 

The aim of the second study is to examine the motivational factors and barriers for participating in 

an early, structured, group-based and individualized physical activity intervention within the 

hospital setting from the time of diagnosis and throughout the treatment period as part of the 

RESPECT study. 
 

Paper III   

Thorsteinsson T, Larsen HB, Schmiegelow K, Thing LF, Krustrup P, Pedersen MT, Christensen  

KB, Mogensen PR, Helms AS, Andersen LB. Cardiorespiratory fitness and physical function in 
children with cancer from diagnosis throughout treatment. BMJ Open Sport Exerc Med 

2017;3:e000179. doi:10.1136/bmjsem-2016-000179. 

 
The aim of the third study is to describe physical capacity and function in children with cancer as 

well as feasibility of the physical activity intervention in the RESPECT study.  
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Theoretical background 
The RESPECT study was conducted according to a theoretical framework. The aims of the 

supervised and individualized physical and social intervention were to enhance physical capacity 

and function and social activity in children with cancer. The children were activated and motivated 

to be physically and socially active during treatment by psychosocial support, empowerment and 

education, including their families. Finally, they were supported in coping with a life-changing 

event. To reach this aim the social and physical intervention’s theoretical background is inspired 

and based on parts of both sociological and psychological theories. Our definition of the concept of 

motivation and the theories underlying the intervention are described below. 

 

Methodological approach 
Qualitative research is still regarded with some skepticism by the medical community, often 

accused of its subjective nature and the absence of facts. This challenge is met by being thorough in 

describing the research context and the assumptions central to the research and being aware of our 

prejudices. 

The qualitative study (paper II) is conducted according to Malterud’s systematic text condensation 

(STC) (66) which is inspired by the phenomenological approach and focuses on each child’s lived 

experiences with the intervention program, in relation to participating in physical exercise during 

treatment for cancer. Malterud’s STC is suited for development of descriptions and notions related 

to human experience. The method represents a pragmatic approach, although inspired by 

phenomenological ideas, looking at objects from the perspective of how they are experienced (66). 

STC is a descriptive and explorative method for thematic cross-case analysis of different types of 

qualitative data, such as interview studies, and holds an explorative ambition to present vital 

examples from peoples’ life worlds (66). According to Malterud it is essential to be clear about your 

assumptions so that they do not overshadow the empirical data (67). It is important to bracket your 

preconceptions, while still admitting an interpretative position determined by research question and 

professional discipline, which according to Malterud does not contradict a research strategy 

involving an inductive approach where data are allowed to speak for themselves (67). An inductive 

approach is data driven and involves reaching conclusions from the empirical data from the bottom 

up (67). It is important to acknowledge that the background, knowledge and values of the researcher 

may have influenced the hypothesis described in the study protocol. The possible bias is discussed 

later in this thesis. 
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Motivation 

Motivation is a key driver in all processes of change and affects people's choice of behavior. 

Motivation is individual and will vary over time. It is a dynamic process and it is essential to 

continually make adjustments. Motivation can be enhanced if an individual perceive the behavior as 

meaningful and worthwhile. Conversely, if an individual cannot see the point of a change, the 

motivation will be correspondingly low, and resistance to change will be a natural reaction. 

Intrinsic motivation refers to motivation that is driven by an interest in or pleasure in the task itself, 

and exists within the individual rather than depend on external influences. Extrinsic motivation 

refers to an activity to achieve an outcome such as prizes, grades and recognition or absence of 

coercion and threats. A classic example of extrinsic motivation could be competition in which you 

are motivated by the opportunity to win and the fear of losing.  

To create a long term behavior change, it is vital to primarily create intrinsic motivation. However, 

it is important to be aware of the correlation between intrinsic and extrinsic motivation and the 

conditions that apply when children do exercise together. The RESPECT study is primarily inspired 

by Self-Determination Theory (SDT) (68) and Social Cognitive Theories (69). 

 

Self-determination theory  
Self-Determination Theory (SDT) (68) articulates a meta-theory for framing motivational studies, a 

formal theory that defines intrinsic and varied extrinsic sources of motivation, and a description of 

the respective roles of intrinsic and types of extrinsic motivation in cognitive and social 

development and in individual differences. SDT posits a natural tendency toward growth and 

development. In contrast to other need theories the SDT, however, include no form of "automatic 

pilot", but instead requires active encouragement from the environment for growth and 

development. SDT propositions focus on how social and cultural factors facilitate or undermine 

people’s sense of volition and initiative, in addition to their well-being and the quality of their 

performance. Conditions supporting the individual’s experience of autonomy, competence, 

and relatedness are argued to foster the most volitional and high quality forms of motivation and 

engagement for activities. 

 

Social cognitive theory and Social learning theory  
According to Social Cognitive Theories (SCT) (69), behavioral change is influenced by a number of 

interacting psychosocial, environmental, and behavioral factors. Interventions based on SCT focus 
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on the importance of the individual’s ability to control his/her behavior and how changes in the 

individual and/or the environment can produce changes in behavior. Success in being able to initiate 

and maintain the behavioral change is determined by an individual’s ability to regulate own 

behavior through personal strategies (e.g., applying realistic expectations for change, setting goals, 

monitoring progress towards goals) as well as environmental approaches (e.g., using social support 

or environmental prompts). SCT techniques also include social modeling, self-efficacy and self-

regulation strategies and developing social support. 

 

Theoretical considerations 
The primary endpoint of the RESPECT study is measured one year after cessation. Accordingly we 

constructed an intervention supposed to generate a long term effect. To generate a long term effect 

professional support and empowerment, and psychosocial involvement and support were focused. 

The children and their families were actively involved in the rehabilitation process in order to gain 

as much knowledge as possible to maximize and continuously adjust the course of their 

rehabilitation in collaboration with the health care professionals. Therefore, it was essential to 

empower the children with cancer, their self-efficacy and their abilities and knowledge about 

physical activity regarding why, what and when during cancer therapy. A key construct is that of 

outcome expectations, or the individual’s belief that performance of a behavior will produce a 

specific outcome. This is why it is important that the children gain as much knowledge about the 

causality and effects of physical exercise in this extraordinary setting and in general. This includes 

providing the children with cancer and their families with information about treatments, symptoms, 

resources and services, training to provide care and respond to disease-related problems, and 

problem-solving strategies for coping with cancer. The exercise psychology consultant supports the 

children through the various stages of change focusing on increasing motivation by using an 

empathic style to reduce resistance to change, developing discrepancy between the children’s 

current behavior and the children’s values and goals to enhance motivation for change. In practice, 

even on a 'good day’ it was very difficult to activate and exercise the children at the oncology ward. 

Very few children exercised satisfactory on their own, partly due to their lack of knowledge about 

exercise during treatment, and partly because of the challenges children with cancer face, such as 

severe side effects, treatment compliance and generally low levels of energy. On a daily basis a 

form of negotiation took place between the child with cancer and the exercise psychology 

consultant trying to involve and motivate the child to exercise. The negotiation considered each 
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child’s needs and daily physical and mental condition as well as knowledge and capabilities. After 

the ‘negotiation’ a specific exercise session was agreed upon. The negotiation was based on the 

concepts of Self-Determination theory (68). Supporting self-efficacy and developing discrepancy, 

involves understanding and amplifying differences between the child’s current behavior and their 

values, goals, and self-image to move toward change. Social cognitive theory and social learning 

theory (69) is considered as they recognize that behavioral change is influenced by a number of 

interacting psychosocial, environmental, and behavioral factors. Success in being able to initiate 

and maintain the behavioral change is determined by abilities to applying realistic expectations for 

change, as well as using social support or environmental prompts. The essential aspect of this 

intervention is the concept of using healthy classmates as ambassadors to create normality and 

familiarity and a supportive, friendly environment. Introducing ambassadors during hospital 

admissions has several benefits and supports the concepts on which the intervention is built upon. 

The benefits include sharing knowledge and creating understanding, breaking taboos, involving 

social support and normality and securing social interaction between children and not only between 

children and adults, which is more common in a hospital setting. Foremost, we wanted to increase 

participation and motivation by including the topics mentioned above. 

Motivation can be created in many different ways and we consider an individual approach with 

focus on specific topics such as empowering, involvement, performance and relatedness as 

necessary. 

Children are motivated to gain new knowledge about the subject or subjects that have their special 

interest. Motivation in this sense is about curiosity and thirst for knowledge. They become 

motivated when new knowledge can be linked to an understanding of themselves or their immediate 

experiences, needs and interests. When the children continuously are supported on a day-to-day 

basis and gain knowledge about their current situation and what they can do to improve it, they will 

eventually feel more and more empowered. Children could be motivated when they experience 

themselves to be able to master and cope with a difficult situation (69). When they believe in their 

own abilities and have an expectation that they can master a task they would typically be more 

motivated to make an effort. Conversely, those with poor experiences and low expectations are 

more difficult to engage because they do not believe in the task and/or fear failing. Getting involved 

in the process can also be motivating to the children (68). When children feel as co-creators of the 

plan, it leads some of them to motivation and desire to develop and improve. When the children 

experience self-determination and autonomy and feel it is a shared decision, they will increase their 
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motivation and initiatives (68). The children were included in the day-to-day creation of the 

exercise program.  

Many children experience the motivation and desire to learn through relationships. It can be both 

relationships with a supervisor/trainer/educator, but also be relationships among the children. Both 

ambassadors and the children with cancer could learn, support and inspire each other and in some 

cases act as role models. 

Some children are more driven by performance motivation (extrinsic motivation). They correlate 

motivation to individual performance and to do well in the children’s own hierarchy. They are 

motivated by measuring themselves up against others and make an extra effort when they know that 

their performance is evaluated and/or rewarded. Some children are motivated by physical tests and 

were able to use the results at the different time points in the intervention program to evaluate and 

set goals going forward. 

Motivation is often the result of an action, not the cause of it. Getting started, even in very small 

ways, is a form of active inspiration that naturally produces momentum. Accordingly, an early 

initiation of rehabilitation is important, while physical capacity and healthy habits are still present. 

The concept of an ‘open window’ is mentioned in rehabilitation, when experiencing major changes 

in life, because you tend to evaluate your priorities in life. A cancer diagnosis could be considered 

as such and is therefore also an opportunity to create new and healthy habits. 

In the following method section the design of the social and physical intervention program and 

setting is described as well as inclusion criteria’s and outcome measures. 
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Methods 
Design  
The RESPECT study is an ongoing nationwide population-based, prospective, controlled, mixed-

methods (70) intervention study looking at children aged 6-18 years newly diagnosed with cancer in 

Eastern Denmark and a matched control group in Western Denmark. 

 
Participants 
Children aged 6-18 years diagnosed with cancer and treated with chemotherapy/irradiation, or 

diagnosed with Langerhans cell histiocytosis (LCH) or myelodysplastic syndrome (MDS) and 

treated with chemotherapy, at any pediatric oncology unit in Denmark are eligible for the study. All 

participants are enrolled at school at the time of diagnosis and are able to communicate in Danish. 

Children with mental disability (e.g. Down syndrome), severe co-morbidity, or terminal illness at 

the time of diagnosis are excluded. 

Patients diagnosed in the period 2013-2018 at the Copenhagen University Hospital, Rigshospitalet 

(N=120), are assigned to the intervention group. Control groups are identified as children with 

cancer diagnosed in the period 2013-2018 at the Odense University Hospital, Aarhus University 

Hospital, and Aalborg University Hospital (N=120). 

 
From January 2013 to April 2016, 75 of 78 (96.2%) eligible children were included and participated 

in the intervention group. Since the initiation of the RESPECT project in January 2013 to May 

2016, 9 children died from progression of disease; four children in the intervention group and 5 

children in the control group. Table 2 shows the demographic and clinical characteristics of the 

intervention cohort. 
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Table 2 Demographic and clinical characteristics of the intervention cohort. 
Variable (N=75) 

Demographics  

Females / males 29 (39%) / 46 (61%) 

Age at diagnosis (median, range) 12 years (6-17 years) 

Danish ethnicity /Other ethnicity 66 (88%) / 9 (12%) 

Diagnoses  

Acute lymphoblastic leukemia 24 (32.0%) 

Acute myeloid leukemia 4 (5.3%) 

Myelodysplastic syndrome 1 (1.3%) 

Acute promyelocytic leukemia 2 (2.8%) 

Lymphoma 14 (18.7%) 

Central nervous system 8 (10.7%) 

Extracranial solid tumor 21 (28%) 

Langerhans’ cell histiocytosis 1 (1.3%) 

Location of tumors  

Upper limb 8 

Lower limb 7 

Torso (organs, genitals) 5 

Brain 8 

Treatment  

CT 48 (64%) 

CT + S 15 (20%) 

CT + RT 3 (4%) 

CT + RT + S 9 (12%) 

Vincristine 61 (81.3%) 

Stem cell transplantation 10 (13.3%) 

Abbreviations:  N=number, CT=chemotherapy, S=surgery, RT=radiotherapy. 

 
Social and physical intervention program and setting 
The intervention program was conducted by an exercise psychology consultant (TT; MSc sports 

science and psychology) in the pediatric oncology ward. As part of the RESPECT study, the 

hospitalized children each had two healthy classmates assigned to them as ambassadors. The 

ambassadors visited the child with cancer at the hospital (9 a.m. to 3 p.m.) at alternating two-week 

intervals and participated in the intervention program. The ambassadors were involved in the 

patient’s treatment and participated in the hospital school program, shared meals in the kitchen, and 

participated in physical and social activities. 

 



32 
 

The supervised physical activity sessions were tailored to each child’s needs, age, gender, side 

effects, capabilities, fitness level, level of activity pre-diagnosis, and support from their social 

network. Training sessions of 5-90 minutes were carried out three to five days weekly during 

hospitalization. The duration of each session depended on the overall and daily well-being of each 

child. Daily individualized sessions took place in various settings, e.g. in the child’s hospital room, 

in the hallways of the pediatric oncology ward, on the staircase or elsewhere at or nearby the 

hospital. The twice weekly group training sessions included all admitted and eligible children and 

their ambassadors and took place in the hospital’s physiotherapy facility, the pediatric oncology 

ward’s common area or outside, but nearby, the hospital. Physical activity sessions focused on 

physical functionality and balance, muscle strength and cardiorespiratory fitness as well as 

maintaining an adequate level of physical activity during treatment. Training sessions were focused 

on shoulder, elbow, back, abdomen, knee and ankle stability and cardiovascular exercises, which 

are essential for maintaining a level of functioning. Moreover, the intervention draws on pre-

diagnosis bodily memory (71) and habits as well as developing new training habits feasible within 

the restricted setting. Social and mental skills training were performed when the child with cancer 

was not able to perform physical exercise as well as during and in relation to exercise sessions. As 

such, the intervention aimed to increase the children’s confidence in their physical abilities as well 

as to encourage and preserve their motivation for being active and avoid a sedentary lifestyle during 

treatment. If a child developed any symptoms that indicated physiotherapeutically intervention 

during treatment, he/she was referred to standard physiotherapy. Table 3 shows the inclusion 

criteria for physical training sessions and physiological testing. 

 
Table 3 Inclusion criteria for physical training sessions and physiological testing. 

Hemoglobin ↑ 5.0 mmol/l 

Platelets ↑ 10 billion/l at moderate-intense and intense exercise and by testing 

↑ 50 billion/l  at ”contact sport” 

Contagious Not actively diarrhea, coughing, cold 

Temperature < 38.5°C (group training sessions) 

Consent Consent from the patient and parents 

General assessment Side effects, training compliance, muscle soreness 

Comorbidities No severe comorbidities that prevent physical activity 
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Outcome measures 
The effects of the intervention program were evaluated using validated questionnaires, qualitative 

interviews, physical tests, blood tests, and full body dual energy X-ray absorptiometry (DEXA 

scan). Results from the quantitative questionnaires, blood tests and full body dual energy X-ray 

absorptiometry will be reported elsewhere. 

The effect of the physical intervention program was quantified using physical tests. The 

comprehensive monitoring took place at diagnosis, three and six months from baseline, and one 

year after the cessation of treatment. 

 
Qualitative methods 
 
Data collection 
Thirteen of the first twenty-one children that entered the RESPECT study and its social and 

physical activity program from January to October 2013 were selected by the purposeful sampling 

strategy – maximum variation sampling - for the qualitative research study. The maximum variation 

sampling strategy uses maximum variation with respect to age, gender, and diagnosis to ensure 

heterogeneity in order to better explore how the phenomenon under study is perceived and 

understood by different children at different times (Table 4 and 5). 

Inspired by Malterud (66) the descriptive inductive method with open interviews to describe the 

children’s experiences with the social and physical intervention scheme were applied. All 

interviews took place in the children’s home with only the child present and with a parent in a 

nearby room. The interviews were performed by TT from February to May 2014 and were audio-

recorded with the parents´ consent, at a time and place in accordance with the families’ wishes. The 

interviews were conducted using a semi-structured interview guide where the participants were 

asked open-end questions exploring the following themes: physical activity during treatment; 

individual and group-based training sessions; physical tests; side effects; motivational factors for 

engaging in physical activity; and influence of the exercise psychology consultant, ambassadors, 

other children with cancer and the parents. The children were repeatedly encouraged to reflect on 

both positive and negative aspects and were asked additional questions for clarification, e.g. “can 

you describe in more detail what you mean?”, ‘why?’, ‘how?’, and ‘what’?’, ‘tell me more 

about…?’, ‘tell me again about…?’ and ‘when you talk about…, did you mean…?’ (72). 
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Data analysis 
All interviews were transcribed by LHL (research scholar, medical student) in collaboration with 

TT. The recorded interviews were transcribed verbatim and imported into the computer software 

program QSR NVivo 10 (73) for processing. Systematic text condensation was applied and 

qualitative data analysis was carried out in accordance with a four-step analysis procedure described 

by Malterud (66). Systematic text condensation is a descriptive approach, presenting the experience 

of the participants as expressed by them and implies analytic reduction with specified shifts 

between de-contextualization and re-contextualization of data. The first step involved reading each 

child’s response to the questions in order to get an overall impression of that child’s narrative. The 

second step identified meaningful units (qualities) by extracting phrases or sentences about the 

children’s experiences with the intervention. Step three involved abstraction of individual 

meaningful unit content by capturing them in different dimensions. Finally, the importance of these 

dimensions was summarized and sorted by category. Each statement given by the children was 

coded independently by two researchers (TT and HBL, RN, MSc sociology, PhD) and then 

discussed and compared involving other researchers (LHL). Malterud’s guidelines for authors and 

reviewers of qualitative studies were applied (74). 

 

In total, 13 semi-structured individual interviews were conducted with seven males and six females 

(median 12 years, range: 8-16 years) were selected by maximum variation sampling. Interviews 

took 25-90 minutes (range; median: 44 minutes). Data saturation, defined as no additional themes 

addressed by the children, was achieved following the sixth interview. The time from diagnosis to 

interview was between 6-16 months (median: 9 months), ensuring that the children had sufficient 

experience engaging in physical activity during intensive treatment. Three of the children had just 

completed treatment. 

 

Table 4 show the characteristics of the selected intervention cohort, interview information, cancer 

diagnosis and date of diagnosis collected from the children’s medical records. Table 5 shows the 

children’s level of participation in the training scheme and levels of physical activity pre-diagnosis 

at time of diagnosis. 
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Table 4 Characteristics of the intervention cohort and interview information. Data on cancer diagnosis and 

date of diagnosis were collected from medical records. 
Gender Age Diagnosis Ethnicity Time - diagnosis to 

interview (days) 

Duration of interview 

(min.) 

Female  8 ALL Danish 342 44 

Male  8 ALL Danish 235 41 

Male  9 Lymphoma Middle eastern 207 25 

Female  9 ALL Danish 450 40 

Male  12 LCH Danish 165 30 

Male  12 Lymphoma Danish 146 62 

Female  13 ALL Middle eastern 395 61 

Female  13 Lymphoma Danish 175 53 

Male  14 AML Danish 328 90 

Male 14 ALL Danish 252 26 

Female  15 CNS Danish 286 30 

Male  16 Solid tumour Danish 256 47 

Female  16 Solid tumour Danish 377 63 

Abbreviations: ALL = acute lymphoblastic leukaemia, AML = Acute myeloid leukaemia, LCH = Langerhans Cell Histiocytosis, 

CNS = central nervous system. 

Table 5 Levels of participation in the training scheme and physical activity pre-diagnosis collected at 

diagnosis. 
Inpatient days - diagnosis to 

interview** 

Individual training sessions Group training sessions Prior physical activity level* 

86 46 11 Active  

133 53 15 Not active 

83 44 8 Not active 

117 59 10 Not active 

8 8 16 Not active 

87 53 20 Active 

99 41 8 Not active 

15 11 2 Active 

193 73 23 Active 

122 68 15 Active 

59 24 3 Not active 

52 37 3 Active 

175 67 16 Not active 

*Active is defined as 60 min moderate to vigorous activity 3/weekly (75). 

**Cumulative days of admission with outpatient time in between. 
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Quantitative methods 
 
Physiological testing 
The effect of the physical training program was assessed based on physical strength, balance, and a 

fitness test. Fifteen of 75 children in the intervention group and 6 of 37 in the control group had 

restrictions in relation to physiological testing based on a medical assessment. This group consisted 

of children with brain and bone tumors and those who went through stem cell transplantation (SCT) 

(Table 2). We excluded this group from the comparative analysis because they did not have the 

same opportunity to participate in the training scheme and had a different treatment course (more 

restricted, e.g. bedridden after surgery, not being allowed to support on lower extremities or 

comprehensive restraints concerning physical activity).  

TT has experience in conducting the VO2peak test procedures and the other physiological tests during 

his education in sport science at the University of Copenhagen and has had several months of 

thorough test manager training at the Danish Pediatric Pulmonary Center at University Hospital 

Rigshospitalet and during the pilot study before initiation of the RESPECT study. 

 
VO2peak - cardiorespiratory fitness 
VO2peak was measured during a cycle ergometer test on an electronically braked cycle ergometer 

(Lode Corival Pediatric or Monark Ergomedic 839 E) using a modified Godfrey protocol with the 

workload increasing progressively by 10 watts/min to the point of exhaustion (76). Hans Rudolph 

valve (2-way NRBV, Hans Rudolph Inc., Kansas City, MO, USA) or a Hans Rudolph mouthpiece 

especially designed for children and a nose clip if the children had a gastrointestinal tube were 

applied. Ventilation and gas exchange data were determined breath by breath. Peak oxygen uptake 

was the average of the two highest values continuously recorded over 60 seconds during the test 

expressed in millilitres per kilogram per minute (ml/kg/min) and litres per minute (l/min) to 

eliminate the weight component. VO2peak was determined with a portable INNOCOR Ergo 

Spirometry System, INN00010 (Innovision, DK 5260 Odense, Denmark), and heart rate and 

saturation were continuously monitored every 30 seconds (Polar FT2 Sport Tester, Kempele, 

Finland). The cycle ergometer was mechanically calibrated before each test. 

The children were instructed to keep going until exhaustion. One subjective and two objective 

criteria were used to determine whether the test was considered a valid VO2peak test; subjective signs 

of intense effort were unsteady cycling pattern, sweating, facial flushing, unsteady breathing and 
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clear unwillingness to continue in spite of repeated strong verbal encouragement. Heart rate >180 

beats/min and respiratory exchange ratio (RER) >1.05 were the objective signs of exhaustion. In 

collaboration with an external scientific unit from the Department of Nutrition, Sports and Exercise, 

University of Copenhagen, our portable INNOCOR system were validated against the Douglas bag 

system (77). 

 

Timed Up-and-Go (TUG) 
The Timed Up-and-Go test tests basic mobility, defined as the ability to get in and out of bed, to get 

up and down from a chair, to walk short distances, and to turn. The test measures the time it takes to 

get up from a chair, walk 3 meters, turn, walk back to the chair and sit down again (78). The last of 

three scores were used in the analysis. 

 
Sit-to-Stand (STS) 
The Sit-to-Stand test evaluates muscle strength in the lower extremities and in the hip and core 

muscles. The test measures the number of times a person can rise from a sitting position to an 

upright standing position, with no support from the hands, and sit down again in 30 seconds (79). 

 

Grip strength 
Grip strength as an indication of manual force is measured using a Saehan hand dynamometer 

(Glanford Electronics, Scunthorpe, UK). Two trials are conducted for each arm and performed 

standing or sitting with the elbow and dynamometer not touching anything. The higher of the two 

scores was used in the analysis (80). 

 

Andersen fitness test 
The Andersen test is a simple aerobic fitness test. The aim of the test is to cover the greatest 

distance in 10 minutes. The test involves running or walking back and forth for 15 seconds along a 

20 meters track as fast as you can followed by 15 seconds’ standing, repeated for 10 minutes. Each 

time they turned, they had to touch the floor with the hand behind the line. The test was modified, 

so the participants should not touch the ground with a hand at each end of the pitch, but simply a 

foot. At the end of 10 minutes, the distance covered was measured (81). The modified Andersen test 

was later excluded from the test battery, as it was not found compatible with children with cancer 

and could not produce a fitness rating similar to the VO2peak test. 
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Flamingo balance test 
The modified flamingo balance test measures a person’s ability to balance on one leg and provides 

information about the functioning of the vestibular organs and proprioceptors as well as leg, hip and 

abdominal muscle strength. The child performed the test barefoot, balancing on the preferred leg 

with the opposite leg lifted from the ground. The number of times the child lost balance in a 60-

second period was recorded Each time the child loses balance the clock is stopped and then 

restarted when the child is ready (82). We excluded the modified flamingo balance test from the 

analysis, because the results varied dramatically during treatment. 

 

Self-made and self-reported questionnaires 
Self-made and self-reported questionnaires were used to record physical activity before diagnosis. 

 
Statistical considerations 
The RESPECT has two primary endpoints. Therefore the type I error is set at 0.025 in the sample 

size calculations. The primary endpoint of the physical and social activity study is based on the 

power calculation derived from a pilot study (83) that found at baseline VO2max of 24.3 ml/min/kg 

(SD 5.9) among children with acute lymphoblastic leukemia. If 120 children with cancer 

are included in both the intervention and control group, if the standard deviation of the change 

scores is 5.3 in both groups, and a significance level of 0.025 is used, we will have a power of 0.90 

to detect a 10% increase in the intervention group one year after cessation of treatment. 

Measurements of the endpoints VO2peak, STS, TUG, Balance and Grip strength taken at four study 

time points (diagnosis, three and six months after diagnosis, and one year after cessation of 

treatment) are reported as mean and SD or median and IQR, as appropriate. Linear mixed models 

using a heterogeneous AR(1) covariance structure are used for evaluating change over time. The 

analyses are adjusted for the effect of diagnosis, gender and age, and the baseline measurements are 

further adjusted for the time from diagnosis to first measurement. Change scores, and their 95% 

CI’s are estimated from the model parameters using the delta method. Heart rates of children with 

cancer and healthy classmates are compared using a linear mixed model in a data set with 294 heart 

rate measurements (163 from children with cancer, 131 from healthy classmates) from a total of 97 

children (50 children with cancer, 47 healthy classmates). The age and gender of the 50 children 

with cancer was median age 11 (range 6-16) and 39.1% girls. Comparisons with normal population 

were made using an age- and gender-matched subsample from the reference data sets with five 
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controls sampled for each child with cancer. The cardiorespiratory fitness norm values (ml/kg/min) 

for healthy children used for comparison were collected from Denmark, Norway, Estonia and 

Portugal (55-59) (see above). For each time point differences between the children with cancer and 

the matched controls were compared using a Wilcoxon test. From these cohorts, data for each age 

group between 6 and 18 years were separated and mean values calculated. These were adjusted for 

cohort effects and the protocol used (treadmill or cycle test) (60). P-values below 0.05 (two-sided) 

were considered statistically significant. Associate professor Karl B. Christensen, Department of 

Biostatistics, University of Copenhagen, supervised the statistical analysis. 

 

Ethical approval 
Information on the subjects is protected according to the Processing of Personal Data and Health 

Act. The Danish Data Protection Agency (file. 2007-58-0015/nr.30-0734) and the Regional Ethics 

Committee for the Capital Region (file. H 3-2012-105) approved the project, and the project 

complies with the Helsinki II declaration. In addition, the study is registered at Clinical Trials.gov 

(file. NCT01772862). Following oral and written information, parental, guardian’s and child’s 

(children above 15 year) written informed consent was obtained. 

 

Methodological considerations 
The strength of this study is the combination of educational, psychosocial, and physical 

components, and the study has a more interactionist and comprehensive perspective on 

rehabilitation than most previous studies (38-40). RESPECT is the first nationwide study with 

sufficient power to test the impact of a combined multimodal intervention program during 

treatment, though inclusion rates were slower than expected, which influences the power of the 

results. The slower inclusion rate is also why this thesis does not evaluate the primary endpoint, as 

the RESPECT study is still an ongoing study. Results concerning the primary endpoint analysis will 

be published when the intended 120 children have been included (5). 

Another strength of the present studies include the broad sample of children with cancer and their 

families, the use of both qualitative and quantitative methods in the evaluation of a complex 

program and the detailed information on the feasibility and acceptability of the RESPECT program. 

A further strength is the high recruitment of children admitted to the physical training scheme with 

no drop-outs during the intervention and the maintenance of safety. 
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The diversity and the measurement methods used entail certain limitations, which also may affect 

the validity of the results. The complexity and comprehensive perspective of the RESPECT study 

could also constitute a weakness. The evaluation of complex interventions is difficult because of 

problems of developing, identifying, documenting, and reproducing the intervention. 

 

Non-randomized design 
The choice of a non-randomized design is based on ethical considerations. We acknowledge that a 

non-randomized design is more susceptible to bias than a randomized design. A randomized trial 

would have been optimal from a scientific point of view, but it was unrealistic because of the 

psychological, social, and ethical aspects meaning that only some of the children at the same unit 

will have visits from healthy classmates. Furthermore, it would have been difficult to avoid 

interactions between families in the two groups and the health care professionals, which would 

further impair randomization. 

Starting an intervention at diagnosis, during the course of very toxic and intensive treatment causes 

logistical challenges related to the disease and the side effects of the treatment. At the time of 

diagnosis, families are very vulnerable and stressed, and there was a potential risk of declining 

participation. However, a compliance of 96.2% in the RESPECT study not only demonstrates that 

the families perceived the RESPECT intervention as safe, appealing and sought after, but in 

addition and importantly the included families in the RESPECT program are truly representative of 

the childhood cancer families due to the high participation rate. 

 
Potential conflict of interest 
TT prepared the RESPECT program together with the research group and subsequently undertook 

the evaluation of the program, which implies a possibility of bias. In non-randomized studies, the 

assignment of patients and outcome of treatment may be influenced by the investigator (84;85). In 

the present study, this was taken into account as the inclusion criteria were established a priori and 

all eligible patients that fulfilled the criteria were invited to participate in the RESPECT program. 

Only three eligible families declined to participate. The influence of TT was thereby diminished in 

the assignment process. Furthermore, the possible effect of the researcher should be assessed during 

all steps of the research process in order to account for potential bias (74;84;85). This possible 

effect was reflected upon throughout the study and data were discussed. Thus, it is unlikely that the 
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potential conflict of interest have caused a considerable over- or underestimation of the effect of the 

RESPECT intervention. 

 
Heterogeneity of the groups 
The inclusion of the broad sample of children with different diagnoses and ages were a precondition 

for implementing a feasible RESPECT study and for detecting the average effect of the intervention 

across this diverse group. To minimize bias due to these conditions, we adjusted for diagnosis, time 

since diagnosis, age, and gender when comparing physical performance. 

 

Representativeness 
The selected population is assumed to be representative for the childhood cancer population to 

which the program is likely to be offered when implemented. This group of patients has many of the 

same challenges as other groups of chronic illnesses, e.g. hospital admissions, harsh treatment, 

burden of side effects and psychosocial challenges, indicating that the RESPECT program may be 

applicable to other cohorts of chronic illnesses with similar challenges. 

 

Quantitative considerations 
 
Exercise testing of children and adolescents 
There are several benefits of conducting exercise tests in children with cancer. In relation to the 

RESPECT study including the following; documenting any impairment in functional capacity, 

assessing physical work capacity, assessing the results of the rehabilitation program, documenting 

functional changes during the course of treatment, assessing exercise-related symptoms, evaluating 

the effects of therapy, and increasing confidence in the child and parents in the ability of the child to 

exercise safely, both during and after treatment (86;87). 

To achieve optimal results during exercise evaluations of children, the proper testing environment is 

critical. Enthusiastic, compassionate, and encouraging staff members who enjoy working with 

children are essential in successful pediatric exercise testing. The use of appropriately sized 

equipment, age-appropriate language and protocols is critical (86;87). The mode of exercise is also 

important in determining the results. In children and adolescents, treadmill testing will produce 

VO2max values 7% to 10% greater than cycle ergometers (60). Younger children are often 

intimidated about communicating with unfamiliar adults in new situations. The test administrator 
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must continuously monitor the child by asking frequent questions to assess his or her status as the 

test progresses. Younger children and unfit adolescents may require strong verbal encouragement to 

achieve satisfactory intensity levels during exercise evaluation (86;87). Time from diagnosis to 

baseline test differed, because of physical or medical considerations as well as logistic 

considerations concerning medical procedures. A few children needed some time to understand and 

accept their challenges before accepting physiological testing. This could be considered a bias, 

which we met by adjusting for days from diagnosis to baseline test in the statistics. Median time 

from diagnosis to baseline tests was 8 days (Table 7), which we consider as acceptable. At three and 

six months from diagnosis as well as one year after cessation of treatment, all physiological tests 

were performed +/- 14 days from the original time point, which we consider as acceptable. 
TT conducted all physiological tests in the intervention group and had close relations to the 

involved children. It is a strength of the current study that all training sessions were conducted by 

the same person who was in the ward daily and had daily interactions with each child, promoting 

them to be physically active. This ensures that the intervention and the applied approach were 

consistent and based on similar principles and methodical approach. 

The close relations between the author and the children could however also constitute biases, since 

the author has a natural interest in seeing improvements in the children in the intervention group. To 

meet this challenge, various initiatives were launched and a series of objective criteria were set to 

validate our methods and test results. Before the initiation of the RESPECT intervention and several 

times during the intervention period, meetings were held with all physiotherapists involved in the 

testing both in the intervention and control group going through the test procedures, both 

theoretically and in practice. Comparisons between the two groups of heart rate and RER in regards 

of the VO2peak tests were made and found to be correlating. With permissions from parents the 

physiological test sessions were filmed in both the intervention and control group, to validate test 

procedures and thereby confirmed that tests were carried out similarly in all groups. Doing in-direct 

testing, especially with children, the test responsible level of experience, the children's experiences 

of physical activities and testing and children’s motivations could constitute bias. It would have 

been optimal with an intra- and inter-test to test the validity and reliability of the in-direct test 

between the two groups. The shortcomings of the measurement methods may have attenuated the 

results as mentioned above. As mentioned earlier, in collaboration with an external scientific unit 

from the Department of Nutrition, Sports and Exercise, University of Copenhagen, we validated our 

portable INNOCOR system against the Douglas bag system, which showed high compliance. 
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There are very few physiological tests developed to measure physical capacity and function in 

children with really low scores. During the pilot study we tested and developed the existing test 

battery and found it to be suitable to this group of patients. The methodologies applied were chosen 

based on potential clinical relevance, mostly inspired by physiological test developed to the elderly 

evaluating physical functionality. When evaluating the test battery retrospective, it would be 

interesting to include a submaximal aerobic test on a cycle ergometer, to maybe enhance the 

number of test conducted. 

We excluded the modified flamingo balance test from the analysis, because the results fluctuated 

widely. However, they did show that children with cancer have very impaired balance during 

treatment, while one year after cessation of treatment all the children had normal balance. We 

excluded the modified Andersen test from the test battery, as it was not compatible in children with 

cancer and could not produce a fitness rating similar to the VO2peak test, probably because of our 

modification as well as the test has not been validated in a group with such low performance scores. 

Prior to each group training session we applied equipment to monitor heart rate, both in children 

with cancer and their age-matched ambassadors. Sometimes the children with cancer dismissed to 

be equipped as they can suffer from sensitive skin and also has a central venous catheter situated 

close to the monitoring equipment. The evaluation of feasibility of the intervention is inspired by 

the CReDECI guidelines (84). 

 

Qualitative considerations 

Qualitative research is advantageous for evaluating complex programs to show how the participants 

experience the program in depth and for assessing the process of implementation, which can further 

validate the findings (85). Several authors recommend qualitative studies to obtain children’s 

perspectives related to their individual experiences with cancer (88;89). We have been thorough in 

describing the research context and the assumptions central to the research and we applied 

systematic text condensation described by Malterud (66), involving an overall impression of the 

child’s narrative, identifying meaningful units (qualities), abstraction of individual meaningful unit 

content by capturing them in different dimensions and finally summarizing and sorting them by 

category. We thoroughly elaborated a study question and a thoughtful purposive sample strategy, 

allowing us an overview and a contextual adhesion. Conducted with stepwise data collection, 

recruitment, and analysis, a feasible and limited amount of data and participants were needed for 

responsible analysis with STC (66). The simple and rigid procedures of systematic text 
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condensation are accessible and give limited space for creative interpretations and conclusions (66). 

The qualitative strategy systematic text condensation was chosen because systematic text 

condensation provides a method for attaining a condensed and broad description of the phenomenon 

(66). The analysis process and the findings are described in order to show the strengths and 

limitations and thereby the trustworthiness of the findings (67;74;85).  

To establish the credibility of the analysis process, two members of the research team first 

performed the analyses independently and then jointly. A coding scheme was used to systematically 

distil the transcribed text to limited and controllable concepts and to enhance the consistency in 

coding. The two research members discussed and interpreted the findings in order to analyze how 

well codes, sub-themes and themes covered data, and to prevent relevant data from being 

systematically excluded or irrelevant data included. To verify the robustness of the findings, 

similarities and differences between the condensed meaning units, codes, sub-themes and themes 

were discussed and reflected upon throughout the analysis process until the authors reached 

agreement (66;74). In case of disagreement, we discussed our findings and tried to reach consensus. 

If consensus could not be reached, the discussed findings were not included. To further strengthen 

the credibility of the study, the context, participants and analysis process are described in detail in 

text and tables to facilitate the judging of the findings (85). Descriptions of the analysis process and 

quotations from the interviews were presented in peer discussions or presentations with health care 

professionals and researchers to represent the findings, which strengthens the confirmability (74). 

To establish dependability, the interviewer had an open dialogue with the research team about the 

new insights that evolved from interviews as these new insights might narrow or diffuse the aim of 

the interview (74). The two research members judged to what extent similarities and differences of 

content were consistent over time by discussing and considering them throughout the analysis 

process. A third researcher took part in the final analysis to verify the plausibility and ensure 

dependability of the findings. Additional, we discussed our findings with the children involved, and 

asked them to judge the credibility of the results. They recognized and accepted the findings and the 

samples was deemed adequate to describe the children’s experiences in depth and to answer the 

research question. 

A detailed description of context and participants, data collection, analysis process and findings 

were presented in the thesis and scientific paper II (90) to facilitate the transferability of the findings 

(74;85). Data saturation appeared early in the interviewing process, i.e. around interview six to 
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seven, which supports the fact that the children had similar experiences with the intervention. This 

suggests that the transferability and generalizability of the present study is likely to be high and the 

results should be transferrable to similar contexts and settings relating to rehabilitation of 

hospitalized children burdened by long-term serious illnesses. 

TT was responsible for both the intervention and assessment of the physical training scheme. It may 

influence the children’s descriptions as they may withhold negative perceptions of the RESPECT 

intervention and may be considered a study limitation. This could constitute social desirability bias, 

which may have influenced their answers. However, it is our impression that the children were able 

to engage in honest, direct and responsible communication since interactions and this explicit form 

of communication have been practiced during the intervention. The children were repeatedly 

encouraged to reflect on both positive and negative aspects. In developing the interview guide we 

phrased questions to show its okay to answer in a way that was not socially desirable (64;65). 

Indirect questioning were also used for socially sensitive questions to allow the children to project 

their own feelings onto others and still provide honest, representative answers. To minimize 

confirmation bias, we continuously re-evaluated the impressions of our respondents and challenged 

pre-existing assumptions. To avoid using leading questions, open-ended questions were used in the 

respondents’ language (64;65).  

The interviewer’s knowledge about the course of illness and the intervention may make the children 

feel more confident and facilitate the interviews. Therefore, the relationship between each child and 

the exercise psychology consultant that developed during the intervention is likely to have been 

advantageous during the interview process. In-depth knowledge of each child facilitated suggestions 

of concrete examples that he/she could understand in order to explore the intervention topics and to 

assist the child to express ideas. This was particularly useful when exploring some topics that were 

difficult to talk about or were too abstract to understand. Knowing the child’s reaction in different 

contexts was very useful. There were no notable differences in the children’s opinions related to 

their level of participation in the intervention program. 
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Results 
 

Qualitative results  
 
Motivations and barriers for physical activity 

The qualitative analysis reported in paper II (90) showed that the children’s motivation for engaging 

in physical activity during intensive treatment was influenced by 1) the opportunity to do physical 

activity with an ambassador; 2) participation in group training sessions with other children with 

cancer and their ambassadors; 3) support from significant others; and 4) improving their current 

physical wellbeing. Main barriers included 1) poor physical wellbeing (e.g. cancer symptoms; side 

effects to treatment), 2) compliance with medical treatment, procedures and being treated in 

protective isolation; and 3) limited available training facilities in the pediatric oncology ward. Table 

6 shows the categories, interview dimensions and corresponding qualities stated by the children. 

These categories include four identified themes (physical activity with an ambassador, participation 

in group training sessions, support from significant others and enabling improvement of current 

physical and psychological wellbeing) which enable an increase in motivation as well as three 

identified barriers (poor physical wellbeing, compliance with treatment and limited training 

facilities) constraining physical activity during cancer treatment.  
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Table 6 Categories, interview dimensions and corresponding qualities stated by the children. 
Categories Dimensions Qualities 

1. Ambassadors and 
Group training 

Group training 
 
 
 
 
Psychological 

Competing with others  
Healthy peer pressure 
Proving oneself 
Surpassing expectations 
 
Lifting spirits 
Change in focus (away from illness) 
More fun 
Time flies 
More daring 

2. Support from 
significant other 
and daily routines 
and habits 

Individual physical training 
scheme / intervention 
setting 
 
 
 
Parents 

Getting it done 
Healthy pressure 
New knowledge 
New/good habits 
Competing against self 
 
Social support 
Empowerment  
Meaningfulness 
Authority 

3. Wellbeing Physical wellbeing 
 
 
Psychological wellbeing 
 
 
 
 
 
 
Limitations 

Side effects 
Sleep efficacy 
 
Lifting spirits 
Accomplishing something 
Feeling satisfaction 
Normality 
Feeling active 
Fighting cancer 
 
Side effects 
Cancer type (e.g. brain tumour or solid tumour) 
Wake-up call 
Physical wellbeing 

4. Treatment 
compliance and 
facilities 

Organizational limitations 
 
 
 
At the paediatric oncology 
ward 
 
 
In the gym 

Obstructed by chemo (drop stand and/or regulations) 
Examinations 
Safety 
 
Constrain fun 
Constrain games 
Constrain playfulness 
 
Enables fun 
Enables games 
Enables playfulness 
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Categories 

In the following section we show our condensed themes as categories with the corresponding quotes 

from the interviews.  

Category 1: Ambassadors and group training 

The children described how they looked forward to and prepared for visits of their ambassadors. 

When the ambassadors were present, patients experienced that their desire and level of participation 

in physical and social activities increased as did participation in normal daily activities (Table 2). 

- [It affects] my mood. … I’m much happier when they’re here (male, 8 yrs.). 

 

- That way…we can motivate each other, right? If there’s someone here that you 

really get along with…then you can…do push-ups…. Come on, darn it! You can do the last 

one! I just did it (said in a pressing tone of voice) and this way ….they motivate you…or 

alternatively you can motivate yourself, right? (male, 16 yrs.). 

 
- Yeah, it was definitely more fun and easier to train when my ambassador was with me 

(male, 9 yrs.). 

The children described interactions with peers as being uplifting, more fun and shifting focus away 

from illness, and generally as creating normality in daily live (Table 2). 

- I also think it was really fun at the group training sessions with ambassadors, in particularly 

the physiological testing. It was actually really fun - we made it into a small contest (male, 

14 yrs.). 

 

- …it’s always fun to train with others that you get along with…people that you know…just 

like last time when we trained…it was cool that we were able to sit and do those exercises 

together. I thought that was really cool (female, 8 yrs.). 

 

- … it’s more fun to train with others than doing it alone (male, 14 yrs.). 
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- At group training, we also had fun and it was a like a common activity where there 

were many children. Children with cancer and their ambassadors. It's just a good thing. For 

even if you have cancer, you still recall it as a good memory and I think it is important to 

have good memories even though it was an extremely bad year (male, 16 yrs.). 

 
- Was it exhausting to have visits [from the ambassador]? Yes it was… because it takes a lot 

of energy to have visitors (male, 14 yrs.). 

Group training increased motivation and provided opportunity to engage in games, friendly 

competition and to receive support from others. Moreover, group training distracted the children 

and made time pass faster (Table 2). 

- Because it [training] makes the day pass faster. The major focus when you have cancer is to 

get rid of it right away…and fast!  You don’t feel like experiencing long boring days and 

feeling bad (male, 14 yrs.). 

 

- … it was pretty fun to see how well they did [the ambassadors during training sessions] and 

how much [physical capacity] I had lost because of treatment. It was a bit funny, but also 

annoying. I was the strongest in class before and now I was suddenly the weakest one (male, 

12 yrs.). 

 
- Do you remember whether you thought it was a good idea [to do exercise] in the beginning? 

When you feel the way I did ... I was, I was a bit annoyed because I felt so bad (female, 13 

yrs.). 

Category 2: Significant others and daily routines and habits 

The children explained that the diagnosis and inpatient treatment disrupted everyday life. They 

struggled to understand their new reality and to establish new daily routines. This was further 

complicated because they had to alternate between hospital and home settings erratically. 

Individualized training offered each child a daily activity routine. Parents also have a major role 

influencing the children to participate in the physical training intervention and helping them create 

new habits and routines. 
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- Because it wouldn’t be the same. I wouldn’t be forced like I am when you (the exercise 

psychologist) come every day. When you’re forced to do it, it’s easier to get started (male, 

14 yrs.). 

 

- I came to your room and wanted you to exercise both on good days and on bad days. Yes. 

What does it mean? It means a lot. It is good to know you have to exercise every day (male, 

12 yrs.). 

 

- That [being forced by the exercise psychologist] was good. When I was told that I had to 

train, I did it because I had to. Here at home, I constantly think about starting training but I 

never do (female, 13 yrs.). 

 
- When I [exercise psychologist] came to your room and said; Get out of the bed, you must 

exercise. What did you think about that? I thought; Oh no, oh no, here he comes again. What 

is it, we have to do now? Would you rather if I didn’t come? No (male, 8 yrs.). 

 
- My dad does [decides when I should train]. Sometimes when I didn’t really feel like it, my 

Dad would say that I had to do it anyway (female, 8 yrs.). 

 
- My mother did [decide when I should train]. Yeah, she decides just about everything (male, 

9 yrs.) 

 
- It’s easier when you are dragged out of bed [by the exercise psychologist] and told, ‘Now, 

get going’ (female, 16 yrs.) 

 
- Sometimes, it was very annoying. I woke up, took my medicine and then my mother said 

you've [exercise psychologist] been here and I should exercise. But, NO, I will not! I’ll have 

my breakfast and then I'll just want to be left in peace for the rest of the day. I will not go to 

school and I do not want to do anything (male, 14 yrs.). 

The daily training sessions and interaction with the exercise psychologist helped them gain 

knowledge about physical activity during treatment, complying with the treatment regimen and 

dealing with severe side effects (Table 2).  
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- Yeah, and it turned out to be a good thing anyway…Yeah, [it’s because] you don’t have the 

strength… you are tired or not feeling well enough but when you are pushed to do it, it turns 

out to be okay anyway. That’s because you’re just happy to be able to train. At least that’s 

how I see it. So, it’s always nice to be able to train even when you don’t feel up to it at the 

beginning (female, 16 yrs.). 

 

- Firstly, because you don’t feel like it and then because you forget exactly what you have to 

do. You don’t really know the exact things [exercises] you are supposed to do and that 

makes you not want to even try (female, 13 yrs.). 

 
- That was very funny, actually. I certainly gained much from it. I think it was interesting to 

see that you could actually improve [your physical wellbeing, fitness] during cancer 

treatment (male, 16 yrs.). 

Individualized training offered positive perspectives such as regaining control of own physical 

condition and life following treatment (Table 2). 

- I think…that it was a great idea to have…individualized training because sometimes there’s 

a need for it instead of group training. It allows … much more focus on self than on all the 

others as well (male, 14 yrs.). 

The amount of knowledge, resources and support from their parents varied during therapy (Table 

2). 

Category 3: Wellbeing 

Physical and psychological wellbeing was affected by side effects and treatment complications 

rapidly changing throughout the course of treatment. Following training sessions the children 

described feeling naturally tired and cheerful having accomplished something as well as feeling 

normal, active and satisfied (Table 2). 

- I feel happy but also really tired. Your legs hurt the next day… Well, you feel happy that 

you could do it… that you did something that day…that you can still do something physical 

(female, 13 yrs.). 
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- Well, you feel revitalised; really alive and it’s as though you have more energy (male, 16 

yrs.). 

 
- Was it tough [doing exercise]? Yes, it was tough (male, 8 yrs.). 

 

- [if you were already feeling unwell, did it [training] make you feel worse or unable to 

sleep?] No, it made me feel better. I felt better afterwards (female, 16 yrs.) 

 

- Because once you actually start training…you begin to think…about all the good it’s doing 

and you feel happier and forget about that medicine you were given that makes you so 

bad… I think that training puts you in a better mood… (male, 12 yrs.) 

 
- … it makes you feel better about yourself. You feel the world is more fun (male, 12 yrs.). 

 
- ...  still, you could keep up your spirit when you do exercises .... I think you get in a better 

mood when doing physical training (female, 13 yrs.). 

 

- Just the fact that you’re doing something instead of just lying there….and you feel a little 

happier afterwards. That’s always good. I think that’s the best thing about it. And you don’t 

feel weaker and weaker but [rather] that you’re trying to keep a certain level of fitness for 

your muscles and stuff (female, 16 yrs.). 

Following training sessions the children described feeling more empowered – ‘Does training 

sessions affect your self confidence in any way?’ 

- Yeah, because you feel that you’re getting a little bit better in dealing with things (male, 14 

yrs.). 

Category 4: Treatment compliance and training facilities 

The children described the paediatric oncology wards’ physical environment as not being 

supportive for physical activity. This led to decreased motivation to do exercise (Table 2). 
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- It felt a bit claustrophobic [doing exercise in the room]. But still it was fun. And even so, 

you were able to keep your spirits up and train (male, 12 yrs.). 

 

- …it’s not so motivating doing exercise in your room (male, 16 yrs.). 

The children described that group training held in the physiotherapy department, its spaciousness 

and its equipment as motivating for physical activity. 

- Yeah, I think so. Because you feel once again like you’re not always at the hospital if you go 

to the gym or other places (male, 16 years). 

 

- I think that’s really cool. I really mean it. And then there’s the fact that you get a break from 

your parents, especially when you’re a teenager…when you’re trying to separate yourself a 

bit from them…but then all of a sudden you’re shoved back into that little room with them 

again. It’s really great to be able to get out of bed and move around a little and not just lay 

belly up staring at the ceiling. It’s cool…socially I really like it (male, 16 yrs.). 

In contrast, treatment equipment was barriers obstructing physical activity (Table 2). 

- I remember going on a few walks even though I had to do it with a drip stand. And I 

felt that it was totally unfair because it was so boring walking up and down the hospital 

corridors… especially with that drip-stand. Walking back and forth is so boring (male, 14 

yrs.). 

A new relevant finding emerged, which we labelled ‘hidden physical activity’. Children do not 

perceive daily activities, such as cycling to school, climbing stairs, get into and out of a chair and 

walking around as being physical activity. When asked if they performed any daily physical 

activities during therapy they responded by reflecting on their pre-diagnosis experience with, for 

example sports, indicating that their perception of physical activity was restricted to such defined 

context and setting. 
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Quantitative results 
 
Feasibility and safety 

All 75 children included in the RESPECT intervention group took part in the physical activity 

sessions without exception. In total, after more than 3100 individual and 300 group training 

sessions and more than 1050 individual tests (Table 7), five adverse events were registered. Four 

were minor bruises during training sessions and one child fainting a few seconds after a VO2peak 

test. Table 7 shows pre-diagnosis activity level and feasibility data such as level of participation in 

the physical activity intervention, drop-outs during the intervention, number of physiological test 

performed and time from diagnosis to baseline tests, safety measures as well as ambassador 

feasibility. 

Table 7 Activity level pre-diagnosis, level of participation in the physical activity intervention, number of 

physical activity sessions and physiological tests, time from diagnosis to test 1, adverse events and number 

of children with restrictions based on medical assessment. 
Safety  

Adverse events during training sessions and physiological testing 5 

Restrictions in relation to physiological testing based on a medical assessment 20% (15/75) 

Physical activity  

Active before diagnosis* 33% (25/75) 

Not active before diagnosis* 67% (50/75) 

Participation in individual training sessions 100% (75/75) 

Participation in group training sessions 96% (72/75) 

Individual training sessions in total > 3100 

Group training sessions in total > 300 

Individual sessions per child mean (range)  37 (8-83) 

Group sessions per child mean (range) 8 (1-23) 

Number of physiological tests  758 

Days from diagnosis to baseline test, median (IQR) 8 (4.5-19.0) 

Ambassadors  

Two ambassadors allocated 100% (75/75) 

*Active is defined as 60 min. moderate to vigorous activity 3/weekly (72). 

 

Intensity during physiological testing and training sessions remained generally high. Table 8 shows 

the relative intensity of the group training sessions monitored by heart rate over a period of 2 years 

from 01.09.2013 to 01.09.2015. We monitored and registered children with cancer and their age-



55 
 

matched ambassador. Children with cancer had a higher average heart rate during training sessions 

than their healthy peers. Table 8 also presents median heart rate and respiratory exchange ratio 

(RER) during VO2peak testing. 

 
Table 8 Relative intensity monitored by heart rate and respiratory exchange ratio.  
During group training sessions 

Variable Group Mean 95% CI P 

HRaverage (bpm) Children with cancer (N=50) 145.3 141.7 148.9 <0.0001 

 Ambassador (N=47) 127.8 123.5 131.1 

HRmax (bpm) Children with cancer (N=50) 185.2 180.8 189.5 0.0556 

 Ambassador (N=47) 178.9 174.3 183.6 

During VO2peak test 
Variable Group HRmax  

(median, bmp) 
Respiratory Exchange Ratio (RER) 

(median) 

VO2peak test Children with cancer 192 1.23 

 

Table 9 shows the number of physiological tests conducted at different time points. The Respect 

study is an ongoing study, which explains the different numbers at different time points.  

 
Table 9 Number of physiological tests conducted at different time points. 
 At diagnosis 

(N=75) 

Three months after 

diagnosis (N=68) 

Six months after 

diagnosis (N=67) 

One year after cessation 

of treatment (N=16) 

VO2peak 19 19 20 13 

Sit-to-stand (STS) 58 50 45 14 

Timed Up-and-Go (TUG) 54 48 44 15 

Balance 64 52 46 15 

Grip strength 68 55 48 15 

 

Table 10 shows the different reasons for non-compliance to the VO2peak test; 1) medical restrictions, 

2) not capable, 3) not motivated, 4) treatment compliance, 5) measurement error and 6) late 

inclusion. 
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Table 10 Reasons for non-compliance to VO2peak test.  
 Baseline 3 month 6 month Cess. + 12 month 

Reason N % N % N % N % 
1 16 28.6 12 23.5 16 34.0 1 33.3 

2 28 50.0 30 58.8 23 48.9 2 66.7 
3 3 5.4 4 7.8 4 8.5 - - 
4 3 5.4 3 5.9 4 8.5 - - 
5 3 5.4 - - - - - - 
6 3 5.4 2 3.9 - - - - 

Total 56 - 49 - 47 - 3 - 
 

Physiological test 
Table 11 shows the statistics of the VO2peak development at the different time points, from diagnosis 

to one year after cessation of treatment, compared to a healthy age- and gender-matched control 

(55-59). Children with cancer had significantly lower VO2peak (ml/kg/min) than age- and gender-

matched controls sampled from population reference data at every time point. 

 
Table 11 VO2peak test results at different time points 
  Group N Median 25th Pctl 75th Pctl Mean SD p 

Diagnosis RESPECT 19 28.8 23.1 34.9 29.0 6.9 
<.0001 

  Matched controls 95 49.5 42.1 54.5 48.5 7.1 
         
3 month RESPECT 19 28.4 24.4 31.0 28.2 6.3 

<.0001 
  Matched controls 95 49.5 42.0 54.5 48.4 7.4 
         
6 month RESPECT 18 25.2 19.1 34.9 27.6 9.4 

<.0001 
 Matched controls 90 49.7 43.7 54.5 48.9 7.1 
         

Cess. + 12 month RESPECT 11 39.1 34.0 42.1 38.7 6.6 
0.0019 

  Matched controls 55 46.3 41.1 54.2 47.0 7.5 

 

Table 12 shows the statistics and development of the physiological testing in children with cancer at 

diagnosis, three and six months post baseline, and one year after cessation of treatment. The 

analyses are adjusted for the effect of diagnosis, gender and age, and the baseline measurements are 

further adjusted for the time from diagnosis to first measurement. Change scores, and their 95% 

CI’s are estimated. 
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Table 12 Shows the statistics and development of the physiological testing in children with cancer at 

diagnosis, three and six months post baseline, and one year after cessation of treatment. 
Variable Time Mean 95% CI Change from 

diagnosis 
95% CI 

VO2peak (ml/kg/min) Diagnosis 32.1 27.5 36.7 -   
 3 months 25.8 22.9 28.7 -6.3 -10.8 -1.8 
 6 months 27.5 23.3 31.7 -4.6 -9.9 0.8 
 Cess. + 12 months 37.6 34.0 41.2 5.5 0.3 10.7 
        
VO2peak (l/min) Diagnosis 1.4 1.1 1.6 -   
 3 months 1.2 1.0 1.4 -0.2 -0.4 0.1 
 6 months 1.4 1.1 1.7 0.0 -0.3 0.3 
 Cess. + 12 months 1.9 1.6 2.2 0.5 0.2 0.8 
        
STS (repetitions) Diagnosis 28.0 25.2 30.9 -   
 3 months 22.7 20.2 25.2 -5.4 -8.2 -2.5 
 6 months 23.9 21.1 26.7 -4.1 -7.6 -0.7 
 Cess. + 12 months 29.5 26.3 32.7 1.5 -2.3 5.2 
        
Timed-up-and-Go (time) Diagnosis 3.7 3.4 4 -   
 3 months 4.5 4.2 4.8 0.8 0.4 1.2 
 6 months 4.5 4.1 4.8 0.8 0.3 1.2 
 Cess. + 12 months 3.5 3.2 3.7 -0.2 -0.6 0.2 
        
Grip strength left hand Diagnosis 19.7 17.6 21.8 -   
 3 months 17.3 15.3 19.3 -2.4 -4.2 -0.5 
 6 months 18.0 15.9 20.1 -1.7 -4.0 0.5 
 Cess. + 12 months 23.6 21.0 26.3 3.9 1.1 6.8 
        
Grip strength right hand Diagnosis 21.5 19.1 23.8 -   
 3 months 19.0 17.0 20.9 -2.5 -4.5 -0.4 
 6 months 20.7 18.4 23.1 -0.8 -3.3 1.8 
 Cess. + 12 months 25.9 23.4 28.5 4.5 1.5 7.4 
 

Figures 
Figures 2A-F shows the statistics and development of the physiological testing in children with 

cancer at diagnosis, three and six months post baseline, and one year after cessation of treatment. 

The Respect study is an ongoing study, which explains the different numbers at different time 

points. The connecting lines indicate the average development in physical performance during 

treatment. 
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Figures 2A-F: 2A: VO2peak (ml/kg/min); Figure 2B: VO2peak (l/min); Figure 2C: Sit-to-Stand (repetitions, n); 

Figure 2D: Timed-up-and-Go (time, s); Figure 2E and 2F: Grip strength (kg). 

 
2A: VO2peak (ml/kg/min) 

 

2B: VO2peak (l/min) 

 
2C: Sit-to-Stand (repetitions) 

 

2D: Timed-up-and-Go (time) 

 
2E: Grip strength left hand (kg) 

 

2F: Grip strength right hand (kg) 
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Discussion 
In an era where the vast majority of childhood cancer patients are cured, RESPECT is a radically 

novel approach of using healthy peers to facilitate early rehabilitation, including physical activity. It 

thus challenges the traditional isolation of childhood cancer patients from their previous life and 

social interactions. The RESPECT study is based on experiences from an unpublished feasibility 

study, a theoretical framework, and earlier intervention studies of children with cancer. Reliable 

evidence on successful rehabilitation in children with cancer is lacking and we believe that 

RESPECT will contribute with novel pertinent knowledge on treatment and rehabilitation of 

children with cancer which can be generalized to other children hospitalized with long-term illness 

as well. An earlier study (91) showed that the overall components of the RESPECT study are 

feasible, concerning the integration of healthy classmates and the educational program. Table 12 

and 13 shows the new findings presented in this thesis as well as how these findings might impact 

clinical practice. In the following these findings will be discussed. 

 
Table 12 What are the new findings? 

x It is feasible to conduct a supervised and individualized physical exercise intervention during pediatric cancer treatment. 

x Strenuous physical exercise and physiological testing during pediatric cancer treatment is safe. 

x Cardiorespiratory fitness and function is significantly lower in children with cancer than norms from age-matched healthy 

children at diagnosis, during treatment and after treatment. 

x Psychosocial and professional support is the foremost motivational factor to enhance physical activity during pediatric 

cancer. 

 

 

Table 13 How might this impact clinical practice? 

x Rehabilitation should start at diagnosis to preserve pre-diagnosis behavior, physical function and healthy habits. 

x Physical exercise and activity during anticancer therapy should be recommended and promoted. 

 

Feasibility and safety 
Feasibility of physical activity sessions 
All 75 children included in the RESPECT intervention group has taken part in the physical activity 

sessions without exception, which shows that appropriate components to motivate the children to 

engage in physical activity are established (90;92). Frequency and compliance differ dependent on 

diagnosis, medical restrictions, inpatient days and level of side effects. There were no dropouts 
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during the intervention, accordingly, every child included in the intervention attended physical 

activity sessions until the end, regardless of treatment outcome.  

Due to the wide heterogeneity of the group (Table 2), child-specific interests, individual aims and 

motivations to be physically active, designing a safe and acceptable intervention with a high level of 

compliance require tailoring (90). Furthermore, the physical ability of children with cancer 

fluctuates considerably and can change rapidly from day to day, and even from hour to hour. To 

meet this challenge, the daily exercise sessions were tailored to each child’s needs, age, gender, side 

effects, capabilities, fitness level, level of activity pre-diagnosis, and support from their social 

network. It is important to understand the premise and setting underlying the intervention. Even on 

a 'good day’ it was very difficult to activate and exercise the children in intensive care. Very few 

children exercised on their own, partly due to their lack of knowledge about exercise during 

treatment, and partly because of the challenges children with cancer face on a daily basis, such as 

severe side effects, treatment compliance and generally low levels of energy. On a daily basis a 

form of negotiation took place between the child with cancer and the exercise psychologist trying to 

motivate the child to exercise. This negotiation considered each child’s needs and daily physical 

and mental condition as well as capabilities and based on this ‘negotiation’ a specific exercise 

session was agreed upon. Sometimes the children with cancer were not able to perform any exercise 

at all and no training was attained. Social and mental skills training were performed when the child 

with cancer was not able to perform physical exercise as well as during exercise sessions and social 

sessions. Some days, twenty meters walk sessions constitute high intense training on that given day 

and the next day, the same child can walk two kilometers. Are both sessions to be perceived as 

exercise? We tailored the training sessions in such a way that on a less good day focus were on 

functionality and psychosocial parameters and on a good day focus were on aerobic capacity and 

muscle strength training. Accordingly, we tried to create daily exercise habits and a daily focus on 

physical and social activity, involving the children as much as possible (68), regardless and in 

consideration of the children’s general condition. As mentioned every child participated in the 

physical sessions and physiological testing but frequency and compliance differ; mean individual 

sessions were 37 per child with a range of 8-83 sessions per child. Group sessions had a mean of 8 

sessions per child with a range of 1-23 (Table 7). In appendix 1 various physical training exercises 

that were used during training sessions are listed. 
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Feasibility of the test battery improved as we identified various challenges. The TUG, Balance test, 

STS and grip strength test were easily implemented. All tests could be carried out in the ward, in the 

patient’s room or in the common area in approximately 10 min. The VO2peak test needed greater 

access to test equipment, which was not available in the beginning of the study. Moreover, the 

window of opportunity to test children with cancer is very small due to their fluctuating wellbeing, 

low blood counts and medical procedures. As a consequence, in September 2014 we purchased our 

own portable equipment which led to a substantial increase in numbers of VO2peak tests due to 

greater flexibility and access. As expected, there is a correlation between the number of tests 

performed and the length and intensity of the test (Table 9). Children have generally difficulties 

doing strenuous physiological tests where they have to perform with high intensity for a longer 

period of time. Similarly during the daily training sessions, it seems as doing exercise in short 

intervals suits especially the young children the best.  

Time from diagnosis onwards to the first test round was used to arrange the tests, build a relation to 

the children with cancer and prepare them for their everyday life during treatment and as a part of 

the RESPECT intervention, this by creating awareness and articulating topics and challenges during 

treatment. No children took part in the physical training sessions before the first test round, to avoid 

any bias and secure the validity of our baseline data. 

 

Safety 
During the physical intervention we monitored, recorded and assessed adverse events, which were 

four minor bruises during training sessions and one incident of brief fainting after a VO2peak test. 

This is a very low number of incidents and determines our precautions and inclusion criteria for 

physical activity and testing as appropriate (Table 3). These criteria were developed in collaboration 

with the chief senior physician and professor at the pediatric oncology ward, based on a medical 

assessment, as no criteria for participation in physical activities has previously been reported in the 

literature. 

As mentioned, 15 of 75 children in the intervention group and 6 of 37 in the control group had 

restrictions in relation to physiological testing based on a medical assessment (Table 2).  

Pain and side effects during exercise can be caused by the primary disease and treatment, and 

discomfort from the musculoskeletal system. Some children, parents and caregivers believe that 

with symptoms like pain from osteoporosis or the like it could be harmful to do physical exercise, 

and that instead you should protect your joints and bones. This is not accurate since the literature, 
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e.g. on older patients, shows that it is recommended and beneficial to bone mass and functionality 

to do exercise (93;94). However, some caution is needed with transferring these exercises for use in 

clinical populations like children because of ethical considerations as well as the challenge of 

adverse events are not adequately reported. In this study any adverse events, even small bruises, 

were reported thoroughly and methodically. 

 

Physical capacity and function 
Children with cancer should aim at being as physically active as possible, corresponding to the 

general health recommendations. It is beneficial with both aerobic exercise and muscle strength 

training. Children with cancer benefit from a mix of low-moderate and intense aerobic exercise 

combined with strength training. 
The comprehensive monitoring throughout the intensive treatment shows that already at diagnosis 

especially cardiorespiratory fitness but also other physical measurements are significantly lower 

when compared to healthy children (Table 11 and 12; Figure 2A-F) (92). These findings correlates 

well with results from Ness et al. (95), showing a decline in physical capacity already at diagnosis 

and is a strong advocate for early rehabilitation. The pronounced difference in physical capacity, 

muscle strength, balance and physical function was present throughout the entire treatment course. 

Importantly, the RESPECT study shows that despite numerous treatment side-effects, very low 

energy level and blood counts, and the fact that physical behavior and activities are rarely a 

possibility in a hospital setting, it is possible to maintain or even improve both cardiorespiratory 

fitness as well as physical function by participating in a structured supervised training scheme (92). 

As a consequence these children have a shorter way back to a normal physical fitness level. Only a 

few children with cancer improved their physical capacity during treatment. At diagnosis, VO2peak 

(l/min) was considerably lower than in healthy children (55-59) (Table 11). Even before treatment 

initiation and after only a few days into treatment, there was a severe decline. Norm values 

(ml/kg/min) in healthy children for cardiorespiratory fitness used for comparison were collected 

from Denmark, Norway, Estonia and Portugal (55-59). From these cohorts data from each age 

group between 6 and 18 years were separated and mean values calculated. These were adjusted for 

cohort effects and protocol used (treadmill or cycle test) (60). The results are shown both as general 

fitness level and as absolute oxygen uptake, because the weight component is essential when 

calculating a fitness level. Arpe et al. (48) showed that children with cancer experience a weight 

gain during treatment. During 150 days of treatment, the proportion of overweight/obese children 
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with ALL increased significantly from 9.8 to 33.3 %, which influences the calculation of a general 

fitness level considerably. Some children in the intervention group are able to maintain or improve 

their level of VO2peak (l/min) from diagnosis to 3 and 6 months during treatment, which wouldn’t 

have shown if only the results were presented in general fitness levels (ml/kg/min), (Table 11; 

Figure 2A; B).  

Muscle strength and physical function often seem to be more intact but still declined at diagnosis, 

compared to the cardiorespiratory fitness decline at diagnosis (92;95) (Table 11; 12, Figure 3, 4, 5). 

Later in the treatment course severe sedentary lifestyle and everyday life as seriously ill and 

associated side effects will consequently cause a further severe decline in muscle strength, physical 

function and balance as well. As the reduced physical function occurs early in the treatment and 

remains a problem years after cessation of treatment (96), accordingly, early rehabilitation 

initiatives are needed.  

Sit-To-Stand test, Balance test and Timed Up-and-Go test indicate whether or not you are fit to 

move around without any restraints or special needs and participate in normal life activities (e.g. 

climbing stairs, move from one place to another (e.g. at home and in school)). This is very 

important when you want to keep as normal an everyday life as possible. Grip strength 

measurement by dynamometry is well standardized, and handgrip correlates with a number of 

important life functions (e.g. self-care, carrying bags, homework, opening doors and bottles etc.) 

(97). To our knowledge there are no norms in healthy children in the STS and TUG test. 

The results from the modified Flamingo balance test are not included, because the results varied 

considerably. However, the test did show that children with cancer have very impaired balance 

during treatment, but 1 year after treatment cessation all children had normal balance. 

 

Intensity during physical activity sessions 
As we started out we were not sure which intensity was feasible and safe for children with cancer. 

This has not been described in the literature before. It has been shown in exercise interventions in 

adult patients that high intensity aerobic interval exercise is feasible, e.g. in patients with coronary 

artery disease (42). Early on we found that the relative intensity of the training sessions was high 

(92), because of children with cancer generally have a higher heart rate, both at rest and during 

exercise, compared to a healthy population (98). During group training sessions we monitored the 

children’s heart rate and found it to be very high at even low intensity exercise (92). Table 8 shows 

that the relative exercise intensity measured by heart rate over a period of two years is higher in 
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children with cancer than their peers. Whether it is due to increased metabolism (increased cell 

division), poor fitness, physical and/or mental stress, severe illness, low blood counts or severe 

treatment is unknown. We hypothesize it is due to the poor fitness, but this needs further 

investigation. Furthermore, during physiological testing and exercise sessions we continuously 

assessed subjective criteria such as signs of intense effort such as unsteady exercise pattern, 

sweating, facial flushing, unsteady breathing and clear unwillingness to continue in spite of 

repeated verbal encouragement. 

A new theme emerged which we labelled ‘hidden’ physical activity (Paper II (90)). Children do not 

perceive daily activities as being physical activity. Even at a moderate level of exercise (e.g. short 

walks and other low intensity activities in a moderate pace), heart rate quickly rose above 170/bpm 

(92). As a consequence children with cancer are often only capable of doing exercise in very short 

intervals, even though the absolute work load seems moderate. Accordingly, due to the decreased 

physical fitness of these children, simple everyday life activities are to be considered so strenuous 

that they are equivalent to moderate to intense physical training. In effect, as soon as these children 

leave their hospital beds they are in fact doing physical exercise, which may be beneficial for a 

range of health outcomes. Considering the difficulties implementing a physical training scheme in 

such a complex setting, this is important new and notable knowledge.  

An earlier study showed that regular everyday physical activities, such as cycling to school, 

constitute physical activity with positive effects even in healthy children (99). Reducing daily 

activity level is associated with negative metabolic consequences. A study by Olsen et al. (100) 

reported metabolic changes when young healthy men decreased their daily stepping from the 

recommended range of around 10 000 steps to 1500 steps for 2 to 3 weeks. During this time, they 

developed metabolic changes suggestive of decreased insulin sensitivity and attenuation of 

postprandial lipid metabolism and physical changes suggesting that calories used to maintain 

muscle mass with greater stepping may have been partitioned to visceral fat.  

 

Support 
Professional support and supervised and individualized physical activity 
Supervised individual physical activity in this setting is performed in close cooperation between the 

exercise psychology consultant and the child with cancer and parents. The child with cancer is 

taught how to engage in physical activity, gain knowledge and self-coach, at home and in the 

hospital (90). Together with the exercise psychology consultant the child optimizes his/her training 
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course and make new agreements going forward. It is essential to empower the children to address 

health issues and give them the needed information so they can deal effectively with these health 

issues. One of the challenges, especially for the adolescents, is supporting them in finding a path to 

a healthy lifestyle they are comfortable with (64). Adolescents want to show they are mature and 

can handle things themselves (64), but at the same time, some of the medical and psychosocial 

issues they confront may require them to be more dependent. The exercise psychology consultant 

must deliver information in order to allow the patients to participate in their own care to the limit of 

their capabilities developmentally, physically and emotionally.  

Individualized training scheme in this setting is regularly organized and planned according to each 

child’s needs and general condition. Training sessions can easily and with benefit be done along 

with others (friends, family, other children with cancer), both in hospital and at home (90;92). 

Children with cancer and their families experience an enormous amount of distress, both physically 

and mentally (6). The diagnosis of a life-threatening illness, the intensive treatment, and the high 

frequency and long duration of hospital stays affect the whole family (6). Families have described 

the childhood cancer trajectory as an everyday struggle in which they strive to cope with the 

challenges and distress they face (6;101). Normal everyday family life is disrupted by hospital visits 

and family members have described feelings of isolation and alienation because they cannot 

participate in ordinary social activities due to the child’s susceptibility to infections (6;101). It is 

essential to empower the families and children to reinforce their own support systems and guide 

them in doing so (90). 
This study is built upon the belief that if you try to stay active and focus on parameters you can 

influence during treatment, you will feel as a survivor when treatment ends. Adherence to medical 

procedures, staying physically and socially active, taking care of your diet, staying curious on how 

to improve your situation and staying in touch with your educational institution, friends and leisure 

time activities are some of the initiatives we believe are important in actively coping with this 

event. To actively cope with the challenges presented, professional support is pivotal (90;92;102). 

Children with cancer need to experience competence, autonomy and self-determination and positive 

social relationships, just like any other child, when developing healthy habits and new skills in 

relation to motivation and well-being (68;69;90). As shown in Table 7, 67% children with cancer in 

the intervention group were, based on the World Health Organization's (WHO) criteria (75), 

categorized as not physically active pre-diagnosis. Accordingly, the majority of the children had to 

learn how to do structured exercise after inclusion in the RESPECT project. The children’s attitude 
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and level of experience with physical exercise prior to diagnosis might affect their motivation for 

exercising during treatment. This should be investigated further and might also be relevant 

concerning the parents of children with cancer. In families where the parents neither maintain active 

lifestyles nor have the knowledge and/or resources to encourage their child to be active, the exercise 

psychology consultant should compensate by assuming a more central role in supporting the child. 

It is essential to support and empower the parents in better understanding the importance of physical 

activity so they can encourage their child during hospital stays and at home (90;103). This point is 

elaborated in the perspective section of the thesis. 

 
Ambassadors and social support 
During hospital admissions, the RESPECT study facilitated visits from ambassadors (healthy 

classmates) and hereby included pre-existing relations from the children with cancer’s everyday life 

(5). The unpublished feasibility study indicated that it was feasible to allocate two suitable 

ambassadors to more than 95% of patients, and that they will be able to cope with the challenges 

linked to their participation. Subsequently, during the intervention study it was possible to allocate 

ambassadors for all children and that the ambassadors are highly motivated for providing in-

hospital patient support during childhood cancer therapy (90;91;104). The ambassadors act as a 

bridge between the children’s everyday lives at home and at the hospital and serve as role models. 

Furthermore, the ambassador provides moral support, familiarity, and encouragement, and helps to 

create a friendly educational, physical, and social environment for the child with cancer (90). As 

shown in Paper II, ambassadors play a vital role in motivating and activating the child with cancer 

and are the foremost motivational factor (90). Ambassadors helped create a friendly educational, 

physical, and social environment, provided healthy peer pressure and an opportunity to surpass own 

expectations and compete against others during physical exercise bringing energy and fun to the 

exercise sessions. The inclusion of two ambassadors from the child’s school class is unique in 

childhood cancer rehabilitation, but also carries potential ethical concerns related to the emotional 

stress and school performance of the ambassadors. During the intervention we closely monitored 

and registered any concerns related to the ambassadors. None of the ambassadors experienced 

adverse emotional reactions or discontinued participation (91). 

In short, the benefits from including friends and peers are multiple and includes sharing knowledge 

and creating understanding, breaking taboos, involving social support and normality and securing 
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interaction between children, and not only children to adult. Studies in healthy children have shown 

that a diverse range of benefits from friendship influences on children's physical activity (105). 

 

Facilities 
Children with cancer find it difficult to motivate themselves to engage in physical activity during 

hospitalization. As shown in paper II and III (90;92), there is a need to re-think how to refurnish 

hospital rooms, corridors and common spaces so that they become motivational for undertaking 

physical activity or even implement a gym in the pediatric ward or nearby. Based on these findings, 

we launched various initiatives in the pediatric ward to increase the children's everyday activity 

level during admissions, such as decorated the floor of the department with a hopscotch, a large 

alphabet and steps which displays dance moves. In addition, an interactive floor, ‘Active Floor’, 

which in practice acts as a large iPad on the floor were installed. It seems that these initiatives 

create community and activity, but this should be investigated further. Re-thinking facilities in a 

hospital environment and how they could enable and enhance activity or conversely promote 

sedentary behavior is relevant and new thinking and should be investigated further and 

implemented in future hospital environments. 
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Conclusion 
Despite several barriers it is possible to motivate children with cancer to become physically active 

during intensive treatment in a pediatric oncology ward. The level of psychosocial and professional 

support from ambassadors and professionals are predictors of the child’s motivational level. The 

results provide evidence that it is safe and feasible for children with cancer to do strenuous physical 

activities and physiological testing during treatment. Children diagnosed with cancer have such a 

low physical capacity and function that even small improvements could be considered vital and 

consequently mean the difference between a normal everyday life and a life with constant 

dependence on others.  

 

The present ongoing nationwide intervention study RESPECT combined educational, physical, and 

social intervention components in rehabilitation of children and adolescents with cancer. It is the 

first study to examine the effect of an early rehabilitation program including the involvement of 

healthy classmates as ambassadors to help reproduce a normal everyday life for children 

undergoing cancer treatment in hospital. We strongly recommend that physical activity and 

professional and psychosocial support is provided to the children and their families, from diagnosis 

and throughout the treatment course. Accordingly, supervised and individualized social and 

physical activities, involving peers and supported by a professional, should become an integral part 

of everyday life in pediatric oncology treatment. The results of this study are probably transferrable 

to similar contexts and settings related to rehabilitation of children hospitalized with and burdened 

by long-term illnesses. 
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Perspectives 
There is a need to re-think rehabilitation and the way health care professionals interact with 

children, especially children who experience distress. Comprehensive physical activity and 

psychosocial and professional support is a new way which we highly recommend. This approach 

should be investigated further in future intervention studies and validated. Physical activity and 

psychosocial support are pivotal for the children with cancer and their families. 

 

There is also a need to focus even more on the resources surrounding the children with cancer and 

embed them into treatment. This should increase level of physical and social activity during and 

after cessation. Rehabilitation should start at diagnosis and physical exercise and activity should be 

recommended and promoted as part of the treatment course. A few studies already support this 

initiative (106;107). The RESPECT study’s use of healthy ambassadors may help in identifying 

solutions to several of the challenges described regarding physical activity and rehabilitation of 

childhood cancer patients (90;92;104;108). The amount of physical activity possible and the 

functional status of pediatric cancer patients may also predict hospital admissions and level of 

isolation from everyday life. This warrants further investigation.  

 

Being diagnosed with childhood cancer is very stressful for the families and children. Parents play a 

key role in keeping the family together as well as initiating important and necessary initiatives to 

structure and improve the situation at home. At the same time parents play a central role in the 

treatment of their child and compliance to instructions from health care professionals. For children 

their parents are the ultimate resource, regardless of the parents' actual resources. Therefore, it 

would be extremely relevant to examine the effect of a parenting intervention, similar to the 

initiatives and beliefs which the RESPECT study is based on (e.g. social and professional support 

and physical activity). The more empowered and supported the parents feel, the more of a resource 

they can be to their child. 

 

Children with cancer have a higher heart rate than healthy children, which could constitute poor 

physical fitness, but also mental stress to some degree. We did a validation study of a monitoring-

device ACTIHEART, which were able to monitor activity level, energy expenditure and heart rate 

for at least 24 hours, both during sleep, physical activity and bathroom routines (109). The study 

showed than resting heart rate was normal during sleep and the heart rate at everyday activity was 
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very high, suggesting that recovery and relaxing alongside activity should be implemented and 

incorporated into the pediatric ward. 

According to the Danish National Board of Health, physically active children who live by the 

recommendations of the Danish National Board of Health’s recommendations (110) for physical 

activity, achieve psychosocial benefits in terms of greater happiness, more energy, better social 

well-being, more confidence and develop self-efficacy. Moreover, it is proven that there is a 

positive relationship between physical activity and cognitive processes that require learning 

(111;112). This is shown in a study by Aaberg et al. (112), which shows the importance of physical 

activity in relation to cognition and learning. It would be relevant to look at whether participation in 

the RESPECT physical activity program also is visible on learning goals. 

 

This thesis has evaluated primary the physical components of the rehabilitation intervention 

RESPECT. With the enhanced survival rate for children with cancer there is an increasing interest 

in assessing children’s health-related quality of life (HRQOL) as an important measure of outcome 

in clinical trials (113). When combined with clinical outcomes, assessing HRQOL may contribute 

to a more comprehensive evaluation of the risks and benefits of an intervention (114). The outcome 

on social and mental components (HRQL) will be reported later elsewhere.  

 



71 
 

Acknowledgements 

The study is supported by grants from The University Hospital Rigshospitalet, the Novo Nordisk 

Foundation, the Danish Cancer Society, the Tryg Foundation, the Danish Children’s Cancer 

Foundation, the Hede Nielsens Foundation, the Aase and Ejnar Danielsens Foundation, the Arvid 

Nilssons Foundation, the Toyota Foundation, the ML Jørgensen and Gunnar Hansens Foundation 

and the Lundbeck Foundation. We would like to thank all the children and their families as well as 

the ambassadors who participated in this study. 



72 
 

Reference List 
 

(1)  Brown PD, Olsen JH, Hertz H, Carstensen B, Bautz A. (1996) Survival after 

childhood cancer in Denmark 1943-1987. A population-based study. Ugeskr Læger 1996; 

158: 773-778. 

(2)  Gatta G, Zigon G, Capocaccia R, Coebergh JW, Desandes E, Kaatsch P, Pastore G, 

Peris-Bonet R, Stiller CA, The EUROCARE Working Group l: Survival of European 

children and young adults with cancer diagnosed 1995-2002. Eur J Cancer 2009; 45: 992–

1005. 

(3)  Smith MA, Seibel NL, Altekruse SF, Ries LA, Melbert DL, O’Leary M, Smith FO, 

Reaman GHL: Outcomes for children and adolescents with cancer: challenges for the 

twenty-first century. J Clin Oncol 2010: 28: 2625–2634. 

(4)  Lund LW, Schmiegelow K, Rechnitzer C, Johansen C: A systematic review of studies 

on psychosocial late effects of childhood cancer: structures of society and methodological 

pitfalls may challenge the conclusions. Pediatr Blood Cancer 2011; 56: 532–543. 

(5)  Thorsteinsson T, Helms AS, Adamsen L, Andersen LB, Andersen KV, Christensen 

KB, et al. Study protocol: Rehabilitation including Social and Physical activity and 

Education in Children and Teenagers with Cancer (RESPECT). BMC Cancer 2013; 13: 544. 

(6)  Björk M, Wibe T, Hallström I (2009). An Everyday Struggle - Swedish Families' 

Lived Experiences During a Child's Cancer Treatment. J Pediatr Nurs 2009; 24: 423-32. 

(7)  Hjalgrim LL, Rostgaard K, Schmiegelow K, Söderhall S, Kolmannskog S, 

Vettenranta K, Kristinsson J, Clausen N, Melbye M, Hjalgrim H, Gustafsson G.  Age- and 

sex-specific incidence of childhood leukemia by immunophenotype in the Nordic countries. 

JNCI 2003; 95: 1539-1544. 

(8)  Scheurer ME, Bondy ML, Gurney JM. Epidemiology of childhood cancer. In 

Principles and practice of pediatric oncology, eds. PA Pizzo & DG Poplack, 6th edn, 

Lippincott Williams & Wilkins, a Wolters Klüwer Business, Two Commerce Square 2001 

Marker Street, Philadelphia, PA 19103 USA, 2011: 2-17. 

(9)  Schmidt LS, Schmiegelow K, Lahteenmaki P, Trager C, Stokland T, Grell K, 

Gustafson G, Sehested A, Raaschou-Nielsen O, Johansen C, Schuz, J. Incidence of 

childhood central nervous system tumors in the Nordic countries. Pediatr Blood & Cancer 

2011; 56: 65-69. 



73 
 

(10) Schroeder H, Wacher J, Larsson H, Rosthoej S, Rechnitzer C, Petersen BL, Carlsen 

NL. Unchanged incidence and increased survival in children with neuroblastoma in 

Denmark 1981-2000: a population-based study. Brit J Cancer 2009; 100: 853-857. 

(11) Rechnitzer C; Nielsen OH. Malignant solid tumors in children. Ugesk Læger 1999; 

161: 2196-2201. 

(12) Hedström M, Haglund K, Skolin I, von Essen L (2003). Distressing events for 

children and adolescents with cancer: child, parent, and nurse perceptions. J Pediatr Oncol 

Nurs 2003; 20: 120- 132. 

(13) Collins JJ, Byrnes ME, Dunkel IJ, Lapin J, Nadel T, Thaler HT, Polyak T, Rapkin B; 

Portenoy RK. The measurement of symptoms in children with cancer. J Pain Symptom 

Manage 2000; 19: 363-377. 

(14) Gilchrist L, Tanner L. Gait Patterns in Children With Cancer and Vincristine 

Neuropathy. Pediatr Phys Ther. 2016; 28: 16-22. 

(15) Kazak AE, Derosa BW, Schwartz LA, Hobbie W, Carlson C, Ittenbach RF, Mao JJ; 

Ginsberg JP (2010). Psychological outcomes and health beliefs in adolescent and young 

adult survivors of childhood cancer and controls. J Clin Oncol (2010); 28: 2002-2007. 

(16) Charlton A, Larcombe IJ, Meller ST, Morris Jones PH, Mott MG, Potton MW, 

Tranmer MD, Walker JJP. Absence from school related to cancer and other chronic 

conditions. Arch Dis Child 1991; 66: 1217–1222. 

(17) Barrera M, Shaw AK, Speechley KN, Maunsell E, Pogany L. Educational and social 

late effects of childhood cancer and related clinical, personal, and familial characteristics. 

Cancer 2005; 104: 1751–1760. 

(18) Suzuki LK, Kato PM: Psychosocial support for patients in pediatric oncology: the 

influences of parents, schools, peers, and technology. J Pediatr Oncol Nurs 2003; 20: 159–

174. 

(19) Adamoli L, Deasy-Spinetta P, Corbetta A, Jankovic M, Lia R, Locati A, Fraschini D, 

Masera G, Spinetta JJ: School functioning for the child with leukemia in continuous first 

remission: screening high-risk children. Pediatr Hematol Oncol 1997; 14:121–131. 

(20) Gregory K, Parker L, Craft AW: Returning to primary school after treatment for 

cancer. Pediatr Hematol Oncol 1994; 11: 105–109. 



74 
 

(21) Gurney JG, Krull KR, Kadan-Lottick N, Nicholson HS, Nathan PC, Zebrack B, 

Tersak JM, Ness KN: Social outcomes in the childhood cancer survivor study cohort. J Clin 

Oncol 2009; 27: 2390–2395. 

(22) Mitby PA, Robison LL, Whitton JA, Zevon MA, Gibbs IC, Tersak JM, Meadows AT, 

Stovall M, Zeltzer LK, Mertens AC. Utilization of special education services and 

educational attainment among long-term survivors of childhood cancer: a report from the 

Childhood Cancer Survivor Study. Cancer 2003; 97: 1115-26. 

(23) Gerhardt CA, Dixon M, Miller K, Vannatta K, Valerius KS, Correll J, Noll RB: 

Educational and occupational outcomes among survivors of childhood cancer during the 

transition to emerging adulthood. J Dev Behav Pediatr 2007; 28: 448–455. 

(24) Gerhardt CA, Vannatta K, Valerius KS, Correll J, Noll RB: Social and romantic 

outcomes in emerging adulthood among survivors of childhood cancer. J Adolescent Health 

2007; 40: 462.e9–e15. 

(25) Glaser AW, U CL, Abdul Rashid NF, Walker DA: School behavior and health status 

after central nervous system tumours in childhood. Brit J Cancer 1997; 76: 643–650. 

(26) Koch SV, Kejs AM, Engholm G, Johansen C, Schmiegelow K: Educational 

attainment among survivors of childhood cancer: a population-based cohort study in 

Denmark. Brit J Cancer 2004; 91: 923–928. 

(27) Harila-Saari AH, Lähteenmäki PM, Pukkala E, Kyyrönen P, Lanning M, Sankila R: 

Scholastic achievements of childhood leukemia patients: a nationwide, register-based study. 

J Clin Oncol 2007; 25: 3518–3524. 

(28) Lähteenmäki PM, Huostila J, Hinkka S, Salmi TT: Childhood cancer patients at 

school. Eur J Cancer 2002; 38: 1227–1240. 

(29) Ott JS, Webb TE, Anderson CA, Kastelic JE, Krill CE Jr: Childhood cancer and 

vulnerability for significant academic underachievement. J Learn Disabil 1982; 15: 363–

365. 

(30) Giddens A SPW. SOCIOLOGY. 7th edition ed.  Polity Press 2013: 332-79. 

(31) DuHamel KN, Redd WH, Vickberg SM. Behavioral interventions in the diagnosis, 

treatment and rehabilitation of children with cancer. Acta Oncol 1999; 38: 719-34. 

(32) Lancashire ER, Frobisher C, Reulen RC, Winter DL, Glaser A, Hawkins MM. 

Educational attainment among adult survivors of childhood cancer in Great Britain: a 

population-based cohort study. J Natl Cancer Inst 2010; 102: 254-70. 



75 
 

(33) Katz ER, Varm JW, Rubenstein CL, Blew A, Hubert N: Teacher, parent, and child 

evaluative ratings of a school reintegration intervention for children with newly diagnosed 

cancer. Child Health Care 1992; 21: 69–75. 

(34) Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM, Meadows AT, et 

al. Chronic health conditions in adult survivors of childhood cancer. N Engl J Med 2006; 

355: 1572-82. 

(35) Jones LW, Liu Q, Armstrong GT et al. Exercise and risk of major cardiovascular 

events in adult survivors of childhood hodgkin lymphoma: a report from the childhood 

cancer survivor study. J Clin Oncol 2014; 32: 3643-50. 

(36) Vannatta K, Gerhardt CA, Wells RJ, Noll RB. Intensity of CNS treatment for 

pediatric cancer: prediction of social outcomes in survivors. Pediatr Blood Cancer 2007; 49: 

716-22. 

(37) Murnane A, Gough K, Thompson K, Holland L, Conyers R. Adolescents and young 

adult cancer survivors: exercise habits, quality of life and physical activity preferences. 

Support Care Cancer 2015; 23: 501-10. 

(38) Grimshaw SL, Taylor NF, Shields N. The Feasibility of Physical Activity 

Interventions During the Intense Treatment Phase for Children and Adolescents with 

Cancer: A Systematic Review. Pediatr Blood Cancer 2016; 63: 1586-93. 

(39) Huang TT, Ness KK. Exercise interventions in children with cancer: a review. Int J 

Pediatr 2011; 2011: 461512. 

(40) Braam KI, van der Torre P, Takken T, Veening MA, van Dulmen-den Broeder 

E, Kaspers GJ. Physical exercise training interventions for children and young adults during 

and after treatment for childhood cancer. Cochrane Database Syst Rev 2016; 31; 3: 

10.1002/14651858.CD008796.pub3. 

(41) Winter C, Muller C, Hoffmann C, Boos J, Rosenbaum D. Physical activity and 

childhood cancer. Pediatr Blood Cancer 2010; 54: 501-10. 

(42) Rognmo O, Hetland E, Helgerud J, Hoff J, Slordahl SA. High intensity aerobic 

interval exercise is superior to moderate intensity exercise for increasing aerobic capacity in 

patients with coronary artery disease. Eur J Cardiovasc Prev Rehabil 2004; 11: 216-22. 

(43) Galvao DA, Newton RU. Review of exercise intervention studies in cancer patients. J 

Clin Oncol 2005; 23: 899-909. 



76 
 

(44) Jones LW, Liu Q, Armstrong GT, Ness KK, Yasui Y, Devine K, et al. Exercise and 

risk of major cardiovascular events in adult survivors of childhood hodgkin lymphoma: a 

report from the childhood cancer survivor study. J Clin Oncol 2014; 32: 3643-50. 

(45) Tai E, Buchanan N, Townsend J, Fairley T, Moore A, Richardson LC. Health status of 

adolescent and young adult cancer survivors. Cancer 2012; 118: 4884-91. 

(46) SA Anderssen, Cooper AR, Riddoch C, Sardinha LB, Harro M, Andersen LB. Low 

cardiorespiratory fitness is a strong predictor for clustering of cardiovascular disease risk 

factors in children independent of country, age and sex. Eur J Cardiovasc Prev Rehab 2007; 

14: 526–531. 
(47) Ruiz JR, Cavero-Redondo I, Ortega FB, Welk GJ, Andersen LB, Martinez-Vizcaino 

V. Cardiorespiratory fitness as a quantitative marker of cardiovascular health in youth: A 

Meta-analysis. Br J Sports Med 2016 Sep 26 (Epub ahead of print). 

(48) Arpe ML, Rørvig S, Kok K, Mølgaard C, Frandsen TL. The association between 

glucocorticoid therapy and BMI z-score changes in children with acute lymphoblastic 

leukemia. Support Care Cancer 2015; 23: 3573-80. 

(49) McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev Cancer 

2008; 8: 205-11. 

(50) Pedersen L, Christensen JF, Hojman P. Effects of exercise on tumor physiology and 

metabolism. Cancer J 2015; 21: 111-6. . 

(51) Jarden M, Nelausen K, Hovgaard D, Boesen E, Adamsen L. The effect of a 

multimodal intervention on treatment-related symptoms in patients undergoing 

hematopoietic stem cell transplantation: a randomized controlled trial. J Pain Symptom 

Manage 2009; 38: 174-90. 

(52) Speyer E, Herbinet A, Vuillemin A, et al. Effect of adapted physical activity sessions 

in the hospital on health-related quality of life for children with cancer: A cross-over 

randomized trial. Pediatr Blood Cancer 2010;55:1160–1166. 

(53) Hinds PS, Hockenberry M, Rai SN, et al. Clinical field testing of an enhanced-activity 

intervention in hospitalized children with cancer. J Pain Symptom Manage 2007;33:686–

697. 

(54) Pedersen L, Idorn M, Olofsson GH, Lauenborg B, Nookaew I, Hansen RH, 

Johannesen HH, Becker JC, Pedersen KS, Dethlefsen C, Nielsen J, Gehl J, Pedersen BK, 



77 
 

Straten PT, Hojman P. Voluntary running suppresses tumor growth through epinephrine- 

and IL-6-dependent NK cell mobilization and redistribution. Cell Metab 2016; 8: 554-62. 

(55) Andersen LB, Harro M, Sardinha LB et al. Physical activity and clustered 

cardiovascular risk in children: a cross-sectional study (The European Youth Heart Study). 

Lancet 2006;368:299-304. 

(56) Andersen LB, Bugge A, Dencker M, Eiberg S, El-Naaman B. The association 

between physical activity, physical fitness and development of metabolic disorders. 

Int.J.pediatr.Obesity in press. 2010. Ref Type: Journal (Full) 

(57) Bugge A, El-Naaman B, Dencker M et al. Effects of a three-year intervention: the 

Copenhagen School Child Intervention Study. Med Sci Sports Exerc 2012;44:1310-1317. 

(58) Klasson-Heggebo L, Andersen LB, Wennlof AH et al. Graded associations between 

cardiorespiratory fitness, fatness, and blood pressure in children and adolescents. Br J Sports 

Med 2006;40:25-29. 

(59) Steene-Johannessen J, Kolle E, Anderssen SA, Andersen LB. Cardiovascular disease 

risk factors in a population-based sample of Norwegian children and adolescents. Scand J 

Clin Lab Invest 2009;69:380-386. 

(60) Mamen A, Resaland GK, Mo DA, Andersen LB. Comparison of peak oxygen uptake 

in boys exercising on thredmill and cycle ergometers. Gazz.Med.Ital. 167, 15-21. 2008. Ref 

Type: Journal (Full) 

(61) Gotte M, Kesting S, Winter C, Rosenbaum D, Boos J. Experience of barriers and 

motivations for physical activities and exercise during treatment of pediatric patients with 

cancer. Pediatr Blood Cancer 2014; 61: 1632-7. 

(62) Maurice-Stam H, Silberbusch LM, Last BF, Grootenhuis MA. Evaluation of a psycho-

educational group intervention for children treated for cancer: a descriptive pilot study. 

Psychooncol 2009; 18: 762–766. 

(63) Varni JW, Katz ER, Colegrove R Jr, Dolgin M. The impact of social skills training on 

the adjustment of children with newly diagnosed cancer. J Pediatr Psychol 1993; 18: 751–

767. 

(64) Sacks D, Westwood M. An approach to interviewing adolescents. Paediatr Child 

Health 2003; 8: 554-556. 

(65) Weber L, Miracle A, Skehan T. Interviewing early adolescents: some methodological 

considerations. Human Organization 1994; 53: 42-47.  



78 
 

(66) Malterud K. Systematic text condensation: a strategy for qualitative analysis. Scand J 

Public Health 2012; 40: 795-805. 

(67) Malterud K. Kvalitative metoder i medisinsk forskning. En innføring [Qualitative 

methods in medical research. An introduction]. Third ed. Oslo, Norway: 

Universitetsforlaget; 2011 

(68) Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic 

motivation, social development, and well-being. Amer Psychol 2000; 55: 68-78. 

(69) Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 

1977; 84: 191-215. 

(70) Creswell JW, Plano Clark VL. Designing and Conducting Mixed Methods Research, 

Sage, Thousand Oaks, California 2007. 

(71) Koch SC, Caldwell C, Fuchs T. (2013) On body memory and embodied therapy, 

Body, Movement and Dance in Psychotherapy 2013; 8: 82-94. 

(72) Kvale S, Brinkmann S. Interview – Introduktion til et håndværk. 2. udgave. Hans 

Reitzels forlag. 20-01-2009. 

(73) NVivo qualitative analysis software [computer program]. Version 10 QSR 

International Pty Ltd.; 2012. 

(74) Malterud K. Qualitative research: standards, challenges, and guidelines. Lancet 2001; 

358: 483-8. 

(75) World Health Organization (WHO) - Global Recommendations on Physical Activity 

for Health 2010. Ref Type: Internet Communication 

(76) Shephard RJ, Allen C, Benade AJ, Davies CT, Di Prampero PE, Hedman R, 

Merriman JE, Myhre K, Simmons R. The maximum oxygen intake: an international 

reference standard of cardiorespiratory fitness. Bull World Health Organ 1968; 38: 757–764 

(77) Jensen K, Jorgensen S, Johansen L. A metabolic cart for measurement of oxygen 

uptake during human exercise using inspiratory flow rate. Eur J Appl Physiol 2002; 87: 

202–6. 

(78) Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility 

for frail elderly persons. J Am Geriatr Soc 1991; 39: 142-8.  

(79) Bohannon RW. Sit-to-stand test for measuring performance of lower extremity 

muscles. Percept Motor Skills 1995; 80: 163-6. 



79 
 

(80)  Abizanda P, Navarro JL, Garcia-Tomás MI, López-Jiménez E, Martínez-Sánchez E, 

Paterna G,. Validity and usefulness of hand-held dynamometry for measuring muscle 

strength in community-dwelling older persons. Arch Gerontol Geriat 2012; 54: 21–27. 

(81) Andersen LB, Andersen T-E, Andersen E; Anderssen SA. An intermittent running test 

to estimate maximal oxygen uptake: the Andersen test. J Sports Med Physic Fitness 2008; 

48: 434-7.  

(82) Eurofit, Eurofit Tests of Physical Fitness, 1993, 2nd Edition, Strasbourg 

(83) San Juan AF, Fleck SJ, Chamorro-Vĩna C, Maté-Mũnoz JL, Moral S, Perez M et al: 

Effects of an intrahospital exercise program intervention for children with leukemia. Med 

Sci Sport Exer 2007, 39:13–21.25 

(84) Möhler R, Bartoszek G, Köpke S, Meyer G. Proposed criteria for reporting the 

development and evaluation of complex interventions in healthcare (CReDECI): guideline 

development. Int J Nurs Stud. 2012: 49: 40-6. 

(85) Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock P, Spiegelhalter D, 

Tyrer P. Framework for design and evaluation of complex interventions to improve health. 

BMJ 2000; 321: 694-696. 

(86) Riner WF, Sabath RJ. Precautions in exercise testing and prescription for children. 

ACSM’s Exercise Management for Persons with Chronic Diseases and Disabilities, Third 

Edition. American College of Sports Medicine. Human kinetics 2014. 

(87) Hebestreit H. Exercise testing in children -- what works, what doesn't, and where to 

go? Paediatr Respir Rev 2004; 5 Suppl A :S11-4. 

(88) Moody K, Meyer M, Mancuso CA, et al. Exploring concerns of children with cancer. 

Support Care. Cancer 2006;14:960–966 

(89) Woodgate R. Part I: An introduction to conducting qualitative research in children 

with cancer. J Pediatr. Oncol Nurs 2000;17:192–206. 

(90) Thorsteinsson T, Schmiegelow K, Andersen LB, Thing LF, Helms AS, Lindgren LH, 

Larsen HB. Classmates motivate childhood cancer patients to participate in physical activity 

during treatment: a qualitative study (submitted September 2016). 

(91) Baekgaard H, Helms AS, Thorsteinsson T, Simovska V, Schmiegelow K. Feasibility 

of classmates as ambassadors for children with cancer as facilitators of social-, physical- and 

educational rehabilitation activities in the RESPECT study. (Submitted 2017) 



80 
 

(92) Thorsteinsson T, Larsen HB, Schmiegelow K, Thing LF, Krustrup P, Pedersen MT, 

Christensen KB, Helms AS, Andersen LB. Cardiorespiratory fitness and physical function 

in children with cancer - comprehensive monitoring from diagnosis throughout treatment 

(accepted November 2016). 

(93) Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR. American College 

of Sports Medicine Position Stand: physical activity and bone health. American College of 

Sports Medicine. Med Sci Sports Exerc 2004; 36: 1985-96. 

(94) Liu CJ, Latham NK. Progressive resistance strength training for improving physical 

function in older adults. Cochrane Database Syst Rev. 2009 Jul 8;(3):CD002759. doi: 

10.1002/14651858.CD002759.pub2. 

(95) Ness KK, Kaste SC, Zhu L, Pui CH, Jeha S, Nathan PC, Inaba H, Wasilewski-Masker 

K, Shah D, Wells RJ, Karlage RE, Robison LL, Cox CL. Skeletal, neuromuscular and 

fitness impairments among children with newly diagnosed acute lymphoblastic leukemia. 

Leuk Lymphoma 2015; 56: 1004-11. 

(96) Ness KK, Hudson MM, Ginsberg JP, Nagarajan R, Kaste SC, Marina N, Whitton J, 

Robison LL, Gurney JG. Physical performance limitations in the Childhood Cancer 

Survivor Study cohort. J Clin Oncol. 2009 May 10;27(14):2382-9. doi: 

10.1200/JCO.2008.21.1482. Epub 2009 Mar 30. 

(97) Mathiowetz V, Wiemer DM, Federman SM. Grip and pinch strength: norms for 6- to 

19-year-olds. Am J Occup Ther 1986; 40: 705-11. 

(98) Fleming S, Thompson M, Stevens R, Heneghan C, Plüddemann A, Maconochie I, 

Tarassenko L, Mant D. Normal ranges of heart rate and respiratory rate in children from 

birth to 18 years of age: a systematic review of observational studies. Lancet 2011; 377: 

1011-8. 

(99) Ostergaard L, Borrestad LA, Tarp J, Andersen LB. Bicycling to school improves the 

cardiometabolic risk factor profile: a randomised controlled trial. BMJ Open 2012; 2 (6). 

(100) Olsen RH, Krogh-Madsen R, Thomsen C, Booth FW, Pedersen BK. Metabolic 

responses to reduced daily steps in healthy nonexercising men. JAMA 2008; 299: 1261-3. 

(101) McGrath P. Identifying support issues of parents of children with leukemia. Cancer 

Practice 2001; 9: 198-205. 

(102) Jarden M, Adamsen L, Kjeldsen L, Birgens H, Tolver A, Christensen JF, Stensen M, 

Sørensen VA, Møller T. The emerging role of exercise and health counseling in patients 



81 
 

with acute leukemia undergoing chemotherapy during outpatient management. Leuk Res 

2013; 37: 155-61. 

(103) Gilliam MB, Madan-Swain A, Whelan K, Tucker DC, Demark-Wahnefried W, 

Schwebel DC. Cognitive influences as mediators of family and peer support for pediatric 

cancer survivors' physical activity. Psychooncology 2013; 22: 1361-8. 

(104) Lindgren LH, Schmiegelow K, Helms S, Thorsteinsson T, Larsen HB. In sickness and 

in health: classmates are highly motivated for providing in-hospital patient support during 

childhood cancer therapy. PsychoOncol 2016; (Epub ahead of print). 

(105) Maturo CC, Cunningham SA. Influence of friends on children's physical activity: a 

review. Am J Public Health. 2013 Jul;103(7):e23-38. doi: 10.2105/AJPH.2013.301366. 

Epub 2013 May 16. 

(106) Christiansen HL, Bingen K, Hoag JA, Karst JS, Velázquez-Martin B, Barakat LP. 

Providing children and adolescents opportunities for social interaction as a standard of care 

in pediatric oncology. Pediatr Blood Cancer 2015; 62 Suppl 5: S724-49. 

(107) Steele AC, Mullins LL, Mullins AJ, Muriel AC. Psychosocial interventions and 

therapeutic support as a standard of care in pediatric oncology. Pediatr Blood Cancer 2015; 

62 Suppl 5: S585-618. 

(108) Courneya KS, Rogers LQ, Campbell KL, Vallance JK, Friedenreich CM. Top 10 

research questions related to physical activity and cancer survivorship. Res Q Exerc Sport 

2015; 86: 107-16. 

(109) Schmidt-Andersen P. Selvstændigt Projekt på Den Sundhedsfaglige Kandidat 

Uddannelse. Københavns Universitet. Maj 2016. 

(110) Sundhedsstyrelsen. Anbefalinger om fysisk aktivitet. 2016. 

https://sundhedsstyrelsen.dk/da/sundhed-og-livsstil/fysisk-aktivitet/anbefalinger Ref Type: 

Internet Communication  
(111) Sibley BA, Etnier JL. The relationship between physical activity and cognition in 

children: a meta-analysis. Pediatric Exercise Science 2003; 15: 243-256. 

(112) Aaberg M, Pedersen N, Toren K, Svartengren M, Backstrand B, Johnsson T, Kuhn 

HG. Cardiovascular fitness is associated with cognition in young adulthood. Proc Natl Acad 

Sci 2009; 106: 20906-20911. 



82 
 

(113) Klassen AF, Anthony SJ, Khan A, Sung L, Klaassen R. (2011). Identifying 

determinants of quality of life of children with cancer and childhood cancer survivors: a 

systematic review. Support Care Cancer 2011; 19; 1275-1287. 

(114) Eiser C, Jenney M. Measuring quality of life. Arch Dis Child 2007; 92: 348-350. 

 
 
 
 

 

 
 



83 
 

Appendixes 
 

Appendix 1: Exercise Library 

 

Appendix 2: Paper I-III 

 

Appendix 3: Declarations of co-authorship 

 
 



84 
 

Appendix 1: Exercise Library. This table shows an overview of exercises primarily used in the 

physical training program. The focus was on stability/balance, mobility, strength (resistance) and 

cardiorespiratory fitness. Several of the exercises affect more than one focus area. 

 
Intervention design 

The daily supervised physical activity sessions were tailored to each child’s needs, gender, age, side effects, 
capabilities, level of activity pre-diagnosis (self-reported by questionnaire), and support from their social network. 
Training sessions of 5-60 minutes were carried out three to five days weekly during hospitalization. The duration 
of each session depended on the overall and daily well-being of each child. Individualized sessions took place in 
various settings, e.g. in the child’s hospital room, in the hallways of the pediatric oncology ward or elsewhere at or 
nearby the hospital. The twice weekly group training sessions included all admitted and eligible children and their 
ambassadors and took place in the hospital’s physiotherapy facility, the pediatric oncology ward’s common area or 
outside the hospital. 
 

Mobility, strength 
Lower-extremity exercises:  
Up on toes / walk on toes 
Up on heels / walk on heels 
Squat (air, front, Bulgarian) 
Wall sit 
Deadlift (both legs, single leg) 
Thrusters 
Lunges 
Side step / shuffle 
Side step / shuffle crossover 
Skip 
Walking backwards 
Jumps 
Jumping jacks 
Frog jumps 
Knees to elbows 
Crawl (bear, crab) 
Making turns 
 
Upper-extremity exercises:  
Push-ups 
Fly 
Rowing 
Shoulder press 
Flyers 
Laterals 
Dips 
Dumbbell press 
Pull-down 
Bicep curl 
Hammer curl 
Push-down 
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Core and pelvis exercises:  
Hip thruster 
Plank 
Back extensions 
Abdominal crunch / sit-up 
Leg lifts 
Bicycle legs 
 

Stability/balance and cardiorespiratory fitness 
Balance, stability and neuromuscular exercises:  
Stand on one leg 
Walk in a straight line 
Agility course 
Balance on an unstable base (e.g. foam pad) 
Balance board 
‘Throwing’ balls from unstable surfaces 
Sitting and kneeling balance exercises on Swiss exercise ball (eyes open and closed) 
 
Cardiorespiratory fitness exercises:  
Steps 
Bicycle ergometer 
Treadmill 
Cross trainer 
Running / marching on the spot 
Walks 
Walking in intervals 
High knee running 
Step up onto bench 
Heel kick running 
Stairways 
 

Play/games 
The floor is made of lava 
Playing with balls (variations of throws and kicks) 
Game of tag 
Agility course 
Kings successor 
Interactive screen 
Silly walks 
Hopscotch 
 

Minor training programs 
7-min workout 
Superheroes workout 
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Abstract

Background: During cancer treatment children have reduced contact with their social network of friends, and have
limited participation in education, sports, and leisure activities. During and following cancer treatment, children
describe school related problems, reduced physical fitness, and problems related to interaction with peers.

Methods/design: The RESPECT study is a nationwide population-based prospective, controlled, mixed-methods
intervention study looking at children aged 6-18 years newly diagnosed with cancer in eastern Denmark (n = 120)
and a matched control group in western Denmark (n = 120). RESPECT includes Danish-speaking children diagnosed
with cancer and treated at pediatric oncology units in Denmark. Primary endpoints are the level of educational
achievement one year after the cessation of first-line cancer therapy, and the value of VO2max one year after the
cessation of first-line cancer therapy. Secondary endpoints are quality of life measured by validated questionnaires
and interviews, and physical performance. RESPECT includes a multimodal intervention program, including
ambassador-facilitated educational, physical, and social interventions. The educational intervention includes an
educational program aimed at the child with cancer, the child’s schoolteachers and classmates, and the child’s
parents. Children with cancer will each have two ambassadors assigned from their class. The ambassadors visit the
child with cancer at the hospital at alternating 2-week intervals and participate in the intervention program. The
physical and social intervention examines the effect of early, structured, individualized, and continuous physical
activity from diagnosis throughout the treatment period. The patients are tested at diagnosis, at 3 and 6 months
after diagnosis, and one year after the cessation of treatment. The study is powered to quantify the impact of the
combined educational, physical, and social intervention programs.

Discussion: RESPECT is the first population-based study to examine the effect of early rehabilitation for children
with cancer, and to use healthy classmates as ambassadors to facilitate the normalization of social life in the hospital.
For children with cancer, RESPECT contributes to expanding knowledge on rehabilitation that can also facilitate
rehabilitation of other children undergoing hospitalization for long-term illness.
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Background
Each year 200 children and adolescents in Denmark are
diagnosed with cancer. Over recent decades the increased
understanding of cancer biology, improved surgery and
chemotherapy, and generally intensified treatment, have
resulted in 5-year survival rates above 80% [1-3]. However,
the disadvantages of this improvement include severe
acute and late effects [2-4], often involving isolation for
long periods of time, both when in hospital and at
home. This isolation reduces participation in activities
with peers at school and in sporting activities [1,5,6].
As a result, important social interactions and the
natural development of social skills with classmates are
disrupted [5,6]. Following diagnosis, children are absent
from school for an average of 85 days [7] during the
first 12 to 18 months, and 3 years after diagnosis their
school attendance is still irregular and many fail classes
[8,9]. Childhood and adolescent cancer survivors report
being bullied, feeling isolated [10-13], and having few
or no friends [14-16]. Although register-based data
show that they achieve the expected educational level
post-treatment [17], such data do not address social
and physical functioning [18-20]. Attending school may
help provide normality, continuity, and security, in an
abnormal life situation [21]. Few intervention studies
have addressed children’s reentry into school during and
following treatment. Being able to participate in normal
school activities with peers includes being physically
active. However, very few studies have been published
on physical activity in children with cancer [22-24].
These studies have in general been burdened by the
diversity of exercise and outcome measurements, and/
or limited duration of the interventions [22,24-26].
Overall, the published studies have shown that children
with cancer are less physically active and have decreased
muscle strength, balance, and cardiovascular condition
compared with peers, both during and following treatment
[8,16,26,27]. The few studies carried out during treatment
show that it is possible to improve children’s physical
functioning, both during and following treatment [23].
The burden of the disease, and body modifications

resulting from treatment and reduced physical activity,
may lead to lower self-esteem and emotional well-being,
and compromised social relationships, which negatively
influence the quality of life for children with cancer
[12,13,28,29]. However, it is unclear to what extent this
is related to the disease and treatment burden, the
child’s learning difficulties, physical decline, or changes
in social position [30-32].
Importantly, none of the intervention studies address

the potential effects of early rehabilitation from the time
of diagnosis as a tool to maintain the children’s social
network during treatment [28,30,32]. The Rehabilitation
including Social and Physical activity and Education for

Children and Teenagers with Cancer (RESPECT) study
is inspired by Erving Goffman’s symbolic interaction
theory [33-35], Thomas Scheff ’s theory and concepts of
emotional and social bonds [36,37], and Venka Simovska’s
definition of interactive processes and empowerment [38].
The overall purpose of the RESPECT study is to examine

whether involving healthy classmates at the hospital
from the time of diagnosis and throughout treatment will
improve the educational, physical, and social performance
of children with cancer and facilitate their reentry into
everyday life following treatment.

Methods
Trial design
RESPECT is a multimodal intervention program for
children undergoing cancer treatment. This study is an
integrated part of a newly established comprehensive
rehabilitation program (CIRE) for children and adults
during and following their cancer diagnosis. The overall
aim of the CIRE program is to identify rehabilitation needs,
apply early physical training, and to combine quantitative
and qualitative research methods to understand the
functional, cognitive, emotional, social, and physiological
mechanisms involved in successful rehabilitation.

Participants
Children aged 6-18 years diagnosed with cancer and
treated with chemotherapy/irradiation, or diagnosed with
Langerhans cell histiocytosis (LCH) or myelodysplastic
syndrome (MDS) and treated with chemotherapy, at
any pediatric oncology unit in Denmark are eligible for
the study. All participants are enrolled at school at the
time of diagnosis and are able to communicate in Danish.
Children with mental disability (e.g. Down syndrome),
severe co-morbidity, or terminal illness at the time of
diagnosis are excluded. Patients diagnosed in the period
2013-2015 at the Copenhagen University Hospital Rigshos-
pitalet (n = 120), are assigned to the intervention group.
Four control groups are identified: 1) children with

cancer diagnosed at Odense University Hospital, Aarhus
University Hospital, and Aalborg University Hospital in
the period 2013-2015 (n = 120). Secondary control groups
are 2) the sibling closest in age (regardless of gender) to
the child with cancer, and 3) the child’s classmates. In
addition, we include 4) a historical nationwide control
group of children with cancer treated from February to
December 2012 (n = 113 families).

Interventions
Educational intervention
The educational intervention includes a 90-minute pres-
entation on cancer given at the child’s school and aimed
at the child’s classmates. The information included covers
the etiology of childhood cancer, the specific subtype of
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cancer, the treatment, the expected side effects, supportive
care, everyday life at the hospital, communication and
emotional strains, the importance of physical activity
during treatment, and the role of the ambassadors. The
teacher develops a weekly-updated curriculum, which
the child is to follow in cooperation with the hospital
schoolteachers and the ambassadors. At the meeting a
consent form to be completed at home is handed out,
on which all parents indicate whether their child is
capable of acting as an ambassador for the classmate
with cancer. In collaboration with the class teacher, the
children with cancer, the families of the classmates,
and the RESPECT research team, two ambassadors are
selected. In this way the children with cancer each
have two ambassadors assigned from their class. The
ambassadors alternately visit the child with cancer
when at hospital, at least twice monthly, throughout
the treatment period. The ambassadors visit the
pediatric oncology ward involved in the patient’s
treatment and participate in the hospital school
program, share meals in the kitchen, and participate
in physical and social activities. The ambassadors
therefore act as a bridge between the child’s everyday
life at home and at the hospital, and serve as role
models. Furthermore, the ambassador provides moral
support, familiarity, and encouragement, and helps to
create a friendly educational, physical, and social
environment for the child with cancer. By involving
healthy children, we will examine whether the creation
of a more normal everyday life during treatment can
reduce stigmatization of children with cancer and
facilitate rehabilitation following treatment. The inter-
vention program will be active in the periods during
treatment when the child is attending their regular
school for less than 3 days a week, 4 hours per day.

Physical and social intervention
The supervised hospital-based physical and social activity
program from diagnosis and throughout treatment
includes daily participation in an individual training
scheme and participation in joint physical and social
activities twice a week during hospitalization. As the
literature shows [23], we cannot reliably quantify the
effect of a home-based training program, therefore the
program is intended for physical activity in a hospital
setting. The physical activity intervention focuses on
muscle strength, cardio-respiratory fitness, and balance.
Individual training sessions take place 3 to 5 days a
week and training sessions vary from 5-120 minutes
per session, depending on the type of training and the
general condition of the child. The twice-weekly group
training includes all study patients and ambassadors at
the hospital on that specific day.

Primary endpoints
Educational intervention
The primary endpoint of the educational intervention
is the child’s level of school achievement one year after
cessation of first-line cancer treatment. The school
achievement includes the child’s level of education in
language, reading and writing skills, and mathematics.
It is measured on a five-point response scale (outstanding
level of performance, high level of performance, satisfac-
tory level of performance, needs improvement in level of
performance, and unsatisfactory level of performance).

Physical and social intervention
The primary endpoint of the physical and social interven-
tion is the level of VO2max, determined during exercise
testing on a cycle ergometer after the Godfrey protocol
[39], one year after the cessation of first-line cancer
treatment.

Secondary endpoints
The secondary endpoints include both quality of life and
physical performance. We hypothesize that the compo-
nents in the intervention will enhance the children’s
quality of life 6 months after diagnosis and one-year post
treatment. Quality of life is assessed using validated
questionnaires and interviews.

Outcome measures
The effects of the intervention program are quantified
using validated questionnaires, physical fitness tests, blood
tests, and full body dual energy X-ray absorptiometry
(DEXA scan).
This comprehensive monitoring takes place at diagnosis,

3 and 6 months from baseline, one year after the cessation
of treatment, and the long term effects of the program
will continue to be monitored every 5 years.

Questionnaires
The PedsQL Core [40] measures the quality of life in
children using 23 questions on a five-point response scale
from never to almost always. The answers are divided
into four domains: health and physical activity, emotions,
dealing with others, and school activity.
The Strength and Difficulties Questionnaire (SDQ)

[41] consists of two parts. Part one includes 25 questions
on a three-point response scale from does not fit to fits
well in the following five areas: emotional symptoms,
behavior, hyperactivity and concentration problems, prob-
lems with peers, and pro-social behavior. If the respondent
confirms problems with concentration, behavior, or
interaction with others, then part two of the questionnaire
examines the duration, severity, extent, and social impact
on the environment using a four-point response scale,
from not at all to very much.
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The Revised Child Anxiety and Depression Scale
(RCADS) [42] measures anxiety and depression using 47
questions on a four-point response scale from not at all
to very often, according to the DSM-IV criteria. The
RCADS includes the following subscales: separation
anxiety, social phobia, generalized anxiety disorder, panic
disorder, obsessive thoughts and actions, and depression.
Resilience [43] measures resilience as personal compe-

tence, social competence, ability to maintain structure,
family cohesion, and social support based on 28 questions
on a five-point response scale from strongly agree to
strongly disagree.
The Loneliness and social Dissatisfaction Question-

naire (LDQ) [44] includes 24 questions to assess loneli-
ness, social dissatisfaction, and hobbies on a three-point
response scale with the answer categories no, sometimes,
and yes.
The Children’s Impact of Event Scale 13 [45] measures

problems which the child or adolescent may experience
after a stressful event using 13 questions on a four-point
response scale from not at all to often. It contains three
subscales: intrusion, avoidance, and arousal.
The best friend nominations scale [46] asks the child

with cancer and his or her classmates to nominate their
two best friends in the class. This provides a standardized
total score for the number of nominations that each
child receives and the mutual friendship score shows
how many of their friendship choices are reciprocated.
This is examined at the time of diagnosis and one year
after treatment. The best friend nomination scale is
disguised as a friendly exercise in the class, and not
directly related to the child with cancer.

Self-generated questionnaires
Self-generated questionnaires are used to record demo-
graphics, school participation, ambassador participation,
the thoughts and reflections of schoolteachers at the
time of diagnosis, evaluation of the educational sessions
in class, academic position statements from teachers,
physical activity before diagnosis, and physical training
at home.

Physical tests
The effect of the physical training program is assessed
based on physical strength, balance, and a fitness test.
The Andersen test [47] measures fitness using a 10-
minute run or other high energy moving activity in
intervals of 15 seconds of activity and 15 seconds of
rest. The distance after 10 minutes and maximum and
average heart rate is measured. The VO2max is measured
during a cycle ergometer test with the workload increasing
progressively to the point of exhaustion [48] using a
Hans Rudolph valve (2-way NRBV, Hans Rudolph Inc.,
Kansas City, MO, USA). The timed Up-and-Go test

[49] tests basic mobility, defined as the ability to get in
and out of bed, to get up and down from a chair, to
walk short distances, and to turn. The test measures
the time it takes to get up from a chair with armrests,
walk 3 meters, turn, walk back to the chair and sit
down again. The sit-to-stand test [50] evaluates muscle
strength in the lower extremities and in the hip and core
muscles. The test measures the number of repetitions of
getting up from a sitting position to standing fully upright
and sitting down again completed in 30 seconds. Hand
strength as an indication of manual force is measured
using a handheld dynamometer [51]. Two trials are
conducted for each arm and are performed standing or
sitting but with the elbow and dynamometer not touching
anything. The flamingo balance test [52] measures the
ability to balance on one leg and provides information
about leg, hip, and abdominal muscle strength. The child
is barefoot and balances on their preferred leg with the
opposite leg lifted from the ground. The number of
times the child loses balance in 60 seconds is registered.
Each time the child loses balance the clock is stopped
and then restarted when the child is ready.
Children in the intervention group and children in the

control group diagnosed and being treated for cancer at
Odense University Hospital, Aarhus University Hospital,
and Aalborg University Hospital in the period 2013-
2015, perform the physical tests.

Statistical considerations I
We expect all children aged 6-18 years diagnosed with
cancer in Denmark during 2013-2015 will be included in
the study. The primary endpoint for school achievement
is classified using five ordinal categories: outstanding
level of performance, high level of performance, satis-
factory level of performance, needs improvement in
level of performance, and unsatisfactory level of per-
formance, with the frequency distribution of these five
categories being 10%, 20%, 40%, 20%, and 10%, respect-
ively (Figure 1). A change from one category to another
is considered a significant change in the child’s school
achievement (e.g. high level of performance to satisfactory
level of performance). This endpoint will be analyzed
using an ordinal regression model (details are given in
Additional file 1) [53,54]. The primary endpoint of VO2max

in the intervention and control groups is determined
by comparing the scores at diagnosis to the scores at
one year after the cessation of treatment. This is done
using an independent samples t-test. Additional analyses
using the four study time points (diagnosis, 3 months after
diagnosis, 6 months after diagnosis, and one year after
cessation of treatment) will also be performed. Means
and 95% confidence limits for the intervention and
control groups will be computed at each time point
using linear mixed models and the trajectories will be
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analyzed. A similar method will be used for the secondary
endpoints but using only three time points for the
questionnaire data. Linear mixed models will be used
for each subscale of the PedsQL Core, the SDQ, the
RCADS, Resilience, and the LDQ, and for the Andersen
test, the timed Up-and-Go test, and the hand strength
measurement. For the count data (the sit-to-stand test
and the flamingo balance test), Poisson regression
models with random effects will be used. Because the
study is not randomized all comparisons of the two
groups will be controlled for diagnosis. If any other
variables are found to be unevenly distributed across
the two groups additional analyses controlling for the
effects of these variables will also be considered.

Statistical considerations II and sample size calculations
This study has two primary endpoints therefore the type
I error is set at 0.025 in the sample size calculations.
For the primary endpoint in the educational intervention
the ordinal regression model with a power of 0.90 outlined
in Additional file 1 will to be able to detect a shift in
the ordinal rating of approximately ½ a point, yielding
a marginal frequency distribution for the five categories
of 6%, 13%, 32%, 25%, 24%. Details are provided in
Additional file 1.
The primary endpoint of the physical and social activity

study is based on the power calculation derived from a
pilot study [25] that found a baseline VO2max of
24.3 ml/min/kg (SD 5.9) among children with acute
lymphoblastic leukemia. If 120 children with cancer are
included in both the intervention and control group, if
the standard deviation of the change scores is 5.3 in
both groups, and we use a significance level of 0.025, we
will have a power of 0.90 to detect a 10% increase in the
intervention group one year after cessation of treatment.

Ethical approval
Information on the subjects is protected according to
the Processing of Personal Data and Health Act. The
Danish Data Protection Agency (file. 2007-58-0015/

nr.30-0734) and the Regional Ethics Committee for the
Capital Region (file. H 3-2012-105) approved the project,
and the project complies with the Helsinki II declaration.
In addition, the study is registered at Clinical Trials.gov
(file. NCT01772849 and NCT01772862). Following oral
and written information, parental, guardian and child’s
(children above 15 year) written informed consent was
obtained.

Discussion
RESPECT is based on experience from an unpublished
feasibility period, a theoretical framework, and earlier
intervention studies of children with cancer, but reliable
evidence on rehabilitation in children with cancer is
lacking. RESPECT is the first nationwide study with
sufficient power to reliably test the impact of a combined
multimodal intervention program during treatment. The
strength of this study is the combination of educational,
psychosocial, and physical components, and the study has
a more interactionistic and comprehensive perspective
on rehabilitation than most of the previous studies.
Although a randomized trial would be optimal from

a scientific point of view, it is unrealistic because the
psychological, social, and ethical aspects mean only some
of the children at the same unit will have ambassadors.
Another methodological consideration is the interven-

tion starting at diagnosis. Starting an intervention study
during the course of very toxic and intensive treatment
causes logistical challenges related to the disease and the
side effects of the treatment. At the time of diagnosis,
families are very vulnerable and stressed, and there is a
potential risk of declining participation. However, the
feasibility period suggested a participation rate above
90%. Furthermore, the focus on rehabilitation may
ameliorate the psychosocial burden on the child. The
inclusion of two ambassadors from the child’s school
class is unique in childhood cancer rehabilitation, but
also carries potential ethical concerns related to the
emotional stress and school performance of the am-
bassadors. The feasibility period indicated that we will
be able to allocate two suitable ambassadors to more
than 95% of patients, and that they will be able to cope
with the challenges linked to their participation. To
supervise this group we have an ambassador counsel
chaired by a senior child psychologist, who is not
involved in the daily operation of the project. Further-
more, an ambassador manual describes the selection
procedures, safety measures, and intervention possibilities,
to optimize identification and psychosocial monitoring.
Before being accepted as an ambassador, and after
every visit to the hospital, the ambassadors are
screened and have clear follow-up plans arranged. Any
adverse events and complications are continuously
monitored and recorded.

Figure 1 The structure of the ordinal regression model.
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Although physical exercise may cause sore muscles
and stress injuries, there are no reports on such injuries
in the existing literature on physical training of children
with cancer. Another consideration is the level of
intensity to which we exercise and test the children
with cancer, from diagnosis and during treatment.
Studies among children with heart diseases show that
exercise training from low to high intensity is feasible
and tolerable for seriously ill children [55] and it may
have a positive effect on side effects such as fatigue
[56]. While the primary endpoint of the physical inter-
vention is not well documented for this study group, it
is the gold standard in healthy children and a common
outcome measurement in older cancer patients. The
physical activity is adjusted to the treatment intensity
and duration as well as the general condition of the
child with cancer. During the physical intervention we
monitor and assess adverse events.
We believe that RESPECT will contribute vital know-

ledge to the treatment and rehabilitation of children
with cancer as well as other children hospitalized with
long-term illness.

Conclusion
This nationwide intervention study will have the power
to reliably test the impact of a comprehensive combined
educational, physical, and social intervention program on
the recovery and rehabilitation of childhood and adoles-
cent patients with cancer. It is the first study to examine
the effect of an early rehabilitation program including
the involvement of healthy classmates as ambassadors
to help reproduce a normal everyday life for children
undergoing cancer treatment in hospital.

Additional file

Additional file 1: The ordinal regression model used for analysis of
the educational primary endpoint [53,54].
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What are the new findings? 

x Psychosocial and professional support is the foremost motivational factor to enhance 

physical activity during paediatric cancer. 

x Rehabilitation should start at diagnosis to maintain pre-diagnosis behaviour. 

 

How might this impact clinical practice? 

x Physical exercise and activity should be recommended and promoted. 
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ABSTRACT 

Introduction: Children with cancer experience reduced physical fitness and compromised social 

relationships during and following intensive treatment. This may negatively impact their quality of 

life. We explored the motivations to participate in the RESPECT physical activity program during 

treatment. 

Methods: Thirteen semi-structured interviews were conducted with seven males and six females, 

diagnosed with paediatric cancer in 2013 and treated with chemotherapy (age 8-16 years; time from 

diagnosis to interview 6-16 months). Interviews were conducted in the children’s homes. 

Results: The qualitative analysis showed that children’s motivations for engaging in the physical 

activity program during intensive medical treatment were primarily influenced by 1) opportunity for 

physical activity with a classmate; 2) participation in group training; 3) support from significant 

others; and 4) improvement of physical wellbeing. Main barriers included 1) poor physical 

wellbeing; 2) compliance with treatment, medical procedures and being treated in protective 

isolation; and 3) limited training facilities in the paediatric oncology ward.  

Conclusion: Despite barriers, it is possible to motivate and engage children with cancer in daily 

physical activity during intensive treatment in a paediatric oncology ward. Physical exercise and 

activity should be recommended and promoted from diagnosis throughout the treatment period 

including psychosocial and professional support. 
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INTRODUCTION 

Increased understanding of cancer biology, improved surgical techniques and intensified risk group-

adapted chemotherapy have led to 5-year overall survival rates above 80% in childhood cancer 

(Brown, Olsen, Hertz, Carstensen, & Bautz, 1996; Gatta et al., 2009; Smith et al., 2010). However, 

this improvement comes at a cost. The need to isolate the children for prolonged periods in hospital 

and at home reduces their interactions with peers and can lead to somatic and psychosocial side 

effects (Gatta et al., 2009; Gurney et al., 2009; Smith et al., 2010; Lund, Schmiegelow, Rechnitzer, 

& Johansen 2011). The combination of intensive treatment, side effects and isolation regimens 

compromises the children’s secondary socialization, disrupts social interactions with peers and 

development of social skills (Giddens 2013). This negatively impacts the children’s health-related 

quality of life (Gurney et al., 2009; Mitby et al., 2003; DuHamel, Redd, & Wickberg, 1999). 

Moreover, their physical fitness levels diminish due to sedentary lifestyles imposed by the treatment 

and lack of physical activity (Brown et al., 1996; Oeffinger et al., 2006; Braam et al., 2016). A 

long-term decline in physical fitness can lead to metabolic disease (Oeffinger et al., 2006; Jones et 

al., 2014); however, this can be moderated by physical activity (Oeffinger et al., 2006; Tai et al., 

2012). Few studies have addressed physical activity in children with cancer. Most studies have 

small sample sizes and describe various exercise interventions, outcome measurements, and 

duration of interventions (Braam et al., 2016; Winter, Muller, Hoffmann, Boos, & Rosenbaum 

2010; Huang & Ness, 2011; Grimshaw, Taylor, & Schields, 2016). Overall, the studies indicate that 

children with cancer are less physically active and have decreased muscle strength, balance, and 

cardiorespiratory fitness during and after treatment compared with their peers (Braam et al., 2016; 

Winter et al., 2010; Huang & Ness, 2011; Grimshaw et al., 2016). However, the physical 

intervention studies conducted in children with cancer during treatment show that physical fitness 

can be improved (Braam et al., 2016; Winter et al., 2010; Huang & Ness, 2011; Grimshaw et al., 

2016). A few studies have examined barriers and motivations for children with cancer to participate 

in physical activity during treatment. The studies indicated that improvements in physical fitness 

and mental well-being, health counselling and accessibility to physical activity facilities, and fun 

and sense of self-efficacy were main motivational factors to participate in physical exercise (Götte, 

Kesting, Winter, Rosenbaum, & Boos, 2014; Keats, Culos-Reed, Courneya, McBride, 2007; 

Barakat, Galtieri, Szalda, Schwartz, 2016). However, the varying frequency and compliance with 

physical activity and the small part of participants attending the programs suggest a further need for 

exploration of motivational factors for engaging in physical activity during treatment. Barriers 
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includes physical, psychological, and organizational aspects such as lack of awareness on physical 

activity (e.g. children, parents, physicians), oncology treatments and associated physical changes 

and side effects (e.g. nausea, fatigue, dizziness, pain), social isolation, feeling of weakness and 

experiencing decreased pleasure, and overall lack of energy and motivation (Götte et al., 2014; 

Hartman et al., 2009; Keats et al., 2007; Barakat et al., 2016). Parents' behaviour related to physical 

activities of their children differs between being supportive, inhibiting, and inert and only a few 

patients receive information about exercise during treatment by their physicians (Götte et al., 2014). 

Decreased and impaired physical capacity and function lead to problems with balance and dynamic 

movements like running and jumping, which could be considered as everyday activity in children. 

The pronounced decline in physical strength and function constitutes a possible safety issue when 

performing exercise during childhood cancer treatment, due to the risk of falls, injuries and pain. 

Exercise interventions seem to be beneficial for children and adolescents with cancer, however 

positive effect will never occur, if children are not motivated to be physically active. It has been 

shown that adherence matters to outcomes (Hartman et al., 2009). In this study, we wanted to 

evaluate the motivations and barriers in the presence of a structured and daily conducted exercise 

program, tailored to each child’s needs involving professional and psychosocial support.  
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METHODS 

Participants 

Criteria for RESPECT eligibility were: age 6-18 years; diagnosed with cancer, Langerhans cell 

histiocytosis or myelodysplastic syndrome; treated with chemotherapy at a paediatric oncology unit 

in Denmark; enrolled in school at the time of diagnosis; and able to communicate in Danish. 

Exclusion criteria were limited to mental disability (for example Down’s syndrome) or severe co-

morbidity.  

Thirteen of the first 21 children entering the RESPECT study from January to October 2013 were 

selected by purposeful sampling strategy; maximum variation sampling. This sampling strategy 

applies maximum variation to ensure heterogeneity to better understand how the phenomenon under 

study is perceived and understood by different children at different times (Tables 1a and 1b). 

Variation was attained and adequate based on age (median 12 years, range 8-16), gender (seven 

males and six females) and diagnosis when we had included 21 children. The median time from 

diagnosis to interview was 9 months (range 6-16), ensuring that the children had sufficient 

experience engaging in physical activity during intensive treatment. Ten children were still 

undergoing treatment and three children had just completed treatment. 

Table 1a shows the characteristics of the intervention cohort and interview information. Data on 

cancer diagnosis and date of diagnosis were collected from medical records. Table 1b shows the 

levels of participation in the training scheme and physical activity pre-diagnosis collected at 

diagnosis. 

Intervention design 

The RESPECT study (Rehabilitation including Social and Physical activity and Education in 

Children and Teenagers with Cancer) (Thorsteinsson et al., 2013) is an integrated part of CIRE 

(Centre of Integrated REhabilitation of cancer patients), which is a research centre established and 

supported by the Danish Cancer Society and The Novo Nordisk Foundation aiming at exploring 

how intervention strategies, including physical activity, influence rehabilitation of children and 

adults with cancer. 
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The RESPECT study is an ongoing nationwide population-based prospective, controlled, mixed-

methods intervention study. The intervention program was conducted by trained sports psychology 

consultant TT (first author, M.Sc.) in the paediatric oncology ward. The children with cancer were 

activated and motivated to be physically and socially active during treatment by professional and 

psychosocial support. The in-hospital intervention, from the time of diagnosis and throughout the 

treatment period, combined daily participation in supervised individual physical activity and group-

based physical activities twice weekly with other children and their ambassadors. As part of the 

RESPECT study, each hospitalized child had two healthy classmates assigned as ambassadors. The 

ambassadors visited the child with cancer at the hospital (9 a.m.to 3 p.m.) at alternating two-week 

intervals and participated in the intervention program. The daily supervised physical activity 

sessions were tailored to each child’s needs, gender, age, side effects, capabilities, level of activity 

pre-diagnosis (self-reported by questionnaire), and support from their social network. Training 

sessions of 5-60 minutes were carried out three to five days weekly during hospitalization. The 

duration of each session depended on the overall and daily well-being of each child. Individualized 

sessions took place in various settings, for example in the child’s hospital room, in the hallways of 

the paediatric oncology ward or elsewhere at or nearby the hospital. The twice weekly group 

training sessions included all admitted and eligible children and their ambassadors and took place in 

the hospital’s physiotherapy facility, the paediatric oncology ward’s common area or outside the 

hospital. Activity sessions focused on physical functionality and balance, muscle strength and 

cardio-respiratory fitness during treatment. Supplementary file 1 outlines some of the most common 

exercises used in this intervention. 

Interviews 

All interviews were conducted in each child’s home from February to May 2014 by TT using a 

semi-structured interview guide. The semi-structured interview guide was developed exploring the 

themes: physical activity during treatment; individual and group-based training sessions; 

physiological tests; motivational factors for engaging in physical activity; and influence of 

professionals, ambassadors, parents and other children with cancer. The children were repeatedly 

encouraged to reflect on both positive and negative aspects. The interview guide contained open-

ended and indirect questions and we phrased our questions to show its okay to answer in a way that 

was not socially desirable (e.g.; what did some of the other children think about a particular 

situation?). Other examples from the interview guide; ‘How did you experience the training 
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sessions? Do you have any concrete examples? Tell me more? What are your thoughts on this 

experience you’re going through right now? Who told you to do exercise? Tell me about the 

ambassadors?  

Thirteen semi-structured individual interviews were conducted. Interviews took 25-90 minutes 

(mean: 44 minutes). Data saturation, defined as no additional themes addressed by the children, was 

achieved following the sixth interview. The recorded interviews were transcribed verbatim and 

imported into the computer software program QSR NVivo 10 (NVivo qualitative analysis software 

2012) for processing. The qualitative data analysis strategy systematic text condensation (STC) was 

carried out in accordance with a four-step analysis procedure described by Malterud (Malterud, 

2012). STC, inspired by phenomenological ideas, is a descriptive pragmatic approach, presenting 

the experience of the participants as expressed by themselves and implies analytic reduction with 

specified shifts between de-contextualization and re-contextualization of data (Malterud, 2012). The 

first step involved reading each child’s responses in order to get an overall impression of that 

child’s narrative. The second step identified meaningful units (qualities) by extracting phrases or 

sentences about the children’s experiences with the intervention. Step three involved abstraction of 

individual meaningful unit content by capturing them in different dimensions (Malterud, 2012). 

Finally, the importance of these dimensions was summarized and sorted by category. Each 

statement given by the children was coded independently by two researchers (TT and HBL) and 

then compared and discussed involving another researcher (LHL). 

Methodological considerations 

The qualitative method used in this study (STC) provided an analysis of motivational factors that 

engage children in physical activity during treatment. We thoroughly elaborated a study question 

and a thoughtful purposive sample strategy, allowing us an overview and a contextual adhesion. 

Conducted with stepwise data collection, recruitment, and analysis, a feasible and limited amount of 

data and participants were needed for responsible analysis with STC (Malterud, 2012). We applied 

Malterud’s guidelines for authors and reviewers of qualitative studies (Malterud, 2001). The 

credibility of our study seems high as we have established factors that may predict children’s 

motivation to engage in physical activity during childhood cancer treatment. To ensure credibility 

we discussed our findings with the children involved and asked them to judge the results. They 

recognized and accepted the findings. To ensure transferability, we have thoroughly described the 

research context and the assumptions central to the research. Data saturation appeared early in the 
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interview process, supporting the fact that the children had similar experiences. This suggests that 

transferability and generalizability of the present study are likely to be high. As mentioned, we 

applied STC described by Malterud (Malterud, 2012), involving an overall impression of the child’s 

narrative, identifying meaningful units (qualities), abstraction of individual meaningful unit content 

by capturing them in different dimensions and finally summarizing and sorting them by category. 

To confirm our results and ensure dependability each statement given by the children was coded 

independently by two researchers (TT and HBL) and then discussed and compared involving 

another researcher (LHL). In case of disagreement, we discussed our findings and tried to reach 

consensus. If we could not reach consensus, the discussed findings were not included. Results 

should be transferrable to similar contexts and settings relating to rehabilitation of hospitalized 

children burdened by long-term serious illnesses. The simple and rigid procedures of STC are 

accessible and give limited space for creative interpretations and conclusions (Malterud, 2012). 

The strengths of the current study are that all training sessions were conducted by the same person 

who was in the ward daily and had daily interactions with each child, promoting them to be 

physically active. This ensures that the intervention and the applied approach were consistent and 

based on similar principles and methodical approach. It may be considered a study limitation that 

the same person conducted the interviews and was responsible for the physical training sessions. 

This could constitute a social desirability bias, which may have influenced their answers. However, 

it is our impression that the children were able to engage in honest and direct communication since 

interactions and this explicit form of communication have been practiced daily and the children 

were repeatedly encouraged to reflect on both positive and negative aspects. In developing the 

interview guide we phrased questions to show its okay to answer in a way that was not socially 

desirable (Weber, Miracle, Skehan, 1994; Sacks & Westwood, 2003). To further meet this possible 

limitation, we involved and discussed our findings thoroughly with other researches and asked the 

parents if they could recognize our findings. Indirect questioning were also used for socially 

sensitive questions to allow the children to project their own feelings onto others and still provide 

honest, representative answers. To minimize confirmation bias, we continually re-evaluated the 

impressions of our respondents and challenged pre-existing assumptions. To avoid using leading 

questions, we used questions open-ended in the respondents’ language (Weber et al., 1994; Sacks & 

Westwood M, 2003). We believe that the relationship between each child and the exercise 

psychologist is likely to have been advantageous during the interview process. In-depth knowledge 

of each child facilitated suggestions of concrete examples that he/she could understand in order to 
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explore the intervention topics and to assist the child to express ideas. This was particularly useful 

when exploring some topics that were difficult to talk about or were too abstract to understand. 

Knowing the child’s reaction in different contexts was very useful. There were no notable 

differences in the children’s opinions related to their level of participation in the intervention 

program.  
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RESULTS 

Categories 

In the following section we have condensed the identified themes into categories with the 

corresponding quotes from the interviews. These categories include four identified themes (physical 

activity with an ambassador, participation in group training sessions, support from significant others 

and enabling improvement of current physical and psychological wellbeing) which enable an 

increase in motivation as well as three identified barriers (poor physical wellbeing, compliance with 

treatment and limited training facilities) constraining physical activity during cancer treatment. 

Table 2 shows the categories, interview dimensions and corresponding qualities stated by the 

children. 

Category 1: Ambassadors and group training 

The children described how they looked forward to and prepared for visits of their ambassadors. 

When the ambassadors were present, patients experienced that their desire and level of participation 

in physical and social activities increased as did participation in normal daily activities (Table 2). 

- [It affects] my mood. … I’m much happier when they’re here (male, 8 yrs.). 

 

- That way…we can motivate each other, right? If there’s someone here that you really get 

along with…then you can…do push-ups…. Come on, darn it! You can do the last one! I just 

did it (said in a pressing tone of voice) and this way ….they motivate you…or alternatively 

you can motivate yourself, right? (male, 16 yrs.). 

 
- Yeah, it was definitely more fun and easier to train when my ambassador was with me 

(male, 9 yrs.). 

The children described interactions with peers as being uplifting, more fun and shifting focus away 

from illness, and generally as creating normality in daily live (Table 2). 

- I also think it was really fun at the group training sessions with ambassadors, in particularly 

the physiological testing. It was actually really fun - we made it into a small contest (male, 

14 yrs.). 
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- …it’s always fun to train with others that you get along with…people that you know…just 

like last time when we trained…it was cool that we were able to sit and do those exercises 

together. I thought that was really cool (female, 8 yrs.). 

 

- … it’s more fun to train with others than doing it alone (male, 14 yrs.). 

 
- At group training, we also had fun and it was a like a common activity where there were 

many children. Children with cancer and their ambassadors. It's just a good thing. For even 

if you have cancer, you still recall it as a good memory and I think it is important to have 

good memories even though it was an extremely bad year (male, 16 yrs.). 

 
- Was it exhausting to have visits [from the ambassador]? Yes it was… because it takes a lot 

of energy to have visitors (male, 14 yrs.). 

Group training increased motivation and provided opportunity to engage in games, friendly 

competition and to receive support from others. Moreover, group training distracted the children 

and made time pass faster (Table 2). 

- Because it [training] makes the day pass faster. The major focus when you have cancer is to 

get rid of it right away…and fast!  You don’t feel like experiencing long boring days and 

feeling bad (male, 14 yrs.). 

 

- … it was pretty fun to see how well they did [the ambassadors during training sessions] and 

how much [physical capacity] I had lost because of treatment. It was a bit funny, but also 

annoying. I was the strongest in class before and now I was suddenly the weakest one (male, 

12 yrs.). 

 
- Do you remember whether you thought it was a good idea [to do exercise] in the beginning? 

When you feel the way I did ... I was, I was a bit annoyed because I felt so bad (female, 13 

yrs.). 

Category 2: Significant others and daily routines and habits 
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The children explained that the diagnosis and inpatient treatment disrupted everyday life. They 

struggled to understand their new reality and to establish new daily routines. This was further 

complicated because they had to alternate between hospital and home settings erratically. 

Individualized training offered each child a daily activity routine. Parents also have a major role 

influencing the children to participate in the physical training intervention and helping them create 

new habits and routines. 

- Because it wouldn’t be the same. I wouldn’t be forced like I am when you (the exercise 

psychologist) come every day. When you’re forced to do it, it’s easier to get started (male, 

14 yrs.). 

 

- I came to your room and wanted you to exercise both on good days and on bad days. Yes. 

What does it mean? It means a lot. It is good to know you have to exercise every day (male, 

12 yrs.). 

 

- That [being forced by the exercise psychologist] was good. When I was told that I had to 

train, I did it because I had to. Here at home, I constantly think about starting training but I 

never do (female, 13 yrs.). 

 
- When I [exercise psychologist] came to your room and said; Get out of the bed, you must 

exercise. What did you think about that? I thought; Oh no, oh no, here he comes again. What 

is it, we have to do now? Would you rather if I didn’t come? No (male, 8 yrs.). 

 
- My dad does [decides when I should train]. Sometimes when I did’t really feel like it, my 

Dad would say that I had to do it anyway (female, 8 yrs.). 

 
- My mother did [decide when I should train]. Yeah, she decides just about everything (male, 

9 yrs.) 

 
- It’s easier when you are dragged out of bed [by the exercise psychologist] and told, ‘Now, 

get going’ (female, 16 yrs.) 

 
- Sometimes, it was very annoying. I woke up, took my medicine and then my mother said 

you've [exercise psychologist] been here and I should exercise. But, NO, I will not! I’ll have 
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my breakfast and then I'll just want to be left in peace for the rest of the day. I will not go to 

school and I do not want to do anything (male, 14 yrs.). 

The daily training sessions and interaction with the exercise psychologist helped them gain 

knowledge about physical activity during treatment, complying with the treatment regimen and 

dealing with severe side effects (Table 2).  

- Yeah, and it turned out to be a good thing anyway…Yeah, [it’s because] you don’t have the 

strength… you are tired or not feeling well enough but when you are pushed to do it, it turns 

out to be okay anyway. That’s because you’re just happy to be able to train. At least that’s 

how I see it. So, it’s always nice to be able to train even when you don’t feel up to it at the 

beginning (female, 16 yrs.). 

 

- Firstly, because you don’t feel like it and then because you forget exactly what you have to 

do. You don’t really know the exact things [exercises] you are supposed to do and that 

makes you not want to even try (female, 13 yrs.). 

 
- That was very funny, actually. I certainly gained much from it. I think it was interesting to 

see that you could actually improve [your physical wellbeing, fitness] during cancer 

treatment (male, 16 yrs.). 

Individualized training offered positive perspectives such as regaining control of own physical 

condition and life following treatment (Table 2). 

- I think…that it was a great idea to have…individualized training because sometimes there’s 

a need for it instead of group training. It allows … much more focus on self than on all the 

others as well (male, 14 yrs.). 

The amount of knowledge, resources and support from their parents varied during therapy (Table 

2). 

Category 3: Wellbeing 

Physical and psychological wellbeing was affected by side effects and treatment complications 

rapidly changing throughout the course of treatment. Following training sessions the children 
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described feeling naturally tired and cheerful having accomplished something as well as feeling 

normal, active and satisfied (Table 2). 

- I feel happy but also really tired. Your legs hurt the next day… Well, you feel happy that 

you could do it… that you did something that day…that you can still do something physical 

(female, 13 yrs.). 

 

- Well, you feel revitalised; really alive and it’s as though you have more energy (male, 16 

yrs.). 

 
- Was it tough [doing exercise]? Yes, it was tough (male, 8 yrs.). 

 

- [if you were already feeling unwell, did it [training] make you feel worse or unable to 

sleep?] No, it made me feel better. I felt better afterwards (female, 16 yrs.) 

 

- Because once you actually start training…you begin to think…about all the good it’s doing 

and you feel happier and forget about that medicine you were given that makes you so 

bad… I think that training puts you in a better mood… (male, 12 yrs.) 

 
- … it makes you feel better about yourself. You feel the world is more fun (male, 12 yrs.). 

 
- ...  still, you could keep up your spirit when you do exercises .... I think you get in a better 

mood when doing physical training (female, 13 yrs.). 

 

- Just the fact that you’re doing something instead of just lying there….and you feel a little 

happier afterwards. That’s always good. I think that’s the best thing about it. And you don’t 

feel weaker and weaker but [rather] that you’re trying to keep a certain level of fitness for 

your muscles and stuff (female, 16 yrs.). 

Following training sessions the children described feeling more empowered – ‘Does training 

sessions affect your self confidence in any way?’ 

- Yeah, because you feel that you’re getting a little bit better in dealing with things (male, 14 

yrs.). 
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Category 4: Treatment compliance and training facilities 

The children described the paediatric oncology wards’ physical environment as not being 

supportive for physical activity. This led to decreased motivation to do exercise (Table 2). 

- It felt a bit claustrophobic [doing exercise in the room]. But still it was fun. And even so, 

you were able to keep your spirits up and train (male, 12 yrs.). 

 

- …it’s not so motivating doing exercise in your room (male, 16 yrs.). 

The children described that group training held in the physiotherapy department, its spaciousness 

and its equipment as motivating for physical activity. 

- Yeah, I think so. Because you feel once again like you’re not always at the hospital if you go 

to the gym or other places (male, 16 years). 

 

- I think that’s really cool. I really mean it. And then there’s the fact that you get a break from 

your parents, especially when you’re a teenager…when you’re trying to separate yourself a 

bit from them…but then all of a sudden you’re shoved back into that little room with them 

again. It’s really great to be able to get out of bed and move around a little and not just lie 

belly up staring at the ceiling. It’s cool…socially I really like it (male, 16 yrs.). 

In contrast, treatment equipment was barriers obstructing physical activity (Table 2). 

- I remember going on a few walks even though I had to do it with a drip stand. And I felt that 

it was totally unfair because it was so boring walking up and down the hospital corridors… 

especially with that drip-stand. Walking back and forth is so boring (male, 14 yrs.). 

A new relevant finding emerged, which we labelled ‘hidden physical activity’. Children do not 

perceive daily activities, such as cycling to school, climbing stairs, get into and out of a chair and 

walking around as being physical activity. When asked if they performed any daily physical 

activities during therapy they responded by reflecting on their pre-diagnosis experience with, for 

example sports, indicating that their perception of physical activity was restricted to such defined 

context and setting.  
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DISCUSSION AND PERSPECTIVES 

The qualitative analysis showed that the children’s motivation for engaging in physical activity 

during intensive treatment was influenced primarily by 1) opportunity for physical activity with an 

ambassador; 2) participation in group training sessions with other children with cancer and their 

ambassadors; 3) support from significant others; and 4) enabling improvement of current physical 

and psychological wellbeing. The significant others (Sullivan, 1953) in this confined hospital 

setting are primarily their parents and the exercise psychologist. Main barriers included 1) poor 

physical wellbeing (for example cancer symptoms; side effects to treatment), 2) compliance with 

treatment, medical procedures and being treated in protective isolation; and 3) limited training 

facilities in the paediatric oncology ward (Table 2). In support of the qualitative findings, an earlier 

study showed (Thorsteinsson et al., 2016), that it is possible to engage children in physical activity 

during treatment despite a severe decline in physical fitness, multiple treatment side effects and the 

non-conducive facilities for physical activity within the hospital setting. All children included in the 

ongoing RESPECT intervention (N=75) participated in the physical activity sessions, suggesting 

the components as being appropriate and well established. There have been no drop-outs from the 

intervention program so far (Thorsteinsson et al., 2016). Frequency and compliance mainly differed 

depending on diagnosis, in-patient days and level of side effects (Thorsteinsson et al., 2016).  

It is important to understand the premise and setting underlying the intervention. Even on a 'good 

day’ it was very difficult to activate and exercise the children in intensive care. Very few children 

exercised on their own, partly due to their lack of knowledge about exercise during treatment, and 

partly because of the challenges children with cancer face on a daily basis, such as severe side 

effects, treatment compliance and generally low levels of energy. On a daily basis a form of 

negotiation took place between the child with cancer and the exercise psychologist trying to 

motivate the child to exercise. This negotiation considered each child’s needs and daily physical 

and mental condition as well as capabilities and based on this ‘negotiation’ a specific exercise 

session was agreed upon. Sometimes the children with cancer were not able to perform any exercise 

at all and no training was attained. 

Psychosocial support 

We found that the children’s primary motivational factor for doing physical activity was presence of 

their healthy classmate ambassadors (Table 2). Every child mentioned the benefits and motivations 
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derived from visits by their classmates. The ambassador’s act as a bridge between the children’s 

everyday lives at home and at the hospital, and serve as role models. Furthermore, the ambassador 

provides moral support, familiarity, and encouragement, and helps to create a friendly educational, 

physical, and social environment for the child with cancer (Table 2). Classmate visits promoted 

normalcy and daily life, even within the hospital setting (Table 2). The ambassadors performed the 

activity with the patients, thus promoting scheduled and improvised physical activity. Being with 

other children during an exercise session provided healthy peer pressure and an opportunity to 

surpass own expectations and compete against others (Table 2) — all factors resembling normal 

everyday life. The children described their healthy classmates as bringing energy and fun to 

interactions, motivating them to be active. Hence, the presence of ambassadors promoted the 

children’s level of physical activity and secondary socialization. During the intervention study we 

have seen that it is possible to allocate ambassadors for all children and that the ambassadors were 

highly motivated for providing in-hospital patient support during childhood cancer therapy 

(Lindgren, Schmiegelow, Helms, Thorsteinsson, & Larsen, 2016; Baekgaard H, Helms AS, 

Thorsteinsson T, Simovska V, Schmiegelow K, 2017 (submitted)). 

Professional support  

Children describe the need to be supported continuously and gain knowledge on how and what to 

do in their current situation (Table 2). They describe the difficulty in doing physical exercise on 

their own (Table 2). The level of support from parents and professionals influence the children’s 

level of motivation for physical activity (Table 2, Gilliam et al., 2013). This makes professional 

support pivotal (Jarden et al., 2013). We wanted to create a professional relationship with each child 

and their family, building trust and confidentiality by continuity and professional support; 

accordingly we visited every child in the oncology ward on a daily basis. It requires flexibility and 

an individual approach to work in such an unusual setting with different types of children and 

families. We wanted to empower the children and their families and invited them to be curious and 

try to learn how to cope and actively participate in their own rehabilitation and gain an educational 

effect of the intervention program. We did this by continuously addressing health issues, both 

physical and social and overall tried to empower the children and their families to be active, in the 

sense of doing physical exercises, reinforcing own support systems and by retrieving and sharing 

knowledge to better understand and break the taboo of serious illness. In this way we hope the 

children and their families will feel more empowered after cessation of treatment. The professional 
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support should be targeted at both the children and their parents. It is essential with an 

individualized approach to better understand the child’s resources and preferences for physical 

activity. Performing physical activity when hospitalized is challenged by compulsory adherence to 

treatment protocols as well as treatment side effects and complications. It is not motivating to do 

physical with various medical devices attached to your body (e.g. a drip stand, Central Venous 

Catheter or a Patient-Controlled Analgesia pump) (Table 2). Intensive cancer treatment often results 

in the child’s wellbeing fluctuating from one minute to the next. As such, physical activity sessions 

need to be flexible and planned on a day-to-day basis. 

Pre-diagnosis level of physical activity and facilities  

The children associated their physical activity with regular activities pre-diagnosis. However, the 

children do not consider daily life activities such as walking or cycling as physical activity. 

Nonetheless, due to the decreased physical fitness of these children, those simple activities were 

equivalent to moderate to intense physical training. Thus, regular everyday physical exercise, such 

as cycling to school, constitutes physical activity with positive effects in healthy children 

(Ostergaard, Borrestad, Tarp, & Andersen, 2012). It is important to identify ‘hidden’ activity when 

monitoring each child’s level of physical activity during treatment. This is a relevant finding, partly 

in relation to interviewing children and partly in relation to creating a relevant and tailored physical 

exercise intervention with children with significantly reduced physical capacity and function. 

There is a need to rethink how to furnish hospital rooms, corridors and common spaces to be 

motivational for undertaking physical activity (Table 2). Studies, including the current one, show 

that facilities for physical activity are important for promoting and motivating children to be 

physically active (Nielsen, Bugge, Hermansen, Svensson, Andersen, 2012). 
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CONCLUSION 

Despite barriers, it is possible to motivate children with cancer to become physically active during 

intensive chemotherapeutic treatment in a paediatric oncology ward. Level of psychosocial support 

and professional support are predictors of the child’s motivational level. Physical exercise and 

activity should be recommended and promoted from diagnosis throughout the treatment period 

including psychosocial and professional support. 
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TABLES 

Table 1a Characteristics of the intervention cohort and interview information. Data on cancer diagnosis and 

date of diagnosis were collected from medical records. 

Gender Age Diagnosis Ethnicity Time - diagnosis to 

interview (days) 

Duration of interview 

(min.) 

Female  8 ALL Danish 342 44 

Male  8 ALL Danish 235 41 

Male  9 Lymphoma Middle eastern 207 25 

Female  9 ALL Danish 450 40 

Male  12 LCH Danish 165 30 

Male  12 Lymphoma Danish 146 62 

Female  13 ALL Middle eastern 395 61 

Female  13 Lymphoma Danish 175 53 

Male  14 AML Danish 328 90 

Male 14 ALL Danish 252 26 

Female  15 CNS Danish 286 30 

Male  16 Solid tumour Danish 256 47 

Female  16 Solid tumour Danish 377 63 

Abbreviations: ALL = acute lymphoblastic leukaemia, AML = Acute myeloid leukaemia, LCH = Langerhans Cell Histiocytosis, 

CNS = central nervous system. 
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Table 1b Levels of participation in the training scheme and physical activity pre-diagnosis collected at 

diagnosis. 

Inpatient days - diagnosis to 

interview** 

Individual training sessions Group training sessions Prior physical activity level* 

86 46 11 Active  

133 53 15 Not active 

83 44 8 Not active 

117 59 10 Not active 

8 8 16 Not active 

87 53 20 Active 

99 41 8 Not active 

15 11 2 Active 

193 73 23 Active 

122 68 15 Active 

59 24 3 Not active 

52 37 3 Active 

175 67 16 Not active 

*Active is defined as a least 60 min. activity 3 times weekly (World Health Organisation (WHO) 2010).  

**Cumulative days of admission with outpatient time in between. 
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Table 2 Categories, interview dimensions and corresponding qualities stated by the children. 

Categories Dimensions Qualities 
1. Ambassadors and 

Group training 
Group training 
 
 
 
 
Psychological 

Competing with others  
Healthy peer pressure 
Proving oneself 
Surpassing expectations 
 
Lifting spirits 
Change in focus (away from illness) 
More fun 
Time flies 
More daring 

2. Support from 
significant other 
and daily routines 
and habits 

Individual physical training 
scheme / intervention 
setting 
 
 
 
Parents 

Getting it done 
Healthy pressure 
New knowledge 
New/good habits 
Competing against self 
 
Social support 
Empowerment  
Meaningfulness 
Authority 

3. Wellbeing Physical wellbeing 
 
 
Psychological wellbeing 
 
 
 
 
 
 
Limitations 

Side effects 
Sleep efficacy 
 
Lifting spirits 
Accomplishing something 
Feeling satisfaction 
Normality 
Feeling active 
Fighting cancer 
 
Side effects 
Cancer type (e.g. brain tumour or solid tumour) 
Wake-up call 
Physical wellbeing 

4. Treatment 
compliance and 
facilities 

Organizational limitations 
 
 
 
At the paediatric oncology 
ward 
 
 
In the gym 

Obstructed by chemo (drop stand and/or regulations) 
Examinations 
Safety 
 
Constrain fun 
Constrain games 
Constrain playfulness 
 
Enables fun 
Enables games 
Enables playfulness 
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SUPPLEMENTARY FILE 
Supplementary file 1 Exercise Library: Overview of exercises primarily used in the physical training 

programme. The focus was on stability/balance, mobility, strength (resistance) and cardiorespiratory fitness. 

Several of the exercises affect more than one focus area. 
Mobility, strength 

Lower-extremity exercises:  

Up on toes / walk on toes 

Up on heels / walk on heels 

Squat (air, front, Bulgarian) 

Wall sit 

Deadlift (both legs, single leg) 

Thrusters 

Lunges 

Side step / shuffle 

Side step / shuffle crossover 

Skip 

Walking backwards 

Jumps 

Jumping jacks 

Frog jumps 

Knees to elbows 

Crawl (bear, crab) 

Making turns 

 

Upper-extremity exercises:  

Push-ups 

Fly 

Rowing 

Shoulder press 

Flyers 

Laterals 

Dips 

Dumbbell press 

Pull-down 

Bicep curl 

Hammer curl 

Push-down 

 

Core and pelvis exercises:  

Hip thruster 

Plank 
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Back extensions 

Abdominal crunch / sit-up 

Leg lifts 

Bicycle legs 

 

Stability/balance and cardiorespiratory fitness 

Balance, stability and neuromuscular exercises:  

Stand on one leg 

Walk in a straight line 

Agility course 

Balance on an unstable base (e.g. foam pad) 

Balance board 

‘Throwing’ balls from unstable surfaces 

Sitting and kneeling balance exercises on Swiss exercise ball (eyes open and closed) 

 

Cardiorespiratory fitness exercises:  

Steps 

Bicycle ergometer 

Treadmill 

Cross trainer 

Running / marching on the spot 

Walks 

Walking in intervals 

High knee running 

Step up onto bench 

Heel kick running 

Stairways 

 

Play/games 

The floor is made of lava 

Playing with balls (variations of throws and kicks) 

Game of tag 

Agility course 

Kings successor 

Interactive screen 

Silly walks 

Hopscotch 

 

Minor training programmes 

7-min workout 

Superheroes workout 
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ABSTRACT
Background Children with cancer experience severe
reductions in physical fitness and functionality during
and following intensive treatment. This may negatively
impact their quality of life.
Purpose To describe the physical capacity and
functionality of children with cancer during and after
treatment as well as the feasibility of physical activity
intervention in the Rehabilitation including Social and
Physical activity and Education in Children and
Teenagers with Cancer study.
Patients and methods The study included children
diagnosed from January 2013 to April 2016 with
paediatric cancer or Langerhans cell histiocytosis, all
treated with chemotherapy. Seventy-five of 78
consecutively eligible children (96.2%) were included.
Median age was 11 years (range 6--18). The physical
capacity and function were assessed based on testing
of physical strength, balance and cardiorespiratory
fitness. Children were tested at diagnosis, 3 and
6months after diagnosis and 1 year after cessation of
treatment. The feasibility evaluation was inspired by the
criteria for reporting the development and evaluation of
complex interventions in healthcare.
Results All children participated in the physical
intervention programme with no dropouts. Strenuous
physical exercise and physiological testing during
paediatric cancer treatment was safe and feasible, with
only five minor adverse events during the intervention.
Cardiorespiratory fitness was significantly lower in
children with cancer than norms for healthy age-
matched children at diagnosis (difference 19.1mL/kg/
min, 95%CI 15.4 to 22.7; p <0.0001), during treatment
3 and 6 months from diagnosis (difference 21.0mL/kg/
min, 95%CI 17.4 to 24.6; p <0.0001 and difference
21.6mL/kg/min, 95%CI 17.3 to 25.8; p <0.0001,
respectively) and 1 year after cessation of treatment
(difference 6.9mL/kg/min, 95%CI 1.1 to 12.7;
p <0.0072). Furthermore, children with cancer
experienced a pronounced decline in physical function.
Conclusion This study shows that it is safe and
feasible to perform strenuous physical exercise and
testing during paediatric cancer treatment and that
children with cancer have significantly lower physical
capacity and functionality than healthy age-matched
norms.

Trial registration number ClinicalTrials.gov:
NCT01772862.

BACKGROUND
Increased understanding of childhood
cancer biology, improved surgical techni-
ques and intensified risk-group-adapted
chemotherapy and radiotherapy have led to
a 5-year overall survival rate above 80% in
childhood cancer.1–3 However, this
improvement comes at a cost. The combina-
tion of intensive treatment, severe side
effects and isolation regimens, as well as
immunosuppression and a treatment-
related sedentary lifestyle, compromises the
activity level of the children.1 4–6 In addi-
tion, participation in physical activity with
peers is reduced.1 7 8 This negatively
impacts the children’s emotional well-being
and health-related quality of life.5 9 10 Few

What are the new findings?

" It is feasible to conduct a supervised and individ-
ualised physical exercise intervention during
paediatric cancer treatment.

" Strenuous physical exercise and physiological
testing during paediatric cancer treatment is safe.

" Cardiorespiratory fitness and function is signifi-
cantly lower than norms from age-matched
healthy children at diagnosis, during treatment
and after treatment.

How might it impact on clinical practice in
the future?

" Rehabilitation should start at diagnosis to
preserve physical function and healthy habits.

" Physical exercise and activity during anticancer
therapy should be promoted.
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studies have addressed physical activity levels in chil-
dren with cancer. Most studies have relatively small
sample sizes, cover only cancer subsets and describe
diverse exercise interventions, outcome measurements
and durations.7 8 11 12 Overall, the studies indicate that
children with cancer are less physically active and have
decreased muscle strength, balance and cardiorespira-
tory fitness during and even years after cessation of
treatment compared with their peers.7 8 11–13 A long-
term decline in physical fitness can lead to metabolic
disease, and previous studies have shown associations
between cardiorespiratory fitness and single cardiovas-
cular disease risk factors in childhood.14 15 However,
this can be moderated by physical activity.14 15 Of para-
mount importance is the link between fitness and
parameters that influence cancer cells, for example,
insulin sensitivity and the immune system.16 17 Animal
studies have indicated that physical activity inhibits
cancer cell growth.18

It is unknown whether it is possible to implement a
safe and feasible physical exercise intervention during
the very intensive treatment regimens for childhood
cancer and the concomitant decline in physical
capacity, strength and function. Participation in phys-
ical activity may cause sore muscles and stress injuries.
However, there are no reports in the existing literature
on such injuries due to physical training in children
with cancer. Thus, the level of intensity at which chil-
dren with cancer can exercise is uncertain.
The aim of this study was to describe physical capacity

and functionality in children with cancer during and
after treatment as well as the feasibility of physical
activity intervention in the RESPECT study (Rehabilita-
tion including Social and Physical activity and Education
in Children and Teenagers with Cancer—ClinicalTrials.
gov: NCT01772862).19

METHODS AND DESIGN
Intervention design
The RESPECT study is an integrated part of Centre for
Integrated Rehabilitation of Cancer Patients—a
research centre established and supported by the
Danish Cancer Society and the Novo Nordisk Founda-
tion aiming to explore how early-intervention strategies,
including physical activity, influence rehabilitation of
children and adults with cancer. The RESPECT study is
a nationwide population-based, prospective, controlled
and mixed methods intervention study. The children
with cancer were activated and motivated to be physi-
cally and socially active during treatment by professional
and psychosocial support. The evaluation of feasibility
of the intervention is inspired by the criteria for
reporting the development and evaluation of complex
interventions in healthcare guidelines describing aims,
the theoretical background, intervention components,
strategy, motivations and barriers, and compliance.20

Physical intervention programme and setting
The intervention programme was conducted by a
trained exercise psychology consultant (first author, TT)
in the paediatric oncology ward. The in-hospital inter-
vention combined daily participation in supervised
individual physical activity and group-based physical
activities twice weekly with other children with cancer
and healthy classmates (ambassadors). As part of the
RESPECT study, the hospitalised children each had two
healthy classmates assigned to them as ambassadors.
The ambassadors visited the child with cancer at the
hospital (9 a.m. to 3p.m.) at alternating 2-week intervals
and participated in the intervention programme. A
more detailed description of the physical intervention
has been reported previously.19 Supplementary file 1
outlines some of the most common exercises used in
this intervention. Inclusion criteria for physical training
sessions and physiological testing were developed in
collaboration with the chief senior physician and
professor at the paediatric oncology ward and were
haemoglobin above 5mmoL/L; platelets above
10 billion/L at moderate intense and intense exercise
and by testing and above 50 billion/L in ‘contact sport’;
and consent from patients and parents. Exclusion
criteria were temperature equal to or above 38.5!C;
active diarrhoea, coughing, cold; and severe comorbid-
ities that prevented physical activity.

Participants
From January 2013 to April 2016, 75 of 78 consecutively
eligible children (96.2%) were included in the RESPECT
study. The group comprised children undergoing treat-
ment for cancer at Copenhagen University Hospital.
Eligibility criteria were: age 6--18 years; diagnosed with
cancer, Langerhans cell histiocytosis or myelodysplastic
syndrome; treated with chemotherapy; enrolled in
school at the time of diagnosis and able to communicate
in Danish. Exclusion criteria were limited to mental
disability (eg, Down’s syndrome) or severe comorbidity.
Table 1 shows the demographic and clinical characteris-
tics of the intervention population.

Physical tests
The intervention programme was quantified using the
following physiological tests: VO2peak, Timed-Up-and-
Go, Sit-to-Stand, Grip strength, Flamingo balance and
Andersen Fitness test (see detailed description in
supplementary file 2). Monitoring took place at diag-
nosis, 3 and 6months after diagnosis and 1 year after
cessation of treatment. Level of activity prediagnosis was
collected at diagnosis (self-reported) and level of partici-
pation was registered after each training session.

Statistical analysis
Measurements of the endpoints VO2peak, STS, TUG,
Balance and Grip strength taken at four study time
points (at diagnosis, 3 and 6months after diagnosis
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and 1 year after cessation of treatment) are reported as
mean and SD or median and IQR, as appropriate.
Linear mixed models using a heterogeneous AR1

covariance structure are used for evaluating change
over time. The analyses are adjusted for the effect of
diagnosis, gender and age, and the baseline measure-
ments are further adjusted for the time from diagnosis
to first measurement. Change scores, and their
95%CIs are estimated from the model parameters
using the delta method. Heart rates of children with
cancer and healthy classmates are compared using a
linear mixed model in a data set with 294 heart rate
measurements (163 from children with cancer and 131
from healthy classmates) from a total of 97 children
(50 children with cancer and 47 healthy classmates).
The age of the 50 children with cancer was median

age 11 years (range 6–16) and 39.1% were girls.
Comparisons with a normal population were made
using an age- and gender-matched subsample from
the reference data sets with five controls sampled for
each child with cancer. The cardiorespiratory fitness
norm values (mL/kg/min) for healthy children used for
comparison were collected from Denmark, Norway,
Estonia and Portugal.21–25 For each time point differ-
ences between the children with cancer and the
matched controls were compared using a Wilcoxon
test. From these cohorts, data for each age group
between 6 and 18 years were separated and mean
values calculated. These were adjusted for cohort

Table 1 Demographic and clinical characteristics of the
intervention population

Variables n=75

Demographics

Females/males 29 (39%)/46 (61%)

Age at diagnosis (median, range) 11 years
(6–18 years)

Danish ethnicity/other ethnicity 66 (88%)/9 (12%)

Diagnoses

Acute lymphoblastic leukaemia 24 (32.0%)

Acute myeloid leukaemia 4 (5.3%)

Myelodysplastic syndrome V1 (1.3%)

Acute promyelocytic leukaemia 2 (2.8%)

Central nervous system tumour 8 (10.7%)

Lymphoma 14 (18.7%)

Extracranial solid tumour 21 (28.0%)

Langerhans cell histiocytosis 1 (1.3%)

Location of tumours

Upper limb 8

Lower limb 7

Torso (organs and genitals) 5

Brain 8

Treatment

CT 48 (64.0%)

CT+S 15 (20.0%)

CT+RT 3 (4.0%)

CT+RT+S 9 (12.0%)

Vincristine 61 (81.3%)

Stem cell transplantation 10 (13.3%)

CT, chemotherapy; RT, radiotherapy; S, surgery.

Table 2 Prediagnosis activity level, level of participation,
dropouts, physiological test performed, time from
diagnosis to baseline and safety measures as well as
ambassador feasibility

(n=75)

Physical activity

Active before diagnosis* 33.3%
(25/75)

Not active before diagnosis* 66.6%
(50/75)

Participation in individual training sessions 100%
(75/75)

Participation in group training sessions 96%
(72/75)

Dropouts during intervention 0%
(0/75)

Individual sessions per child, mean
(range)

37
(8–83)

Group sessions per child, mean (range) 8
(1–23)

Individual training sessions >3100

Group training sessions >300

Number of physiological tests 758

Time from diagnosis to baseline test,
median (IQR)

8 days
(4.5–19.0)

Safety

Adverse events during training sessions
and physiological testing†

5

Restrictions in relation to physiological
testing based on a medical assessment

20%
(15/75)

Ambassadors

Two ambassadors allocated 100%
(75/75)

*Active defined as 60min of moderate to vigorously activity three
times per week.34

†Adverse events were four minor bruises during training sessions
and one incident of a few seconds of fainting after a VO2peak test.
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effects and the protocol used (treadmill or cycle test).26

p Values below 0.05 (two-sided) were considered statis-
tically significant.

RESULTS
Table 2 shows prediagnosis activity level, level of
participation in the physical activity intervention, drop-
outs during the intervention, number of physiological
test performed and time from diagnosis to baseline
tests, safety measures as well as ambassador feasibility.
Table 3 shows the number of physiological tests

conducted at different time points. The RESPECT
study is an ongoing study, which explains the different
numbers at different time points.
Table 4 shows the different reasons for non-compli-

ance to the VO2peak test (1) medical restrictions, (2) not
capable, (3) not motivated, (4) treatment compliance,
(5) measurement error and (6) late inclusion.
Intensity during physiological testing and training

sessions remained generally high. Table 5 shows the
relative intensity of the group training sessions moni-
tored by heart rate over a period of 2 years from
1 September 2013 to 1 September 2015. Children with
cancer had a higher average heart rate during training
sessions than their healthy peers. Table 5 also presents
maximal heart rate and respiratory exchange ratio
(RER) during VO2peak testing.

Physiological test results
Table 6 shows the statistics of the VO2peak at the
different time points, at diagnosis, at 3 and 6months
and 1 year after cessation of treatment, compared with
a healthy age- and gender-matched control. Children
with cancer had significantly lower VO2peak (mL/kg/
min) than age- and gender-matched controls sampled
from population reference data at every time point.
The difference in numbers in tables 4 and 6 is due to

the exclusion of brain and bone tumours and stem cell
transplantation (SCT). We excluded this group from
the comparative analysis.
Table 7 shows the statistics and development of the

physiological testing in children with cancer at diag-
nosis, 3 and 6months postbaseline and 1 year after
cessation of treatment. The analyses are adjusted for the
effect of diagnosis, gender and age, and the baseline
measurements are further adjusted for the time from
diagnosis to first measurement. Change scores and their
95%CIs are estimated.
Figure 1A–F shows the statistics and development of

the physiological testing in children with cancer at diag-
nosis, 3 and 6months postbaseline and 1 year after
cessation of treatment. The connecting lines indicate
the average development in physical performance
during treatment.

Table 3 Number of physiological tests conducted at different time points

At

diagnosis

(n=75)

Three months after

diagnosis

(n=68)

Six months after

diagnosis

(n=67)

One year after cessation of

treatment

(n=16)

VO2peak 19 (25.3%) 19 (27.4%) 19 (28.4%) 13 (81.3%)

Sit-to-stand 58 (77.3%) 50 (73.5%) 45 (67.2%) 14 (87.5%)

Timed Up-and-
Go

54 (72.0%) 48 (70.6%) 44 (65.7%) 15 (93.8%)

Balance 64 (85.3%) 52 (76.5%) 46 (68.7%) 15 (93.8%)

Grip strength 68 (90.7%) 55 (80.9%) 48 (70.6%) 15 (93.8%)

Table 4 Reasons for non-compliance to VO2peak test

Baseline Threemonths Sixmonths Cessation after 12months

Reasons n % n % n % n %

1 16 28.6 12 23.5 16 33.3 1 33.3

2 28 50.0 30 58.8 24 50.0 2 66.7

3 3 5.4 4 7.8 4 8.3 – –

4 3 5.4 3 5.9 4 8.3 – –

5 3 5.4 – – – – – –

6 3 5.4 2 3.9 – – – –

Total 56 – 49 – 48 – 3 –
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DISCUSSION
This study shows that it is safe and feasible to perform
strenuous physical exercise and comprehensive physio-
logical testing during treatment for paediatric cancer.
Cardiorespiratory fitness is significantly lower than
norms from age-matched healthy children at diagnosis,
during treatment and even 1 year after cessation of
treatment. A pronounced decline in physical capacity,
muscle strength and physical function is present
throughout the entire course of treatment and even
small improvements could be considered vital and be
the difference between living a normal everyday life and
a life in constant dependency on others.
The RESPECT study is based on experiences from

an unpublished pilot study, a theoretical framework,
and earlier intervention studies of children with
cancer. Reliable evidence on successful rehabilitation in
children with cancer is lacking and we believe that

RESPECT will contribute with novel relevant knowl-
edge about treatment and rehabilitation of children
with cancer and is probably also applicable to other
children hospitalised with long-term illness.

Feasibility and safety
All 75 children included in the RESPECT study took
part in the physical activity sessions (table 2). Three chil-
dren had no hospital admissions, but only a few
outpatient visits and did not take part in group training
sessions (table 2). Frequency and compliance mainly
differed depending on diagnosis, inpatient days and
level of side effects. There were no dropouts from the
intervention programme (table 2). Thus, every child
taking part in the intervention attended and completed
the physical exercise sessions until either cessation of
treatment or death.

Table 5 Relative intensity monitored by heart rate and respiratory exchange ratio (RER)

During group training sessions

Variable Group Mean 95%CI p Value

HRaverage (beats/min) Children with cancer (n=50) 145.3 141.7 148.9 <0.0001

Ambassador (n=47) 127.8 123.5 131.1

HRmax (bpm) Children with cancer (n=50) 185.2 180.8 189.5 0.0556

Ambassador (n=47) 178.9 174.3 183.6

During VO2peak test

Variable Group HRmax (median, bpm) RER (median)

VO2peak test Children with cancer 192 1.23

Table 6 VO2peak test results at different time points

Group n Median

25th

percentile

75th

percentile p Value Mean SD

Difference of

means

Diagnosis RESPECT 17 30.4 24.7 34.1 <0.0001 29.8 5.7 19.1 (15.4 to
22.7)

Matched
controls

85 49.7 43.7 54.6 48.9 7.1

3months RESPECT 19 27.7 23.9 29.7 <0.0001 27.3 6.3 21.0 (17.4 to
24.6)

Matched
controls

95 49.5 42.0 54.5 48.4 7.4

6months RESPECT 16 23.6 20.0 36.1 <0.0001 27.7 10.2 21.6 (17.3 to
25.8)

Matched
controls

80 49.9 43.8 54.8 49.2 7.3

Cess. +12months RESPECT 8 39.4 38.2 43.8 0.0072 40.6 4.7 6.9 (1.1 to 12.7)

Matched
controls

40 48.4 41.5 54.3 47.5 7.8
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We registered only five adverse events (table 2). This is
a low number of incidents and determines our precau-
tions, inclusion criteria and physical exercise and testing
as appropriate.
Fifteen of 75 children had restrictions in relation to

physiological testing based on a medical assessment
(table 2). These cases related primarily to brain and
bone tumours and SCT. We excluded this group from
the comparative analysis (table 6).
From August 2012 to January 2013, we conducted an

unpublished pilot study to test whether the components
of the main study were feasible. The pilot study focused
on the processes of the main study, safety measures,
intervention scheme and physiological assessments. The
pilot study indicated that we would be able to allocate two
suitable ambassadors to more than 95% of patients, and
that they will be able to cope with the challenges linked
to their participation. Subsequently, during the

intervention study, we have seen that it is possible to allo-
cate ambassadors for all children and that the
ambassadors were highly motivated for providing in-
hospital patient support during childhood cancer
therapy (table 2).27 28

Physical exercise and testing
Due to the wide heterogeneity of the group (table 1),
child-specific interests, individual aims and motivations
to be physically active (Thorsteinsson T, Schmiegelow K,
Andersen LB, et al. Classmates motivate childhood
cancer patients to participate in physical activity during
treatment: a qualitative study. European Journal of
Cancer Care, submitted.), designing a safe and accept-
able intervention with a high level of compliance
requires tailoring. Furthermore, the physical ability of
children with cancer fluctuates considerably and can
change rapidly from day-to-day and even from hour-to-
hour. To meet this challenge, the daily exercise sessions

Table 7 Shows the statistics and development of the physiological testing in children with cancer at diagnosis, 3 and
6months postbaseline and 1 year after cessation of treatment

Variables Time Mean 95%CI

Change from

diagnosis 95%CI

VO2peak (mL/kg/min) Diagnosis 32.1 27.5 36.7 –

3months 25.8 22.9 28.7 "6.3 "10.8 "1.8

6months 27.5 23.3 31.7 "4.6 "9.9 0.8

Cess. +12months 37.6 34.0 41.2 5.5 0.3 10.7

VO2peak (L/min) Diagnosis 1.4 1.1 1.6 –

3months 1.2 1.0 1.4 "0.2 "0.4 0.1

6months 1.4 1.1 1.7 0.0 "0.3 0.3

Cess. +12months 1.9 1.6 2.2 0.5 V0.2 0.8

STS (repetitions) Diagnosis 28.0 25.2 30.9 –

3months 22.7 20.2 25.2 "5.4 "8.2 "2.5

6months 23.9 21.1 26.7 "4.1 "7.6 "0.7

Cess. +12months 29.5 26.3 32.7 1.5 "2.3 5.2

Timed-up-and-Go (time) Diagnosis 3.7 3.4 4 –

3months 4.5 4.2 4.8 0.8 0.4 1.2

6months 4.5 4.1 4.8 0.8 0.3 1.2

Cess. +12months 3.5 3.2 3.7 "0.2 "0.6 0.2

Grip strength left hand Diagnosis 19.7 17.6 21.8 –

3months 17.3 15.3 19.3 "2.4 "4.2 "0.5

6months 18.0 15.9 20.1 "1.7 "4.0 0.5

Cess. +12months 23.6 21.0 26.3 V3.9 1.1 6.8

Grip strength right hand Diagnosis 21.5 19.1 23.8 –

3months 19.0 17.0 20.9 "2.5 "4.5 "0.4

6months 20.7 18.4 23.1 "0.8 "3.3 1.8

Cess. +12months 25.9 23.4 28.5 4.5 1.5 7.4
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were tailored to each child’s needs, age, gender, side
effects, capabilities, fitness level, level of activity prediag-
nosis and support from their social network. Social and
mental skills training were performed when the child
with cancer was not able to perform physical exercise as
well as during exercise sessions and social sessions.
Supplementary file 1 outlines the exercises primarily
used in the physical training programme. The focus was
on stability/balance, mobility, strength (resistance) and
cardiorespiratory fitness. Several of the exercises affect
more than one focus area. The feasibility of the test
battery improved as we identified various challenges.
The TUG, Flamingo balance, STS and Grip strength

tests were easily implemented and could be carried out
at the ward in the patient’s room in approximately
10min and compliance was acceptable (table 3). The
VO2peak test needed flexible access to test equipment,
which were not available at the beginning of the study.
Moreover, the window of opportunity to test children
with cancer is very small due to their fluctuating well-
being, low blood counts and need for medical proce-
dures. Consequently, we purchased our own portable
equipment, which led to an increase in the number of
VO2peak tests performed due to greater flexibility and
access. As expected, compliance was low in the number
of VO2peak tests performed in contrast to the other test,

Figure 1 (A) VO2peak (mL/kg/min), (B): VO2peak (L/min), (C) Sit-to-Stand (repetitions, n), (D) Timed-up-and-Go (time, s) and (E,F)
Grip strength (kg).
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and there seems to be an association between the
number of tests performed and the length and intensity
of the test (table 3). Furthermore, it seems like the
decline in physical capacity and strength and conse-
quently reduced physical function during treatment
affects the completion rate of physical tests (table 3).
The reasons for not performing the test were mainly
severe treatment side effects, medical procedures or
medical restrictions (table 4). Reasons for better compli-
ance in TUG, Flamingo balance, STS and Grip strength
tests were primarily the reduced length and intensity of
the test, easier to complete despite pain and discomfort,
fewer restrictions and physically and mentally less
demanding. Future interventions should possibly also
include a submaximal VO2 test to enhance the number
of tests performed, even though we believe the current
VO2peak test shows novel and interesting results.
We excluded the modified flamingo balance test in

this study, because the results varied widely. We also
excluded the modified Andersen test from the test
battery, as we learnt it was not compatible in children
with cancer and could not produce a fitness rating
similar to the VO2peak test, probably because of our
small modification as well as the test has not been vali-
dated in a group with such low performance scores.

Intensity during physical exercise sessions
During group training sessions, we monitored the
children’s heart rate and found it to be very high even
during low-intensity exercise (table 5). Children with
cancer had a higher average heart rate during training
sessions than their peers. Whether this is due to
increased metabolism (increased cell division), poor
fitness, physical and/or mental stress, severe illness, low
blood counts or severe treatment is unknown. We
believe it is mainly due to the poor fitness, but this
should be investigated further. This implicates that
children with cancer may have severe challenges
during everyday activities, such as walking and running
and other movements which are typical for children
and require aerobe capacity.

Physical capacity and functionality
The comprehensive monitoring shows that cardiore-
spiratory fitness is already significantly lower in
children with cancer at diagnosis when compared
with healthy children (table 6). Physiological test
results at diagnosis correlate well with the results
from Ness et al

29 and are a strong advocate for early
rehabilitation. Starting rehabilitation at diagnosis is
pivotal to preserve physical function and prediagnosis
habits. The pronounced decline in physical capacity,
muscle strength and physical function is present
throughout the entire course of treatment (table 7,
figure 1A–F). Even at a moderate level of exercise
(eg, short walks and other low-intensity activities at
moderate pace), heart rate quickly rose above 170
bpm. As a consequence, children with cancer were

often only capable of doing exercise or everyday
activity in very short intervals, even though the abso-
lute workload normally would be considered low-to-
moderate. Accordingly, due to decreased physical
fitness of these children, simple everyday activities
should be considered so strenuous that they are
equivalent to moderate to intense physical training.
An earlier study showed that regular everyday phys-
ical exercise, such as cycling to school, constitutes
physical activity that has positive effects even in
healthy children.30 As mentioned earlier, reducing
the daily activity level is associated with negative
metabolic consequences. A study by Olsen et al

31

assessed metabolic changes when reducing daily steps
and found that young healthy men developed meta-
bolic changes indicative of decreased insulin
sensitivity, attenuation of postprandial lipid metabo-
lism and physical changes suggesting that calories
used to maintain muscle mass with greater stepping
may have been partitioned to visceral fat. As a result,
if children with cancer are capable of maintaining an
as normal as possible activity level, this actually
constitutes moderate- to high-intensity physical
activity and may be beneficial for a range of health
outcomes.
We have presented cardiorespiratory fitness as a

general fitness level and as absolute oxygen uptake
because the weight component is essential. Children
with cancer often experience a big weight gain during
treatment.32 Some children with cancer are able to
maintain or improve their level of VO2peak (L/min)
from diagnosis to 3 and 6 months after diagnosis, with
only their weight is altering. To validate the VO2peak

test, we looked at median heart rate and RER. We
observed that the median heart rate was 192 bpm and
that the median RER was 1.23, which shows the same
development in heart rate during testing as in healthy
children; accordingly we have high validity of the VO2

peak testing (table 5).
As shown in table 7 and figure 1, muscle strength

and physical function were declined at diagnosis (table
7, figure 1C– F), which is in agreement with the results
from Ness et al

29 A highly sedentary lifestyle and
everyday life with a serious illness and associated side
effects cause a further drastic decline in muscle
strength, physical function and balance. STS, balance
and TUG performance indicate whether or not a
person is fit to move around without any restrictions or
special needs and participate in normal everyday activi-
ties (eg, climbing stairs, moving from one place to
another) whether at home or at school. Grip strength
measurement by dynamometry is well standardised,
and grip strength correlates with a number of impor-
tant life functions (eg, self-care, carrying bags, doing
homework, opening doors and bottles, etc).33 To our
knowledge there are no norms in healthy children in
the STS and TUG test.
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PERSPECTIVES AND CONCLUSION
This study shows that it is safe and feasible to perform
strenuous physical exercise and testing during paedi-
atric cancer treatment and that children with cancer
have a significantly lower cardiorespiratory fitness than
healthy age-matched norms even 1 year after cessation
of treatment. A pronounced decline in muscle strength
and physical function is present throughout treatment.
These results reveal that there is a need to re-think reha-
bilitation in children diagnosed and treated for cancer.
Comprehensive professional and psychosocial support,
enhancing social and physical activity is a new and
highly recommended way forward. The present results
can be transferred to a different or similar context and
setting relating to rehabilitation of children hospitalised
with and burdened by long-term illnesses.
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