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Abstract

Sickle cell disease (SCD) is a chronic hematologic condition in which the red blood cells are affected.
Individuals with SCD are thought to be at an increased risk for psychosocial or neurobehavioral
comorbidities in comparison to healthy individuals, which can impact their coping skills and quality of
life. This study examined differences in attention and psychosocial functioning in youth with sickle cell
disease and demographically matched healthy peers. The study sample consisted of adolescents 12 to
18 years of age with SCD and demographically matched healthy controls. Measures included a
demographic questionnaire, the Spence Child Anxiety Scale, Child Report (SCAS), Center of
Epidemiological Studies – Depression, Revised, Child Version (CES-DR), and an adaptive rate
continuous performance test (ARCPT). Paired samples t-tests were used to compare groups on
sustained attention and psychosocial symptoms. Pearson correlations were used to examine the
relationship between sustained attention and psychosocial symptomology for adolescents with SCD
and controls. There were no demographic differences between groups. Additionally, and unexpectedly,
there were no differences in attention, anxiety, or depression. Performance on the ARCPT was not
related to the presence of psychosocial symptoms. The present study found that adolescents with SCD
are like healthy peers in terms of sustained attention, anxiety, and depression, providing evidence for
resilience in the face of chronic illness. The resilience exhibited by youth in this sample may contribute
to their improved pain coping skills and quality of life in comparison to youth with deficits in executive
functioning and psychosocial functioning.
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Introduction
Sickle Cell Disease (SCD) is a genetic, lifelong condition in
which the body produces red blood cells that are sickled. The
symptoms of SCD include pain crises due to blocked blood
flow, acute chest syndrome, increased risk of infection,
decreased red blood cells, and stroke. Youth with SCD are at
increased risk of stroke, and psychosocial comorbidities are
common in this population, with approximately 40.4% of youth
presenting with neurobehavioral comorbidity Generally,
research has identified similar rates of psychosocial
comorbidities in healthy youth and youth with SCD [1-6].
However, when children and adolescents with SCD experience
psychosocial problems, the consequences are more severe than
for youth without SCD. For adolescents with SCD, negative
mood and stress have been associated with increased pain,
increased health care use, and decreased school and social
functioning. Executive functioning has been shown to mediate
the relationship between pain and quality of life in youth with
SCD, making executive functioning and its related factors
important to understand in this population.

Executive functioning is often viewed as having ties to
cognitive processes such as attention, memory, and perception
[7-10]. Knudson9 proposed a framework in which attention is a

process comprised of four working parts—working memory,
competitive selection, top-down sensitivity control, and
filtering The framework posits that attention is an on-going
process acting in response to competing signals, where working
memory evaluates the external competing signals to then
determine the signals for which a response should be elicited
[11]. There are a variety of measures designed to assess
attention, many of which also assess components of executive
functioning due to the relatedness of attention to executive
function components. By using executive function assessments
as a proxy for attentional measures, practitioners can more
closely pinpoint where the deficit lies in relation to the four-
part framework of attention.

There are many factors known to influence attention in
childhood and adolescence, including anxiety and depression.
Anxiety impedes sustained attention in individuals. Research is
limited as to what types of anxiety or anxiety inducing events
cause this decrease in sustained attention. Research supports
that trait is associated with a greater decline in sustained
attention than worry Anxiety experienced in response to a
threat improves task performance in adults. There are
differences in trait versus state anxiety in participants who are
faced with a threat for sustained attention tasks[12-13]. Trait
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anxiety impairs attention on tasks and state anxiety improves 
attention on tasks where there was a threat of shock for 
incorrect answers. Additionally, there is evidence that clinical 
severity of depression is linked to sustained attention deficits.

Given the rate of psychosocial comorbidities in SCD, it is 
reasonable to expect attention may be negatively impacted for 
these youth. Recent meta-analyses suggest that youth with 
SCD have significantly lower cognitive abilities across 
multiple domains including verbal and perceptual reasoning, 
executive functioning, and processing speed, than 
demographically matched healthy controls [14]. Further, these 
analyses found that youth with SCD and a history of cerebral 
infarction are most impacted in terms of cognitive functioning 
across domains. Differences in cognitive performance are more 
pronounced in school-aged children and adolescents than in 
adults. It is well-established within the literature that children 
and adolescents with SCD perform more poorly than controls 
on sustained attention tasks; however, the factors relating to the 
poorer performance in this population are unknown. Therefore, 
the present study has two aims: 1) compare adolescents with 
SCD to demographically matched controls on measures of 
sustained attention, anxiety symptoms, and depressive 
symptoms, and 2) determine if sustained attention is related to 
symptoms of anxiety and/or depression in either the SCD 

sample or the matched control sample [15-19]. We 
hypothesized that 1) youth with SCD would exhibit impaired 
sustained attention and increased symptoms of anxiety and 
depression in comparison to healthy controls, and 2) lower 
endorsement of anxiety and depression symptoms would be 
related to better performance on the sustained attention task.

Methods and Materials

Participants
Participants included a sample of youth with SCD and a sample 
of healthy adolescents. The SCD sample has previously been 
described and included adolescents between 12-18 years old 
with SCD and their caregivers who received care from the 
sickle cell program at a midwestern pediatric hospital [20]. Two 
adolescent participants declined participation in the study for a 
refusal rate of 7%. The control group consisted of 41 healthy 
adolescents (no current medical diagnosis) who were recruited 
from a nearby urban school district. The groups had similar 
ages (t(48) = -.43, p> .05), genders (χ(1) = .00, p > .05), and 
racial backgrounds (χ(2) = 4.93, p > .05). See Table 1 for 
complete demographic information for both groups [Table 1 ].

M (SD) or %

Variable SCD Controls

Adolescent age 14.4 (2.04) 14.3 (1.41)

Adolescent gender

Male 48.4 34.1

Female 51.6 65.9

Adolescent Race

African American 80.6 56.1

Biracial 16.1 17.1

Adolescent medical insurance

Public 71 70.7

Private 9.7 22

Mother education

Some high school 9.7 19.5

High school or GED 19.4 19.5

Some college/professional school 35.5 31.7

Associates/Bachelor’s Degree 22.6 22

Graduate/Advanced Degree 0 4.9

Father education

Some high school 3.2 19.5

High school or GED 38.7 43.9
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Some college/professional school 16.1 14.6

Associates/Bachelor’s Degree 3.2 4.9

Graduate/Advanced Degree 6.5 2.4

Procedures
For the SCD population, research assistants or hematology/
oncology staff members recruited potential adolescent
participants and their caregivers in the waiting room of the
SCD clinic and/or during SCD support group meetings at the
hospital [21]. After consent from the parent/legal guardian and
assent from the adolescents were obtained, families were given
a packet of questionnaires. Research assistants were available
to participants for questions during the completion of the
questionnaires; specific questions could be clarified, and items
could be read to participants as needed [22]. The participants
were then scheduled for cognitive screening at a subsequent
visit. The cognitive screenings were supervised by a licensed
clinical neuropsychologist. This project was approved by the
Institutional Review Boards of the researchers’ institution as
well as the hospital.

The control group was recruited from a system of public
charter schools. This school system is demographically similar
to the SCD cohort that was used in this study. Adolescents
were recruited via letters sent home to families. After assent
and consent were obtained in person, graduate and
undergraduate research assistants administered the packet of
measures and the cognitive screeners in the school setting. For
both groups, sample size for the attention variable was
attenuated due to limited follow-up with the cognitive
screening appointment (scheduled separately from initial data
collection due to time restraints) and/or technology difficulties
with the computer administering the test [23-24]. Adolescents
in both the SCD and control group were given a gift card for
their participation in the study

Measures

Demographic Questionnaire
A demographic questionnaire was completed by a caregiver
and assessed the adolescent’s age, race, gender, and health
insurance status and the caregiver’s relationship to the
adolescent and educational background. Health insurance and
educational background of the caregiver were used as a proxy
for the adolescent’s socioeconomic status.

Attention
We used the computerized adaptive rate continuous
performance tests (ARCPT) to measure sustained attention and
vigilance.19 Participants completing the ARCPT are asked to
identify the target letter by pressing the spacebar; correct
responses as well as incorrect responses are recorded. The
primary outcome measure of the ARCPT was a vigilance

decrement score, which measures the decline in overall
performance across the task.

Spence Child Anxiety Scale, Child Report (SCAS)
The SCAS assesses anxiety symptoms across six domains
(generalized anxiety, panic/agoraphobia, social phobia,
separation anxiety, obsessive compulsive disorder, and
physical injury fears).20 Respondents rate 38 items on a Likert
scale from 0 (never) to 3 (always), (range = 0 to 114). Raw
scores are translated to t-scores, which have been standardized
for males and females between 8 and 15 years of age. A t-score
of 60 or greater reflects elevated anxiety symptoms. While a
portion of participants in this study fell outside of the original
age range, the SCAS has been used in older adolescents and
maintained high internal consistency and correlated with other
measures of anxiety.21 While specific items on the SCAS
assess state anxiety, the overall scores represent trait anxiety.

Center of Epidemiological Studies – Depression,
Revised, Child Version [CES-D22; CES-DR23 ]
The CES-DR is a 20 item self-report measure of depressive
symptoms experienced during the past week which participants
rate on a scale from 1 (rarely or none of the time, less than 1
day) to 4 (most or all of the time, 5-7 days) (range = 20 to 80).
The scale has been previously utilized with African American
adolescents.24

Data Analysis Plan
Descriptive analyses were conducted on demographic
information and study variables For aim 1, three separate
paired samples t-tests compared adolescents with SCD to
controls on 1) sustained attention (CPT vigilance decrement),
2) anxiety symptoms, and 3) depression symptoms. For aim 2,
Pearson correlations (2-tailed) examined the relationship
between sustained attention, anxiety, and depression for youth
with SCD and controls. Previous literature examining
executive functioning in youth with SCD found medium to
large effect sizes, where Cohen’s d statistics ranged from
0.5-1.05 across various measures of executive functioning8,25.
An a-priori power analysis via G-power software indicated that
a large effect (Cohen’s d = 0.8) requires 12 matched pairs to
yield a power of .8 for the proposed t-tests comparing youth
with SCD to controls on sustained attention and psychosocial
functioning.26,27

Results
Characteristics of the study sample are presented in Table 1.
There were no differences between the two groups on
demographic variables (age, race, gender, health insurance).
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Comparisons of the study variables are. A paired samples t-test 
showed no differences in sustained attention between 
adolescents with SCD (M = .038, SD = .109) and healthy peers 
(M = .046, SD = .069). Adolescents with SCD (M = 22.93, SD 
= 13.83) had similar levels of anxiety (M = 28.98, SD = 13.17) 
and similar levels of depression (M = 38.17, SD = 8.39) 

compared to healthy peers (M = 38.29, SD = 10.28). 
Performance on the sustained attention task was not related to 
anxiety symptoms (SCAS, r = .071, p = .619) or depressive 
symptoms (CESD, r = -.212, p = .134) shown in [Table 2 ].

Variable SCD Controls p

n = 13 n = 28

CPT

Total Hits 47.08 (5.59) 47.08 (3.66) 0.999

Total False Alarms 9.54 (10.70) 7.00 (5.55) 0.275

Task Sensitivity .87 (.13) .90 (.048) 0.237

Final ISI 100.17 (91.67) 109.0 (78.12) 0.732

Inconsistency Index 14.23 (10.81) 11.00 (6.05) 0.187

Vigilance Decrement .04 (.11) .05 (.07) 0.765

n = 29 n = 41

SCAS 22.93 (13.83) 28.98 (13.17) 0.068

CESD 38.17 (8.39) 38.29 (10.28) 0.959

Discussion
The present study examined sustained attention, anxiety
symptoms, and depressive symptoms in adolescents with SCD
and matched controls. Previous studies have generally
suggested that children with SCD demonstrate lower academic
attainment and executive functioning than healthy peers.
Overall, the present study found that children with SCD are
similar to their healthy peers in terms of sustained attention and
symptoms of anxiety and depression. Although unexpected,
this finding is strong evidence of resiliency in SCD samples
despite their chronic illness. It is possible their resilience may
lead to improved pain coping and quality of life compared to
youth with SCD who exhibit deficits in executive functioning
and psychosocial functioning. Although not statistically
significant, the adolescents with SCD responded more variably
in the attention task. Therefore, it is important when working
with youth with SCD to consider each individual’s cognitive
strengths and deficits.

Additionally, adolescents with SCD reported similar anxiety
and depression symptoms as adolescents in the control group.
This finding is consistent with existing literature, suggesting
that adolescents with SCD experience similar rates of
psychosocial comorbidities in comparison to healthy peers. As
the youth with SCD begin to transition into adulthood and
begin to plan for and manage their own care, typical levels of
anxiety and/or depression symptoms in combination with
typical sustained attention (similar to healthy peers) will serve
to bolster health related quality of life.

Conclusion
The strength of this study is the use of demographically

matched peers in the control group. The control group was
matched on age, race, gender, and socioeconomic status.
Limitations of this study include a small sample size as well as
uneven sample sizes between groups. As a result, the results
should be interpreted with caution. On the measure of
attention, more youth with SCD responded more variably than
their healthy peers. With a larger sample size and even groups,
the results may shift to show hypothesized differences between
youth with SCD and healthy peers on tasks related to attention,
consistent with existing literature. The current study is an
important first step in understanding the relationship among
anxiety symptoms, depressive symptoms, and attention in
youth with SCD. Future studies should aim for a larger sample
of youth with SCD.

The present study examined differences in attention and
psychosocial functioning between youth with SCD and
demographically matched healthy controls. Youth with SCD
appeared statistically similar to the healthy controls across a
variety of sustained attention measures as well as on
depression and anxiety symptomology. While the findings
were unexpected, the psychosocial and sustained attention
resilience that the youth with SCD in the sample exhibited may
enable improved pain coping skills and improved quality of
life compared to youth with SCD who exhibit deficits in
executive functioning and in psychosocial functioning. It is
important for pediatric providers to collaborate with adult
providers in order to monitor patients’ psychological and
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executive functioning, particularly during the vulnerable time
of transition to adult care.
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