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BACKGROUND: This randomised controlled trial (RCT) assessed the effect of a 1-year, partially supervised, physical activity (PA)
intervention on a cardiovascular disease (CVD) risk score in adult survivors of childhood cancer.
METHODS: We included childhood cancer survivors ≥16 y at enrolment, <16 y at diagnosis and ≥5 y in remission. The intervention
group was asked to perform an additional ≥2.5 h of intense physical activity/week, controls continued exercise as usual;
assessments were performed at baseline, 6 months (T6) and 12 months (T12). The primary endpoint was change in a CVD risk score
(average z-score of waist circumference, blood pressure, fasting glucose, inverted high-density lipoprotein cholesterol, triglycerides,
and inverted cardiorespiratory fitness) from baseline to T12. We performed intention-to-treat (ITT, primary) and 3 per protocol
analyses.
RESULTS:We randomised 151 survivors (44% females, 30.4 ± 8.6 years). We found a significant and robust reduction of the CVD risk
score in the intervention compared to the control group at T6 and T12 across all analyses; with a difference in the reduction of the
CVD risk z-score of −0.18 (95% confidence interval −0.29 to −0.06, P= 0.003) at T12 in favour of the intervention group (ITT
analysis).
CONCLUSIONS: This RCT showed that a long-term PA intervention can reduce CVD risk in long-term survivors of childhood cancer.
TRIAL REGISTRATION: Clinicaltrials.gov: NCT02730767.

British Journal of Cancer (2023) 129:1284–1297; https://doi.org/10.1038/s41416-023-02410-y

INTRODUCTION
Five-year survival rates of childhood cancer have improved
drastically, exceeding 80% [1]. This has led to a growing
population of childhood cancer survivors (CCS) at risk of late
effects [2]; where an estimated 96% suffer from a chronic health
condition and 81% from a serious or life-threatening disease by
age 45 [3]. Cardiovascular diseases (CVD) are amongst the most
frequent late effects in CCS with a sevenfold increased risk for
cardiac mortality compared to the general population [4, 5]. Other
late effects include obesity and metabolic syndrome [6, 7],
reduced physical fitness [2], second cancers [8], reduced bone
mineral density [9], and psychological challenges [10, 11], all
compromising health-related quality of life [12, 13].
Fortunately, most of these conditions are potentially responsive

to physical activity (PA) interventions, as shown in the general
population and adult cancer survivors [14–23]. However, the
literature suggests that CCS may respond differently to exercise

and might not experience the same benefits than healthy
populations [24]. For example, exposure to anthracyclines and
radiation to the heart can lead to abnormal hypertrophic response
to exercise and interfere with cardiac and vascular adaptive
mechanisms [24]. Results from interventional and observational
studies in CCS suggest a positive effect of PA on cardiorespiratory
fitness, muscle strength, fatigue and body composition [25–30].
However, evidence is hampered by a lack of large, high-quality
randomised controlled trials (RCTs) [31, 32]. Results from 22 RCTs
with PA interventions on various childhood cancer populations
have been published [33–54], of which 10 [40–49] were during
cancer treatment and the remaining 12 [33–39, 50–54] included
mostly short-term survivors [34–39, 51–54], only one included
adult participants [50], and none of them investigated the effect of
regular PA on cardiovascular health [29, 31].
PA behaviour is difficult to change due to perceived barriers

such as lack of time or motivation, tiredness, low physical fitness,
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physical limitations or overprotection [55–57]. Multi-component
interventions including motivational interviews, personal counsel-
ling, activity plans, and regular feedback were found to be
effective strategies to increase PA [58–61]. There is, however, a
lack of evidence for strategies to promote PA among CCS [31].

Thus, the overall aim of the current RCT was to investigate the
effect of a partially supervised, personalised, 1-year PA interven-
tion, on cardiovascular health (CVD risk score) in long-term
survivors of childhood cancer. Secondary endpoints included
single CVD risk factors, physical fitness and PA.

Eligible from the Swiss Childhood Cancer Registrya

(N = 1450)

Excluded (n = 608)

Excluded (n = 700)

No valid contact data (n = 102)

Not meeting inclusion criteria (n = 92)

No answer (n = 233)

No interest (n = 61)

Other (n = 25)

Allocated to control group (n = 75)
Allocated to intervention group (n = 76)

Randomised (n = 151)

Allocation

Enrolment

3 Mo follow-up

6 Mo follow-up

12 Mo follow-up

Analysis

Received allocated intervention (n = 75)
Received allocated intervention (n = 76)

Drop-out after baseline assessment (n = 2)

Unstable clinical state (n = 1)

Study is too much (n = 1)

Study is too much (n = 1)

Study is too much (n = 1)

Study is too much (n = 4)

Drop-out (n = 1)

Drop-out (n = 1)

Drop-out (n = 2)Drop-out (n = 3)

Drop-out (n = 3)

Drop-out (n = 7)

Unstable psychological state (n = 2)

Lost to follow-up (n = 3)

Lost to follow-up (n = 2)

Relapse of cancer (n = 1)

Pregnancy (n = 1)

Pregnancy (n = 1)

Analysed (n = 75)

Included in ITT analysis (n = 75)

Included in PP1 analysis (n = 76d)

Included in PP3 analysis (n = 47)

Included in PP2 analysis (n = 47)

Analysed (n = 76)

Included in ITT analysis (n = 76)

Included in PP1 analysis (n = 36)

Included in PP3 analysis (n = 40)

Included in PP2 analysis (n = 35)

Moved abroad (n = 1)

Don’t want to change PA (n = 34)

No time (n = 151)

Participation declined (n = 271)

Living abroad (n = 167)

Recruitment stoppedb (n = 339)

Recruitment stoppedc (n = 104)

Invited for study participation (n = 842)

Survivors learned about SURfit and actively
asked to participate (n = 9)
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METHODS
Trial design
The SURfit study (clinicaltrials.gov: NCT02730767) is a registry-based,
single-centre, parallel-arm, 1:1 superiority RCT in adolescent and adult
survivors of childhood cancer in Switzerland, performed 2015–2019. A
detailed description of the methodology is available in the eMethods of
the Online Appendix and published study protocol [62]. There were no
changes to the design after trial initiation. The study was approved by the
Ethics Committee of Northwestern and Central Switzerland (EKNZ-2015-
169) and all participants gave written informed consent.

Study population
We included CCS diagnosed according to the International Classification of
Childhood Cancer (ICCC-3) [63] or Langerhans Cell Histiocytosis, treated at
a Swiss Pediatric Oncology Group clinic, aged ≥16 y at enrolment, <16 y at
diagnosis and ≥5 y since the last cancer event (first cancer diagnosis or
potential relapse(s) or second cancer(s), whatever came last). Eligible
participants were identified through the Swiss Childhood Cancer Registry
(SCCR) [64]. Eligible participants who reported >4 h of intense physical
activities per week at baseline were excluded, because adding the target
PA of our intervention on top of that might not be beneficial and difficult
to implement. We aimed to include a general population of childhood
cancer survivors to increase external validity of this preventive trial.
Participants and non-participants did not differ by demographic and
cancer-related characteristics available from the SCCR [65].

Study outcomes
The current publication reports the pre-specified primary endpoint and
secondary endpoints related to CVD, physical fitness and PA. Bone health
and psychosocial health outcomes are reported in additional publications
[66], as specified in the protocol and clinicaltrials.gov [62]. eTable 1 in the
Online Appendix describes all outcomes reported in this paper and any
changes after trial commencement. Outcome alterations were adopted
before calculating study results and derived outcomes were pre-defined in
the statistical analysis plan (SAP) [67].
Our primary outcome was change in a composite CVD risk score [68]

from baseline to 12 months post-randomisation, calculated by averaging
z-scores of waist circumference (cm), systolic blood pressure (mmHg),
diastolic blood pressure (mmHg), fasting glucose (mmol/l), inverted high-
density lipoprotein (HDL) cholesterol (mmol/l), triglycerides (mmol/l) and
inverted cardiorespiratory fitness (absolute peak performance, watt).
Scores with <3 components available were set as missing (only one
person at T6 had <3 components; at baseline, n= 140 had 7 components,
n= 5 had 6 components, n= 4 had 5 components and n= 1 had 4 and 3
components, respectively). Z-scores were calculated based on age- and
sex-stratified reference values [69, 70]. We chose a composite score
because we expected prevalence of single CVD risk factors or manifest
diseases to be low in a young population of CCS. A longitudinal study
showed that a clustered CVD risk score in adolescents predicted metabolic
syndrome in adulthood [71] and was sensitive to change by a PA
intervention in youth [72].
Secondary outcomes were change in the CVD risk score from baseline to

6 months, and changes from baseline to 6 (if available) and 12 months for
waist circumference, systolic and diastolic blood pressure, fasting glucose,
HbA1c, insulin resistance based on an oral glucose tolerance test (oGTT),
HDL cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides,
body mass index (BMI), absolute and relative body fat mass (dual-energy
X-ray absorptiometry (DXA)), absolute and relative peak performance
(cardiopulmonary exercise test (CPET)), hand grip strength (hand grip
dynamometer), leg strength and endurance (1-min sit-to-stand (STS) test),
total PA, moderate-to-vigorous physical activities (MVPA), sedentary time

(all from accelerometer) and the number of steps per day (pedometer;
eTable 1 in Online Appendix). Dichotomised outcomes were calculated
where standardised cut-offs existed (eTable 1 in Online Appendix).

Assessments
The current study used data collected at baseline (T0), 6 (T6) and 12 (T12)
months post-randomisation at the University Children’s Hospital Basel by
trained study nurses, exercise scientists or medical doctors [62, 65].
Participants were clinically examined, performed a CPET and strength test,
gave fasting blood samples and wore an accelerometer and pedometer for
1–2 weeks at all time points. In addition, oGTT and DXA assessments were
performed at T0 and T12. See eMethods in the Online Appendix for a
detailed description of assessments.

Covariates, baseline demographics and safety
We collected sex, age, and cancer-related characteristics from medical
records (eMethods in Online Appendix) [65]. We recorded any adverse
events (AE) at each time point, and classified them according to the
Common Terminology Criteria for Adverse Events (CTCAE) 4th edition [73].

Randomisation and sample size
A 1-year PA intervention in children and adolescents found a 14%
reduction in the same CVD risk score used in our study [72]. We therefore
required 60 survivors in each arm to detect a 15% difference between
intervention and control group at T12 (power= 0.80, α= 0.05) [62]. An
external and independent collaborator used a web-based minimisation
randomisation (www.randomizer.at) for the 1:1 allocation, stratified by sex
and initial cancer diagnosis (leukaemia/lymphoma; CNS tumours; bone
tumours/soft tissue sarcomas; other diagnoses).

Blinding
It was not possible to blind study participants, project physiotherapists,
project physicians and some assessors. Other members of the project team
were blinded for group allocation, i.e., those performing DXA, CPET, blood
analysis, database quality check and statistical analysis. The SAP was
written before unblinding of the data.

Intervention and control conditions
The 12-month intervention aimed at adding ≥2.5 h of intense PA/week,
whereof 30min strength building and 2 h of aerobic exercises (more detailed
description in eMethods of the Online Appendix). Intense PA was defined for
the participants as activities that lead to increased breathing, sweating, and
markedly increased heart rate, where one can only talk in short sentences.
The SURfit PA intervention was detailed in a standard operating procedure
(SOP) and the coaches (hospital physiotherapists) were trained prior to the
study start by a sports physician. At baseline, the responsible coach received
a report from the study physician on relevant medical information about the
survivor, assessed the current PA level and activities together with the
survivor and performed a motivational interview to assess preferences,
motivation and barriers towards PA (original forms used in chapter 5 of the
Online Appendix) [62]. Participants were informed about their target training
heart rate and target PA hours per week (current level+2.5 h) and received a
personal PA plan implemented into e normal week. Types of activities were
individualised based on the participant’s preferences, weekly schedule, and
environment. Motivational tools included regular contact with the coach
(face-to-face at 0, 3, 6 and 12 months, phone calls at 1, 2, 4, 5, 8 and
10 months), a pedometer, and a daily self-administered web-based activity
diary. Participants were reminded weekly if diary entries were missing.
Control group participants were asked to keep their activity levels constant

Fig. 1 Flow diagram of the SURfit study. This figure shows the flow diagram of the SURfit study participants from those identified in the
Swiss Childhood Cancer Registry to those included in the analysis. ITT intention-to-treat, Mo months, n number, PA physical activity, PP1 per
protocol analysis 1 (assumed allocation to intervention and control group, independent of original randomisation), PP2 per protocol analysis 2
(including compliant participants based on reported compliance with missing data set to 0), PP3 per protocol analysis 3 (including compliant
participants based on reported compliance with missing data set to the yearly mean). Footnotes: aEligible survivors were identified in the
population-based Swiss Childhood Cancer Registry. bAt some point, recruitment was stopped because of participant saturation. cParticipants
who received an initial invitation were no longer followed-up by phone because of participant saturation. dThis group includes more
participants than originally randomised because we re-allocated participants based on assumed compliance independent of the initial
randomisation (see “Methods” section for a detailed description of the different per protocol group allocations).
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(no PA recommendations) which reflects the current standard of care during
follow-up care in Switzerland.
Compliance to the intervention/control group was pre-defined as: (a)

assumed compliance allocating those with ≥5% increase in peak
performance (watt by CPET) from T0–T12 to the intervention group and
those with <5% increase to the control group, independent of original
allocation (per protocol allocation 1, PP1); (b) reported compliance
including only intervention group participants who reached ≥2/3 of their

intense PA goal based on daily web-diary entries with missing days set as
zero PA (per protocol allocation 2, PP2); (c) same as (b) but missing days
imputed with the participant’s yearly mean PA (per protocol allocation 3,
PP3). For both reported compliance protocols (b and c), control group
participants reporting ≤30min increase in weekly intense PA based on
interviews at baseline and T12 were included (= compliant controls).

Statistical analysis
Statistical analyses were pre-specified in the SAP [67] and performed in
STATA v17; P < 0.05 was considered statistically significant. Analyses were
performed on intention-to-treat allocation (as randomised, ITT) and three
per protocol allocations (PP1, PP2, PP3). In addition, a PA dose variable was
generated based on the proportion of personal activity goal reached,
divided into <50%, 50–99% and ≥100%. Compliant controls were set to
0%, non-compliant controls were excluded.
Treatment effects on continuous outcomes, were estimated using

generalised linear mixed models (GLMM) with random intercept and slope,
treatment-time interaction, and adjusted for sex, initial cancer diagnosis
and baseline value of the respective outcome, for each of the above-
mentioned group allocations (ITT, PP1, PP2, PP3). Participants with valid
baseline values of the respective outcome were included in the analysis
(no missing baseline information for the primary CVD risk score) and
missing follow-up values were imputed by the mixed model. We report
marginal mean changes with 95% confidence intervals (95% CI) from
baseline to T6 (if available) and T12 (derived by the delta method). The
primary effect estimate was pre-defined as difference between interven-
tion and control group in the CVD risk score marginal mean change from
the GLMM at T12 using ITT allocation [67]. Because of small numbers in the
binary outcomes, we only present them descriptively.
Additional dose–response analysis was performed on all continuous

outcomes using multivariable linear regression models, adjusted for age,
sex and initial cancer diagnosis, including only complete cases. Outcomes
were difference from T0–T12 in each variable, exposure was the PA dose
variable.
We performed a post hoc subgroup analysis on the primary CVD risk

score with ITT allocation to investigate whether the intervention effect
differed for participants who received versus not received anthracyclines
as part of their cancer therapy. This was done by adding anthracyclines
(yes/no) to the interaction term in the GLMM described for the primary
analysis.
Treatment emerging AEs are reported descriptively by ITT group

allocation.

RESULTS
Study population
Of 1450 eligible survivors identified in the SCCR, 842 were invited
and 151 randomised (18% of 842 invited; 76 intervention, 75
control; Fig. 1). Baseline characteristics were balanced between
arms (Table 1). A total of 19 participants dropped out of the study
(13 intervention, 6 control). Models to estimate treatment effect
on the primary outcome included 151 participants for the ITT
allocation (75 control, 76 intervention), 112 for PP1 (76 assumed
control, 36 assumed intervention), 82 for PP2 (47 compliant
control, 35 compliant intervention) and 87 for PP3 (47 compliant
control, 40 compliant intervention; eTable 2 in Online Appendix).

Compliance to PA intervention
Seventeen (23%) participants reached ≥100% of their personalised
goal (+2.5 h/week), 35 (48%) were considered compliant (≥2/3 of
individual goal reached) with missing diary entries set to zero PA
and 40 (53%) with missing entries set to the annual PA mean. On
average, 16% of all intervention days had missing PA entries.

Primary outcome
Mean CVD z-score at T0, T6 and T12 was 0.4 (SD= 0.8), 0.4
(SD= 0.9) and 0.3 (SD= 0.8), respectively, for the control group
(Table 2), and changed from 0.6 (SD= 0.7) to 0.5 (SD= 0.8) and 0.4
(SD= 0.9) for the intervention group. eTables 3–5 in the Online
Appendix show similar results for the 3 per protocol allocations.
Individual trajectories showed some variability, but generally little

Table 1. Baseline characteristics of participants by study arm, the
SURfit study (N= 151).

Control
group

Intervention
group

(N= 75) (N= 76)

Age at baseline, mean years (SD) 29.3 (8.7) 31.5 (8.3)

Sex

Male 42 (56%) 43 (57%)

Female 33 (44%) 33 (43%)

Diagnosis

Leukaemias 31 (41%) 24 (32%)

Lymphomas 14 (19%) 18 (24%)

CNS tumours 6 (8%) 11 (14%)

Bone tumours & soft tissue
sarcomas

6 (8%) 10 (13%)

Other tumoursa 18 (24%) 13 (17%)

Age at first diagnosis, mean years
(SD)

7.3 (4.6) 7.6 (5.1)

Time since first diagnosis, mean
years (SD)

22.0 (9.2) 24.0 (8.6)

Relapse of primary cancer 6 (8%) 8 (11%)

Subsequent primary cancer 3 (4%) 4 (5%)

Received surgery

No surgery 35 (47%) 30 (39%)

1 surgery 30 (40%) 36 (47%)

≥2 surgeries 10 (13%) 10 (13%)

Received chemotherapy 67 (89%) 69 (91%)

Received anthracyclines 51 (68%) 45 (59%)

Total cumulative dose (mg/m2),
mean (SD)b

193.9
(97.8)

191.7 (89.3)

Received steroids 45 (60%) 42 (55%)

Total cumulative dose (mg/m2),
mean (SD)

4442.5
(3171.9)

4045.8 (3431.1)

Received radiotherapy

No radiotherapy 45 (60%) 45 (59%)

Total body irradiation 2 (3%) 3 (4%)

Cranial radiotherapy 15 (20%) 12 (16%)

Abdominal radiotherapy 7 (9%) 5 (7%)

Other location 6 (8%) 11 (14%)

Received cranial irradiation ≥24 Gy 10 (13%) 10 (13%)

Received stem cell transplantation 4 (5%) 5 (7%)

CNS central nervous system, Gy grey, N/n number, SD standard deviation.
There was no missing information for all baseline characteristics, except 4
participants who received steroids had missing information on cumulative
steroid dose (3 participants of the control group and 1 participant of the
intervention group).
aOther tumours included: neuroblastoma (n= 6), retinoblastoma (n= 4),
renal tumours (n= 8), hepatic tumours (n= 1), germ cell tumours (n= 3),
other and unspecified malignant neoplasms (n= 2), Langerhans cell
histiocytosis (n= 7).
bDoxorubicin isotoxic equivalent dose.
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Table 2. Description of all outcomes by study time point and randomised group allocation (ITT).

Control group Intervention group

Baseline 6 months 12 months Baseline 6 months 12 months
(N= 75) (N= 71) (N= 70) (N= 76) (N= 66) (N= 63)

Continuous study outcomes

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

CVD risk score (z-score), primary outcome 0.4 (0.8) 0.4 (0.9) 0.3 (0.8) 0.6 (0.7) 0.5 (0.8) 0.4 (0.9)

Na 75 70 70 76 66 63

Waist circumference (cm) 82.7 (12.7) 83.4 (12.8) 82.7 (11.7) 84.1 (11.9) 83.5 (11.8) 83.9 (12.2)

N 74 70 69 76 65 63

Systolic BP (mmHg) 120.7 (15.2) 116.1 (14.8) 114.9 (14.2) 123.1 (15.2) 118.4 (15.4) 116.9 (14.3)

N 75 70 70 76 66 63

Diastolic BP (mmHg) 72.8 (10.0) 69.9 (9.3) 71.1 (9.2) 77.2 (9.9) 74.5 (10.4) 74.1 (10.6)

N 75 70 70 76 66 63

Fasting glucose (mmol/l) 4.7 (0.8) 4.7 (1.0) 4.6 (0.4) 4.7 (0.4) 4.8 (0.6) 4.8 (0.9)

N 69 65 66 73 57 61

HDL cholesterol (mmol/l) 1.5 (0.4) 1.6 (0.4) 1.6 (0.4) 1.4 (0.3) 1.5 (0.4) 1.5 (0.4)

N 73 68 69 76 64 62

Triglycerides (mmol/l) 1.1 (0.5) 1.3 (1.4) 1.3 (1.5) 1.4 (1.0) 1.3 (1.2) 1.3 (1.2)

N 72 68 67 74 63 61

Absolute peak power (Watt) 188.6 (46.3) 186.7 (51.6) 186.3 (49.3) 187.4 (50.7) 194.7 (54.5) 194.0 (52.7)

N 74 68 69 76 63 60

HbA1c (%) 5.2 (0.6) 5.2 (0.6) 5.2 (0.4) 5.2 (0.4) 5.3 (0.5) 5.3 (0.6)

N 72 64 66 73 57 61

Glucose, 2 h oGTTb (mmol/l) 4.6 (1.5) na 4.4 (1.2) 5.0 (1.5) na 4.9 (1.5)

N 66 65 71 59

Glucose change, 0 to 2 h oGTTb (mmol/l) 0.1 (1.5) na -0.3 (1.2) 0.3 (1.4) na 0.2 (1.3)

N 66 64 71 59

LDL cholesterol (mmol/l) 2.5 (0.9) 2.7 (0.9) 2.6 (0.9) 2.6 (0.8) 2.6 (0.8) 2.6 (0.8)

N 72 68 69 75 63 60

BMI (kg/m2) 23.7 (4.0) 23.7 (4.2) 23.6 (3.8) 24.4 (4.3) 24.2 (3.9) 24.4 (4.1)

N 75 70 70 76 66 63

Total body fat mass (kg)b 21.9 (6.8) na 22.0 (7.2) 22.6 (6.6) na 22.5 (7.1)

N 73 68 74 61

Total body fat proportion (%)b 31.0 (7.4) na 30.9 (7.3) 31.4 (6.4) na 30.8 (6.4)

N 73 68 74 61

% predicted abs. peak power 70.1 (14.8) 70.4 (16.0) 69.7 (15.5) 70.0 (15.9) 72.8 (17.3) 72.4 (17.3)

N 74 68 69 76 63 60

Relative peak power (Watt/kg) 2.8 (0.7) 2.7 (0.7) 2.7 (0.7) 2.7 (0.6) 2.8 (0.7) 2.7 (0.6)

N 74 68 69 76 63 60

% predicted rel. peak power 77.5 (18.9) 78.0 (19.6) 77.5 (19.9) 75.8 (15.5) 79.1 (18.4) 78.1 (17.1)

N 74 68 69 76 63 60

Grip strength dominant (kg) 42.2 (12.8) 43.1 (12.6) 42.6 (12.5) 43.3 (11.9) 43.9 (12.8) 45.0 (12.4)

N 73 69 70 75 66 63

Grip strength non-dominant (kg) 39.0 (12.1) 39.8 (11.8) 40.5 (11.8) 39.7 (12.2) 40.7 (12.4) 40.7 (12.1)

N 73 69 70 75 66 63

Repetitions 1-min STS 49.9 (13.8) 52.9 (14.4) 54.9 (14.5) 49.8 (11.2) 56.2 (11.8) 58.0 (12.1)

N 75 70 69 76 66 62

Overall counts per minute 416.1 (128.0) 404.7 (123.6) 405.9 (129.4) 386.9 (139.2) 400.1 (138.2) 375.2 (127.2)

N 72 68 67 75 63 62

Time in MVPA (min/day) 43.4 (20.1) 42.1 (21.9) 42.1 (21.1) 38.4 (20.2) 38.0 (19.2) 36.1 (16.9)

N 72 68 67 75 63 62

Time sedentary (min/day) 530.5 (71.4) 523.0 (80.5) 525.5 (76.7) 532.5 (92.3) 514.6 (79.3) 537.1 (79.8)

N 72 68 67 75 63 62

Average steps/day 7637.5
(2685.3)

7386.7
(2996.9)

7437.0
(3030.2)

7343.2
(2543.7)

7705.3
(2724.8)

6903.3 (2771.3)
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Table 2. continued

Control group Intervention group

Baseline 6 months 12 months Baseline 6 months 12 months
(N= 75) (N= 71) (N= 70) (N= 76) (N= 66) (N= 63)

N 71 69 69 74 62 59

Average aerobic steps/day 1471.9
(1397.4)

1427.8
(1784.6)

1358.8
(1347.4)

1272.0
(1243.7)

1656.5
(1516.0)

1170.3 (1040.6)

N 71 69 69 74 62 59

Binary study outcomesc

N (%) N (%) N (%) N (%) N (%) N (%)

CVD risk

Normal CVD risk 61 (81%) 60 (86%) 62 (89%) 54 (71%) 52 (79%) 49 (78%)

Elevated CVD risk (z-score ≥1) 14 (19%) 10 (14%) 8 (11%) 22 (29%) 14 (21%) 14 (22%)

Waist circumference

Normal 58 (78%) 51 (73%) 52 (75%) 50 (66%) 44 (68%) 45 (71%)

High (≥ 94 cm in male, ≥80 cm in female) 16 (22%) 19 (27%) 17 (25%) 26 (34%) 21 (32%) 18 (29%)

Blood pressure

Normotensive 55 (73%) 58 (83%) 59 (84%) 50 (66%) 45 (68%) 52 (83%)

Hypertensive (≥130 systolic and/or ≥85
diastolic bp)

20 (27%) 12 (17%) 11 (16%) 26 (34%) 21 (32%) 11 (17%)

Fasting glucose

Normal 68 (97%) 63 (95%) 68 (99%) 72 (97%) 54 (95%) 59 (95%)

Elevated (≥5.6 mmol/l) 2 (3%) 3 (5%) 1 (1%) 2 (3%) 3 (5%) 3 (5%)

HbA1c

Normal 69 (96%) 60 (94%) 60 (91%) 69 (95%) 54 (95%) 53 (87%)

Elevated (≥5.7%) 3 (4%) 4 (6%) 6 (9%) 4 (5%) 3 (5%) 8 (13%)

Insulin resistance (oGTT)b

No 63 (95%) na 64 (98%) 68 (96%) na 56 (95%)

Yes (glucose ≥7.8 mmol/l at 2 h of oGTT) 3 (5%) na 1 (2%) 3 (4%) na 3 (5%)

HDL cholesterol

Normal 64 (88%) 57 (84%) 58 (84%) 63 (83%) 56 (88%) 53 (85%)

Low (< 1.03 mmol/L in male, <1.30 mmol/L in
female)

9 (12%) 11 (16%) 11 (16%) 13 (17%) 8 (13%) 9 (15%)

LDL cholesterol

Normal 70 (97%) 65 (96%) 67 (97%) 75 (100%) 62 (98%) 60 (100%)

Elevated (≥4.9 mmol/l) 2 (3%) 3 (4%) 2 (3%) 0 (0%) 1 (2%) 0 (0%)

Triglycerides

Normal 64 (89%) 57 (84%) 60 (90%) 58 (78%) 52 (83%) 51 (84%)

Elevated (≥1.7 mmol/L) 8 (11%) 11 (16%) 7 (10%) 16 (22%) 11 (17%) 10 (16%)

BMI

BMI < 25 kg/m2 55 (73%) 56 (80%) 52 (74%) 45 (59%) 40 (61%) 36 (57%)

BMI ≥ 25 kg/m2 20 (27%) 14 (20%) 18 (26%) 31 (41%) 26 (39%) 27 (43%)

Total body fat proportionb

Normal 56 (77%) na 53 (78%) 69 (93%) na 54 (89%)

High (≥20% in male, ≥33% in female) 17 (23%) na 15 (22%) 5 (7%) na 7 (11%)

Reaching CDC recommendations

<150 min MVPA/week 9 (13%) 12 (18%) 13 (19%) 13 (17%) 13 (21%) 11 (18%)

≥150 min MVPA/week 63 (88%) 56 (82%) 54 (81%) 62 (83%) 50 (79%) 51 (82%)

Total steps/day

<10,000 steps/day 55 (77%) 59 (86%) 58 (84%) 62 (84%) 47 (76%) 50 (85%)

≥10,000 steps/day 16 (23%) 10 (14%) 11 (16%) 12 (16%) 15 (24%) 9 (15%)

abs. absolute, BP blood pressure, CDC Centres for Disease Control and Prevention, CVD cardiovascular disease, HbA1c glycosylated haemoglobin, HDL high-
density lipoprotein, ITT intention-to-treat, LDL low-density lipoprotein, MVPA moderate-to-vigorous physical activities, n/N number, na not available, oGTT oral
glucose tolerance test, rel. relative, SD standard deviation, STS sit-to-stand.
The bold texts cover the variables that were part of the primary CVD risk score.
aNumber of participants with information on the specific outcome at the specific time point (N non-missing).
boGTT and body composition measured by dual-energy X-ray absorptiometry was not performed at time point 6 months.
cColumn proportions were calculated based on available numbers for each variable.
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change in controls and a decreasing trend in the intervention
group (eFigure 1 in Online Appendix). We found a robust and
significant effect of our intervention in the ITT and all per protocol
analyses, showing a larger decrease in the composite CVD risk
score in the intervention compared to the control group at T6 and
T12 (Fig. 2 and Table 3). Our primary effect estimate showed a
larger decrease in the CVD risk score at T12 of −0.18 z-scores (95%
CI −0.29 to −0.06, P= 0.003) comparing the intervention to
control group (Table 3). Proportion of participants with elevated
CVD risk (z-score ≥1) decreased in both intervention and control
participants from T0–T12 by 7% and 8%, respectively (Table 2 and
eFigure 3 in Online Appendix).

Secondary outcomes
Descriptive results of all secondary outcomes are given in Table 2
(ITT) and eTables 3–5 in the Online Appendix (per protocol) with
individual trajectories in eFigure 1 (Online Appendix).
Figure 3 and eTables 6–9 in the Online Appendix (grey-shaded

areas) show the intervention effect on single parameters of the
CVD risk score. There was a positive, but mostly non-significant
intervention effect on waist circumference, HDL cholesterol,
triglycerides and absolute peak power and no effect on blood
pressure and fasting glucose.
The intervention effect on further secondary outcomes are

provided in eFigure 2 and eTables 6–9 in the Online Appendix. For
binary outcomes, larger proportion of intervention participants
than controls experienced reduction in high waist circumference,
hypertension, low HDL cholesterol and high triglycerides from
T0–T12 (Table 2 and eFigure 3 in Online Appendix).

Dose–response analysis
Higher proportion of PA goal reached was significantly associated
with a larger reduction in the CVD risk score and larger increase in

fasting glucose, HbA1c, LDL cholesterol, peak performance, and
dominant hand grip strength from T0–T12 (eFigure 4 and
eTables 10 and 11 in Online Appendix).

Post hoc subgroup analysis
We found no evidence of a differential effect of our intervention
on the CVD risk score comparing survivors who received versus
not received anthracyclines as part of their cancer therapy
(Pinteraction=0.984; eFigure 5 and eTable 12 in Online Appendix).

Safety
A total of 170 AEs were registered, 78 in the control and 91 in the
intervention group; 4 serious adverse events were reported in
each group (eTable 13 in Online Appendix). At least one AE was
reported by 22 intervention and 21 control participants. Eleven
events were judged likely related to the PA intervention; 2 events
(one psychiatric disorder [intervention group] and one neoplasm
[control group]) resulted in withdrawal from the study. The most
frequent AEs (≥5% of all events) were back pain, depression, flu
like symptoms, gastrointestinal problems, injuries, and musculos-
keletal and connective tissue disorders (eTable 14 in Online
Appendix).

DISCUSSION
Main findings
This is the first RCT to investigate the effect of a PA intervention on
CVD risk in long-term CCS. Our intervention was effective at
significantly reducing the CVD risk in the intervention compared
to the control group at 6 and 12 months post-randomisation
across all analyses. We further found positive effects on some
single CVD risk factors and physical fitness. The intervention was
safe with few and equally distributed serious adverse events; only
11 AEs were likely related to the exercise intervention.
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Comparison with other studies
We are not aware of any other RCT in long-term CCS investigating
the effect of PA on CVD risk. The existing 12 randomised,
controlled PA interventions in CCS including child and adolescent
survivors reported mostly no effect on PA [33, 37, 38, 50, 53],
fitness [33, 39, 50], and cardiometabolic outcomes [34, 39, 50]; 4
trials, of which 3 are based on the same intervention, reported a
positive effect on PA [35, 36, 51, 54], 1 on fitness [52] and 2 on
body weight [34, 54].
Previous exercise RCTs with CCS used various intervention

approaches with a maximum 6-month intervention period
compared to 12 months in our study: a 4-day adventure-based
training programme [35, 36, 51], PA camps [53], distant delivered
web-, phone- or video-based interventions [33, 34, 52, 54], activity
tracker and virtual peer support group [37], active video gaming
[38], group-based sessions and app [50], or a home-based exercise
plan with follow-up calls [39]. Our intervention was novel with a
personalised exercise programme embedded in each survivor’s
daily life and included various motivational tools. Such a tailored
long-term intervention might have a higher potential for lasting
behaviour change [58–60] and might be the reason why we
observed a positive effect on CVD risk and physical fitness in our
study, opposite to most of the above-mentioned trials in young
survivors of childhood cancer.

Interpretation of results and clinical implications
Our main finding, showing a robust and protective effect of a
long-term PA intervention on CVD risk factors in adult CCS, is
novel and important for this growing population with many years
ahead of them [1, 2]. Cardiovascular diseases are amongst the
most common late effects in this population where >50%
survivors report any cardiac disease [3], and is a leading cause
of early mortality [4]. The Framingham Heart Study showed that
standard CVD risk factors like the ones used in our score, were
strong predictors of CVD incidence after 10 and 30 years of follow-
up [74]. Moreover, our composite score was more stable when
tracking CVD risk over time than single risk factors [75]. Thus, the
implementation of a cheap and universal treatment like PA can
reduce CVD risk factors in CCS and may ultimately improve the
cardiac disease burden in this population. We also found a clear
dose–response relationship of our PA intervention on CVD risk,
which is an important message for survivors: a bit of PA is better
than no activity and more activity is better than little activity.
The driving factors that led to a lower CVD risk score were a

reduction in waist circumference and triglycerides as well as an
increase in HDL cholesterol and physical fitness. Fasting glucose
might have been less responsive to the intervention because it is
well regulated in young people, even if they are insulin resistant,
since their β-cells can produce enough insulin. In contrast to body
composition, glucose and blood lipids, blood pressure is not
“metabolically” regulated but rather reduced by less sympathetic
activity and upregulated nitric oxide-signalling of peripheral
arteries [76]. This might be the reason why our intervention, in
accordance with other exercise interventions [77], was not
effective in lowering blood pressure. While most individual factors
of the CVD risk score did not reach statistically significant
intervention effects, our sum score was sensitive to the subtle,
but cumulative changes expected by regular PA. It could therefore
be used as a screening tool in follow-up care to identify CCS that
could profit most from targeted PA counselling.
Interestingly, we found no effect of our intervention on the PA

parameters measured by accelerometer and pedometer. This
contrasts with the positive effect we observed on physical fitness
and the CVD parameters, assuming an increase in PA in the
intervention group compared to the control group. Our PA
assessments at arbitrary weeks over a 12-month period may thus
not be representative, vulnerable to random behaviour changes
and subject to social desirability while being measured. ChangesTa

bl
e
3.

In
te
rv
en

ti
o
n
ef
fe
ct

(m
ar
g
in
al
m
ea
n
d
iff
er
en

ce
fr
o
m

ra
n
d
o
m
is
at
io
n
)o

f
th
e
p
ri
m
ar
y
o
u
tc
o
m
e
(C
V
D
ri
sk

sc
o
re
,z
-s
co

re
)a

t
ea
ch

st
u
d
y
ti
m
e
p
o
in
t
an

d
fo
r
d
iff
er
en

t
st
u
d
y
g
ro
u
p
al
lo
ca
ti
o
n
s;
fr
o
m

m
ix
ed

ef
fe
ct
s
g
en

er
al
is
ed

lin
ea
r
m
o
d
el
.

Ti
m
e
p
oi
n
t
6
m
on

th
s
(c
h
an

g
e
in

C
V
D

ri
sk

sc
or
e
fr
om

b
as
el
in
e
to

6
m
on

th
s
p
os
t-
ra
n
d
om

is
at
io
n
)

Ti
m
e
p
oi
n
t
12

m
on

th
s
(c
h
an

g
e
in

C
V
D

ri
sk

sc
or
e
fr
om

b
as
el
in
e
to

12
m
on

th
s
p
os
t-
ra
n
d
om

is
at
io
n
)

In
te
rv
en

ti
on

g
ro
up

C
on

tr
ol

g
ro
up

D
if
fe
re
n
ce

in
te
rv
en

ti
on

−
co

n
tr
ol

In
te
rv
en

ti
on

g
ro
up

C
on

tr
ol

g
ro
up

D
if
fe
re
n
ce

in
te
rv
en

ti
on

−
co

n
tr
ol

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

P va
lu
e

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

M
ar
g
in
al

es
ti
m
at
e

95
%

C
I

P va
lu
e

IT
T

m
o
d
el

−
0.
17

−
0.
25

to
−
0.
09

−
0.
04

−
0.
12

to
0.
04

−
0.
13

−
0.
24

to
−
0.
01

0.
02

7
−
0.
22

−
0.
30

to
−
0.
13

−
0.
04

−
0.
12

to
0.
04

−
0.
18

−
0.
29

to
−
0.
06

0.
00

3

PP
1

m
o
d
el

−
0.
24

−
0.
35

to
−
0.
12

−
0.
03

−
0.
11

to
0.
05

−
0.
20

−
0.
35

to
−
0.
06

0.
00

4
−
0.
25

−
0.
37

to
−
0.
14

−
0.
03

−
0.
11

to
0.
05

−
0.
23

−
0.
37

to
−
0.
09

0.
00

2

PP
2

m
o
d
el

−
0.
22

−
0.
34

to
−
0.
09

−
0.
05

−
0.
16

to
0.
06

−
0.
17

−
0.
34

to
0.
00

0.
04

8
−
0.
31

−
0.
44

to
−
0.
18

−
0.
03

−
0.
14

to
0.
08

−
0.
28

−
0.
45

to
−
0.
11

0.
00

1

PP
3

m
o
d
el

−
0.
22

−
0.
34

to
−
0.
10

−
0.
05

−
0.
15

to
0.
06

−
0.
17

−
0.
33

to
−
0.
01

0.
03

3
−
0.
30

−
0.
41

to
−
0.
18

−
0.
03

−
0.
14

to
0.
08

−
0.
27

−
0.
43

to
−
0.
11

0.
00

1

CI
co

n
fi
d
en

ce
in
te
rv
al
,
CV

D
ca
rd
io
va
sc
u
la
r
d
is
ea
se
,I
TT

in
te
n
ti
o
n
-t
o
-t
re
at
,
PP
1
p
er

p
ro
to
co

l
an

al
ys
is
1,

PP
2
p
er

p
ro
to
co

l
an

al
ys
is
2,

PP
3
p
er

p
ro
to
co

l
an

al
ys
is
3.

Th
e
es
ti
m
at
es

re
p
re
se
n
t
th
e
ch

an
g
e
in

th
e
C
V
D
ri
sk

sc
o
re

[z
-s
co

re
]
fr
o
m

b
as
el
in
e
to

6
an

d
12

m
o
n
th
s
p
o
st
-r
an

d
o
m
is
at
io
n
fo
r
th
e
in
te
rv
en

ti
o
n
an

d
co

n
tr
o
lg

ro
u
p
.A

n
eg

at
iv
e
sc
o
re

re
p
re
se
n
ts

a
re
d
u
ct
io
n
in

th
e

C
V
D

ri
sk

an
d
th
er
ef
o
re

a
fa
vo

u
ra
b
le

o
u
tc
o
m
e.

Th
e
g
ro
u
p
al
lo
ca
ti
o
n
d
iff
er
ed

fo
r
ea
ch

o
f
th
e
m
o
d
el
s.
IT
T
(in

te
n
ti
o
n
-t
o
-t
re
at
):
al
lo
ca
ti
o
n
as

ra
n
d
o
m
is
ed

(N
=
15

1)
;
PP

1
(p
er

p
ro
to
co

l
an

al
ys
es

1)
:
co

n
tr
o
l
g
ro
u
p

in
cl
u
d
ed

p
ar
ti
ci
p
an

ts
w
it
h

<
5%

in
cr
ea
se

in
m
ax
im

al
p
o
w
er
,
in
te
rv
en

ti
o
n

g
ro
u
p

in
cl
u
d
ed

p
ar
ti
ci
p
an

ts
w
it
h

≥
5%

in
cr
ea
se

in
m
ax
im

al
p
o
w
er

(N
=
11

2)
;
PP

2
(p
er

p
ro
to
co

l
an

al
ys
is

2)
:
in
cl
u
d
ed

co
m
p
lia
n
t

in
te
rv
en

ti
o
n
an

d
co

n
tr
o
l
p
ar
ti
ci
p
an

ts
o
n
ly
,b

as
ed

o
n
d
ai
ly

se
lf-
re
p
o
rt
ed

p
h
ys
ic
al

ac
ti
vi
ty

d
at
a
w
it
h
m
is
si
n
g
d
ay
s
se
t
to

0
ac
ti
vi
ti
es

(N
=
82

);
PP

3
(p
er

p
ro
to
co

l
an

al
ys
is
3)
:i
n
cl
u
d
ed

co
m
p
lia
n
t
in
te
rv
en

ti
o
n
an

d
co

n
tr
o
l
p
ar
ti
ci
p
an

ts
o
n
ly
,
b
as
ed

o
n
d
ai
ly

se
lf-
re
p
o
rt
ed

p
h
ys
ic
al

ac
ti
vi
ty

d
at
a
w
it
h
m
is
si
n
g
d
ay
s
se
t
to

th
e
an

n
u
al

av
er
ag

e
o
f
ac
ti
vi
ti
es

(N
=
87

).
Th

e
m
o
d
el
s
w
er
e
ad

ju
st
ed

fo
r
se
x,

m
ai
n
d
ia
g
n
o
st
ic

g
ro
u
p
an

d
b
as
el
in
e
C
V
D

ri
sk

sc
o
re
.S

ee
Fi
g
.2

fo
r
a
g
ra
p
h
ic
al

d
is
p
la
y
o
f
th
e
sa
m
e
re
su
lt
s
re
p
o
rt
ed

in
Ta
b
le

3.
B
o
ld

va
lu
e
m
ea
n
s
a
si
g
n
ifi
ca
n
t
p
-v
al
u
e
b
as
ed

o
n
th
e
si
g
n
ifi
ca
n
ce

le
ve
l
o
f
α
<
0.
05

.

C.S. Rueegg et al.

1291

British Journal of Cancer (2023) 129:1284 – 1297



Waist circumference (cm) Systolic BP (mmHg) Diastolic BP (mmHg)

ITT

Fasting glucose (mmol/l)

Absolute peak power (Watt)

HDL cholesterol (mmol/l) Triglycerides (mmol/l)

2

a

2

0

–2

–4

–6

2

0

–2

–4

–6–8

.1 .4

.2

0

–.2

–.4

.05

0

–.05

1

0

–1

–2
M

ar
gi

na
l m

ea
n 

ch
an

ge
M

ar
gi

na
l m

ea
n 

ch
an

ge

10

5

0

–5

T0 T6 T12

T0 T6 T12

T0 T6 T12

Waist circumference (cm)

Fasting glucose (mmol/l)

Absolute peak power (Watt)

1

b

.5

0

–1

–.5

–1.5

30

20

10

0

–10

T6T0 T12

T0 T6 T12

T0 T6 T12

T0 T6 T12 T0 T6 T12

T0 T6 T12T0 T6 T12

T0 T6 T12 T0

Control

Intervention

Assumed control

Assumed intervention

T6 T12

T0 T6 T12

Systolic BP (mmHg)

PP1

HDL cholesterol (mmol/l)

2

0

–2

–4

–6

–8

.1

.15

.05

0

–.05

T0 T6 T12

Diastolic BP (mmHg)

Triglycerides (mmol/l)

2

0

–2

–4

–6

.4

.2

0

–.2

–.4

.15

.1

0

.05

–.05

–.1

.2

.1

0

–.1

Fig. 3 Marginal mean changes of the single outcomes included in the CVD risk score for the intention-to-treat (ITT) and three per
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C.S. Rueegg et al.

1292

British Journal of Cancer (2023) 129:1284 – 1297



in fitness and CVD risk was on the other hand result of cumulative
differences in PA between intervention and control group over 1
year [78–80]. We therefore recommend the use of long-term and
real-life tracking of PA for future studies, which is nowadays

feasible with affordable, wearable activity-tracking devices [81].
Such activity tracker can provide both, intrinsic motivation for the
patient and feedback to the health professionals to monitor and
motivate patients. Another explanation might be that even
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though the total number of minutes spent in MVPA did not
change, the quality of the exercise performed was better and
more targeted to increase cardiovascular health, because it was
individualised and prescribed by exercise professionals.
While our intervention was effective in reducing CVD risk and

increasing fitness in CCS, the question remains whether such a
programme can be implemented in clinical practice. Compared to
traditional supervised exercise interventions, where participants
meet for structured exercise programmes 2–3 times per week, our
partially supervised intervention is less resource intense. The initial
motivational interviews with personalised PA recommendations
have low resource requirements in clinical settings. However, the
long-term coaching and follow-up are critical but more resource-
demanding. In our study, more participants of the intervention
group dropped out (13 compared to 6 in the control group)
despite several motivational tools and individual follow-up. Future
studies should therefore find optimal levels of support for CCS to
become more active long-term, improve fitness, and decrease
their risk of late effects by testing PA interventions with various
degrees of coaching, follow-up and motivational tools.
Our PA intervention can be considered safe, which is reassuring

for professionals who want to recommend PA for CCS. Our
intervention did not result in an increased risk of AEs in
participants of the intervention group and only 11 of the
registered, mostly mild or moderate events, were likely related
to the intervention. This is in line with a recent German study that
found an incidence of 2800 for grade 1 AEs and 17 for grade 2 AEs
per 100,000 exercise interventions in childhood cancer patients
and survivors [82].

Strengths and limitations
This is a high-quality RCT with appropriate power, many repeated
high-quality assessments, following strict guidelines for confirma-
tory trials and with rigorous and detailed statistical analyses and
SAP prior to unblinding the data. We used a novel intervention
with personalised PA recommendations and multiple motivational
tools with a long intervention period to observe long-term and
sustainable changes [61]. The study used a composite CVD risk
score similar to the Framingham score who used the sum of
dichotomised parameters [74]. We explicitly did not reduce
information of our parameters through dichotomisation as all
the risk factors are linearly related to CVD with no biological cut-
points.
A limitation of the comprehensive intervention might be the

difficulty of implementation into clinical practice because of the
resources needed. However, on the long-term, it would probably
be less resource-demanding than traditional treatment of chronic
late effects in this population. Due to technical problems of the
gas analyser of the CPET, we could not use peak oxygen uptake
(VO2max) to assess cardiorespiratory fitness, which is the current
gold standard. However, we used maximal power in watt instead,
which is a valid marker of cardiorespiratory fitness [83]. Another
limitation could be potential selection bias towards survivors
interested in PA, resulting in an on-average active population at
baseline. We explicitly recruited CCS from the general survivor
population and independent of their baseline CVD risk. This could
have led to a ceiling effect, i.e., that survivors with a healthy CVD
profile at baseline had no room for improvement, which leads to
an underestimation of our intervention effect. However, our CVD
risk score was sensitive enough to detect an improvement. Also,
such a non-selected population in terms of CVD risk makes our
results generalisable to the general population of CCS. By chance,
controls started with slightly lower levels of CVD compared to
participants of the intervention group, potentially giving them less
room for improvement. However, we accounted for this difference
by using mixed models for repeated measures and including the
baseline value of the outcome as fixed effect in the models [84].
Finally, randomisation to a PA intervention could lead to other

healthy behaviour changes (healthy diet, quit smoking), which
could have contributed to the observed positive effect.

CONCLUSION
This high-quality RCT showed a robust and significant effect of a
1-year PA intervention to reduce CVD risk in long-term survivors of
childhood cancer. We showed that PA can be a safe intervention
against the high burden of cardiovascular late effects in this
population and should be routinely recommended and imple-
mented in the follow-up care of CCS.
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