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Abstract

Background/Objectives: Adolescents and young adults (AYA) with sickle cell disease (SCD) face challenges related to the

disease and its treatment. The Transition Readiness Assessment Questionnaire (TRAQ) is a self-report tool for assessing

transition readiness for youth with special health care needs (YSHCN), including SCD. This study uses the TRAQ to understand

transition readiness in patients with SCD treated at the Boston Medical Center, evaluates associations between TRAQ scores

and transition outcomes (e.g., EDr, EDu), and compares TRAQ scores in this population with other YSHCN. Methods: We

reviewed electronic medical records of AYA with SCD who completed the TRAQ in the pediatric hematology clinic between

January 1, 2019, and March 1, 2020, and categorized healthcare encounters to calculate EDu and EDr. We used t-tests and

ANOVA models to analyze mean TRAQ scores, sex, age, genotype, EDu, and EDr. Results: The sample was 45 AYA patients

with SCD between 13 and 22 years old. The mean TRAQ score for the overall patient sample was 3.67. Mean TRAQ scores

did not significantly vary by sex or genotype but did significantly increase with age. TRAQ scores were lower in the SCD

population than in other YSHCN. TRAQ scores did not correlate to EDu or EDr. Conclusions: AYA patients with SCD have

lower transition readiness than other populations of YSHCN. The age of 18 may not be the most reliable attribute of readiness,

though older patients do have higher readiness. The relationship between TRAQ scores, EDr, and EDu is not clear and requires

further evaluation.

INTRODUCTION

Sickle cell disease (SCD) is a group of genetic hematologic disorders with approximately 100,000 affected
individuals in the United States.1 People with SCD experience symptoms and complications related to vaso-
occlusive episodes beginning in infancy, including stroke and increased risk of bacterial respiratory infections
with subsequent acute chest syndrome.2,3 Fortunately, improved quality of care for children with SCD has
reduced mortality and increased lifespan in recent years. Almost all children with SCD now reach adulthood
in high resource countries.4 However, there is inadequate health system support for adolescents transitioning
from pediatric to adult models of care.

Transition to adulthood is a time of extended exploration for all adolescents, and decisions made during
this period influence adult functioning.5 Transition is a process aimed at preparing adolescents and young
adults (AYA) to live independently.6 Transition includes transfer of care to an adult provider and further
encompasses aspects of everyday adult living beyond the change of provider.7 AYAs with chronic diseases
often consider health care a low priority compared to the other dynamic components of their transition to
adulthood (e.g., education, employment, housing, and relationships).8,9For patients with SCD, transition
from pediatric to adult care should “maximize lifelong functioning and potential through the provision of

1
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. high quality, developmentally appropriate health care services that continue uninterrupted as the individual
moves from adolescence to adulthood.”10

Additionally, AYA with SCD present with unique health concerns related to the disease and its treat-
ment. The frequency red blood cell transfusions and the proportion of patients receiving accompanying iron-
chelation therapy declines substantially during the transition period and remains low through adulthood.11

In contrast, the incidence of SCD-related complications increases steadily throughout the transition period
and continues to rise throughout adulthood. Health care resource utilization for acute care needs and rehos-
pitalization rates are highest for adolescent patients with SCD.12 Emergency Department utilization (EDu)
and Emergency Department reliance (EDr) increase in patients with SCD during transitions to adult care,
and remain high after the transition period throughout adulthood.13–15 EDu identifies frequent ED users
due to increased need for care, while EDr identifies the proportion of ED visits in relation to all ambulatory
visits, distinguishing those who might not have adequate access to outpatient care.15 The relationship be-
tween increased EDr by AYA patients with SCD and clinical factors (e.g., genotype, comorbidities), financial
and socioeconomic status, and psychosocial factors is documented; however, the relationship between EDu
and EDr and transition readiness has not been explored.16–18

The Transition Readiness Assessment Questionnaire (TRAQ) is a skill-focused, self-report tool for assessing
the developmental stage of transition readiness for youth with chronic medical conditions, including SCD.
The TRAQ has been validated in Youth with Special Healthcare Needs (YSCHN) and evaluated in other
disease groups, including patients with type 1 diabetes and inflammatory bowel disease; however there is
limited research in patients with SCD.19–21 AYA with SCD often lack the disease knowledge necessary to
transition care, and would benefit from an assessment for transition readiness.22

Our primary objective in this study was to assess transition readiness in patients with SCD treated at the
Boston Medical Center (BMC) using the TRAQ. Secondary objectives included evaluating for associations
between TRAQ scores and transition outcomes such as EDr and EDu and comparing TRAQ scores in this
population with the larger population of YSHCN. We hypothesize that there will be a correlation between
low TRAQ scores and high EDu and EDr. These results inform preparation for and timing of transfer to
adult care and allow for assessment of the impact of strategies to improve readiness on clinically relevant
and easily measurable outcomes (e.g., EDr, EDu).

METHODS

Overview

We performed a single-center, retrospective study of AYA patients with SCD, to assess transition readiness
using the TRAQ. Inclusion criteria were patients with SCD ages 13-22 years old receiving care in the pediatric
hematology clinic at BMC. Exclusion criteria were non-English speaking and the inability to complete the
TRAQ due to cognitive impairment. The Boston University Medical Center Institutional Review Board
granted an exemption for this study.

Data Collection

We reviewed electronic medical records (EMR) of all AYA with SCD who completed the TRAQ in the
pediatric hematology clinic between January 1, 2019, and March 1, 2020. We recorded demographic data
and TRAQ scores. Healthcare encounters from the 12 months preceding completion of the TRAQ were
recorded from the EMR and categorized.

TRAQ Completion

Patients completed the validated TRAQ as part of their medical visit to the pediatric hematology clinic and
discussed it with their physician. The pediatric hematology clinic serves approximately 180 patients with
SCD from birth through 22 years of age. Between January 1, 2019 - March 1, 2020, 45 out of 97 eligible of
patients ages 13-22 completed the TRAQ.

Independent Variables

2
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. The TRAQ contains 20 self-report questions that measure transition readiness using a 5-point Likert scale.
The questionnaire includes five domains: Appointment Keeping, Tracking Health Issues, Managing Medica-
tions, Talking With Providers, and Managing Daily Activities.19 Demographic data for each patient included
age in years, sex, and SCD genotype.

Dependent Variables

All in-person healthcare encounters at BMC from the 12 months preceding completion of the TRAQ were
recorded and categorized as outpatient or Emergency Department (ED). We recorded ambulatory primary
care, hematology, and other subspeciality (cardiology, pulmonary, etc.) appointments as outpatient visits.
We only recorded visits that the patient attended (i.e., we did not record the number of missed appointments,
“no shows” or telephone encounters). We calculated EDr as the percentage of healthcare encounters in the
ED (the number of ED visits divided by the number of ED and outpatient encounters).15 We categorized
high ED utilization as over three ED presentations per year and defined high EDr as >0.33 (i.e., more than
one-third of health care received in the ED).11,23

Statistical Analysis

Continuous demographic variables were defined using mean and standard deviations, whereas categorical
demographic variables were given as percentages. Unpaired t-tests and one-way ANOVA models were per-
formed to compare mean TRAQ scores by sex, age, genotype, EDu and EDr. Similar unpaired t-test and
one-way ANOVA models were used to compare mean EDu by sex, age, and genotype and mean EDr by sex,
age, and genotype. Finally, multiple linear regression was used to determine the association between overall
TRAQ score and high EDu controlling for age, sex, and genotype. The significance level was set at 0.05 for
all analyses.

We also compared mean TRAQ scores among our study population of adolescent patients with SCD at BMC
against other study populations from the literature, including adolescents with Type 1 Diabetes (T1DM),
adolescents and young adults with inflammatory bowel diseases (IBD), YSHCN, and healthy youth (Fig 1).

RESULTS

Patient Demographics

The study sample was 45 AYA patients with SCD between 13 and 22 years old. Overall, the mean patient
age was 17.1 years, 53.3% were female, and 71.1% have HbSS genotype (Table 1). The mean TRAQ score
was 3.67, the mean EDu was 1.2 visits (Table 1), and EDr (proportion of ambulatory healthcare visits took
place in the ED) was 10.6% of (Table 2).

Mean TRAQ Scores (Table 2)

The mean TRAQ score for the overall patient sample was 3.67 (Table 2). The mean TRAQ scores were
higher among older age groups, female patients, and those with the HbSS genotype. Unpaired t-test and
ANOVA analyses did not find the difference in mean TRAQ score by sex, genotype, EDu, or EDr statistically
significant. However, they did find statistical significance (p = 0.0004) in the mean TRAQ score by age.

We also examined mean TRAQ scores by individual domains: Managing Medications, Appointment Keeping,
Tracking Health issues, Talking with Providers, and Managing Daily Activities. Mean domain scores were
highest among the 20-22 age group for most categories, except Talking with Providers where, where patients
ages 16-19 had the highest score (Fig 2).

We compared mean TRAQ scores among our study population of adolescent patients with SCD at BMC
against other study populations from the literature. This comparison showed that among these patients with
SCD treated at BMC, youth with Type 1 Diabetes, youth with IBD, YSCHN overall, and healthy youth,
healthy youth had the highest average TRAQ scores (mean =3.93). Healthy youth lead in the component
scores of Appointments Keeping (mean = 4.07) and Managing Daily Activities (mean = 4.63). Patients with
IBD had the highest TRAQ component score in Talking with Providers (mean = 4.86) and Tracking Health

3



P
os

te
d

on
A

u
th

or
ea

19
M

ay
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

13
85

91
.1

51
70

94
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Issues (mean = 3.56) (Table 7). YSHCN had the highest TRAQ component score in Managing Medications
(mean = 3.97). Our study population of AYA with SCD did not have the average highest score in any of
the component categories; specifically, they had the lowest TRAQ scores in Appointment Keeping (mean =
2.91) and Tracking Health Issues (mean = 2.96) (Fig 1).

Mean EDr and EDu (Table 3)

The mean EDr was highest for those patients in the 16-19 years of age group, among female patients and those
with the HbSS genotype. EDu was highest among the 16-19 age group compared to the other age groups.
EDu was higher among male patients versus the average for females. Mean EDu was also highest among
those with the HbSS genotype compared to the other genotypes. Unpaired t-test and ANOVA analyses did
not find the difference in mean EDr among age, sex, or genotype statistically significant, nor did they find
the difference in mean EDu among these demographics statistically significant.

Multivariate Analysis (Table 4)

A multiple linear regression controlling for demographic data found that, on average, the overall TRAQ
score increases by 0.24 points for every one-year increase in age. There was no significant evidence of an
association between sex, genotype, or EDu and TRAQ score, adjusting for these variables and age.

DISCUSSION

This is one of the first studies to report on transition readiness specifically in AYA with SCD using the
TRAQ. A TRAQ score of 4 is used clinically an indicator of readiness to transition to adult care; the mean
TRAQ score in our sample was 3.67, below the target level, and emphasizes the need for increased efforts
regarding transition planning and care for adolescents and young adults with SCD.

This study indicates that age is a useful demographic facture to understand and measure AYA with SCD’s
transition readiness. Transfer to adult care is usually at the age of 18, however, the present findings indicate
that many patients did not achieve readiness to transition, supporting the use of age alone should not be the
criteria for leaving pediatric care. Only the oldest patients (age 20-22) in our population met the transition
readiness benchmark, both in terms of mean overall TRAQ score and within each domain. Younger patients
(ages 16-19) achieved a mean score above 4 in the Talking with Providers and Managing Daily Activities
domains, while the youngest subgroup (age 13-15) achieved mastery only in Managing Daily Activities.
These findings are consistent with previous research that older patients score higher on the TRAQ as some
self-management skills improve with age.19

Examination of TRAQ scores by item also allows for identifying strengths and weaknesses regarding readiness
skill acquisition. AYA reported the lowest mastery levels areas in Appointment Keeping and Tracking Health
Issues. These transition readiness areas represent modifiable behaviors that can be addressed with patients
and families within the context of clinical care, including education interventions to enhance self-management
skills with these specific goals in mind. Process measures prior to transition, such as having a written, self-
directed transition plan and portable, patient-centered medical record, have previously been identified as
important components of quality care in SCD, and could be implemented in the setting of transition.24

In our study, patients scored lower on transition readiness measures than other YSHCN in every domain,
lower than patients with IBD in every domain, and lower than patients with T1DM in every domain except for
Appointment Keeping and Tracking Health Issues. There are several possible explanations for our patients’
lower scores. Difficulties related to adverse social determinants of health likely impede the ability to adhere to
SCD treatment plans as adolescent transitions to adulthood by limiting the degree to which adolescents can
focus on SCD in the setting of other challenges.25,26 Furthermore, in the US, a majority of SCD patients are
Black or another minority.27 Disability-related to SCD, enhanced by health crises at the time of transition,
aggravate existing structures of racism. Interventions aimed at helping youth keep their appointments such
as peer transition navigators, or larger reliance on Telehealth, may be helpful in this population.

A strength of this study is that it is the first in our knowledge to correlate TRAQ scores and clinical data

4
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. in patients with SCD. This paper examines the association of EDu and EDr and transition readiness scores
assessing self-management and self-advocacy skills. EDu and EDr are readily available measures that identify
increased need for ED services and lack of access to quality chronic disease care at the time of transition.15 The
associations between EDu and EDr and transition readiness were insignificant, contradicting the hypothesis
that there would be a correlation between low TRAQ scores and high EDu and EDr.28 However, this study
is limited by a small sample size, with the restricted, convenient sample of patients who came for visits at
BMC. Selection bias could have been present as only patients who came for routine assessment were part of
the study. The increase in EDu and EDr in AYA patients with SCD is likely multifactorial.

In conclusion, patients with SCD have lower transition readiness than other populations. The age of 18 may
not be the best indicator of readiness; however, older patients do have higher readiness and may benefit
from further support at a critical age. Further evidence is needed to understand the relationship between
transition readiness and health outcomes. Future studies should administer the TRAQ to a larger number
of AYA patients with SCD. Longitudinal tracking of TRAQ scores and clinical data, such as EDr, over time
may give greater insight into true impacts. Future work is also needed assess the association of TRAQ scores
for AYA patients with SCD on other measures health and transition outcomes such as access to adult provers
and completion of goals (e.g., education, jobs) in young adulthood.
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FIGURE LEGENDS

FIGURE 1 Mean TRAQ scores by domain compared with other YSHCN. AYA with SCD did not have the
average highest score in any of the component categories. AYA with SCD had the lowest TRAQ scores in
Appointment Keeping and Tracking Health Issues. Healthy youth had the highest overall TRAQ scores, and
highest component scores of Appointments Keeping and Managing Daily Activities. Patients with IBD had
the highest TRAQ component score in Talking with Providers and Tracking Health Issues. YSHCN had the
highest TRAQ component score in Managing Medications.

FIGURE 2 Mean TRAQ scores by age group. Mean TRAQ scores were highest in the 20-22 age group for
the Managing Medications, Appointment Keeping, Tracking Health issues, and Managing Daily Activities
domains. Mean TRAQ scores for Talking with Providers were highest in the 16-19 age group.
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