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Abstract

Background: Sickle cell disease (SCD) is associated with poor neurocognitive outcomes due
to biomedical and psychosocial factors. The aims of this study were to investigate associations
between household and neighborhood socioeconomic status (SES) with cognitive and academic
outcomes in SCD and to determine if these relationships were modified by sickle genotype, fetal
hemoglobin, or age.

Procedure: We prospectively recruited patients to complete a battery of neurocognitive and
academic measures. Household SES was measured using the Barratt Simplified Measure of Social
Status, a composite index of parent education and occupation. The Social Vulnerability Index was
used to classify individuals based on social vulnerabilities at the neighborhood level.

Results: Overall, 299 patients between the ages of 4-18 (Mean=11.4, Standard Deviation=4.3)
years diagnosed with SCD (57% SS/SBO-thalassemia) completed testing. Stepwise multivariate
models demonstrated that patients with low social vulnerability (i.e., high SES) at the
neighborhood level displayed intelligence and math scores that were 4.70 and 7.64 points higher
than those living in areas with moderate social vulnerability, respectively (p<0.05). Reading
performance did not differ based on neighborhood SES; however, the effect of neighborhood
SES was dependent on age, such that older participants living in neighborhoods with moderate
or high levels of social vulnerability displayed poorer reading scores than those with low social
vulnerability (p<0.05).

Conclusions: This study identified patients with SCD at higher risk of poor academic
performance based on SES. Interventions addressing academic difficulties should be offered to
all children with SCD but should be emergently offered to this sub-population.
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Introduction

Socioeconomic status (SES) is described as a measure of one’s combined economic and
social status and is associated with health outcomes (1). Longitudinal studies in the general
population demonstrate effects of SES on cognition as early as infancy, and these differences
extend through adolescence and adulthood (2, 3). The effects of SES are documented

on measures of cognitive performance and neuroimaging (4). Both household-level (e.g.,
familial educational attainment and occupation) and neighborhood-level measures of SES
uniquely contribute to neurocognitive outcomes (5). Consistent with the general population,
studies have documented the unique contribution of SES to neurocognition in patients with
medical conditions who are at high risk for neurocognitive deficits. For example, in children
born very preterm (<32 weeks’ gestation), SES has strong associations with cognitive
outcomes, accounting for as much variance as a brain insult, such as severe intraventricular
hemorrhage (6).

In the United States, racially and ethnically diverse populations experience disproportionate
rates of social disparities, generational poverty, and systemic inequities (7). Specifically,
Black/African Americans face several challenges including ongoing de facto segregation,
education, crime, economic disadvantage, health issues, and discrimination, which place
them at an increased risk for health issues (8). On a neighborhood level, Black/African-
Americans living in underserved communities may have limited access to appropriate
healthcare and possible underutilization of healthcare services (9). Structural inequities,
such as neighborhood SES, may lead to negative perceptions and bias among healthcare
providers, which may adversely impact treatment decisions and potentially limit a patient’s
opportunities for health security and quality (9). For pediatric patients with sickle cell
disease (SCD), an inherited hemoglobinopathy predominantly seen among individuals of
African descent in the United States, the dual burden of living with a chronic disease

and racial inequity increases this population’s vulnerability to social disparities (7).
Environmentally, patients with SCD experience greater rates of poverty and fewer protective
socioeconomic factors when compared with the Black/African-American population in the
United States (10, 11). Patients from the most disadvantaged environments experience
reduced health-related quality of life (12) and are at higher risk for in-hospital mortality
(13).

SCD is associated with significant neurocognitive risk due to a combination of disease

and environmental factors (7, 8). Neurological complications, including overt stroke, silent
cerebral infarctions, and chronic insufficiencies in oxygen and/or glucose delivery to the
brain contribute to the neurocognitive decline (14-16). There are several genotypes of

SCD, with differing clinical presentations. Patients diagnosed with HbSS/HbSh?-thalassemia
(also known as sickle cell anemia) are at higher risk for multiple complications

(e.g., stroke, acute chest syndrome, pain episodes) compared to other genotypes (e.g.,
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HbSC/HbSB*-thalassemia). Disease status, along with neurocognitive functioning, in SCD
typically worsens with age due to cumulative complications (17-19). To address disease
complications, hydroxyurea therapy is considered standard of care for patients with
HbSS/HbSBO-thalassemia and is recommended on a case-by-case basis for other SCD
genotypes (20). Hydroxyurea is a myelosuppressive agent that raises the level of fetal (HbF)
and total hemoglobin (Hb). HbF protects the cell by inhibiting the polymerization of deoxy
sickle hemoglobin. Hydroxyurea is known to ameliorate anemia and reduce the number of
vaso occlusive events (21). Preliminary data suggests hydroxyurea treatment may provide
neuroprotection and limit neurocognitive decline in patients with SCD (18).

Prior studies have demonstrated that SES is positively associated with cognitive and
academic performance independent of disease complications in patients with SCD (22—

25). Schatz and colleagues observed that the effect of SES on neurocognitive functioning
depended on SCD severity (26). Children diagnosed with SCD who had mild to moderate
degrees of anemia demonstrated a strong relationship between SES and neurocognition,

but there was no association between SES and neurocognition among children with severe
disease (26). Overall, studies have established that there is a relationship between measures
of household SES (e.g., parent education, income, occupation) and neurocognitive outcomes
in children and adolescents with SCD.

Additional research examining the relationship between SES and neurocognition in SCD

is needed due to limitations of prior studies. Only a single study (26) with a small

sample (N=36), examined modifiers of the relationship between SES and neurocognition to
determine which patients are most impacted by socioeconomic disparities. There is minimal
research examining how the relationship between household SES (i.e., parent education/
occupation) and neurocognition extends into late adolescence or the unique contribution

of neighborhood SES to the health outcomes in SCD. Lastly, the relative contribution of
SES to neurocognitive outcomes compared to medical and treatment factors has yet to be
thoroughly explored.

The primary objective of this study was to investigate associations between household

and neighborhood SES with cognitive and academic (reading and math) outcomes in a
large prospectively recruited sample of patients with SCD ranging from childhood to late
adolescence. Given that SCD becomes more severe with aging, a secondary objective was
to examine if the relationship between SES and neurocognitive/academic outcomes was
moderated by disease genotype, HbF level, or age (i.e., if these factors would alter the
effect of SES on neurocognition). Finally, we sought to measure the relative contribution of
SES to neurocognitive/academic outcomes compared to medical and treatment factors. We
hypothesized that both household and neighborhood SES would independently contribute to
neurocognitive outcomes. We predicted that the effect of SES would not differ by disease
genotype or HbF level. Rather, it was hypothesized that the association between age and
neurocognitive/academic outcomes would differ by SES such that age would have a greater
effect on patients with lower SES.
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Method

The institutional review board (IRB) at St. Jude Children’s Research Hospital (Memphis,
TN) approved the study. The legal guardian of each participant gave written informed
consent and adolescents gave assent according to the requirements of the IRB.

Participants

Children and adolescents with SCD who participated in the Sickle Cell Clinical Research
and Intervention Program (SCCRIP) study and received a routine neurocognitive assessment
were eligible for this study. Briefly, SCCRIP is a longitudinal lifetime cohort study

that collects retrospective and prospective data on clinical, neurocognitive, geographical,
psychosocial and health outcomes of children, adolescents and adults with SCD (27).
Neurocognitive assessments are performed approximately every four years between the ages
of 4 and 18 years. These screening assessments are not clinical referrals, but systematic
surveillance, as patients are not selected for disease severity, prior central nervous system
findings, or existing cognitive concerns.

Medical and treatment variables

Medical and treatment variables were abstracted from the SCCRIP database. Participants
with HbSS/HbSB0-thalassemia received hydroxyurea according to established guidelines
(28). For participants with HbSC/HbSB*-thalassemia, initiation was guided by the frequency
of acute disease complications (29). Lab values including HbF, Hb, and platelet count were
collected on the day of neurocognitive testing or were the average value of measurements
within three months prior to testing. Daytime Hb oxygen saturation was obtained on the day
of the neurocognitive testing and >2 months from a blood transfusion. SCD genotype was
split into 2 groups: HbSS/HbSB0-thalassemia vs. HbSC/HbSB*-thalassemia.

Socioeconomic Status

Household SES was measured using the Barratt Simplified Measure of Social Status
(BSMSS)(30) based on Hollingshead’s Four Factor Index (31). Parents were asked to report
their occupation, education level, and marital status as part of a clinical interview during

the neurocognitive assessment. The BSMSS classification system codes occupations based
on skill, power, and social position in society. Education was accounted for using level of
school completed, with seventh grade and below receiving the lowest score and graduate
degree or professional school beyond college receiving the highest score. A composite score
is created by adding the scores for occupation and education for each parent. The average

of the caregivers’ scores was used for households with multiple caregivers, whereas single-
parent homes only included the individual parent’s scores. Total composite scores range
from 8 (low) to 66 (high). The data used to calculate the BSMSS were collected at the same
time as the most recent neurocognitive evaluation. The Social Vulnerability Index (SVI)(32,
33) was used to classify individuals based on social vulnerabilities at the neighborhood level.
The SVI is comprised of 15 census variables collected by the U.S. Census Bureau. The 15
variables correspond to four themes: Socioeconomic Status, Household Composition and
Disability, Minority Status and Language, and Housing and Transportation. Census tracts
are ranked within each state to evaluate the relative vulnerability. A higher percentile score
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indicates higher social vulnerability, ranging from 0-100. SVI was categorized into three
groups: low (0-33), moderate (33-66), and high (66—100). Geocodes to calculate the SVI
are updated each year based on the patient’s reported address.

Neurocognitive Measures

Participants in SCCRIP completed a battery of neurocognitive tests. The administration
of all measures was supervised by a licensed psychologist. The neurocognitive measures
differed based on the patient’s age at the time of the assessment. In children older than 6
years of age, the Wechsler Abbreviated Scale of Intelligence-Second Edition (WASI-11)(34)
provided an estimated Full-Scale Intelligence Quotient (FSIQ; 4-subtest 1Q). Academic
achievement measures included Letter-Word Identification and Math Fluency from the
Woodcock-Johnson Test of Achievement — Third Edition (35). Children younger than 6
years of age were administered the Wechsler Preschool and Primary Scale of Intelligence
— Fourth Edition (36) as a measure of FSIQ (6-subtest 1Q). Children younger than age 6
did not receive measures of academic achievement. All measures demonstrate appropriate
reliability and validity and reference age-based normative samples.

Statistical Analyses

Participant demographics, clinical characteristics, and hydroxyurea treatment history were
reported using means and standard deviations or frequencies and percentages. Differences
between SCD genotype groups were compared using Chi-square or Fisher’s exact tests and
two-sample t-tests or Wilcoxon rank sum tests. Normality of the data was checked using
Shapiro-wilk test. Associations between demographic characteristics, clinical measures,
and socioeconomic status with neurocognitive measures were found using simple linear
regressions.

To address our primary objective, demographic and clinical characteristics with significant
associations at p<0.10 or associated with intelligence or academic achievement in prior
studies were used as covariates in multivariate analyses modeling the adjusted associations
between neurocognitive measures and BSMSS or SV1. Interactions between SES measures
with age, SCD genotype, and HbF were also included in multivariate analysis to examine
potential modification of the relationships between SES and neurocognitive measures. The
classical coefficient of determination (R2) was calculated to determine the contribution

of household and neighborhood SES to cognitive and academic outcomes relative to

other covariates for the fixed models. The correlation between SVI and BSMSS was
assessed using Spearman correlation test. To investigate if the relationships between
neurocognitive measures with household and neighborhood SES were independent of each
other, an automated stepwise model with backward and forward variable selection based
on Akaike information criterion (AIC) was used to incorporate patient demographics, SCD
characteristics, BSMSS, SVI, and all SES interactions with age and genotype as possible
model covariates. All covariates were tested for multicollinearity prior to entering the
covariates in the multivariate model (a variance inflation factor <2).

False discovery rate (FDR) adjusted p-value (pFDR) or g-value was calculated to account
for multiple comparisons. All p-values are two-sided and considered significant at pFDR
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<0.05 unless otherwise noted. Analyses were conducted in SAS 9.4, R version 3.6.3 (37),
the MASS package (38), and the r2glmm package (39).

Results

Demographic and clinical characteristics

A total of 299 patients, ages 4-18, received neurocognitive testing at an average age of 11.42
(Standard Deviation [SD] = 4.25) years (Table 1). Consistent with standard of care, most
patients (75%) diagnosed with HoSS/Hb SB0-thalassemia were treated with hydroxyurea,
whereas only 18% of patients with HhSC/Hb Sp*-thalassemia were taking hydroxyurea

at the time of their cognitive evaluation. Household socioeconomic status based on the
BSMSS was lower in those diagnosed with HbSS/HbSBC-thalassemia compared to the group
with HbSC/HbSB*-thalassemia (pFDR=0.04). Based on the SVI, most patients lived in
neighborhoods with high levels of social vulnerability (i.e., low socioeconomic status; Mean
= 65.10, SD = 25.55). Neighborhood socioeconomic status did not differ based on sickle
genotype (pFDR=0.23). Those that received neurocognitive testing were significantly older,
more likely to have a mild SCD genotype (HbSC/SB* thalassemia), and had lower social
vulnerability compared to those without an assessment (Supplemental Table 1).

Univariate models

In univariate analyses (Table 2), the BSMSS was positively associated with measures

of FSIQ, reading, and mathematics (pFDR<0.01). Consistently, greater SVI (continuous)
was negatively associated with FSIQ, reading, and mathematics scores (pFDR<0.01).
Increased age was associated with poorer performance on measures of FSIQ, reading,
and mathematics (pFDR<0.01). Higher levels of HbF were associated with improved
mathematics performance (pFDR=0.01). A 1% increase in HbF was associated with an
increase of 0.47 points in math performance (Standard Error = 0.15). Neurocognitive and
academic scores did not differ by SCD genotype (all p=0.1).

Fixed multivariate models

We conducted separate multivariate models for the BSMSS and SVI controlling for
hydroxyurea treatment, age, HbF and genotype (Table 3). The BSMSS was positively
associated with performance on FSIQ, reading, and mathematics measures (p<0.02). Greater
SVI (continuous) was negatively associated with FSIQ and reading (p<0.01). The effects of
the continuous BSMSS and SVI on FSIQ, reading, and mathematics were not dependent on
age, SCD genotype, or HbF (p>0.05).

Table 4 displays the relative contribution (variance explained) of the BSMSS and SVI
(examined separately) to FSIQ, reading, and mathematics scores compared to age,
hydroxyurea treatment status, HbF, and SCD genotype. The BSMSS accounted for
8.05, 5.77, and 3.12 percent of the variance in FSIQ, reading, and mathematics scores,
respectively. The SVI explained 0.81, 3.12, and 0.90 percent of the variance in FSIQ,
reading, and math performance, respectively.
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Stepwise multivariate models

Stepwise multivariate models with SVI (categorical), BSMSS, and all potential covariates
are displayed in Table 5. Household and neighborhood SES were moderately associated

(p =-0.37). Higher FSIQ scores were positively associated with the BSMSS (p<0.001).
Patients in the low SVI group displayed FSIQ scores that were 4.87 and 4.70 points higher
than those in the high and moderate SVI groups, respectively (p<0.05), after controlling

for current hydroxyurea treatment, BSMSS, SCD genotype, and age. Reading performance
(Letter Word Identification) was positively associated with the BSMSS (p<0.001), but there
were no overall group differences based on SVI status. The effect of SVI group status on
reading scores was dependent on age, such that older participants from moderate and high
SVI groups displayed poorer reading scores than those with low SVI (p<0.05; see Figure 1).
Math scores were positively associated with BSMSS (p=0.05), and patients who lived in low
SVI1 settings displayed math scores that were 7.64 points higher than those from a moderate
SVI setting (p=0.03).

Discussion

Patients with SCD experience greater rates of poverty and fewer protective SES factors
when compared with the Black/African American population in the United States (10,

11). Patients from the most disadvantaged environments are at increased risk for poor
health-related outcomes. As hypothesized, both household and neighborhood-level metrics
of SES independently contributed to neurocognitive and academic performance in children
and adolescents with SCD. Older age was associated with poorer performance across
neurocognitive and academic domains. Consistent with our hypothesis, the negative
association between age and reading performance was dependent on social vulnerability

at the neighborhood level, such that older patients were at higher academic risk if living in
neighborhoods with lower SES. Lastly, we confirmed our hypothesis that the contribution of
household and neighborhood SES factors was greater than what is accounted for by medical
and treatment factors (genotype, hydroxyurea treatment, and levels of HbF). These findings
extend upon prior literature by demonstrating the unique contributions of neighborhood and
household SES. Furthermore, we identified subgroups of SCD patients at greatest risk for
neurocognitive/academic decline with age.

Measures of parental education, family income, and occupation status have consistently
been documented as strong predictors of neurocognitive and academic performance in
patients with SCD (22-25). We observed that neighborhood-level metrics of social
vulnerability account for additional variance in neurocognitive and academic performance
after accounting for parent education and occupation status as measured by the BSMSS.
These findings are consistent with observations in the general population that neighborhood
poverty levels are associated with cognitive performance even after accounting for family
income (5). The SVI is comprised of 15 census variables measuring neighborhood-level
poverty, transportation, housing, among other markers (32). Due to a lack of power, we
were unable to examine the specific aspects of the SVI associated with neurocognitive and
academic performance. It will be important to examine what aspects of neighborhood SES
are contributing to neurocognitive and academic performance, which are not fully accounted

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Heitzer et al.

Page 8

for by household SES. Potential contributors include the quality of the school environment
as well as healthcare and nutritional access.

Prior work by Schatz and colleagues observed that the effect of SES on overall cognition
depended on SCD severity as measured by hematocrit lab values (i.e., degree of anemia)
(26). In contrast to these findings, the effects of SES on neurocognitive and academic
performance in our study were not modified by HbF level or sickle genotype. Low SES
had a negative effect on SCD patients regardless of the sickle genotype or HbF level.
Although we did not observe an interaction between HbF or genotype and neurocognitive
performance, the negative effect of age on reading was dependent on SES. Patients living
in areas with moderate or high SVI (low SES) demonstrated worse performance with older
age whereas those patients living in low SVI environments displayed no age effects. This
suggests that the slowed academic growth seen in patients diagnosed with SCD (18, 40)

is limited to patients living in lower-resourced environments. These findings are consistent
with the general population, where individuals from lower-resourced environments display
slowed academic growth compared to peers from higher SES environments (41-43). Thus,
resources should be allocated to prevent academic delays in young children diagnosed with
SCD according to their degree of SES risk.

The influence of SES varied across neurocognitive and academic measures. After accounting
for SCD genotype, age at evaluation, and current hydroxyurea treatment, 8.1% of the
variance in FSIQ was accounted for by household SES as measured by the BSMSS,

whereas the BSMSS only accounted for 5.8% and 3.1% of reading and math performance,
respectively. Neighborhood level SES accounted for a smaller amount of variance in

FSIQ and academic performance, ranging from 3.1% to 0.9%. The stronger influence

of household SES is expected given the direct impact of the home environment on
development. SCD genotype, HbF, and hydroxyurea treatment accounted for a relatively
small amount of variance in neurocognitive and academic outcomes. There was a strong
negative effect of age across measures, particularly measures of academic performance,
accounting for 23.0% and 18.8% of the variance in reading and math outcomes, respectively.
The negative effects of age on academic performance likely reflect a combination

of worsening disease status but, according to our results, due to a strong effect of
environmental factors (e.g., under-funded schools, lack of access to tutoring) hindering
academic growth.

The study has several strengths including a large, representative, sample of patients that span
school age to late adolescence. Information on medical, treatment, and demographic factors
was collected allowing for analyses to isolate the influence of SES on intellectual function.
Measurement of SES included both neighborhood and household level factors. The study
included gold standard performance measures of neurocognitive and academic performance.
Yet, several limitations exist. Cross-sectional analyses limited the conclusions that could

be drawn from our data. The age effects and age by SES interactions may represent

cohort effects rather than slowed development. Further, we were unable to assess how SES
measured early in life affects the trajectory of neurocognitive and academic development

as SES was measured at the time of the evaluation. The BSMSS composite score does not
account for additional socioeconomic barriers that might impact single parents compared to
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homes with 2 parents. Future studies should account for the number of adults in the home
as an additional sociodemographic factor. Only patients with a clinical indication received
neuroimaging. Therefore, we could not control for the influence of brain insults, such as the
presence of silent cerebral infarcts, that are known to influence neurocognitive performance
(44-46).

To conclude, both household and neighborhood level metrics of SES contribute to the
neurocognitive and academic difficulties observed in SCD. The influence of SES was
independent of disease genotype, HbF, and disease treatment history. Performance across
neurocognitive and academic measures worsened with increasing age; however, the negative
effect of age on reading performance was limited to those with moderate to high levels of
neighborhood social vulnerability. Intervening early in life to prevent academic delays in
young children diagnosed with SCD is essential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Interaction between age and social vulnerability on reading performancein patients
with sickle cell disease

SVI, Social Vulnerability Index. Age displayed in years. HbSS/HbSb0-thalassemia,

sickle cell anemia; HbSC/Hb Sp+-thalassemia, hemoglobinopathy. Social Vulnerability
Index categorized as low= 0-33, moderate = 33-66, high = 66—100. The Wechsler
Abbreviated Scale of Intelligence-Second Edition (WASI-I11) provided an estimated Full-
Scale Intelligence Quotient (4-subtest; Full Scale 1Q). Academic achievement was measured
using Letter-Word Identification and Math Fluency from the Woodcock-Johnson Test of
Achievement — Third Edition. p-value was calculated using multivariate linear regression
model with adjusting for BSMSS, SCD genotype, age at evaluation, categorical SVI,
interactions between categorical SVI and age and between categorical SVI and SCD
genotype.

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.

17.5



Page 14

Heitzer et al.

€50 (%1v) ev (%.) 65 (%vv) 20T S3A
#Ueld Uoneanp3 %05
(%T5) 99 (%€9) 90T (%89) 2.1 ub1H
LT0 (%2€) v (%52) ¢ (%82) €8 alelapoN
(%8T1) €2 (%z1) 02 (%vT1) e Mo
sallobared |INS
(%00T1) TT (%zL) €TT (%¥L) veT [EWION
(%0) 0 (%€72) 9¢ (%22) 9t [eUORIPUOD
Eco (%0) 0 (%) L (%) L [euLiouqy
L,adoL
T000"> (€5'7) 550 (tee) eey (z5€) 09T (sseah) NH uo uoneIng
6000 (¥5'S) 92'6 (T8'€) v2'S (62'7) L2'9 (s1eak) NH pawels aby
T000"> (%8T1) €2 (%S2) L2t (%08) 05T Adessyr NH jua1nD
(%¢8) 20T (%e2) 68 (%61) 9vT 3UON
000> (%0) 0 (739K (%1) 2 NH pue suoisnjsues |
(%0) 0 (%2) € (%1) € auo[e uolsnysuel] d1uoIyd
(%87) €2 (%v2) set (%61) 8vT auofe Adessyy NH
Adelsay] BuiAyipow-aseasiq
(%2) 2 (%0) 0 (%1) 2 aUuMm
€20 (%0) 0 %01 (%0) T Byi0
(%86) 82T (%66) 89T (%66) 962 UedLISWY/-UBILY
a0ey
(%Sv) 65 (%55) €6 (%05) zsT 3l
MU (9%85) TL (%) 9L (9%6t) LtT afeweS
XaS
(%) Aouenba .4 (%) Aouenba.4 (%) Aouenba 4
0€T=N 69T=N 662=N
edadd  eyiofeIwesseRY)-, gSqH/OSIH  BIWBSSE[ey1-(gSH/SSAH Il BAO

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

adAjouab Aqg siuaned Jo sonsiigoeleyd [ealulld pue slydeibowsq

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



Page 15

Heitzer et al.

juained T Joj eyep mc_mm__\,_%

syuaned G/ Joy eyep mc_mm__\/_MMV

siuaned g9 1o} elep mc_mm__\,_w

swaned zeT 1oy erep Buissiy
*

'P1og Ul Sem G0'0 > Ja4d (M) ared A1anodsIp as|ey ay 4oy parsnipe m:_m>.gm

"palou asImIaYlo ssajun (o4dnoib) Aouanbaly Jo (Uonelnap pJepuess) ueaw se pajuasald sanjeA ‘Auyredoulqojbowsay ,m_Emmmm_mE-Em gH/OSAH ‘elWwaue |32 8]X2IS ‘elwasse[ey}

-0YSAH/SSAH xapul ANIQRIBUINA [BID0S ‘|AS ‘SNIEIS [B100S JO 2Inses|N pailjdwis Nelleg ‘SSINSY ‘Jajddop [eiuelosues) ‘D1 Unod (199 poojq auyM ‘“OgM ‘eaInAxolpAY ‘NH ‘UONEIASP plepuels ‘s

€20 (81'92) €229 (86'72) £6'99 (s5'52) 0T'59 #INS
¥0'0 (1) 28 (e7) 82 (1) 08 SSNSE
010 () 00T (1) 66 (1) 66 (%) uoneinyes usbAxo
1000°> (zTT) 992 (e81) 2Z6€ (6971) O¥E (1/50TX) Un0D 3919%8|d
T000°> (6299 (0'6) 6'8T (0ot) 891 (%) uigo]BowaH [e1a
70000 () 6L (Ge)ee (s¢) L8 (1/50TX) 28M
000> (cT)gTT (eT)¢e (T zZot (p/B) urgojBowaH
00 (oev) €LTT (0z'v) 8T'TT (Szv) ertT by
(as) ueay (as) ueaiy (as) ueay
(%9) § (%S) 9 (%39) 1T Aisnoinald
00 (%e8) €8 (%vL.) 16 (%82) v.T ON
(%eT) €1 (% 12) 92 (%.7) 6€ SOA
spSUEld UOIEONP3 pazifenplAIpu]
(%8) 8 (%9) 9 (%9) ¥1 Aisnoinaid
(%19) €5 (%8Y) 19 (%08) ¥TT ON
(o) Aouanba iy (o) Aouanba iy (9p) Aouenba.4
0ET=N 69T=N 662=N
edadd  eylofeIwesseeyl-, SqH/OSIH  elwesseey)-ogSaH/SSAH Il BAO

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



Page 16

Heitzer et al.

‘sjusiied pareal) NH Ut Ajuo suop sem sisjeue siy} .Q

‘pIog Ut ase pue JuedyIubIS PalapIsuod a1am G0'0 > 4a4d "(dad) aves A1an0dsip asfey sy} 1oy parsnipe m:.m?nm
“UONIPT PAIYL — JUBWBASIYIY

10159 UOSUYOL-4200PO0AN U1 W0LY Aousn|4 YIRIAl puB UONEdIusp| PIOM-1a118] BUISN painseswu Sem JUsWaAsIyYe d1wapeay “(O] 1581ans-i) 11-1SWA 8y} pa1sjdwoo g abe uey) Japjo usipjiyd pue (O]
3]BaS |14 15810ns-9) AI-ISddM 8y} pa1ajdwiod g abe uey JaBUNOA ualpjiyD Juanond aouabi|siul 8[eas-|in4 parewnss ue papiaoid uonip3 ny ‘30Uu8BI|[31u] JO 8[BIS AleWIid pue |00Yasald J3ISYIBMA

ISV UORIPT Puo2aS-80uabi81u] O 8[80S PAIRIABIGQY J9]SYI8M 8y L ‘Adessyl NH 1uaLINd Joy ,,0N,, pue ‘adA1oush DS 1oy ,J8Y10/+9S/DS GH., 21am sa1106a)ed 30uaIa)ay JUBIDIL80D UOISsalBal
paziplepuels ‘g piS ‘xapul AMIGeIau|nA [BII0S ‘|AS ‘SNILIS [B190S JO ansea|n paiy|dwis Nelleg ‘SSINSG ‘Unod |32 Poojq SHYM ‘DFAN “eaInAX0IpAY ‘NH ‘aseasIp 199 apyaIs ‘dDs ‘ols plepuels ‘IS

6.0 6.0 €€0 ¢00- 600- 66'0 180 0€0 ¢00- LOO- €80 G890 T¢0 200- 6000- AdessyrNH o uoneing

T00 T00 9€0 8¢0- G0T- €T00 v000 €E€0 820- 960- 6T°0 L1500 v¢'0 ST0- 9¥0- gNH [eniuf e aby
T00 ¢000 v00 ¢¢0- ¥I0- 000 ¢000 ¥00 ¢c0- ¥I'0- 100> TO0O> €00 20— <¢CT0- INS
¥000 TO00> 600 G20 T€0 100> TO0> 800 TI€0 8€'0 100> T00> S00 V€0 SE0 SSINS9

6.0 9,0 90T 200 2€0 660 660 660 000 T00- €80 TL0 0.0 200 220 (%) uoneinies usbAxo
€70 020 T00 OT0- T00- 080 670 T00 S00- T00- /80 80 000 T00 000  (1/60TX)IUn0D 1313%8Id
T00 2000 GSTO O0£0 L¥O 150 020 #IT0 <2I0  8T0 VL0 TS50 O0T0 S00 200 (%) uigojBowsH [exed

S¥0 S0 SE0 L00- €€0- 660 /80 ¥EO0 T00 SO0 20  €T0 220 600- €£0- (U60T¥) 09M
140) €60  0L0 L00 690 950 920 /90 800 9.0 20 2T0  9¥'0 600 TLO (1p/6) urgojBowaH
S¥0  T€0 08T 100 SET 850  T€0 €C 00 92C¢ 690  EY0 6¥T S00 6TT Adesap NH WD
6,0 890 T€C €00- 960- 660  ¥60 GZZ T00 9TO0  ¥20  OT0 0ST OT0 Lb¢ adfoush @os
S¥0  T€0 0€Z L00- 2€T- 660  0L0 €2Z €00- /80- /80 /80 6YT T00- GZO- X3S
700> T00> T€0 880- GLT- TOO> TO0> 620 vy0- 86T- TOO>  TOO> LTO TZ0- G90- aby

edd4d d 35 gps w3 L¥Qd 4 35 gps w3 L¥A4  d 35 gps  ®3

(r61=U) (66T=U) (862=V)
Aoueni4 yre uolredluep | plom-r1e O19[eds |Ind
IfeenO

1104092 |[BJAA0 JO $8109S 3AINUB020INAU YIIM SI019B) JUBLLILaL) puR ‘|ealpaw ‘o1ydelBowsp JO sasAjeue ayelieAlun

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



Page 17

Heitzer et al.

(49H X S3S) + 4qH + ([eJan0 Joy) adAlouab + uonen|ens e abe + Snjels NH JUaLINd + aINseaw S3S ~ dN :[SPOIN,

Y

(abe x S3S) + 4qH + ([e4an0 104) adAlouab + uoireniens e abe + sniels NH Ua4INd + ainseaw S3S ~ dN “_muo_\,_.hN

(adAouab @OS X S3S) + 4qH + ([[eJ9n0 Joy) adAlousb + uonen|ens Je abe + snjels NH JUsLIND + ainseaw S3S ~ dN :[SPON,

q

aouew01ad aAubodoINau = N ‘4qH + (J[esan0 Joy) adAlouab + uonenjeas Je abe + sniels NH 1UaLIND + ainseaw S3S ~ dN ”_%o_\,_.mv

"plog ul pakejdsip pue Juedl1ubls PalapISU0d a1am GO'Q > anjeA-d "UOIIPT PAIYL — JUSWAASIYIY JO 1S8] UOSUYOL-4I0IPOOAA BU3 Loy Aduan|4 Uie|Al pue UOedIIuap| PIop-181197]

Buisn painseaw sem JuaWaAsIyde d1wapedy (O] 1s31gns-7) 11-1SWM au1 paia|dwod g abe ueyy Jap|o uaipjiyd pue (O] 8[eas [N 1s21gns-9) Al-1SddM ay1 paie|dwod g abe ueyy 1abunoA uaipiyD wsnond
9ouabi|8u] 8]eIS-]INH parewnsa ue papiaoid uonip3 4 ‘9ouabif|au] Jo 81eas Asewild pue [00yIsald J3ISUIAA 40 (11-ISWAN) UOIIIPT puodas-aduahif|alu] Jo 8eds pajelnalqqy Ja|SYdapn ay L ‘|apow
uolssaifial arelIeARINW 8y} WOy Ja)awesed SIS J0J SIUSIDIY0D BIB] aJe S8JeWIsT asn NH 1uaLInd 1oy ,,0N,, pue adAlousb s 104 ,Jay10/+9S/0S gH., d1am sa1i06a81ed 3duaIa)ay U110 UoIssaIfal
pazipsepuels ‘g pi1s ‘uiqojBoway [e1a) ‘HgH ‘Xapul Al[IgeIBUINA [e190S ‘|AS ‘SNIeIS [B100S JO aInsea| paiyljdwis Nelieq ‘SSINSE ‘aseasip |92 9|X91S ‘@DS ‘Sniels 21Wou0230120s ‘S3S 10.Ia pJepuels ‘IS

70 T00 ¥20- 000 T¥0 000 €20- 000 600 000 OF0- T0O0-
2L0 200 ST0  T00 v¥0  TO0 2€0- TO0- L0 TO0 600 000
860 €10 T00 000 &0 2¢T0 670 TTO 280 OT0 +00- 200-
800 900 ST'0- O0T0- %000 S00 %20- GI'0- TO00 +00 6T0- OT0-
600 T00 Or0- <200- T60 TO0 200- 000 680 T0O0 €00 000
820 €00 L€0- €00- 2.0 €00 <20 TO0 /90 200 OT0- T00-
6T0 G20 620 €€0 860 220 T00- T00- 6€0 610 S8T0 LT0
200 TIT0 670 920 TOO> OTO0 820 €0 TOO> 800 <2€0 GEO0
d IS gpls 3 d IS daps 3 d IS gps 3
(r61=U) (66T=U) (86¢=U)
fouen|4 yre N Uolrealjiusp| pJop-e1e ] Ol13e3s (Ind

Ifeeno

p AIH X IAS
230V X INS

q adAouss @IS X INS

2 INS

p 40H X SS9

2 90V X SSINSE

g ®dA10uaD @S X SSNSE
» SSNSE

S1%443

Author Manuscript

$8100S aANIUBOI0INBU UO |AS PUB SSINSE 10 198148 8y} JO SISAjeue ajeLeAlN|A

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



Page 18

Heitzer et al.

uigojBowsay [e1a + adA10uab aseasIp |19 B|XIIS + 8N BINAX0IPAY JUBLIND + UOIEN[RAS e 96k + 2INSeall J1WOU0230190S = dN :S[3POIA

"|apoW 8y} W0y doueLIeA J0 afeiusoiad e se pauiodal si 24 "UOIIPT PIIY L — JUBWAA3IYDY JO 153 UOSULOL-5I0IPOOM 3U} WOy ADUaN]- YR PUE LONEILNUAP] PIOM-4aNI37] Bulsn painsea Sem JuaLLaAalLe

21Wapeay (D1 1s31gns-) 11-1SWM a3 paia|dwod g afie ueyl Japjo usp|Iyd pue (O] a1eas 1N 1s31qns-9) Al-1SddM 3y} paiajdwiod 9 abe ueyy JaBunoA usippiy usnond) aousbi|[aiu| [eds-|n4 parewnss
ue papiroid uonip3 qr ‘80usbi|[a1u] Jo 8[eaS AleWiid pue |00ydsaid J13|SYospA 10 (11-ISWM) UoIPT puodss-aoushi|[aiu] Jo 8[2S PaleIAsIqqY J8|SYdapA 8yl “(110yoo [[esano Joy) adAloush asessip |180 ajols

pUE ‘uIqo|BoLual [e3a) ‘3sN BRINAXOIPAL 1UBLIND 3PN|aU SI010) JUBLLIEALL/[EJIPAW || "UONEUIULIBIAP JO JUBIDLII0D ‘5 Xapul ANIGRISUINA [BI90S ‘| AS ‘STIES [B120S JO 3InsealNl paiyl|dwis Nelled ‘SSINSE

06°0 4% 180 INS
11.°81 0S'S ¢0'€C W1 9C'e ov'e
4% 10§ S0'8 SSINSd
wuwmw_ mm(mw_ S J010R) JUBLITES J)/[eDIpaW _ENW_ _ mm_mmw_ mm<mw_ S J0J0e) JUBSLLITES J)/[e0IpSW __mmw_ _ mwmuw_ wa(uw_ S 0308} JUSLITES 1})/[eDIpaLW __.mNW_ _ 9.1NSes |\ 91WIOU0IB0100S
Aousn|4 yre N _ UoITeoNUBP | PIOM -1 ] _ OI8Eos |Ind _

Author Manuscript

1104092 |[BJBA0 JO SI010R) JBY10 0] BAITR[al soueLIoLIad aAnIuBoo0INaU 01 |AS PUB SSIAISE 10 UonNgLIu0D

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



Page 19

Heitzer et al.

IAS + uoneneaa Je abe + SSINSE ~ Aouan|H yreln ‘I3pON.,

(uonrenyens e abe X |AS) + (uolrenfes Je abe x 8dA10UsD) + IAS + UOITeN[eAS T8 8Bk + SSINSE ~UOIeDILIUBP| PAIOA-18118T :|SPOIN,

q

IAS + uonenjens e abe + SSINSG +adAloush + snieis NH ualind ~ OJ 8[eas |IN4 ”_%o_\,_.m

"00T— 99 = yb1y pue ‘99—g€ = 81RIPOW ‘EE— O =MO] Se paz1ioBaled sI xapu| AljIqeIaulnA [e120S *pjog ul
pue JuesiIuBIS PaIapISUOd Sem GO'Q > njeA-d "UORIPT PAIYL — JUSWBASIYIY JO 1581 UOSUYOL-}I00PO0A U1 WoL) Aousn|4 YIeAl PuB UOHEdL1Iusp| PJOM-181187] BUISN painseswl Sem JUSLISASILIE J1LBPRIY

"(O11531GNn8-1) 11-1SWMW 38U} pasjdwod g abe uey) Jap|o uaip|iyd pue (Of 91aS |14 1581ans-9) Al-ISddM ay} paiajdwod g abe ueyy JoBunoA usipiyD usnond) adusbi|aiu| a[eds-|Ind parewss ue papiaoid

uomp3 (y ‘30uabI||31u] O 8JBIS AleWlid pue |00yaSaid 13]SYIaMA 10 (11-ISWM) UOIIPT pu0das-3dusbi|[alu] Jo 8[edS PaleIAsIggY JBISYI9M YL “IAS PazLioBaled 1oy ,MOJ,, PUe ‘8sn NH JUaLInd 1o} 0N,
‘adA10uab QDS 101 ,J8Y10/+9S/DS GH.. 818M $811063180 30UBIBJaY “XapUIl A1NICRISBUINA [BID0S ‘|AS ‘SNIEIS [B100S JO ainses| paujdwis Neleg ‘SSINSE asessip 180 8|X2Is ‘DS L1048 piepuels ‘IS

70°0 66°0 €0'¢- (a1e49pOW "SA MOJ) |AS X UOREN[EAS T 3By

200 680 80°¢— (ybiy 'sA moJ) |AS X uolen|eAs e aby

G0 07’9 209 (evesapouws 'sn moy) |AS X adAlous aos

090 2L'S v0'e- (ubry 'sa moy) IAS x adArousb aOs

€00 §S°€ 9 L- 860 ¢vel 16°0T ¥00 82°¢ 0Lv- delspouwl "SA MOJ -INS
70 TC€ Tse- .00 SETT (04014 €00 /117¢ 18V- by 'sA mo| -INS
T00> T€0 T9T- 86°0 ¢80 ¢00 T00'0 9T0 99°0- uonen|ens e by
96°0 ST'S 9¢'0 S00 <271 LEE- adAousb gos

500 600 810 T00'0 800 9¢'0 T00™> 900 920 SSINS9
S00 897 9z'e asn NH uaund

T00™> 229 09907 T00™> ¢6°0T €C'E6 T00> 9/°€ G¢'c6 1daassul

d 35 geRWIST  d I35 goRewms3  d 35 polewns3
(v61=U) (66T=U) (862=U)
foweni4 yre N uolreolyiiuep | pIoM-R1e 1 Ol193eds |Ind

UOI123]3s [apow asImdals Uo paseq 110yod |[BISA0 10} $3109S aAIuUBoo0INau uo (Jealiobiared) |AS pue SSINSE JO 19913 sy JO SIsAeue ajeLIeAlNIA

Author Manuscript

Author Manuscript

‘'S al|qeL

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 01.



	Abstract
	Introduction
	Method
	Participants
	Medical and treatment variables
	Socioeconomic Status
	Neurocognitive Measures
	Statistical Analyses

	Results
	Demographic and clinical characteristics
	Univariate models
	Fixed multivariate models
	Stepwise multivariate models

	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

