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Abstract

Background—The transition from the pediatric setting to adult care is a well-described period of 

morbidity and mortality for persons with sickle cell disease (SCD). We sought to measure the 

feasibility and effectiveness of providing skill-based educational handouts on improving self-

management and transition readiness in adolescents with SCD.

Methods—This was a single center study in which participants completed a self-assessment, the 

Adolescent Autonomy Checklist (AAC), to assess transition readiness and self-management skills 

at baseline. After results were reviewed by the study coordinator, participants were provided with 

skill-based handouts on noted areas of deficit. The AAC was subsequently completed at a follow-

up visit. All data were stored electronically and transferred into SAS for statistical analyses.

Results—Sixty-one patients completed the AAC at baseline and post-intervention. At baseline, 

patients reported needing the most help with skills in money management, living arrangements, 

vocational skills, and emergency and healthcare skills. Post-intervention, statistically significant 

improvements (p < 0.05) occurred in skills related to laundry, housekeeping, healthcare, and 

sexual development. A regression model exploring the time to follow-up showed that most 

improvements could not be attributed to maturation alone.

Conclusion—This study showed that educational handouts are a readily implementable and 

well-accepted intervention among adolescents with SCD who identify challenges with skills 

necessary to successfully transition to adult care. Distinguishing which transition needs are best 
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improved with this type of intervention will help to strengthen the multidisciplinary approach 

necessary to support adolescents and young adults with SCD as they matriculate to adult care.
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Introduction

Sickle cell disease (SCD) is an autosomal recessive condition affecting over 100,000 people 

in the United States, with approximately 1,000 new births each year.1 It is the most common 

genetic disorder in the United States, affecting approximately 1 in 350 African American 

births.2 Clinically, SCD manifests in a variety of ways including significant end organ 

damage, debilitating pain, severe pulmonary compromise, and cerebrovascular injury. In 

addition, SCD accounts for approximately $488 million in annual healthcare costs.3 The 

implementation of prophylactic penicillin and the use of disease-modifying medications, 

namely Hydroxyurea, have resulted in improved health outcomes for patients with SCD.4 

However, the rates of mortality in adolescents and young adults with SCD (AYA-SCD) have 

remained relatively unchanged.1 These patients are at greatest risk for mortality during the 

transition from pediatric to adult healthcare.5 Similar to other chronic childhood conditions, 

the transition period in the AYA-SCD population represents a vulnerable window, as it is the 

intersection between normal adolescent development, progression of disease complications, 

and change in environmental resources. The need for structured, multidisciplinary 

interventions to improve transition outcomes in the AYA-SCD population is well 

established.6 Developing strategies that are readily implementable is the next step in 

optimizing outcomes in this population.

Current literature has demonstrated the utility and effectiveness of educational interventions 

in improving transition outcomes in chronic pediatric conditions such a congenital heart 

disease and diabetes.7–11 Using an educational approach may be ideal in the SCD 

population, as cerebrovascular injury and cognitive impairment are hallmarks of the disease.
12 Prior to Transcranial Doppler screening and transfusion therapy, patients with the most 

severe genotypes (SS and Sβthal0), have an absolute risk of overt stroke of 11% by 20 years 

of age, with a cumulative stroke risk of 12.8% by age 20.13 In addition, the risk of a silent 

cerebral infarction is 40% by age 1814 and 50% by age 30 for those with severe genotypes.15 

Furthermore, deficits in full scale IQ and executive functioning have been reported even in 

the absence of an acute cerebrovascular accident.16 The successful use of educational 

interventions has been described in the pediatric SCD population, but there is a paucity of 

literature that specifically focuses on the transition period.17,18 This study sought to explore 

the feasibility and effectiveness of educational interventions on this high-risk subpopulation.

Our prior work demonstrated that adolescents with SCD self-identify challenges with 

transition to adult care. Previously, we used the Adolescent Autonomy Checklist (AAC) 

modified to include SCD-specific tasks (AAC-SCD) that patients with SCD need to practice 

in order to successfully transition to adult healthcare and independent living.19 This single 

center study used the AAC-SCD to measure the effectiveness of skill-based educational 
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handouts on improving self-management and transition readiness in adolescents with SCD. 

We hypothesized that a streamlined educational intervention was a feasible and readily 

implementable method to improve transition skills in this high-risk population.

Methods

IRB approval was obtained from the Washington University Institutional Review Board for 

this single center, retrospective cohort study. Patients were recruited from the pediatric 

hematology clinic at St. Louis Children’s Hospital. Patients 13–21 years of age with SCD of 

any genotype were invited to participate. An additional inclusion criterion included the 

successful completion of the AAC-SCD both before and after the educational intervention. 

Patients who did not speak English were excluded from participation.

Instrumentation and Procedures

The AAC is a 100-item measure developed by the Youth in Transition Project at the 

University of Washington Division of Adolescent Medicine.19,20 It assesses the skill level of 

adolescents in completing activities necessary for self-care and independent living. In the 

clinical setting, the AAC does not have a scoring rubric, but rather helps providers identify 

where to target education. The AAC assesses 100 skills across 12 domains. The AAC-SCD 

is a 100-item tool that incorporates skills specifically associated with management of SCD.
19 The AAC-SCD assesses 100 skills over 12 domains and has been amended to better 

address the needs of patients with SCD by increasing the number of health-related skills 

assessed and including additional domains which are relevant to the young adult SCD 

population such as money management and sexual development (Supplemental Material 

S1). AAC-SCD domains include kitchen, nutrition, laundry, housekeeping, emergency 

management, personal skills, healthcare skills, money management, sexual development, 

leisure skills, vocational skills, and living arrangements. Respondents were asked to mark 

“can do already,” “needs practice,” “plan to start,” or “accomplished” for each item to 

indicate their perceived ability to complete each skill.

One-page educational fact sheets were developed by the study team that correspond with 

each item on the AAC-SCD. These handouts were thoughtfully created by our research team 

which included pediatric hematologists, occupational therapists and clinic educators. Once 

created, the handouts were again reviewed for accuracy and clarity. These tools were 

designed to provide patients with a brief introduction to each topic, with content varying 

from broad educational information to specific step-by-step directions and illustrations. 

Literacy levels and age were considered when developing the educational tools 

(Supplemental Material 2).

As a standard of care, participants completed the AAC-SCD at baseline, which took patients 

an average of 10–15 minutes. After the baseline assessment was reviewed by the study 

coordinator, participants randomly received up to five educational handouts based on the 

items they marked “needs practice.” Patients reviewed these educational tools without 

supervision from the study team. Participants repeated the AAC-SCD at a subsequent clinic 

visit. In addition to baseline and follow-up AAC-SCD data, medical, educational and 

demographic data were collected via chart abstraction. Academic support was defined as the 
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presence or absence of formal academic accommodations such as an Individualized 

Education Program (IEP) or 504 Plan. Any history of cerebrovascular insult was noted as 

well as whether the participant was on hydroxyurea at the time of survey administration. All 

data was entered into a REDCap Database by a research assistant for analysis.

Statistical Analysis

The primary outcome of this study was the feasibility of this intervention as measured by the 

number of subjects approached who enrolled in the study. Our secondary outcome was the 

improvement in transition skills as measured by the increase in items marked “Can Do”. 

Data were examined for missing values to determine the number of participants who 

completed both baseline and follow-up evaluations. Key demographics were examined for 

those who completed the survey at both time points versus those who did not. Two group t-
tests were used to assess the baseline and follow-up skill level reported as “can do” by 

participants. To explore the possibility of maturation as an explanation for improvement in 

skills, we included time to follow-up as a proxy for maturation in regression models. The 

longer the gap between baseline and follow-up, the more time the participant had to mature 

and develop these skills. We controlled for time to follow-up and its relationship to follow-

up need by entering time to follow-up into the model before baseline need. Therefore, after 

accounting for the variance explained by maturation, the unique contribution of baseline 

need could be determined. All data were analyzed in SAS® statistical software (SAS 

Institute, Inc., Cary, NC). The General Linear Model procedure was used to look at Type III 

sums of squares for the unique contribution of each independent variable in the models.

Results

All 122 approached patients agreed to complete the baseline AAC-SCD and received 

educational handouts. All patients within the targeted age range were approached as staff 

were available and patients presented for well visits. During the study period, approximately 

half of the original participants had to transition their clinical care to another local healthcare 

system due to changes in Medicaid contracting. Of the remaining group, 61 patients returned 

to clinic and completed the follow-up AAC-SCD. Demographics of the study population are 

reported in Table 1. After analyzing for key demographic differences in those who 

completed the assessment at both time points versus those who did not, we found no 

difference based upon gender, insurance type, history of stroke, or presence of formal 

educational support. However, patients with HbSC were more likely to complete the follow-

up measure as compared to patients with HbSS, HbSβ+, or HbSβ0 (p = 0.025). Also, those 

who completed the follow-up measure were younger on average by 1.4 years (p < 0.0015).

At baseline, patients reported needing the most help with skills in money management, 

living arrangements, vocational skills, emergency management, and healthcare skills. Post-

intervention, statistically significant changes (p < 0.05) occurred in skills related to laundry, 

housekeeping, healthcare, and sexual development (Table 2). At both baseline and follow-

up, patients were noted to skip questions; thus, the sample size for difference scores is lower 

than 61 for all 12 competency areas.
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Mean follow-up time was 333.8 days (SD = 143.3), with a range of 161–882 days. 

Regression modeling showed that time to follow-up was not a significant factor in predicting 

need in the domains of kitchen, nutrition, laundry, emergency management, personal skills, 

healthcare skills, money management, leisure time, or vocational skills (Table 3). However, 

time to follow-up did play a significant role in predicting need at follow-up in the areas of 

sexual development and living arrangements. In all models, baseline need was a significant 

predictor of post need, providing evidence that the starting point is important and that the 

changes in reported skill performance were not explained by maturation alone.

Discussion

Our results suggest that a clinic-based educational intervention is an easily implementable 

tool to improve transition skills in adolescents and young adults with SCD. This low-cost 

intervention was readily accepted by the study population and was easily integrated into the 

clinical setting with minimal burden. This type of educational intervention is optimal for 

young adults, as it is an on-site, visual tool that can support verbal education provided by the 

clinician.

Younger patients were more likely to complete the follow-up assessments, suggesting that 

providing skill-based education at an early age will provide more opportunities for 

prospective data collection and reinforcement of gained knowledge. Additionally, the 

intervention resulted in improved skills in tasks needed to transition to adult care, most 

notably those related to healthcare skills. Our regression model demonstrated that 

improvement in this area was not likely due to maturation alone. For patients transitioning 

from the pediatric to adult healthcare models, results indicate that educational interventions 

are not only acceptable, but also positively affect patients’ ability to independently manage 

their care and daily function.

The lack of transition readiness amongst adolescents is well described. The goal of this 

study was to explore the role of an educational intervention and an avenue to mitigate these 

gaps in knowledge. This study is a promising starting point for the design and 

implementation of simple, knowledge-based clinic interventions and demonstrates the 

feasibility of this approach. Further investigation with a randomized controlled trial is 

warranted to address several limitations of this study. First, the AAC-SCD is a self-report 

measure that relies on the subjective perception of participants in addressing their own 

knowledge gaps. This measure was chosen as it was readily implemented in our clinic 

setting and previously used by our group. However, there is no scoring rubric from which to 

derive a normative range. Additionally, the measure has not yet been validated in the SCD 

population. Future studies will employ a validated transition readiness assessment, as well as 

validated measures of health literacy, to understand the baseline knowledge level of 

participants. This study employed a low-touch intervention with modest results and 

highlights skill areas that are most amenable to intervention. Future intervention design may 

incorporate more elaborate educational methods to address a broad range of reported 

deficits. Additionally, specifically targeting the reported deficit rather than administering a 

broad intervention may have a greater impact on skill improvement. Also, we will strive to 

have more a more defined approach to education and follow up to facilitate multilevel 
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analyses of contributing factors. Fidelity to the intervention needs to be assessed as a 

potential moderator of final impact. Post-intervention analysis at more frequent and regular 

intervals may also elucidate the optimal time for follow-up testing. Lastly, a significant 

portion of the study population was diverted to an alternative healthcare system due to 

insurance limitations. This was an unfortunate consequence of the tenuous health care 

challenges faced by this population.

Overall, this study provides favorable evidence that skill-based knowledge among young 

adult patients with SCD can be readily improved by educational interventions. Strengthening 

health knowledge and self-management is crucial to improving patient outcomes during the 

high-risk period of transition to adult care. Decreasing morbidity and mortality in the AYA-

SCD population will require structured and thoughtful collaboration among patients, 

caregivers, and providers. This study provides insight into methods that are feasible, 

acceptable, and effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE 1

Demographics of Study Population

Variable Mean (Range) Standard
Deviation

Age (years) 16.1 (12.0–21.0)
Frequency

2.6
Percent

Sex

 Male 61 50

 Female 61 50

Phenotype

 HbSS 71 58.2

 HbSC 32 26.2

 HbSβ+ 10 8.2

 HbSβ0 8 6.6

Academic Support

 Yes 33 27.0

 No 89 73.0

Insurance Type

 Private 54 44.3

 Medicaid 63 51.6

 None 4 3.3

History of Cerebrovascular Accident

 Yes 41 33.6

 No 78 63.9

Hydroxyurea Therapy

 Yes 50 41.0

 No 71 58.2
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TABLE 2

Mean Number of Skill Categories per Domain Marked “Can Do” among Adolescents with Sickle Cell Disease

AAC-SCD Categories (No.
of Items)

Baseline
(SD)

Follow-Up
(SD)

Mean
Difference (SD)

Kitchen (4) 3.95 (0.22) 3.84 (0.55) −0.10 (0.48)

Nutrition (6) 5.12 (1.30) 5.26 (1.16) 0.29 (1.23)

Laundry (6)* 5.32 (1.20) 5.56 (0.90) 0.25 (0.94)

Housekeeping (6)* 5.51 (1.09) 5.74 (0.65) 0.26 (0.95)

Emergency (4) 3.00( 1.14) 3.19 (1.12) 0.21 (1.07)

Personal Skills (6) 5.34 (0.86) 5.51 (0.70) 0.11 (0.87)

Healthcare Skills (32)* 24.51 (7.84) 26.18 (6.44) 1.59 (5.01)

Sexual Development (6)* 5.00 (1.79) 5.49 (1.22) 0.5 (1.66)

Money Management (6) 4.19 (2.22) 4.34 (2.11) 0.14 (2.22)

Leisure Skills (13) 11.84 (1.78) 12.20 (1.41) 0.44 (1.83)

Vocational Skills (6) 4.48 (1.97) 4.90 (1.88) 0.51 (2.08)

Living arrangements (5) 3.50 (1.92) 3.76 (1.67) 0.46 (1.64)

*
Indicates p < 0.05 (bolded)

N varies from 55–61 for each category.

AAC-SCD: Adolescent Autonomy Checklist-Sickle Cell Disease
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TABLE 3

Regression Model for Maturation

 Post Test Ability Domain Baseline Parameter
Estimate

Maturation Parameter
Estimate

Kitchen 0.83 0.0006

Nutrition
0.58 

**** −0.0006

Laundry
0.65 

**** 0.0007

Housekeeping 0.0000 0.0000

Emergency
0.82 

**** 0.0001

Personal Skills
0.40 

** −0.0007

Healthcare Skills
0.58 

**** 0.004

Sexual Development
0.63 

****
0.002

**

Money Management
0.37

* −0.002

Leisure Skills
0.40

* 0.002

Vocational Skills
0.38

** 0.0017

Living Arrangements
0.66

****
0.0026

*

*
0.05

**
<0.01

***
<0.001

****
<0.0001

Bolded categories indicate significance
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