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Background: Children with sickle cell disease (SCD) experience a multiplex of disease-related symptoms and complications,
including vaso-occlusive crises (VOCs), episodes characterized by extreme pain.

Methods: A cross-sectional observational survey examined the health-related quality of life (HRQoL) and school experiences of
children with SCD 2 months—11 years, burden experienced by their caregivers, and associations between these outcomes and VOC
frequency. Caregivers (N=167) of children with SCD in the US completed the Infant-Toddler Quality of Life-Short Form 47 (ITQoL-
SF47) for children 2 months—4 years, the Child Health Questionnaire—Parent Form 50 (CHQ-PF50) and PROMIS Pain Interference
and Sleep Disturbance Parent Proxy short forms for children 5-11 years, and a study-specific survey of school experiences.
Results: Children with SCD 2 months—4 years had lower ITQoL-SF47 scores (ie, worse HRQoL, p<0.001) than a normative sample of
children; across domains, differences ranged from 18.73—45.03 points and exceeded minimal important difference (MID) thresholds. Except
for the behavior domain, children with SCD 5-11 years had lower scores on all CHQ-PF50 domains than the normative sample (p<0.001);
differences ranged from 6.78—36.37 points and exceeded MID thresholds. Children with more frequent VOCs had lower HRQoL and worse
school experiences than children with less frequent VOCs (p<0.05, except for behavior domains). The largest differences based on VOC
frequency were observed for overall health and bodily pain/discomfort among children 2 months—4 years (differences=40.88 and 32.50
points, respectively), and bodily pain and role/social limitations due to physical health among children 511 years (differences=38.99 and
37.80, respectively). Caregivers of children with more frequent VOCs experienced greater burden than caregivers of children with less
frequent VOCs, though specific areas of impact (eg, caregiver emotions, time) differed across child age groups.

Conclusion: VOC frequency is negatively associated with HRQoL, highlighting the burden experienced by children with SCD and
their caregivers.
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Introduction

Sickle cell disease (SCD) is a group of genetic blood disorders that cause a mutant form of hemoglobin that is less soluble than

normal hemoglobin and is prone to polymerization upon deoxygenation.'> The polymerization of hemoglobin causes

deformation of red blood cells, giving them a sickle shape and causing chronic hemolysis, anemia, and vaso-occlusion.*”
Early symptoms of SCD in infants include swelling of the hands and feet, anemia, jaundice, and enlarged spleen.*

Other symptoms and complications observed among pediatric patients include fever, stroke, asthma, impaired immunity,
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avascular necrosis, chronic ulcers, chronic pain, and vaso-occlusive crises (VOCS).4 VOCs are a hallmark of SCD, are
characterized by episodes of severe pain, and can begin within the first few months of life, with frequency and severity
increasing through toddlerhood and childhood.’® VOCs are associated with complications such as acute chest syndrome
and long term damage to muscles, bones, and organs.”®

A review reported that children with SCD experience widespread impairments in health-related quality of life
(HRQoL).” While some studies have reported that infants and toddlers with SCD also experience deficits in HRQoL,
particularly in areas related to physical well-being,'® others have failed to find evidence of such deficits among these
youngest patients.'' Frequency of VOCs, as measured through healthcare visits, is related to physical and psychosocial
HRQoL among children ages 2—19.' Current research exploring patterns of HRQoL among infants/toddlers and children
with SCD is limited, especially in children under age 2. In addition to HRQoL burden, school experiences may also be
negatively affected by SCD. A survey of children with SCD revealed that they miss an average of 16 days of school each
year, and are not always given the support they need to catch up.'* Reports of a broad range of school experiences, and
their association with VOC frequency, are limited.

This cross-sectional observational study sought to address 3 main research goals: 1) to quantify the HRQoL burden on
children with SCD under the age of 12; 2) to examine the association between VOC frequency and child HRQoL and
school experiences; and 3) to describe the burden of caregivers of children with SCD.

Methods

Study Sample and Procedures

A cross-sectional survey of caregivers of children with SCD was fielded online in the United States (US) between
February and April 2021. Data were collected from caregivers of children with SCD ages 2 months—17 years. This
manuscript reports on data collected from a subset of caregivers whose children were between the ages of 2 months and
11 years, to focus on the experiences of young children who may not be able to reliably self-report on their experiences.
Self-reported data from adolescents with SCD (ages 12—17) will be reported in a separate manuscript.

The study was approved by an independent review board; all participants provided informed consent prior to
completing the online survey.

A convenience sample of caregivers was recruited by a vendor, Global Perspectives, who used existing panels of
relevant individuals and social media engagement. Caregivers were screened over the phone and deemed eligible if they
were >18 years old, currently living in the US, and the primary caregiver of a child with SCD between the ages of 2
months and 17 years (inclusive). Caregivers of children with sickle cell trait were excluded. To ensure exclusion of
caregivers of children with sickle cell trait, those who did not know their child’s sickle cell type were also excluded. Only
1 caregiver per household was eligible to participate, and each caregiver reported on a single child. A set of sampling
quotas for children’s VOC frequency and age was instituted to ensure representation across the full range of these
variables.

Upon completion of an informed consent form, caregivers were provided a link to the online survey. Caregivers who
completed the survey were offered a $60 honorarium.

Study Measures

Health-Related Quality of Life

The Infant-Toddler Quality of Life-Short Form 47 (ITQoL-SF47) measured HRQoL for children 2 months—4 years. The
ITQoL-SF47 is a 47-item, generic caregiver-reported survey that assesses domains of HRQoL relevant to infants/
toddlers.'* The ITQoL-SF47 includes 9 scales to assess child well-being and 3 scales to assess caregiver impact. Scale
scores range from 0—100, with 100 representing best HRQoL."* Developer-provided US-based normative data, obtained
from caregivers of infants/toddlers ages 2—71 months, provide information on the HRQoL of the average US-based
infant/toddler and their caregiver.'” Normative scores are available for 6 child HRQoL scales and all 3 caregiver impact

scales. The means and standard deviations (SDs) of the normative values were adjusted to reflect the average scores
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among a general population sample of caregivers of infants/toddlers ages 2—59 months to better align with the age range
of the study sample (see Supplemental Table 1 for adjusted normative scores).

The Child Health Questionnaire — Parent Form 50 (CHQ-PF50) measured HRQoL for children 5-11 years. The CHQ-
PF50 is a generic 50-item caregiver-reported survey.'® Eleven scales measure child HRQoL and 4 scales measure

caregiver/family impacts. CHQ-PF50 produces individual scale scores and 2 summary scores: Psychosocial Summary
and Physical Summary. All scale scores range from 0-100, with higher scores indicating better HRQoL. Developer-
provided US-based normative data, obtained from caregivers of children ages 518, provide information on the HRQoL
of the average US-based child and their caregiver.'® Normative scores are available for 8 scales and both summary scores
relating to child HRQoL, and all 4 caregiver/family impact scales. The means and SDs of these normative values were
adjusted to reflect the average scores among a general population sample of children ages 5—12 to better align with the
age range of the study sample (see Supplemental Table 1 for adjusted normative scores).

Two short form measures from the PROMIS family of instruments — Pain Interference and Sleep Disturbance — served as
supplemental measures of HRQoL among children ages 5—11. The Parent Proxy Pain Interference — Short Form 8a is a generic
measure of the degree to which pain interferes with everyday activities. The Parent Proxy Sleep Disturbance — Short Form 4a
is a generic measure of sleep difficulty. Each short form produces a single score standardized to a US general population mean
of 50 and an SD of 10."7' Higher scores represent more pain interference or sleep disturbance.

School Experiences

School experiences were evaluated using survey items written for this study. Caregivers were asked to indicate whether
their child currently attends school in any capacity (eg, in-person, remote), and if so, whether they participated in school
classes or activities over the past 4 weeks. Eleven questions evaluated experiences including days of missed school,
ability to complete schoolwork, perceptions of having to work harder than other kids, and difficulty enjoying school. All
items assessed experiences related specifically to their child’s SCD. Skip logic was used so that caregivers of children
who were not enrolled in school were not asked any additional questions about their school experiences; caregivers of
children who were enrolled but did not participate in school classes or activities over the past 4 weeks only received a
subset of relevant items.

The factor structure of these items was previously explored using data from adolescents ages 12—17, with a series of
factor analyses indicating that a 3-factor model provided the best fit.>° Based on these results, a 3-factor confirmatory
factor analysis was conducted using the caregiver data. Good model fit was observed (root mean square error of
approximation=0.065, comparative fit index=0.995, Tucker Lewis index=0.993). Internal consistency reliability of
each scale was good; Cronbach’s alpha ranged from 0.86—0.93, indicating that each scale measures a single underlying
construct. The 3 individual scale scores, recent school experiences, general school experiences, and teacher support, were
used for analyses.

VOC Frequency

VOC frequency was evaluated through caregiver-report at screening. The caregiver was asked to report how many VOCs
their child had experienced in the past 12 months. Caregivers provided the exact number of VOCs (ie, rather than
selecting a categorical response such as 0-2). VOCs were referred to as “sickle cell pain attacks (crises)” without any
further definition or restriction.

Statistical Analyses

Analyses were conducted using SAS software, Version 9.4 of the SAS System for Microsoft Windows. Copyright ©
2016. SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or
trademarks of SAS Institute Inc., Cary, NC, USA.

Sample Characteristics
Descriptive statistics summarized caregiver and child demographic characteristics. Summaries were reported for each
domain from the ITQoL-SF47, CHQ-PF50, PROMIS short forms, and school experiences survey.
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HRQoL of Children with SCD Compared to Normative Samples

ITQoL-SF47 and CHQ-PF50 domains pertaining to child HRQoL were compared to the adjusted normative scores from
the US general population. Scores from the PROMIS Pain Interference and Sleep Disturbance Parent Proxy short forms
were compared to the US general population score of 50. Welch’s #-tests were used to test for differences between the
SCD sample means and normative sample means at an alpha level of 0.05.

A minimal important difference (MID) is the smallest difference in a scale score that is perceived by the respondent
as important. While various methods can be used to estimate an MID, estimates based on the distribution of scores are
common.”"** For this study, the MID was defined as one-half SD of the normative score (see Supplemental Table 1 for
thresholds). If the average ITQoL-SF47 or CHQ-PF50 score of the study sample was at least one-half SD lower than the
normative sample, it was determined that children with SCD (or their caregivers) experienced meaningful burden.

Because higher scores are worse for the PROMIS Pain Interference and Sleep Disturbance short forms (ie, scored in the
opposite direction as the ITQoL-SF47 and CHQ-PF50), study sample scores that were at least one-half SD higher than
the normative sample indicated meaningful burden for these outcomes.

Association Between VOC Frequency and Child HRQoL/School Experiences

A series of general linear models were conducted to examine the association between VOC frequency and child HRQoL/

school experiences. Each model included VOC frequency (0-2 VOCs in the past 12 months; >3 VOCs in the past 12

months) as the independent variable and an HRQoL or school experience scale score as the dependent variable. Child’s

age and household income were included as covariates. Benjamini-Hochberg (BH) adjusted p-values were used to correct

for multiple comparisons.*?

Burden on Caregivers of Children with SCD

Caregiver burden scores were obtained from the ITQoL-SF47 (caregivers of children ages 2 months—4 years) and CHQ-

PF50 (caregivers of children 5-11 years). Average scores from the caregiver/family impact domains were compared to

scores from the adjusted US general population, following the same analytic strategy used to examine child burden.
Associations between VOC frequency and caregiver burden were examined following the same procedure used for

child HRQoL analyses (including use of covariates).

Results

Sample Demographics

The analytic sample included 167 caregivers of children with SCD between the ages of 2 months and 11 years
(Figure 1). Characteristics of the caregivers and of the children about whom caregivers reported are presented in
Table 1. Caregivers were on average 34 years old; the majority were female (77.84%) and Black (92.81%). The
children about whom the caregivers reported were on average 5.4 years old; approximately half (49%) were female,
and the majority were Black (94.61%). The most frequently reported SCD type among the children was Hb-SS
(75.45%), followed by Hb-SC (23.35%). On average, children experienced 5.11 VOCs in the past 12 months;
71.26% of the children experienced at least 3 VOCs. The most frequently reported current treatments for SCD
included folic acid (72.46%), antibiotics (68.26%), blood transfusions (50.90%), hydroxyurea (49.70%), and non-
steroidal anti-inflammatory drugs (44.31%).

HRQoL of Children with SCD Compared to Normative Samples

Average HRQoL scores for the study sample are presented in Supplemental Table 2. Compared to the normative sample,

children with SCD ages 2 months—4 years experienced deficits (ie, lower scores) across all domains of HRQoL (p<0.001
for all domains; Figure 2A). Differences in all domains were meaningful, as they exceeded the MID threshold. The
largest numerical deficit was observed for general health perceptions, where the average score for children with SCD was
45 points lower than that of the average US-based child (M=33.33 vs 78.36, p<0.001).

Children with SCD ages 5-11 years also exhibited deficits in HRQoL relative to a normative sample of children. For
all domains of the CHQ-PF50 except behavior, children with SCD had lower HRQoL scores (p=0.936 for behavior,
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[ Analytic Sample J [

Figure | Flowchart of participant disposition.
Abbreviations: HRQolL, health-related quality of life; SCD, sickle cell disease.

p<0.001 for all other domains, Figure 3A). Differences in all domains except behavior were also meaningful, as they
exceeded the MID threshold. The largest numerical difference was observed for general health perceptions, where the
average score for children with SCD was 36 points lower than that of the average US-based child (M=36.82 vs 73.19,
p<0.001). Children with SCD also experienced more pain interference and sleep disturbance than the average US-based
child (pain interference: 55.40 vs 50.00, p<0.001; sleep disturbance: 57.13 vs 50.00, p<0.001); average scores among
children with SCD were meaningfully different from the normative score of 50 (Figure 3C).

Association Between VOC Frequency and Child HRQoL

Among children ages 2 months—4 years, associations were observed between VOC frequency and HRQoL for all
domains of HRQoL, except for combined behavior/getting along and change in health, such that children who
experienced >3 VOCs in the past 12 months had worse HRQoL (ie, lower scores) than children who experienced 0-2
VOCs (p=0.091 for combined behavior/getting along, p=0.199 for change in health; p<0.05 for all other domains;
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Table 1 Characteristics of Caregivers and Their Children with SCD, Ages 2 Months — || Years

Caregiver Characteristics (N=167)

Continuous Variables

Mean (SD) Median IQR Range
Age of caregiver 33.99 (8.40) 32.00 28.00-39.00 19.00-63.00
Total number of individuals in the household 4.26 (1.52) 4.00 3.00-5.00 2.00-9.00
Number of children under the age of 18 in the household 2.1 (1.09) 2.00 1.00-3.00 1.00-5.00
Number of children with SCD in the household 1.33 (51) 1.00 1.00-2.00 1.00-3.00
Categorical Variables
N %

Gender Identity, female 130 77.84%
Race, Black or African American 155 92.81%
Ethnicity, Not Hispanic or Latino 157 94.01%
Employment Status, Not Currently Employed 98 58.68%
Caregiver Relationship to Child, Parent 160 95.81%
Educational Attainment

Some high school | 0.60%

High school or equivalent (eg, GED) 39 23.35%

Some college but no degree 7 4.19%

Technical school 42 25.15%

Associate’s degree (2-year college degree) 39 23.35%

4-year college degree (eg, BA, BS) 28 16.77%

Some graduate school but no degree 2 1.20%

Graduate degree 9 5.39%
Household Income

Less than $50,000 40 23.95%

$50,000 to $74,999 28 16.77%

$75,000 to $99,999 38 22.75%

$100,000 or more 52 31.14%

| do not know or prefer not to answer 9 5.39%
Marital Status

Single/never married 34 20.36%

Married/living as married/civil partnership 110 65.87%

Divorced or separated 13 7.78%

| prefer not to answer 10 5.99%

Child Characteristics (N=167)

Continuous Variables

Mean (SD) Median IQR Range
Child’s Age 5.41 3.72) 5.00 2.00-9.00 | 0.00-11.00
Number of VOCs Experienced in Last 12 Months 5.11 (3.89) 4.00 2.00-7.00 | 0.00-20.00

Categorical Variables

N %
Child’s Gender Identity, Female 82 49.10%
Race, Black or African American 158 94.61%
Child’s Ethnicity, Not Hispanic or Latino 154 92.22%
(Continued)
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Table | (Continued).

Caregiver Characteristics (N=167)
Categorical Variables
N %
SCD type
Hb-SS 126 75.45%
Hb-SC 39 23.35%
Hb-S beta+ thalassemia 2 1.20%
Number of VOCs Experienced in Last |2 Months
0 12 7.19%
| 2 1.20%
2 34 20.36%
3 VOCs or more 119 71.26%
Current SCD Treatments®
Folic acid 121 72.46%
Antibiotics 114 68.26%
Blood transfusions 85 50.90%
Hydroxyurea 83 49.70%
NSAIDs (such as aspirin or ibuprofen) 74 44.31%
IV fluids 68 40.72%
Opioid therapy (such as Percocet or Vicodin) 28 16.77%
Pneumococcal vaccine 21 12.57%
L-glutamine (prescription) 14 8.38%
L-glutamine (over the counter) 14 8.38%

Note: *Multiple response options allowed; no caregiver reported that their child was not receiving any treatment for SCD.

Figure 2B). The largest numerical differences were observed for overall health and bodily pain/discomfort, where both
differed by >30 points (overall health: adjusted M=14.87 vs 55.75, p<0.001; bodily pain/discomfort: adjusted M=47.80
vs 80.30, p<0.001).

Physical Abilities
Physical Abilities I ——
. N

Discomfort

Global Behavior

tovpemen e L 1
Moods Temperament &
Moods

Combined Behavior/ | N
Combined Behavior/ G ¢ Getting Along
Getting Along
General Heatth | N
Perceptions
General Heatth (N - ¢
Perceptions change [l
in Health
I I I 1 1 1 ! J J ! ! 1
0 20 40 60 80 100 0 20 40 60 80 100
Mean ITQoL-SF47 Scale Score Mean ITQoL-SF47 Scale Score
Sample INumber of VOCs Experienced in the Past 12 Month:
® Infants with SCD ages 2 months - 4 years (N=75) m 0-2VOCs
Normative sample of infants ages 2 months - 5 years (N=1226) 3 VOCs or more

Figure 2 Health-related quality of life among children with SCD ages 2 months — 4 years, as reported by caregivers. (A) Children’s ITQoL-SF47 scores compared to a
normative sample of children. (B) Association between VOC frequency and ITQoL-SF47 scores. Means are adjusted for child’s age and household income.

Notes: Higher ITQoL-SF47 scores indicate better HRQoL. Normative scores are not available for Overall Health, Global Behavior, and Change in Health Domains. Change
in Health domain score range = |-5. *¥p<0.05; *p<0.01; **p<0.001. *Difference between SCD sample and normative sample exceeds the minimal important difference
threshold.

Abbreviations: ITQoL-SF47, Infant-Toddler Quality of Life-Short Form 47; SCD, sickle cell disease; VOC, vaso-occlusive crisis.
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Figure 3 Health-related quality of life among children with SCD ages 5-11 years, as reported by caregivers. (A) Children’s CHQ-PF50 scores compared to a normative
sample of children. (B) Association between VOC frequency and CHQ-PF50 scores. Means are adjusted for child’s age and household income. (C) Children’s PROMIS Pain
Interference and Sleep Disturbance scores compared to a normative sample of children. (D) Association between VOC frequency and PROMIS Pain Interference and Sleep
Disturbance. Means are adjusted for child’s age and household income.

Notes: Higher CHQ-CF50 scores indicate better HRQoL. Normative scores are not available for Global Health, Global Behavior, and Change in Health Domains. Change in
Health domain score range = |1-5. Higher PROMIS scores indicate worse HRQoL. *p<0.01; **#p<0.001. *Difference between SCD sample and normative sample exceeds
the minimal important difference threshold.

Abbreviations: Be, Behavior; BP, Bodily Pain; CH, Change in Health; CHQ-PF50, Child Health Questionnaire — Parent Form 50; GB, Global Behavior; GH, Global Health;
GHP, General Health Perceptions; MH, Mental Health; PhS, Physical Summary; PF, Physical Functioning; PsS, Psychosocial Summary; R/S EBH, Role/Social Limitations due to
Emotional or Behavioral Health; R/S PH, Role/Social Limitations due to Physical Health; SCD, sickle cell disease; SE, Self-Esteem; VOC, vaso-occlusive crisis.

Among children ages 5—11 years, associations were observed between VOC frequency and HRQoL for all domains of
the CHQ-PF50, except for behavior and global behavior, such that children with more frequent VOCs experienced worse
HRQoL (ie, lower scores) than children with less frequent VOCs (p=0.547 for behavior, p=0.339 for global behavior,
p<0.01 for all other domains; Figure 3B). The largest numerical differences were observed for global health (adjusted
M=21.74 vs 56.42, p<0.001), physical functioning (adjusted M=56.04 vs 87.40, p<0.001), role/social limitations due to
physical health (adjusted M=51.21 vs 89.01, p<0.001), and bodily pain (adjusted M=49.80 vs 88.79, p<0.001), all of
which differed by >30 points. This pattern of results was also observed for pain interference and sleep disturbance, as
measured by PROMIS short forms, where children with more frequent VOCs had higher scores, indicating more pain

interference and sleep disturbance, than children with less frequent VOCs (p<0.001 for both domains, Figure 3D).
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Association Between VOC Frequency and School Experiences
Average school experience scores are presented in Supplemental Table 2 and item-level responses are presented in

Supplemental Table 3. Among children ages 11 and under who were enrolled in school at the time of the survey, those

with more frequent VOCs experienced worse (ie, lower scores) recent and general school experiences than children with less
frequent VOCs (Recent experiences: adjusted M=69.29 vs 90.80, p<0.001; general experiences: adjusted M=41.20 vs 62.99,
p<0.01; Figure 4). Teacher support did not differ according to VOC frequency (adjusted M=70.94 vs 71.44, adjusted p=0.938).

Burden on Caregivers of Children with SCD

Average caregiver impact domain scores are presented in Supplemental Table 4. Compared to the normative sample,

caregivers of children with SCD ages 2 months—4 years reported lower mean scores (ie, greater burden) on the parent
impact — emotion domain (ie, experiences worry due to their child’s health; M=53.78 vs 89.97, p<0.001), parent impact —
time domain (ie, experiences limitations in time for personal needs due to their child’s health; M=40.92 vs 92.59,
p<0.001), and family cohesion domain (ie, experiences difficulty in getting along; M=72.67 vs 80.44, p<0.01). The
differences observed on emotion and time (but not family cohesion) also exceeded the MID threshold (Figure SA). Only
the parent impact — time domain was associated with VOC frequency, such that caregivers of children with more frequent
VOCs experienced greater limitations in time for personal needs than caregivers of children with less frequent VOCs
(adjusted M=36.37 vs 56.42, p<0.01; Figure 5B).

Compared to the normative sample, caregivers of children with SCD 5-11 years reported lower scores (ie, greater
burden) on the parent impact — emotion domain (M=54.35 vs 81.42, p<0.001), parent impact — time domain (M=63.77 vs
88.67, p<0.001), and family activities domain (ie, their child’s health limits family activities and/or causes family tension;
M=69.38 vs 89.36, p<0.001); these differences were also meaningful, as they exceeded the MID threshold (Figure 5C).

*
*
*

Recent School Experiences
(past 4 weeks)

**
General School Experiences

(time invariant)

Teacher Support

1 I 1 [
40 60 80 100

Mean School Experience Factor

o
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o

Number of VOCs Experienced in the Past 12 Months|
m 0-2VOCs
3 VOCs or more

Figure 4 Association between frequency of vaso-occlusive crises and school experiences of children with SCD <11 years old, as reported by caregivers.
Notes: Higher school experience scale scores indicate better/more positive experiences. *p<0.01; ***p<0.001.
Abbreviations: SCD, sickle cell disease; VOC, vaso-occlusive crisis.
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Figure 5 Burden experienced by caregivers of children with SCD. (A) Caregivers of children ages 2 months to 4 years: ITQoL-SF47 caregiver impact domain scores
compared to a normative sample of caregivers. (B) Caregivers of children ages 2 months to 4 years: Association between child’s VOC frequency and caregiver impacts.
Means are adjusted for child’s age and household income. (C) Caregivers of children ages 5 to |1 years: CHQ-CF50 caregiver impact domain scores compared to a
normative sample of caregivers. (D) Caregivers of children ages 5 to || years: Association between child’s VOC frequency and caregiver impacts. Means are adjusted for
child’s age and household income.

Notes: Higher ITQoL-SF47 and CHQ-CF50 scores indicate better HRQoL. *p<0.01; **p<0.001. *Difference between SCD sample and normative sample exceeds the
minimal important difference threshold.

Abbreviations: CHQ-PF50, Child Health Questionnaire — Parent Form 50; ITQoL-SF47, Infant-Toddler Quality of Life-Short Form 47; SCD, sickle cell disease; VOC, vaso-
occlusive crisis.

Differences between caregivers of children with SCD and the normative sample were not observed for the family
cohesion domain (M=69.46 vs 71.96, p=0.391). Three domains — parent impacts on emotions, parent impacts on time,
and family activities — were also associated with VOC frequency (Figure 5D); caregivers of children with more frequent
VOCs experienced more worry due to their child’s health (emotions: adjusted M=45.85 vs 71.07, p<0.001), more
limitations in time for personal needs (time: adjusted M=57.10 vs 76.88, p<0.01), and more family tension (family
activities: adjusted M=62.09 vs 83.74, p<0.001) than caregivers of children with less frequent VOCs.

Discussion

Results of this caregiver-reported, cross-sectional, observational study show that children with SCD have worse HRQoL
than normative samples of children; these deficits exist both for infants/toddlers 2 months—4 years and children 5-11
years. Across both age groups, the largest deficits were related to general health (eg, beliefs that the caregiver’s child is
less healthy than other children, expectations for living a healthy life), while in the older children equally large deficits
were also observed for physical functioning and pain. Older children did not exhibit impairment in the behavior domain,
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relative to the normative sample. Across both age groups, children who experienced >3 VOCs had worse HRQoL than
children with 0-2 VOCs. VOC frequency was not associated with combined behavior/getting along in the youngest
children, nor was it associated with behavior in the older children or teacher support among children enrolled in school.

This study complements and extends previous findings on the HRQoL of children with SCD, providing needed insight into
the experiences of younger children and the association between HRQoL and VOC frequency. One recent meta-analysis
reported that children with SCD have worse overall HRQoL than healthy peers,”* while a second review reported more
specifically on observed impairments in physical functioning, including both performance-based assessments and physical
functioning domains of HRQoL.> Results of the current study indicate that many other specific domains of HRQoL are
impacted by SCD, including growth and development, general health, and pain for young children, and role/social limitations,
general health, mental health, pain, and sleep for older children. These findings are of particular importance, as they highlight
impairments experienced by children across a relatively wide range, including very young children. While some previous
research has suggested that infants experience deficits in HRQoL relative to the general population,”® others have indicated
that HRQoL of young children (ages 0—5) does not differ from the general population.'' As such, the current study provides
valuable insight into the type and extent of HRQoL burden experienced by the youngest children with SCD.

Associations between HRQoL and clinical indicators have been reported among children with SCD, but few have explored
the relationship between HRQoL and VOC experiences. For example, healthcare resource utilization (emergency room visits
and hospitalizations) was associated with overall HRQoL among children with SCD ages 8—17, such that those with higher
utilization had lower HRQoL.?” Among children and adolescents with SCD ages 219 years, frequency of VOCs resulting in
healthcare resource utilization was also negatively associated with 2 broad domains of HRQoL (physical and psychosocial).'?
The current study considered the frequency of all VOCs experienced, including those that may be treated at home, and
evaluated multiple domains of HRQoL as well as school experiences, rather than focusing only on component scores that
aggregate across unique domains. As such, the results provide new information on the relationship between VOCs and specific
domains of HRQoL and school experiences, helping to identify areas of burden more clearly. These results also emphasize the
potential that even infants/toddlers could benefit from disease modifying therapy aimed at decreasing VOCs or preventing
other complications, which could improve domains most impacted by VOCs, such as physical health and pain.

This study also provides insight into the experiences of caregivers of children with SCD. Relative to caregivers from the
general population, caregivers of children with SCD reported worse scores (ie, greater burden) on domains related to family
activities (only evaluated for caregivers of children ages 5—11), emotion, and time to care for their own needs. One example
includes a recent study in which caregivers of children with SCD in Nigeria reported lost income, tension, or hostility in their
home/with their spouse, and feeling they have neglected other family members.® While this burden may be experienced by any
caregiver as they face difficulties caused by caring for a young child regardless of the presence of a chronic disease, the current
study quantifies the degree of burden relative to the US general population, clarifying the relative impact of caring for a child with
SCD. Nevertheless, caregivers of children with SCD did not report lower perceptions of family cohesion than the general
population, nor was VOC frequency associated with this domain. Through qualitative interviews, caregivers of children with
SCD have emphasized the importance of family resilience, including flexibility, family and community connections, and social
support.’ Though not directly evaluated in the current study, it is possible that resilience can help support a maintained sense of
family cohesion, despite experiencing worry due to their child’s health and limitations in caring for their own needs.

Select limitations of this study should be noted. The study design was observational and cross-sectional; no causal or
longitudinal relationships can be inferred. The purpose of the study was to describe HRQoL rather than to develop the
best predictive model; other uncontrolled or unmeasured variables (eg, treatment that improves HRQoL by mechanisms
beyond VOC reduction),*>*! could contribute to the relationships reported here. Moreover, inclusion of such variables in
a model (eg, receipt of disease modifying therapy, SCD genotype) could also change the observed associations between
HRQoL and VOC frequency. Data collection occurred during the COVID-19 pandemic, and before US-based children
and infants were eligible for vaccinations. Hybrid or distance learning may have reduced school absences due to SCD,
while potentially making other experiences more difficult. As such, generalizing these findings outside this context may
be difficult. Finally, the study relied on caregiver report; HRQoL in infants may be difficult to evaluate (though infant-
specific measures, such as the one used in this study may alleviate that), and for older children, caregiver reports may not
always correspond exactly with reports that the child would provide.*?
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Despite these limitations, the study also had several strengths, particularly in the context of previously published
work. Analyses presented here included a wide age range of children (2 months—11 years) and evaluated HRQoL with a
set of surveys that produce scores for many specific domains, resulting in a more detailed assessment of burden. The
study-specific measure of school experiences also evaluated a broad array of experiences that extend beyond absences or
grades. Not restricting evaluation of VOC frequency to those resulting in healthcare resource utilization likely resulted in
a more accurate depiction of children’s VOC experiences. A recent review suggests that while most studies consider only
VOCs that are managed in an inpatient or outpatient setting, imposing such definitions on these experiences risks
undercounting their true frequency, as many VOCs are treated at home.>® Thus, the associations between HRQoL and
VOC frequency reported in the current study provide a more complete description of the patient experience.

Conclusion

Together, the findings of this study call for early attention to the burden of SCD experienced by children and their caregivers.
Future research should focus on examining how treatment, and possibly non-pharmacologic interventions, may reduce this
burden, focusing on the child and on the entire family unit.
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