
MOVING FROM RISK-BASED SCREENING TO RISK-BASED PREVENTION – 
LIFESTYLE AND CHRONIC HEALTH CONDITIONS IN CHILDHOOD CANCER 
SURVIVORS: A REPORT FROM THE CHILDHOOD CANCER SURVIVOR STUDY 
 
Aron Onerup1,2, Qi Liu3, Shizue Izumi4, Stephanie B. Dixon1,5, Rebecca M. Howell6, 
Matthew J. Ehrhardt1,5, Lenat Joffe7, Lucie M. Turcotte8, Kumar Srivastava9, Tara M. 
Brinkman10, Kevin C. Oeffinger11, Claire Snyder12, Paul C. Nathan13, Yutaka Yasui9, Gregory 
T. Armstrong1, Kirsten K. Ness1 

1Department of Epidemiology and Cancer Control, St Jude Children´s Research Hospital, 
Memphis, TN, USA 
2Department of Pediatrics, Institute of Clinical Sciences, Sahlgrenska Academy, University of 
Gothenburg, Gothenburg, Sweden 
3School of Public Health, University of Alberta, Edmonton, AB, Canada  
4Faculty of Data Science, Shiga University, Hikone, Japan 
5Department of Oncology, St Jude Children´s Research Hospital, Memphis, TN, USA 
6Radiation Physics Department, The University of Texas at MD Anderson Cancer Center, 
Houston, TX, USA 
7Department of Pediatrics, Zucker School of Medicine at Hofstra/Northwell, Hempstead, 
New York, USA 

8Department of Pediatrics, University of Minnesota, Minneapolis, MN, USA 
9Department of Biostatistics, St Jude Children´s Research Hospital, Memphis, TN, USA 
10Department of Psychology and Biobehavioral Sciences, St Jude Children´s Research 
Hospital, Memphis, TN, USA 

11Duke University Medical Center, Department of Medicine, Durham, USA 
12Departments of Medicine, Oncology, and Health Policy and Management, Johns Hopkins 
Schools of Medicine and Public Health, Baltimore, MD, USA 

13Division of Hematology and Oncology, The Hospital for Sick Children, University of 
Toronto, Toronto, ON, Canada 

Theme: Late Effects 

Childhood cancer survivors are at risk for treatment-related chronic health conditions (CHCs) 
that are associated with lifestyle factors in the general population. This study assessed 
lifestyle-specific population attributable fractions (PAF) for CHCs in survivors and compared 
them to those of radiotherapy and chemotherapy. 

18,664 survivors participating in CCSS [49% female; [mean (SD)] 8.0 (6.0) years at 
diagnosis; 26.4 (6.2) years at start of follow-up, with 30.8 (8.2) years of follow-up] self-
reported lifestyle factors: smoking, alcohol use, body mass index, and physical activity. Each 
contributed 0-1 point to a lifestyle score (0-4). Survivors were categorized as healthy (3.5-4), 
moderately healthy (2.5-3), or unhealthy (0-2). Piecewise exponential models estimated 
lifestyle PAF for new onset (incident) CHCs during follow-up, accounting for ages at 
diagnosis and assessment, sex, race/ethnicity, socioeconomic status, and treatment exposures. 
For each CHC, participants who reported the outcome prior to first report of lifestyle factors 
were excluded from analysis. The PAF was only calculated for outcomes with significant 
associations. 

26% of survivors reported unhealthy, 44% moderately healthy, and 30% healthy lifestyle. 
The PAF of lifestyle exceeded those of treatment exposures for hypertension (25.3%, figure), 



dyslipidemia (14.4%), diabetes (50.8%), joint replacement (34.2%), respiratory disease 
(25.5%), anxiety (26.5%), and depression (19.1%). PAF of lifestyle was lower than radiation 
but higher than chemotherapy for coronary artery disease (19.4%) and heart valve disease 
(33.3%), and was lower than treatment exposures for heart failure (20.6%), arrhythmia 
(22.6%), and subsequent malignant neoplasms (9.8%). Unhealthy lifestyle was not associated 
with stroke or osteoporosis. 

Lifestyle contributes significantly to CHCs in survivors. Unlike previous treatment, lifestyle 
can be modified. Action is needed to identify and implement effective lifestyle interventions 
in childhood cancer survivors. 
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