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Background: Pediatric patients with sickle cell disease (SCD) experience a high 

level of pain, which is often chronic and recurrent and results in impaired 

health-related quality of life (HRQOL). Patients with SCD also report a 

significant degree of sleep disturbance and fatigue associated with their 

chronic disease. The objective of the present study is to investigate the 

effects of pain, sleep disturbance, and general fatigue in a serial (sequential) 

multiple mediator model analysis predicting overall generic HRQOL in 

pediatric patients with SCD from their perspective.

Methods: The Pain Scale from the PedsQL Sickle Cell Disease Module, General 

Fatigue Scale and Sleep Disturbance Item from the PedsQL Multidimensional 

Fatigue Scale, and the PedsQL 4.0 Generic Core Scales were completed in a 

multisite national study by 227 pediatric patients with SCD aged 5–18 years. 

Hierarchical multiple regression and serial multiple mediator model analyses 

were conducted to test the percent variability accounted for and the 

mediating effects of sleep disturbance and general fatigue in the association 

between SCD pain and generic HRQOL.

Results: Pain predictive effects on generic HRQOL were serially mediated by 

sleep disturbance and general fatigue. In a hierarchical multiple regression 

analysis controlling for age and sex, pain, sleep disturbance, and general 

fatigue accounted for 63% of the variance in pediatric patient–reported 

generic HRQOL (P < 0.001), demonstrating a large effect size.

Conclusion: The mechanisms of the predictive effects of SCD-specific pain on 

generic HRQOL in pediatric patients with SCD are explained in part by the serial 

multiple mediator effects of sleep disturbance and general fatigue. Recognizing 

the multiple mediators of SCD-specific pain on generic HRQOL from the 

perspective of pediatric patients with SCD may aid future clinical research 

and practice to address impaired daily functioning through more 

comprehensive treatment approaches that include targeted symptom-specific 

interventions for pain, sleep disturbance, and fatigue.
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1 Introduction

Pain has characteristically been considered the hallmark symptom of sickle cell 

disease (SCD), an inherited disease notably manifested by chronic hemolytic anemia 

and significantly impaired overall generic (non-disease-specific) health-related quality 

of life (HRQOL) (1–4). Although vaso-occlusive episodes are typically acknowledged 
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as the source of severe acute pain in pediatric patients with SCD (5, 

6), chronic and persistent pain has increasingly been identified as a 

substantial symptom burden for pediatric patients with SCD (7–11). 

In addition, fatigue and disturbed sleep patterns such as difficulty 

falling asleep at night or staying asleep throughout the night are 

also receiving heightened empirical attention in pediatric patients 

with SCD, given the potential negative impact of these persistent 

symptoms on HRQOL (12–14).

Patient-reported outcome (PRO) measurement of disease- 

specific symptoms and generic HRQOL are essential 

components for determining long-term patient outcomes in 

pediatric patients with SCD (2). PROs are reports derived 

directly from the patient perspective and include disease-specific 

and general symptoms that are known and felt only by patients 

themselves (15). Further, patient perspectives as measured by 

PROs are considered essential elements for shared clinical 

decision-making between pediatric patients with SCD and their 

healthcare providers (16).

While recent reviews have summarized the research on the 

purported mechanisms in the relationship between pain and 

sleep disturbances in general (17, 18), and the relationship 

between non-restorative sleep, fatigue, and HRQOL in young 

adults with autoimmune disease (19), unique to the current 

study, there has been no clinical research that has investigated 

pediatric patient self-reported sleep disturbance and general 

fatigue as serial (sequential) mediator variables that may explain 

in part the mechanisms of the predictive effects of SCD-specific 

pain on overall generic HRQOL of pediatric patients with SCD.

To address this important knowledge gap in the pediatric SCD 

empirical literature, perceived sleep disturbance and general 

fatigue are tested as serial mediator variables in a multiple 

mediator conceptual model that builds on our testing multiple 

mediators in pediatric patients with SCD pain (20), as well as 

our previous pain mediation conceptual models tested with 

other pediatric chronic health conditions (21–23). An 

understanding of the mechanisms by which SCD pain directly 

and indirectly predicts overall generic HRQOL may help 

identify particular clinical targets for patient healthcare as well 

as inform future clinical research for pediatric patients with 

chronic and recurrent SCD pain.

Specifically, the following serial multiple mediator model was 

investigated: pain → sleep disturbance → general fatigue → overall 

generic HRQOL. In this conceptual model, perceived sleep 

disturbance and general fatigue are hypothesized as sequential 

intervening variables in the relationship between SCD pain and 

overall generic HRQOL. In other words, SCD pain is 

hypothesized to result in more perceived sleep disturbance, 

which, in turn, is hypothesized to result in more general fatigue, 

all of which result in more impaired overall generic HRQOL in 

pediatric patients with SCD. Testing this conceptual model 

utilizes the existing database from the PedsQL Sickle Cell 

Disease Module field test study (24).

2 Methods

2.1 Participants and settings

Participants were pediatric patients who received a physician- 

confirmed diagnosis of SCD (any genotype) at five clinical centers 

across the United States as described in the PedsQL Sickle Cell 

Disease Module field test study (24). Parental informed consent 

and patient assent/consent were obtained. The human subjects’ 

institutional review boards at each center approved the study (24).

The participants for the present investigation include 227 

pediatric patients aged 5–18 years from the field test study who 

completed the measures utilized in the current multivariate 

analyses. The average age of 104 boys (45.8%) and 123 girls 

(54.2%) out of the 227 was 11.53 years (SD = 3.88). With respect 

to race/ethnicity, the sample contained 221 (98.2%) self-reported 

Black non-Hispanics, 1 (0.4%) white non-Hispanic, 2 (0.9%) 

Hispanics, and 1 (0.4%) Other (missing = 2). The genotype 

included 161 (71.2%) HbSS, 45 (19.9%) HbSC, 18 (8.0%) HbS/ 

beta-thalassemia, and 2 (0.8%) other rare genotypes 

(missing = 1). Additional demographic information is provided 

in the PedsQL Sickle Cell Disease Module field test study (24).

2.2 Measures

2.2.1 PedsQL sickle cell disease module
The Pain and Hurt Scale (nine items, e.g., “I hurt all over my 

body”) from the PedsQL Sickle Cell Disease Module measures the 

SCD-specific pain construct developed through cognitive 

interviews with pediatric patients with SCD (25). The format, 

instructions, Likert response scale, and scoring method for the 

PedsQL Sickle Cell Disease Module scales are identical to those 

of the PedsQL 4.0 Generic Core Scales (26), with higher scores 

indicating better HRQOL and hence lower symptoms and 

problems. The instructions ask how much of a problem each 

item has been during the past one month, using the PedsQL 

5-point Likert-type response scale (0 = never a problem; 

1 = almost never a problem; 2 = sometimes a problem; 3 = often 

a problem; 4 = almost always a problem). To further increase the 

ease of use for the young child self-report (ages 5–7), the 

response scale is reworded and simplified to a 3-point scale 

(0 = not at all a problem; 2 = sometimes a problem; 4 = a lot of a 

problem). This simplification to a 3-point scale for the young 

child self-report is consistent with the PedsQL 4.0 Generic Core 

Scales as well as with all of the PedsQL disease-specific modules 

(27). Items are reverse-scored and linearly transformed to a 0– 

100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0) so that lower 

scores demonstrate more SCD symptoms and problems and 

hence lower SCD-specific HRQOL.

2.2.2 PedsQL multidimensional fatigue scale

The General Fatigue Scale (six items, e.g., “I feel too tired to do 

things that I like to do”) is contained in the PedsQL 

Multidimensional Fatigue Scale (12, 28, 29). The Sleep 

Abbreviations  

SCD, sickle cell disease; HRQOL, health-related quality of life; PedsQL, 

pediatric quality of life inventory; PRO, patient-reported outcome.
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Disturbance Item (“It is hard for me to sleep through the night”) is 

derived from the Sleep/Rest Fatigue Scale contained in the PedsQL 

Multidimensional Fatigue Scale (12, 28, 29). This single item is 

chosen since it reGects most closely the concept of disturbed 

sleep in the Sleep/Rest Fatigue Scale. The PedsQL 

Multidimensional Fatigue Scale General Fatigue Scale has 

previously been shown to demonstrate acceptable internal 

consistency reliability and known-groups construct validity in 

pediatric patients with SCD (12). The single item “It is hard for 

me to sleep through the night” used in the present study also 

demonstrates known-groups construct validity using the legacy 

healthy controls sample from the previous study (12). 

Specifically, pediatric patients with SCD demonstrate a more 

than 20-point difference (61.89 vs. 83.37) in greater sleep 

disturbance as measured by this item in comparison with the 

legacy healthy controls [t(444) = 7.20, P < 0.001]. The format, 

instructions, Likert scale, and scoring method are identical to 

those of the PedsQL 4.0 Generic Core Scales so that lower 

scores demonstrate more symptoms.

2.2.3 PedsQL 4.0 generic core scales
The 23-item PedsQL 4.0 Generic Core Scales encompass the 

following: (1) Physical Functioning (eight items), (2) Emotional 

Functioning (five items), (3) Social Functioning (five items), and 

(4) School Functioning (five items) (26). The Total Scale Score 

is comprised of the composite of the scores of the Physical, 

Emotional, Social, and School Functioning Scales. The Generic 

Core Scales Total Scale Score measures overall generic HRQOL 

(26). Higher scores indicate better HRQOL.

2.3 Statistical analysis

Pearson product-moment correlation analyses tested the 

bivariate associations between the perceived pain, sleep 

disturbance, and general fatigue variables with the Generic Core 

Scales Total Scale Score. Bivariate correlation effect sizes are 

designated as small (0.10), medium (0.30), and large (0.50) in 

magnitude (30). Hierarchical multiple regression analyses were 

conducted to statistically predict overall generic HRQOL by the 

perceived pain, sleep disturbance, and general fatigue variables 

after controlling for the factors of age and sex (31). Age and sex, 

but not race/ethnicity, were significantly associated in univariate 

analyses with at least one of the variables in the conceptual 

model for this database and were entered as demographic 

covariates in the multivariate analyses. Hierarchical multiple 

regression analyses tested the change in the variance accounted 

for by SCD pain in Step 2 and sleep disturbance and general 

fatigue in Step 3 (R2 changes) after controlling for age and sex 

(coded male = 1, female = 2) in Step 1. R2 values were reported 

for each step and the full model. Total R2 is the percentage of 

variability in the dependent variable (generic HRQOL) 

explained by the full model (demographic covariates, predictor, 

and mediators). R2 effect sizes are designated as small (0.02), 

medium (0.13), and large (0.26) in magnitude (30). These 

statistical analyses were conducted using IBM SPSS Statistics 29 

(Armonk, New York).

Mediators are intervening variables hypothesized to account 

in part for the relationship between a predictor variable and an 

outcome variable (32, 33). The predictor variable is 

hypothesized to have a direct effect on the outcome variable, as 

well as an indirect effect through mediator variables. A serial 

multiple mediator model (34) was tested with perceived sleep 

disturbance and general fatigue as the hypothesized sequential 

mediators. It was hypothesized that greater SCD pain would 

result in greater sleep disturbance, which would result in greater 

general fatigue and together would result in more impaired 

overall generic HRQOL. The following serial multiple mediator 

model was tested: pain → sleep disturbance → general 

fatigue → overall generic HRQOL. Indirect (mediator) effects 

were tested utilizing 10,000 bias-corrected bootstrapped 

resamples with replacement yielding 95% confidence intervals. 

Significant indirect effects are demonstrated when the 95% 

confidence intervals do not include zero (34). These analyses 

were conducted using the PROCESS macro for IBM SPSS 

Statistics (processmacro.org) as described in Hayes (35).

3 Results

3.1 Pain predictor, mediators, and generic 
HRQOL means, standard deviations, and 
bivariate intercorrelations

Table 1 contains the pain predictor, mediators (sleep 

disturbance and general fatigue) with generic HRQOL (Generic 

Core Scales Total Scale Score) means, standard deviations, and 

bivariate intercorrelations. The SCD pain predictor and the sleep 

disturbance and general fatigue mediator variables were all 

significantly correlated with the Generic Core Scales Total Scale 

Score (all Ps < 0.001), demonstrating large effect sizes.

3.2 Hierarchical multiple regression analysis 
predicting generic HRQOL

A hierarchical multiple regression analysis was conducted to 

analyze the percentage of the variance accounted for in the 

Generic Core Scales Total Scale Score by the SCD-specific pain 

predictor variable and the sleep disturbance and general fatigue 

mediator variables after controlling for age and sex. As 

demonstrated in Table 2, SCD-specific pain accounted for 23% 

of the variability in pediatric patient–reported generic HRQOL 

in Step 2, after accounting for age and sex in Step 1. The sleep 

disturbance and general fatigue mediator variables as a group 

accounted for an additional 39% of the variability in pediatric 

patient–reported generic HRQOL in Step 3, after accounting for 

the demographic covariates and SCD-specific pain predictor 

variable in Steps 1 and 2, respectively (R2 change, Table 2). 

R2 change for the sleep disturbance and general fatigue 
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mediator variables as a group was statistically significant 

(P < 0.001), reGecting a large effect size.

3.3 Serial multiple mediator model 
predicting generic HRQOL

After controlling for the age and sex covariates, the serial 

multiple mediator model demonstrated that the total indirect 

effect of the SCD-specific pain predictor variable on overall 

generic HRQOL as estimated by the sum of the indirect effects 

for sleep disturbance and general fatigue was 0.3179 and different 

from zero as determined by the bias-corrected bootstrap 95% 

confidence intervals that were above zero (0.2244, 0.4221). Within 

the multiple mediator model, the serial indirect effects for 

pain → sleep disturbance → general fatigue → generic HRQOL 

were 0.0614, and the bias-corrected bootstrap 95% confidence 

intervals did not contain zero (0.0280, 0.1075). The full serial 

multiple mediator model accounted for 63% of the variance in 

overall generic HRQOL (P < 0.001), demonstrating a large effect 

size (see Table 2). Figure 1 contains the specific path coefficients 

utilizing the Hayes Model 6 statistical diagram configuration for 

two mediators (p. 145) (35). All path coefficients were significant 

at P < 0.002. Figure 1 also demonstrates the significant direct 

effects of the pain predictor variable on the sleep disturbance and 

general fatigue mediator variables.

4 Discussion

The study results support the conceptual model that sleep 

disturbance and general fatigue serially mediate SCD-specific 

pain predictive effects on overall generic HRQOL in pediatric 

patients with SCD. In the multiple mediator model, sleep 

disturbance and general fatigue accounted for an additional 39% 

of the variance in overall generic HRQOL. The full serial 

multiple mediator conceptual model comprising age and sex 

demographic covariates, SCD-specific pain predictor variable, 

and the sleep disturbance and general fatigue mediator variables 

accounted for 63% of the variance in overall generic HRQOL in 

pediatric patients with SCD, reGecting a large effect size.

The serial multiple mediator findings further elucidate the 

multifaceted mechanisms in the connection between SCD- 

specific pain and overall generic HRQOL, suggesting symptom- 

specific intervention targets to reduce the symptom burden in 

pediatric patients with SCD and subsequently improve overall 

functioning and wellbeing. Thus, in addition to interventions 

targeting SCD-related pain (36, 37), sleep-promoting 

interventions focused on pediatric patient sleep disturbance and 

multicomponent general fatigue management strategies such as 

cognitive behavioral therapy and prescribed therapeutic exercise 

regimens may be adapted for pediatric patients with SCD 

(38, 39). Theoretically, such a multifaceted intervention 

approach may result in a greater enhancement of overall generic 

HRQOL for these young patients. Such a more comprehensive 

multifaceted treatment approach combining pain, sleep 

disturbance, and general fatigue interventions has not yet been 

empirically evaluated in pediatric patients with SCD with 

impaired overall generic HRQOL. As noted in the present study, 

the Sleep Disturbance Item score of 61.89 is more than 20 

points lower (worse) than the item score for the legacy health 

controls (83.37) (12). In addition, the General Fatigue Scale 

score of 65.43 in the present study is 20 points lower (worse) 

TABLE 1 PedsQL Sickle Cell Disease Module Pain Scale, Multidimensional Fatigue Scale Sleep Disturbance Item and General Fatigue Scale, and Generic 
Core Scales Total Scale Score means and bivariate intercorrelations.

Item and scales Items α Mean SD r*,a
r*,b

r*,c

Pain 9 0.86 66.63 21.01 0.25* 0.50* 0.47*

Sleep Disturbance 1 __ 61.89 34.91 __ 0.54* 0.54*

General Fatigue 6 0.84 65.43 22.87 __ __ 0.75*

Generic Core Total Scale Score 23 0.93 66.48 19.84 __ __ __

SD, standard deviation; α, Cronbach’s alpha internal consistency reliability; r, Pearson product-moment correlation coefficient; Dashed line, not applicable.

Effect sizes for Pearson r designated as small (0.10), medium (0.30), and large (0.50) in magnitude.

Lower scores demonstrate worse symptoms and lower health-related quality of life.

aBivariate correlations with Sleep Disturbance.

bBivariate correlations with General Fatigue.

cBivariate correlations with the Generic Core Scales Total Scale Score.

*All Ps < 0.001.

TABLE 2 Hierarchical multiple regression analysis predicting PedsQL 
Generic Core Scales Total Scale Score by the pain predictor variable 
and sleep and general fatigue mediator variables controlling for age 
and sex.

Predictor and mediator variables Regression values

Step 1. Demographic covariates

Age (β ) 0.02

Sex (β) −0.01

R2 0.00

Step 2. Predictor variable

Pain (β) 0.49*

R2 change 0.23*

Step 3. Mediator variables

Sleep disturbance (β) 0.19*

General fatigue (β) 0.59*

R2 change 0.39*

R2 full model 0.63*

β, standardized regression coefficients (beta weights).

Sex coded: 1, male; 2, female.

R2, percentage of variability in the dependent variable (HRQOL) explained by the step.

R2 effect sizes designated as small (0.02), medium (0.13), and large (0.26).

*All Ps < 0.001.
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than the previously published 86.1 score for the legacy healthy 

controls (12), while the Generic Core Scales Total Scale score of 

66.48 is more than 17 points lower (worse) than the published 

PedsQL 4.0 Generic Core Scales score of 83.84 for healthy 

populations (40). Taken together, these findings clearly indicate 

the crucial need for more comprehensive treatment approaches 

for pediatric patients with SCD that incorporate pain, sleep 

disturbance, and fatigue symptom management interventions in 

order to more fully address the significantly impaired overall 

generic HRQOL of pediatric patients with SCD pain.

4.1 Strengths and limitations

The strengths of the study encompass testing a unique serial 

multiple mediator model specifically for pediatric patients with 

SCD, multisite recruitment, and large sample size. Limitations 

comprise absence of information on characteristics of 

individuals who declined participation and specific medical and 

treatment information on the existing field test database. 

Furthermore, cross-sectional analyses limit assumptions of 

directionality. Future studies with longitudinal analyses are 

needed to test the directionality of predictors and mediators (9, 

41, 42). Future research would also benefit from parent proxy 

report for younger age participants who are not able to self- 

report. Finally, the Sleep Disturbance Item from the PedsQL 

Multidimensional Fatigue Scale is a pediatric patient self-report 

measure of one aspect of perceived sleep disturbance, which is, 

difficulty sleeping through the night. Previous studies have also 

used a single item to measure self-reported sleep in pediatric 

SCD (43, 44). Nevertheless, future conceptual models and 

clinical intervention research in pediatric patients with SCD 

pain will benefit from the inclusion of more comprehensive 

measures of disturbed sleep and sleep quality, as well as 

objective measures of disrupted sleep patterns (45, 46).

5 Conclusion

The mechanisms of the predictive effects of SCD-specific pain 

on overall generic HRQOL in pediatric patients with SCD are 

explained in part by the serial multiple mediator effects of sleep 

disturbance and general fatigue. Recognizing the multiple 

mediators of SCD-specific pain on overall generic HRQOL from 

the perspectives of pediatric patients with SCD may aid future 

clinical research and practice to address more fully their 

impaired daily functioning through more comprehensive 

treatment approaches that include targeted symptom-specific 

interventions for pain, sleep disturbance, and fatigue.
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FIGURE 1 

Hypothesized direct and indirect (mediator variables) effects of pain, sleep disturbance, and general fatigue on overall generic health-related quality 

of life (HRQOL). *All path coefficients are significant at P < 0.002.
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