
1. STUDY TITLE:  An examination of the association between fatigue, vitality and sleep 
disturbance, and neurocognitive functioning in adult survivors of childhood cancer. 

 
2. WORKING GROUP AND INVESTIGATORS:  
 

2.1. Working Groups: Psychology 
 

2.2. Investigators:  
Nancy R. Clanton nrclanto@texaschildrenshospital.org  

   Lonnie Zeltzer  lzeltzer@mednet.ucla.edu  
   Dan Mulrooney mulro006@umn.edu  

Kumar Srivastava kumar.srivastava@stjude.org 
Brannon Morris brannon.morris@stjude.org  
Greg Armstrong greg.armstrong@stjude.org 
Les Robison  les.robison@stjude.org 
Kevin R. Krull  kevin.krull@stjude.org 

     
3. BACKGROUND AND RATIONALE:  
 

As enhanced medical treatments have contributed to an increase in the number of adult 
survivors of childhood cancer, a good deal of research has been devoted to medical and 
psychosocial late effects.1-4  Two of the common quality of life late effects include 
neurocognitive impairment and cancer-related fatigue.  This study aims to examine the 
association between these two outcomes by examining the impact of fatigue and vitality, as 
well as sleep quality, on neurocognitive functioning; an area that has yet to receive much 
attention in adult survivors of childhood cancer.  
 
Among the neurocognitive effects associated with childhood cancer, research has shown 
common impairment in specific domains including, but not limited to, processing speed, 
attention, and memory.1-3 However, reduced sleep quality and fatigue alone are also thought 
to impact some of the same aforementioned neurocognitive skills.  For example, among 
adults who were diagnosed with chronic fatigue syndrome, specific neurocognitive deficits 
such as slow processing speed, impaired working memory, and poor memory and learning of 
new information has been reported.5,6  Moreover, the presence of significant fatigue has been 
associated with poor neuropsychological functioning in adults following acute medical 
conditions. 7,8  However, other studies have failed to find an association between fatigue and 
neuropsychological test performance in adults chronic medical disease such as Multiple 
Sclerosis (MS)9 and HIV/AIDS.10   
 
As fatigue and reduced sleep quality have been associated with long-term survivors of 
cancer,11-14 the impact of fatigue and vitality on neurocognitive skills is an area that warrants 
examination.  It is estimated that up to 45% of the general population report symptoms of 
fatigue,15 while rates as high as 90% have been reported in adult cancer survivors.14  In fact, 
the only group to report more frequent sleep and fatigue problems than cancer survivors is 
psychiatric patients.16  Fatigue has also been reported as a problem in adult survivors of 
childhood cancer.  Using the Childhood Cancer Survivor Study (CCSS) database, 
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Mulrooney and colleagues found slightly higher rates of fatigue among adult survivors 
compared to a sibling cohort.17 No significant differences were reported between siblings 
and survivors on levels of sleepiness and poor sleep quality. 17 Although the differences 
between the CCSS survivor and sibling cohorts were small, differential sensitivity of fatigue 
and poor sleep quality on neurocognitive functions may exist. Sleep is important for neural 
recovery following brain injury.18 Furthermore, sleep deprivation in individuals with brain 
injury exacerbates the degree of neurocognitive impairment.19  Thus, although the rate of 
fatigue and poor sleep quality may not be clinically significant between the CCSS survivors 
and their siblings, the impact of the fatigue and sleep loss on neurocognitive performance 
may be more substantial in the survivors who have experienced reduced cognitive reserve 
following neurotoxic cancer therapy.  
 
Understanding the impact of fatigue and vitality on functional behavior is important from a 
research perspective to help evaluate cancer treatments.  However, it is also important from a 
clinical perspective because it is prevalent in so many oncology patients and because the 
impact of fatigue and vitality on the quality of life of cancer patients is poorly understood.20  
As discussed previously, although some research has examined the relation between fatigue 
and neurocognitive effects associated with chronic illnesses such as MS, HIV/AIDS, and 
chronic fatigue syndrome among others, little is known about this association among adult 
survivors of childhood cancer.  
 
The purpose of the proposed study is to elucidate the association between fatigue and 
neurocognitive functioning in the adult survivors of the CCSS.  For this purpose, 
performance on the Neurocognitive Questionnaire (CCSS-NCQ)21 completed during the 
Follow-up 2003 survey will be compared to the fatigue and sleep quality assessments 
collected on the cohort previously reported by Mulrooney.17 The CCSS-NCQ has been 
identified as comprising four primary factors: Task Efficiency, Emotional Regulation, 
Organization, and Memory.  These factors provide a measure of executive functioning (e.g., 
Emotional Regulation and Organization factors), attention (e.g., Task Efficiency factor), and 
working and long-term memory (e.g., Memory factor).21 The Medical Outcomes Short Form-
36 (SF-36) was also collected during Follow-up 2003 to evaluate health related quality of 
life. 22 Within the SF-36, questions comprising a Vitality Scale will be used.  This scale 
measured the degree of feeling energetic and full of life versus feeling tired and worn out.22  
Three rating scales were included in an ancillary sleep survey, collected at roughly the same 
time as Follow-up 2003. These additional rating scales assessed fatigue, sleepiness, and sleep 
quality. Fatigue was measured with the fatigue subscale of the Functional Assessment of 
Chronic Illness Therapy-Fatigue (FACIT-Fatigue). This is a measure of the physical and 
functional consequences associated with fatigue, and results in a single score. 23  The 
Pittsburgh Sleep Quality Index (PSQI) was administered to assess sleep quality over the 
month prior to survey completion. 24  A number of sleep quality components are measured 
with the PSQI, including subjective sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbance, use of sleeping medications, and daytime dysfunction. 
Symptoms of daytime sleepiness were measured using the Epworth Sleepiness Scale (ESS). 25  
Along with the SF-36 Vitality Scale, these three fatigue/sleep scales will be used as predictor 
variables, with the CCSS-NCQ considered the outcome measure. 
 



Since emotional functioning has already been associated with sleep quality and fatigue,17 as 
well as  neurocognitive functioning, we propose to include a measure of emotional distress as 
a covariate. The Brief Symptom Inventory-18 (BSI-18) provided a measure of global distress, 
as well as subscales for anxiety, depression, and somatization. 26  
 

4. SPECIFIC AIMS/OBJECTIVES/RESEARCH HYPOTHESES:  
 

4.1. Primary Aim:   
4.1.1. To examine the impact of fatigue and vitality on neurocognitive outcome among 

adult survivors of childhood cancer.  
 

4.2. Objectives: 
4.2.1. To examine the impact of fatigue on task efficiency, emotion regulation, 

organization, and memory.   
4.2.2. To examine the impact of vitality on task efficiency, emotion regulation, 

organization, and memory.   
 

4.3. Hypothesis: 
4.3.1. Patients with higher ratings of fatigue will report more problems related to task 

efficiency and memory.   
4.3.2. Patients with lower ratings of vitality will report more problems related to task  

efficiency, emotion regulation, organization, and memory.   
 

4.4. Secondary Aim: 
4.4.1. To examine the impact of sleep quality and sleepiness on neurocognitive  

outcomes among adult survivors of childhood cancer. 
 

5. PARTICIPANTS  
5.1. CCSS Survivor Cohort only from the Follow-up 2 survey (i.e. Follow-up 2003) 
5.2.  Inclusion criteria 

 Cancer survivors who completed CCSS-NCQ, FACIT, PSQI, ESS, SF-36, and BSI-
18,  questions.  Based on a previous CCSS study using the FACIT, PSQI and ESS, 
2,645 participants were available for inclusion.  We expect the majority of these 
participants to have also completed the NCQ, SF-36, and BSI. 

5.3.  Exclusion criteria 
 Mental Retardation (Baseline Survey item J.3) 

5.4. Variables  
 Cancer Diagnosis  
 Cranial Radiation Therapy (Yes/No) 
 CNS Chemotherapy (Yes/No) 
 Medication Use (Follow-Up 2003 item Q8, psychoactive substances) 
 Current Age 
 Sex 
 Household Income (Follow-Up 2003 item S1) 
 CCSS- NCQ (Follow-Up 2003 section J) 
 BSI-18 (Follow-Up 2003 section G items 1-18) 



 FACIT-Fatigue (Fatigue survey) 
 PSQI (Sleep survey) 
 ESS (Daytime sleepiness survey) 
 SF-36 - Vitality subscale (Follow-Up 2003 items F1, F5, F7, and F9)  

 
6. ANALYSIS FRAMEWORK:  

6.1. Primary Outcomes Variables:  
6.1.1. CCSS-NCQ : Factors = Task Efficiency, Emotional Regulation, Organization, and 

Memory.  
 
6.2. Primary predictors: (Primary Aim) 

6.2.1. FACIT: Total fatigue subscale  
6.2.2. SF-36 Vitality subscale 

 
6.3. Secondary Predictors: (Secondary Aim) 

6.3.1. PSQI: Factors = Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep 
Efficiency, Sleep Disturbance, Use of Sleeping Medications, and Daytime 
Dysfunction 

6.3.2. ESS: Daytime sleepiness score 
 

6.4. Covariates:  
6.4.1. BSI-18: Anxiety, Depression, Somatization.  
6.4.2. Cancer Diagnosis  
6.4.3. Cranial Radiation Therapy (Yes/No) 
6.4.4. CNS Chemotherapy (Antimetabolites Yes/No; Corticosteroids Yes/No) 
6.4.5. Medication Use (mood stabilizers, anxiolytics, stimulants) 
6.4.6. Current Age  
6.4.7. Sex 
6.4.8. Household Income 

 
6.5. Related to the specific hypotheses, the following analyses will be conducted: 

6.5.1. Frequency distributions will be examined to categorize relevant outcome variables 
and covariates according to reasonable groupings and consistent with previous 
CCSS manuscripts. The NCQ factor scores will be dichotomized based on 
whether the performance is considered “impaired” or not (Yes/No), with 
impairment defined as a performance falling ≥ 90th percentile based on sibling 
group norms (i.e. higher scores reflect more neurocognitive problems). Scales 
from the SF-36 and BSI-18 will be dichotomized based on whether the 
performance is “impaired” or note (Yes/No), with impairment defined as a 
performance falling below a T-Score of 40 or above a T-score of 63 on national 
norms collected for the SF-36 and BSI-18, respectively. Scales from the FACIT, 
PSQI, and ESS will be dichotomized based on whether the performance is 
“impaired” or not (Yes/No), consistent with the approach used by Mulrooney.17 

That is, “impaired” performance will consist of scores falling ≤ 10th percentile on 
the FACIT (i.e. low scores reflect more fatigue) and ≥ 90th percentile based on 



PSQI and ESS (i.e. high scores reflect more problems), with all comparisons 
made in reference to the sibling group norms from the CCSS.  

6.5.2. Collinearity will be examined between the factors on the PSQI, as well as 
between the PSQI and ESS. Should collinearity be observed, individual scales 
will be selected that best reflect the construct of interest, and/or scores will be 
combined into a general factor score. 

6.5.3. Descriptive statistics will be reported for all predictors, outcomes, and covariates.  
6.5.4. Univariate logistic regression analyses will be conducted between the possible 

predictor variables and the outcome variables (with separate analyses conducted 
for each factor of the CCSS-NCQ). Those variables that are significant will then 
be used in the multivariate model, with care taken to not include predictors that 
demonstrate Collinearity (see 6.5.2 above). 

6.5.5. Multivariate logistic regression analyses will then be conducted to identify which 
variables uniquely predict the CCSS-NCQ outcome variables. Analyses will be 
conducted for each outcome variable using dichotomized primary predictors and 
covariates as indicated above.  

6.5.6. Multivariate generalized linear regression analyses will also be conducted for 
each outcome variable to estimate the amount of variance accounted for by the 
FACIT, PSQI, ESS, and Vitality Scale as primary predictors and covariates as 
indicated above. For these analyses, raw scores on the outcome and predictors 
will be used rather than dichotomized categories.  

6.5.7. For each univariate and multivariate analyses, treatment variables (i.e. CRT and 
CNS Chemo) will be used as covariates in conjunction with BSI-18 factor scores, 
Medication Use, Current Age, Sex, and Household Income. The analyses will 
then be repeated to examine the contribution of Cancer Diagnosis, by substituting 
diagnostic groups for the treatment variables and including all other covariates.  

 



 
6.6. Examples of specific tables and figures: 

 
Descriptive Statistics at Follow Up 2 
 No % 
Sex 
    Female 
    Male 

  

Age 
    Categories TBD 

  

Income 
    <20,000 
    20,000-39,000 
    40,000-59,999 
    60,000-79,999 
    80,000-99,999 
    >100,000 

  

Diagnosis 
Leukemia 
CNS malignancy 
Hodgkin Disease 
Soft tissue sarcoma 
Bone cancer 

  

Cranial Radiation Therapy 
20-39 gy 
40-54 gy 
55 + gy 

  

CNS Chemotherapy 
Antimetabolite 
Corticosteroid 

  

Psychoactive Medication 
Depressants 
Anxiolytics 
Stimulants 

  

 



Odds ratios for the prediction of neurocognitive outcome by fatigue and vitality comparing 
survivors to the sibling comparison group 
 NCQ Task 

Efficiency 
NCQ Emotion 

Regulation 
NCQ 

Organization 
NCQ 

Memory 
 OR    95%    p 

          CI 
OR    95%    p 
          CI 

OR   95%   p 
         CI 

OR   95%   p 
         CI 

FACIT (score ≤10th %ile)     

PSQI (score ≥ 90th %ile)     

ESS (score ≥ 90th %ile)     

SF-36 Vitality Scale (T score 
≤40) 

    

BSI- Depression Scale (score 
≥ 90th %ile) 

    

BSI- Anxiety Scale (score ≥ 
90th %ile) 

    

BSI- Somatization Scale 
(score ≥ 90th %ile) 

    

Sex:  Female vs. Male     
Age 
    Categories TBD 

    

Household Income 
    <20,000 vs.  
    ≥ 20,000 

    

Diagnosis 
Leukemia 
CNS malignancy 
Hodgkin Disease 
Soft tissue sarcoma 
Bone cancer 

    

CRT (Yes/No)     
CNS Chemotherapy 

(Yes/No) 
    

Psychoactive Medication 
Depressants 
Anxiolytics 
Stimulants 

  

 



Multivariate regression analyses 
 NCQ Task 

Efficiency 
NCQ Emotion 

Regulation 
NCQ 

Organization 
NCQ 

Memory 
 Beta  Std B   p Beta  Std B   p Beta   Std B   p Beta   Std B    p 
FACIT     

PSQI     

ESS     

SF-36 Vitality Scale     

BSI- Depression Scale     

BSI- Anxiety Scale     

BSI- Somatization Scale     

 
 

7. SPECIAL CONSIDERATION: 
 

7.1. The analyses for this proposal will be conducted at St. Jude Children’s Research Hospital 
under the direction of Dr. Kumar Srivastava and Dr. Kevin Krull. All analyses will be 
reviewed and approved by Dr. Wendy Leisenring.  
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