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Abstract

Individuals with sickle cell disease (SCD) experience neurocognitive decline, low medication 

adherence, increased unemployment, and difficulty with instrumental activities of daily living 

(IADL). The relationship between self-perceived cognitive difficulties and IADLs, including 

employment, school enrollment, independence, engagement in leisure activities, and medication 

adherence is unknown. We hypothesized that self-reported difficulties across neurocognitive 

areas would predict lower IADL skills. Adolescent and adult participants of the multi-site 

Sickle Cell Disease Implementation Consortium (SCDIC) (n= 2,436) completed patient-reported 

outcome (PRO) measures of attention, executive functioning, processing speed, learning, and 

comprehension. Cognitive symptoms were analyzed as predictors in multivariable modeling. 

Outcome variables included 1) an IADL composite that consisted of employment, participation 

in school, reliance on others, and leisure pursuits, and 2) hydroxyurea adherence. Participants 

reported cognitive difficulty across areas of attention (55%), executive functioning (51%), 
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processing speed (57%), and reading comprehension (65%). Executive dysfunction (p<.0001) 

and sometimes or often experiencing learning difficulties (p<.0001 and p=.0397) and poor 

comprehension (p=.0002 and p=.0005), controlled for age (p<.0001), pain (p<.0001), and 

hydroxyurea use (p=.0001), were associated with poor IADL skills. Executive functioning 

difficulties (p=.0212), controlled for age (p=.0129 for ages 25–34), genotype (p=.0006), 

and hemoglobin (p=.0039), predicted hydroxyurea non-adherence. Analysis of PRO measures 

indicated that cognitive dysfunction is prevalent in adolescents and adults with SCD. Cognitive 

dysfunction translated into clinically meaningful outcomes. PRO of cognitive symptoms can be 

used as an important adjunct clinical tool to monitor symptoms that impact functional skills, 

including engagement in societal activities and medication adherence.

Keywords

sickle cell disease; neurocognitive; patient-reported; instrumental activities of daily living; 
medication adherence

Introduction

Sickle cell disease (SCD) is an inherited hemoglobin disorder that affects approximately 

100,000 Americans and causes progressive organ damage, acute and chronic pain, and 

ischemic brain lesions 1. As patients age, medical complications and neurocognitive deficits 

intensify 2,3.

The neurocognitive effects of SCD emerge in the early developmental period and persist 

into adulthood 4,5. In addition to reduced global intellectual functioning (i.e., full scale 

intellectual quotient [FSIQ]), adults with SCD also exhibit specific deficits in processing 

speed, working memory, and executive functioning skills 6. Executive functioning skills 

describe a range of complex mental activities required for goal-directed behavior, including 

focused attention, cognitive flexibility, strategic planning, and inhibitory control. Although 

neurocognitive difficulties are exacerbated by cerebrovascular events in SCD, weaknesses 

also exist in the absence of overt stroke or silent infarct 7.

Engagement in daily living activities relies on various skills that increase in complexity 

and are supported by neurocognitive processing 8. Adaptive daily living (ADL) skills 

describe basic tasks, such as ability to independently eat, dress, and ambulate, whereas 

instrumental activities of daily living (IADL) include complex skills that support 

independent living within the community 9. Examples of IADL skills include money 

management, responsibility for medications, domestic life activities, learning, self-care, 

interpersonal interactions and relationships, and community, civil, and social life 8,10. IADL 

skills require more complex neuropsychological abilities than ADL skills and are most 

susceptible to cognitive changes 11. Executive dysfunction has emerged as the best predictor 

of decline in IADL skills, even when accounting for health status, age, and education in the 

general population 12.

Adolescents and young adults with SCD report weaknesses in IADL skills that limit 

independence and impact participation in societal activities, including money management, 
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vocational skills, living arrangements, health care knowledge, and emergency preparedness 
13. In a robust international sample, more than a third of individuals with SCD reported that 

the disease impacted their participation in daily household chores and social activities 14. 

Medication adherence, another aspect of IADL skills, is often poor among youth and adults 

with SCD 15.

Workforce and educational engagement represent another marker of IADL skills. The rate 

of employment for individuals with SCD in the U.S. is below the general population and 

estimates of workforce participation span 15–56% 5,16. Emerging evidence has suggested 

that reduced intellectual functioning, lower educational attainment, female gender, reduced 

assertiveness, and perceived impact of disease are all predictors of unemployment in 

individuals with SCD 5,17. In several studies, the rate of disabled participants has exceeded 

the rate of unemployed individuals, with prevalence rates of disability status spanning 28–

37% 18,19.

Patient reported outcome (PRO) measures allow patients to directly communicate 

information regarding disease-related symptoms, as well as symptoms specific to cognitive, 

psychological, adaptive, and social concerns. PROs facilitate patient-centered care and 

can be used as primary or secondary outcome measures with patients who have SCD 
20. Incorporation of PROs into clinical care can facilitate patient engagement, support 

individualized care through shared decision-making, and improve patient outcomes by 

identifying areas of healthcare and psychosocial needs 21.

The relation of PRO measures of cognitive difficulties and IADL skills in SCD is not well 

understood. In the present study, we examined PRO measures of cognitive difficulties in 

areas of attention, executive functioning, processing speed, learning, and comprehension. We 

report the prevalence of self-reported cognitive difficulties in a large sample of adolescents 

and adults with SCD and tested the hypothesis that patients who reported daily difficulties 

across neurocognitive domains had lower IADL skills, including employment, school 

enrollment, independence, engagement in leisure activities, and medication adherence.

Methods

Procedures and participants

In 2016, the National Heart, Lung, and Blood Institute (NHLBI) established the Sickle Cell 

Disease Implementation Consortium (SCDIC) with the goal of developing a longitudinal 

registry for collection of healthcare data, including clinical information and PROs 22. The 

SCDIC is a multi-site consortium of eight geographically dispersed academic medical 

centers and a data coordinating center. All sites enroll participants with SCD into a 

prospective registry (SCDIC registry) comprising the study population 23. Approval was 

received by the institutional review boards at each of the SCDIC study sites prior to any data 

collection. Written informed consent was obtained from participant or legal guardian before 

enrollment into the study.

Participants were eligible for recruitment in the SCDIC registry based on the following 

inclusion criteria: 15 to 45 years of age, confirmed diagnosis of SCD (subtypes Hb SS, SC, 
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Sβ0-thalassemia, SO, SD, SG, SE, or SF) by hemoglobin fractionation tests, and literacy in 

English. Participants were excluded from enrollment if they had a successful bone marrow 

transplant. Recruitment of participants began in October 2017 at outpatient clinics, hospital 

inpatient settings, patient support group meetings, conferences, and other platforms left at 

the discretion of the centers.

After consent was obtained, eligible participants completed an enrollment survey and had 

baseline data on their disease characteristics abstracted from their medical records 22. The 

SCDIC registry contains 2,514 participant records and only baseline results were included 

in the current analysis. Participants were excluded for missing consent form and diagnosis 

(n=64) and failure to confirm diagnosis (n=14), leaving 2,436 cases available for analysis 23.

Measures

Demographic and clinical information—The SCDIC enrollment survey was developed 

by the SCDIC registry committee, which consisted of at least one SCD expert from each 

of the eight sites. The survey contained a combination of PROs and items specific to 

demographic (e.g., age, race, gender, native language, marital status, household income, 

education, and employment), disease (e.g., genotype and stroke history), and treatment 

related variables (e.g., patient-reported history of hydroxyurea use and days of hydroxyurea 

use within the past week) 22. Data for demographic and disease (laboratory and treatment) 

variables were also abstracted from participant’s electronic health records by research staff.

To describe employment, participant responses were condensed into two categories: 

workforce engagement and workforce disengagement. Workforce engagement was formed 

by grouping participant responses of 1) “working now”, 2) “student”, and 3) any 

combination of “working now” or “student” that also included being “disabled.” Student 

status was classified in the workforce engagement category since educational pursuits 

function as a primary occupation for many youths and represent intent to join the workforce. 

Workforce disengagement was formed by grouping 1) “looking for work, unemployed”, 

2) “only temporarily laid off, sick leave, or maternity leave”, 3) “disabled, permanently or 

temporarily”, 4) “keeping house”, and 5) “retired”. Additionally, there were 114 responses 

of “other” that included additional information on employment and school activities. We 

analyzed the responses and recoded these cases into categories that reflected workforce 

engagement or disengagement. Data for hydroxyurea adherence within the past seven days 

were collapsed into categories representing adherent (took 6 or 7 days) and non-adherent 

(took ≤ 5 days). Most studies consider an 80% rate of medication adherence to be acceptable 

and we selected the threshold of ≤ 5 days (71% or less) adherence to reflect this standard 24.

Patient reported outcomes—The SCDIC enrollment survey included PROs from 

several NIH-developed HealthMeasures, including the Adult Sickle Cell Quality of Life 

Measurement Information System (ASCQ-Me) and Quality of Life in Neurological 

Disorders (Neuro-QoL) 25.

Eight items from the Neuro-QoL Item Bank v2.0, Cognitive Function Short-Form assessed 

cognitive symptoms. Questions assessing perceived cognitive symptoms included current 

difficulty 1) “Reading and following complex instructions”, 2) “Planning for and keeping 
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appointments that are not part of your weekly routine”, 3) “Managing your time to do most 

of your daily activities”, and 4) “Learning news tasks or instructions”. Perceived cognitive 

difficulties within the past seven days were assessed by 1) “I had to read something several 

times to understand it”, 2) “My thinking was slow”, 3) “I had to work really hard to pay 

attention or I would make a mistake”, and 4) “I had trouble concentrating”. Each question 

contained a 5-point Likert scale response. Items had different anchors for each endpoint 

of the scale to represent severity. For example, ‘never’ and ‘very often,’ and ‘none’ and 

‘cannot do’ were endpoints for severity and difficulty. Responses were collapsed into three 

categories according to the following guidelines: Never category included ‘never’, and 

‘none’; Sometimes category included ‘rarely’, ‘sometimes’, ‘a little bit’, and ‘somewhat’; 

and Often category included ‘often’, ‘very often’, ‘a lot’, and ‘cannot do’. Across items, 

a response in the Often category was considered to represent high impact or severity of 

symptoms.

Two items assessing the impact of health on independence and social activities were 

collected from the ASCQ-Me v2.0 Social Functioning Short-Form. Functioning over the 

past 30 days was assessed by 1) “How much did you rely on others to take care of you 

because of your health?” and 2) “How much did your health make it hard for you to do 

things with your friends?” Items included a 5-point Likert scale response. Anchors for 

impact of symptoms on daily activities included ‘not at all’ and ‘very much’. Responses 

were collapsed into the following categories according to these guidelines: Never category 

included ‘not at all’; Sometimes category included ‘a little bit’ and ‘somewhat’; and Often 
category included ‘quite a bit’ and ‘very much’. Pain impact over the past six months was 

assessed with a single item from the ACSQ-Me: “How often did you have very severe 

pain?” Responses were re-categorized according to the guidelines previously described for 

cognitive items on the Neuro-QoL.

Instrumental adaptive daily living (IADL) composite—We initially explored creating 

a single IADL composite to be the outcome variable of interest. The composite was to 

include workforce engagement, medication adherence, independence with daily living tasks, 

and ability to engage in leisure activities. These four outcomes of interest were examined 

with an exploratory factor analysis. We looked at a model with one factor and no rotation, 

as well as a model with two factors and promax rotation. In each instance, the medication 

adherence variable did not load with the others. Cronbach’s coefficient alpha statistics 

confirmed the factor analysis results. Therefore, we examined medication adherence as a 

separate outcome measure.

The final construct of our IADL composite included 1) employment and educational status, 

2) independence with daily living tasks, and 3) the ability to engage in leisure activities. 

Employment and educational status were further collapsed as “engaged” (student, employed, 

and any combination that also included disability status) and “unengaged” (exclusively 

disabled, unemployed, or retired). These three variables were combined via meaningful 

grouping, an approach that assists in creating a composite variable from multiple categorical 

variables. Employment status was given a value of 1 for unengaged participants and a value 

of 2 for engaged participants. For independence with daily living tasks, participants were 

given a value of 1 if categorized as ‘often a problem’, 2 if categorized as ‘sometimes a 
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problem’, and 3 if categorized as ‘never a problem’. Similarly, for the ability to engage in 

leisure activities, participants were given a value of 1 if categorized as ‘often a problem’, 2 

if categorized as ‘sometimes a problem’, and 3 if categorized as ‘never a problem’. These 

values were added together to create the final composite score.

Statistical Analyses

Descriptive summary statistics were generated for predictors and outcomes. Spearman 

correlations were generated to examine the relationships between all predictors. For the 

IADL composite, we used univariate models (ANOVA) to examine the relationships 

between the outcome and demographic and clinical measures. All statistically significant 

relationships were then included in an initial multivariable model. The final multivariable 

model was generated by PROC GLMSELECT with backward selection.

Likewise, for medication adherence, we used univariate logistic models to examine the 

relationships between the outcome and demographic and clinical measures. All statistically 

significant relationships were then included in an initial multivariable model and the final 

multivariable model was generated by PROC LOGISTIC with backward selection. All 

analyses were conducted in SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Demographic and clinical information

Among 2,436 participants, approximately half were female (56.9%) and the mean age at 

time of survey completion was 28 years old (Standard Deviation/SD= 7.9, Table 1). Most 

respondents identified as Black or African American (97%) and indicated that English was 

their primary language (99.4%). Most respondents were never married (69%) and had a 

household income of $25,000 or less (54%). Of those participants who keep house and were 

also in the lowest income group (n= 30, $25,000 and under), 25 lived in a household with 

at least one child. Approximately 21% of participants were college graduates (undergraduate 

or graduate degree) and an additional 33.9% reported some college experience across 

undergraduate and graduate school. More than a third of the total sample reported being 

unemployed (17.3%) or disabled (24%).

The HbSS genotype was prevalent (69.3%) in our sample and nearly a quarter (22.2%) 

of participants reported history of stroke. Average hemoglobin value was 9.6 g/dL and 

average HbF was 8.4%. Participants had similar rates of chronic transfusion modalities, 

including simple (9.9%) and exchange (11.6%), and 4.2% of participants reported history 

of both. Most participants reported being prescribed hydroxyurea (73.8%) at some point 

in their treatment history and 1,153 (47.3%) were currently treated with hydroxyurea. For 

participants currently prescribed hydroxyurea, 40.6% missed at least one dose within the 

past week. Pain frequency within the last six months was reported to be mostly acute 

(56.2%), although a third of participants (33.6%) endorsed chronic pain (Supplemental Table 

1).

More than half of participants reported some degree of recent difficulty (i.e., Sometimes 
or Often responses) with reading comprehension (65.1%), slow mental processing (56.5%), 
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and attention within the past week (55.2 and 60.2%, Table 2). Current problems (i.e., 

Sometimes or Often) were also reported with time management (50.7%), planning (43.3%), 

learning (32.1%), and following complex instructions (25.7%). Within the past month, most 

participants experienced some degree of interruption to social activities (68.9%) and relied 

on others for care (53.7%) because of their health problems.

We evaluated correlations between PRO responses and information from participant 

medical charts. Cognitive symptoms were reverse scored and lower values indicate better 

functioning. PROs of executive functioning, learning, and comprehension were negatively 

correlated with educational level (EF: rs= −.06, p=.006, Learning: rs= −.08, p< .0001, 

Comprehension: rs= −.05, p=.017). Executive function was also negatively correlated with 

hemoglobin (rs= −.05, p=.043). PRO of hydroxyurea adherence was positively correlated 

with hemoglobin, MCV, and HbF values (Hb: rs= .07, p=.026, MCV: rs= .24, p< .0001, HbF: 

rs= .19, p< .0001).

Univariate analysis identified sickle genotype, history of overt stroke, age, income, and 

having a college degree as associated with employment for participants age ≥18 years. 

Participants with a severe sickling genotype (i.e., Hb SS/Hb Sβ0- thalassemia) (p < .001), 

history of stroke (p< .001), no college degree (p< .001), and an annual income <$25,000/

year (p< .001) were more likely to be unengaged in the workforce (i.e., unemployed, 

disabled, or retired). Aging was associated with disengagement in the workforce, whereas 

gender was not a significant predictor (Supplemental Table 2).

IADL skills composite

The mean IADL composite was M= 6.0 (SD= 1.5), with a possible range of 3–8. Higher 

scores indicated greater participation in daily activities (Figure 1).

In univariate analyses, sickle genotype (p=.028), hemoglobin, age group, gender, household 

income, education, frequency of pain severity, history of hydroxyurea use at any timepoint, 

SCDIC site, and cognitive symptoms of comprehension, learning, processing speed, 

attention, and executive functioning (p< .0001) were all associated with the IADL skills 

composite. In multivariable modeling, executive functioning, learning, comprehension, age 

group, frequency of very severe pain (in the past 6 months), history of hydroxyurea use 

at any timepoint, income, education, and gender were significant predictors of IADL skills 

(F(15, 1942) = 57.60, p< .0001, r2 = 0.31) (Table 3). SCDIC site was not significant in 

the multivariable model. Gender was not retained in the backward selection process but 

was retained in the final model because of its potential for clinical importance. Current 

problems with executive functioning (p< .0001 both Sometimes and Often groups), learning 

(p=<.0001 for Sometimes group and p=.0397 for the Often group), and comprehension 

(p=.0002 for Sometimes and p=.0005 for Often group) were significant predictors of lower 

IADL skills when controlled for age (p=.0184 for ages 18–24 years old and p< .0001 for 25–

34 and 35–45 years old), acute or chronic severe pain in the past 6 months (p< .0001 both 

groups), and history of hydroxyurea use (p=.0001). Having a household income greater than 

$25,000 (p< .0001), a college or professional degree (p< .0001), and being male (p=.0239) 

were all associated with a higher IADL skills composite score.
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We also analyzed the IADL composite without inclusion of participants who were disabled 

to determine if these groupings (disabled and working or disabled and not working) 

impacted outcomes. When excluding participants who were both disabled and working 

from the engaged category (n=10) in the IADL composite, history of stroke became a 

significant predictor (p= .0441) in univariate modeling; however, this variable was not 

retained in the final multivariable model. Executive dysfunction (p<.001) and attention 

difficulties (p=.0225 for Sometimes group and p<.0001 for Often group) predicted IADL 

skills, whereas concerns with learning and comprehension were no longer significant 

(Supplemental Table 3). Removal of participants who were disabled and not working from 

the unengaged category (n=556) removed a substantial number of participants with the most 

severe genotype from analysis. Accordingly, sickle genotype was no longer significant in the 

univariate model and the final model no longer included history of hydroxyurea, education, 

executive functioning, learning, or comprehension (Supplemental Table 4). Difficulties with 

attentional control (p=.0089 for the Sometimes group and p=<.0001 for the Often group) 
emerged as a significant predictor of IADL skills for individuals with SCD when excluding 

participants who are disabled and not working.

Hydroxyurea non-adherence

For each cognitive variable, the Never category served as the reference group. In univariate 

analyses, sickle genotype (p=.0158), hemoglobin (p=.0379), age group (p=.0208), household 

income (p=.0496), and concerns with executive functioning (p=.0052) were associated with 

hydroxyurea non-adherence (i.e., took ≤ 5 days within the past week). In a multivariable 

model, difficulty with executive functioning skills (p=.0212 for Sometimes group) predicted 

poor hydroxyurea adherence when controlled for age (p=.0129 for ages 25–34 years 

old), severe genotype (p=.0006 for Hb SS/Sβ0-thalassemia/SD/SO/SE), and hemoglobin 

(p=.0039) (Table 4).

We conducted additional analyses to determine whether SCDIC site location or inclusion of 

participants with a history of transfusion impacted findings. When including SCDIC site in 

univariate analysis, location (p=.0001) emerged as an additional predictor of hydroxyurea 

non-adherence. In a multivariable model, variability in hydroxyurea adherence was 

associated with SCDIC site (p<.0001) when controlling for other variables and executive 

functioning was no longer significant. We also examined hydroxyurea non-adherence in 

a model that excluded participants with history of transfusion since hemoglobin values 

may have been influenced by a recent erythrocyte transfusion. When removing participants 

with chronic transfusion (n=422) from univariate analysis, executive functioning (p=.0232), 

income (p=.0181), genotype (p=.0264), and hemoglobin (p=.0035) were associated with 

hydroxyurea non-adherence. In a multivariable model, age group (p=.0426 for ages 25–34) 

and genotype and hemoglobin (p<.001) remained significantly associated with hydroxyurea 

non-adherence (Supplemental Table 5).

Discussion

In the largest PRO study of individuals with SCD in the United States, more than half of 

adolescent and adult participants reported contending with cognitive difficulties on a regular 
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basis, including inattention, poor executive functioning, reduced processing speed, and 

difficulty with comprehension. Difficulty with executive functioning skills, comprehension, 

and learning emerged as significant predictors of IADL skills (i.e., workforce engagement, 

independence, and leisure). Poor IADL skills were also associated with aging, chronic pain, 

and history of hydroxyurea use, and collectively, these variables appear to represent markers 

of disease impact and severity. Female gender was associated with worse IADL skills. 

Attentional difficulties were the only significant cognitive symptom associated with IADL 

skills when excluding participants who were disabled from analysis, suggesting that the 

influence of cognitive symptoms on IADL skills was more circumscribed for this subset 

of participants. These results are among the first to demonstrate that PRO measures of 

cognitive symptoms in SCD are associated with limited engagement in IADLs.

In the current study, a large proportion (40%) of participants reported missing at least 

one dose of hydroxyurea within the past week. Executive functioning difficulties, age 

(25–34 years old), severe genotype (Hb SS/Sβ0-thalassemia/SD/SO/SE), and hemoglobin 

concentration were significantly associated with medication non-adherence in multivariable 

modeling. Recent research has identified unintentional forgetting as a leading factor in 

hydroxyurea non-adherence and poor executive functioning skills may underlie forgetfulness 
26. Our results indicate that medication non-adherence is a significant challenge for adults 

with SCD and that symptoms of executive dysfunction play a primary role in predicting 

non-adherence. Hydroxyurea adherence varied by SCDIC site and our findings suggest 

differences in behaviors that impact medication adherence may be associated with location.

Cognitive difficulties described on PRO measures in the current study are consistent 

with normative weaknesses that have been identified on standardized performance-based 

measures. Reported problems with executive functioning skills were particularly impactful, 

which was expected given that executive functioning skills rely on attention and support 

some of our most complex IADL skills. Executive functioning skills undergo rapid 

development between adolescence and young adulthood when myelination increases in the 

frontal cortex 27. Adults with SCD may be especially vulnerable to executive functioning 

deficits due to delayed or interrupted myelination as a result of chronic, sub-clinical 

hypoxic-ischemic events, or focal vascular injuries in the frontal lobe. Interestingly, patient-

reported history of stroke was not associated with IADL skills or medication non-adherence, 

suggesting that cognitive symptoms, as opposed to formal neurovascular insult, may be more 

predictive of functional limitations with societal engagement and medication adherence.

Consistent with previous studies, we found that rates of unemployment in SCD (17%) are 

nearly three times greater than that of the general population and the prevalence of disability 

status (24%) is more than twice as high as rates in other racial and ethnic groups 28. 

Individuals with severe sickle genotype, history of stroke, and no college degree had greater 

rates of workforce disengagement (i.e., unemployed, disabled and not working, and retired). 

Contrary to previous studies, we did not find a significant relationship between gender and 

specific cognitive symptoms or employment, which we believe is a reflection of our sample 

size and methodology 17,23. Our findings indicate that the rate of African American or Black 

participants with a college degree (21% combined for undergraduate and graduate) is less 

than national estimates for this group (33.4%), hence suggesting that SCD complications 
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have detrimental effects on post-secondary educational achievement and earning potential 
29.

There are several limitations to the current study. History of stroke was patient-reported and 

not verified with imaging studies, therefore, the rate of stroke in our study (22.2%) is likely 

inflated and may be reflecting the participants’ other cerebrovascular events (e.g., transient 

ischemic attacks or silent cerebral infarcts). Although PRO of neurocognitive symptoms 

was correlated with demographic and medical variables, symptoms could not be validated 

via performance-based measurement tools. Future studies should examine the concordance 

between patient-reported symptoms and deficits identified on formal evaluation using 

standardized measures. Further research is needed to examine additional markers of IADL 

skills including managing appointments and finances, navigating complex systems (e.g., 

healthcare and insurance), and community, civil, and social life to further elucidate the effect 

of SCD on independence and societal engagement. In our study, exploration of medication 

adherence was limited to hydroxyurea and a brief recall period (i.e., past seven days). 

Subjective data on medication adherence, as used in our study, is vulnerable to influence 

from social desirability and may over-estimate adherence 30, thus our findings may not fully 

capture the extent of non-adherence. Our results suggest medication adherence varied by 

SCDIC site and future research is needed to elucidate factors that may contribute to these 

differences. Additional research is also needed to understand how cognitive symptoms and 

attitudes about medication efficacy impact adherence.

In conclusion, we found that self-reported neurocognitive symptoms predicted reduced 

IADL skills, including employment and post-secondary education, independence with daily 

tasks, and ability to engage in leisure activities, as well as poor medication adherence. 

The neurocognitive burden of SCD is high and IADL skills are particularly vulnerable to 

symptoms of cognitive dysfunction. Targeted interventions to improve executive functioning 

skills (e.g., mobile applications that deliver cognitive remediation training) that are cost- 

and time-sensitive should be prioritized within this population, as this will support 

societal engagement and medication adherence. Mobile health (mHealth) apps to improve 

medication adherence and self-efficacy among individuals with SCD are currently being 

investigated through the SCDIC 31,32. Further, programming should be developed to 

support employment and educational pursuits among individuals with risk factors for 

disengagement. Self-report of neurocognitive difficulties could be considered as an adjunct 

clinical tool in monitoring patient functional skills that impact engagement in societal 

activities and medication adherence. When collected prior to transition to adult care, PRO 

of executive functioning difficulties can be used to proactively guide future interventions to 

enhance employment and medication adherence.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgment

The Sickle Cell Disease Implementation Consortium has been supported by US Federal Government cooperative 
agreements U24HL133948, U01HL133964, U01HL133990, U01HL133996, U01HL133994, U01HL133997, 

Longoria et al. Page 10

Am J Hematol. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



U01HL134004, U01HL134007, and U01HL134042 from the National Heart Lung and Blood Institute and 
the National Institute on Minority Health and Health Disparities (Bethesda, MD). The content is solely the 
responsibility of the authors and does not represent the policy of the National Institutes of Health or the Department 
of Health and Human Services.

Funding:

National Heart, Lung, and Blood Institute, Grant/Award Numbers: U24HL133948, U01HL133964, U01HL133990, 
U01HL133994, U01HL133996, U01HL133997, U01HL134004, U01HL134007, and U01HL134042

Conflict of Interest

JSH receives research funding from Global Blood Therapeutics, and consultancy fees from Global Blood 
Therapeutics, bluebird bio, UptoDate and Vindico Education. AAK receives research funding from Global Blood 
Therapeutics. JP received funding from the National Heart Lung and Blood Institute K01 HL125495 during the 
development of this work. MK received funding from NU58DD000015-01-00 during development of this work.

Data Availability Statement:

Data will be publicly available from the NHLBI Data Repository at https://

biolincc.nhlbi.nih.gov/home/ starting February 2022. Until that time, please contact 

byk@rti.org for the original data.

References

1. Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of sickle cell disease: Summary 
of the 2014 evidence-based report by expert panel members. JAMA. 2014;312(10):1033–1048. 
[PubMed: 25203083] 

2. Prussien KV, Jordan LC, DeBaun MR, Compas BE. Cognitive function in sickle cell disease across 
domains, cerebral infarct status, and the lifespan: A meta-analysis. Journal of Pediatric Psychology. 
2019;44(8):948–958. [PubMed: 31050352] 

3. Claster S, Vichinsky EP. Managing sickle cell disease. BMJ. 2003;327(7424):1151–1155. [PubMed: 
14615343] 

4. Aygun B, Parker J, Freeman MB, et al. Neurocognitive screening with the Brigance Preschool 
screen-II in 3-year-old children with sickle cell disease. Pediatric Blood & Cancer. 2011;56(4):620–
624. [PubMed: 21298749] 

5. Sanger M, Jordan L, Pruthi S, et al. Cognitive deficits are associated with unemployment in adults 
with sickle cell anemia. Journal of Clinical and Experimental Neuropsychology. 2016;38(6):661–
671. [PubMed: 27167865] 

6. Vichinsky EP, Neumayr LD, Gold JI, et al. Neuropsychological dysfunction and neuroimaging 
abnormalities in neurologically intact adults with sickle cell anemia. JAMA. 2010;303(18):1823–
1831. [PubMed: 20460621] 

7. Steen RG, Miles MA, Helton KJ, et al. Cognitive impairment in children with hemoglobin SS 
sickle cell disease: Relationship to MR imaging fndings and hematocrit. American Journal of 
Neuroradiology. 2003;24(3):382–389. [PubMed: 12637286] 

8. Lawton MP, Brody EM. Assessment of older people: Self-maintaining and instrumental activities of 
daily living. The Gerontologist. 1969;9(3):179–186. [PubMed: 5349366] 

9. Mlinac ME, Feng MC. Assessment of activities of daily living, self-care, and independence. 
Archives of Clinical Neuropsychology. 2016;31(6):506–516. [PubMed: 27475282] 

10. World Health Organization. International classification of functioning, disability, and health (ICF). 
Geneva: World Health Organization; 2002.

11. Jekel K, Damian M, Wattmo C, et al. Mild cognitive impairment and deficits in instrumental 
activities of daily living: A systematic review. Alzheimer’s Research & Therapy. 2015;7(1):17.

12. Cahn-Weiner DA, Malloy PF, Boyle PA, Marran M, Salloway S. Prediction of functional 
status from neuropsychological tests in community-dwelling elderly individuals. The Clinical 
Neuropsychologist. 2000;14(2):187–195. [PubMed: 10916193] 

Longoria et al. Page 11

Am J Hematol. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://biolincc.nhlbi.nih.gov/home/
https://biolincc.nhlbi.nih.gov/home/


13. Abel RA, Cho E, Chadwick-Mansker KR, D’Souza N, Housten AJ, King AA. Transition needs of 
adolescents with sickle cell disease. The American Journal of Occupational Therapy. 2015;69(2).

14. Osunkwo I, Andemariam B, Inusa BPD, et al. Impact of sickle cell disease on patients’ daily lives, 
symptoms reported, and disease management strategies: Results from the international Sickle Cell 
World Assessment Survey (SWAY). American Journal of Hematology. 2020;Accepted Author 
Manusccript.

15. Candrilli SD, O’Brien SH, Ware RE, Nahata MC, Seiber EE, Balkrishnan R. Hydroxyurea 
adherence and associated outcomes among Medicaid enrollees with sickle cell disease. American 
Journal of Hematology. 2011;86(3):273–277. [PubMed: 21328441] 

16. Master S, Arnold C, Davis T, Mansour RP. Education, employment, social support and insurance 
soverage in adult patients with sickle cell disease. Blood. 2016;128(22):4864–4864.

17. Bediako S. Predictors of employment status among african americans with sickle cell disease. J 
Health Care Poor Underserved. 2010;21(4):1124–1137. [PubMed: 21099066] 

18. Matthie N, Jenerette C, Gibson A, Paul S, Higgins M, Krishnamurti L. Prevalence and predictors 
of chronic pain intensity and disability among adults with sickle cell disease. Health Psychology 
Open. 2020;7(1):2055102920917250. [PubMed: 32426150] 

19. Ballas SK, Bauserman RL, McCarthy WF, Waclawiw MA, the Investigators of the Multicenter 
Study of Hydroxyurea in Sickle Cell A. The impact of hydroxyurea on career and employment of 
patients with sickle cell anemia. J Natl Med Assoc. 2010;102(11):993–999. [PubMed: 21141286] 

20. Singh SA, Bakshi N, Mahajan P, Morris CR. What is the future of patient-reported outcomes in 
sickle-cell disease? Expert Rev Hematol. 2020;13(11):1165–1173. [PubMed: 33034214] 

21. Lavallee DC, Chenok KE, Love RM, et al. Incorporating patient-reported outcomes into health care 
to engage patients and enhance care. Health Affairs. 2016;35(4):575–582. [PubMed: 27044954] 

22. Glassberg JA, Linton EA, Burson K, et al. Publication of data collection forms from NHLBI 
funded sickle cell disease implementation consortium (SCDIC) registry. Orphanet J Rare Dis. 
2020;15(1):178. [PubMed: 32635939] 

23. Knisely MR, Pugh N, Kroner B, et al. Patient-reported outcomes in sickle cell disease 
and association with clinical and psychosocial factors: Report from the sickle cell disease 
implementation consortium. American Journal of Hematology. 2020;95(9):1066–1074. [PubMed: 
32449965] 

24. Osterberg L, Blaschke T. Adherence to medication. New England Journal of Medicine. 
2005;353(5):487–497.

25. HealthMeasures. HealthMeasures. www.healthmeasures.net. Published 2020. Accessed December 
11, 2020.

26. Hodges JR, Phillips SM, Norell S, et al. Intentional and unintentional nonadherence to 
hydroxyurea among people with sickle cell disease: A qualitative study. Blood Advances. 
2020;4(18):4463–4473. [PubMed: 32941646] 

27. Sowell ER, Thompson PM, Tessner KD, Toga AW. Mapping continued brain growth and gray 
matter density reduction in dorsal frontal cortex: Inverse relationships during postadolescent brain 
maturation. The Journal of Neuroscience. 2001;21(22):8819–8829. [PubMed: 11698594] 

28. Office of Disability Employment Policy. Disability employment statistics. www.dol.gov. Published 
2020. Accessed January 5, 2021.

29. United States Census Bureau. Educational attainment in the United States: 2019. Table 
1. Educational attainment of the population 18 years and over by age, sex, race, and 
hispanic origin. Web site. www.census.gov/content/census/en/data/tables/2019/demo/educational-
attainment/cps-detailed-tables.html. Published 2020. Accessed January 4, 2021.

30. Stirratt MJ, Dunbar-Jacob J, Crane HM, et al. Self-report measures of medication adherence 
behavior: recommendations on optimal use. Transl Behav Med. 2015;5(4):470–482. [PubMed: 
26622919] 

31. Hankins JS, Shah N, DiMartino L, et al. Integration of mobile health into sickle cell disease 
care to increase hydroxyurea utilization: Protocol for an efficacy and implementation study. JMIR 
research protocols. 2020;9(7):e16319. [PubMed: 32442144] 

Longoria et al. Page 12

Am J Hematol. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.healthmeasures.net
http://www.dol.gov
http://www.census.gov/content/census/en/data/tables/2019/demo/educational-attainment/cps-detailed-tables.html
http://www.census.gov/content/census/en/data/tables/2019/demo/educational-attainment/cps-detailed-tables.html


32. Alberts NM, Badawy SM, Hodges J, et al. Development of the InCharge Health Mobile App to 
Improve Adherence to Hydroxyurea in Patients With Sickle Cell Disease: User-Centered Design 
Approach. JMIR Mhealth Uhealth. 2020;8(5):e14884. [PubMed: 32383683] 

Longoria et al. Page 13

Am J Hematol. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. Instrumental activities of daily living (IADL) composite scores according to age, gender, 
marital status, household income, and chronic pain.
Values show the average IADL score (range 3–8) for participants in each category, with 

higher scores indicating increased engagement.
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