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Abstract

- Greg Petroski? - Anna La Manna?® - David Beversdorf* - Janet Farmer®

Little is known about Young adults with Autism Spectrum Disorder (YA-ASD) health, healthcare and safety needs. This
study describes the validation of a health care transition measure for YA-ASD, the Health-Related Independence (HRI). We
collected data from caregivers (n =490) at five Autism Treatment Network sites and compared the psychometric properties
of HRI to the gold standard (STAR,) and other validated measures. A Confirmatory Factor Analysis and item culling resulted
in 30 items addressing six subscales. Content, criterion, and construct validity and internal consistency indicated high valid-
ity and reliability for the scale and subscales. HRI is a validated caregiver-report measure of YA-ASD’s self-management,
safety, and transition skills. This novel measure will be a useful tool in clinics, intervention development, and research.
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Introduction

The Interagency Autism Coordinating Committee (IACC)
prioritize transition services for young adults with Autism
Spectrum Disorder (YA-ASD) as a key area for funding and
research within its Strategic Plan for ASD and recommenda-
tion for the CARES act of 2019 (IACC 2017). Health Care
Transition (HCT) services help YA-ASD prepare for and
make the transition from pediatric to adult health care ser-
vice (American Academy of Pediatrics et al. 2002; White
et al. 2018). HCT services are of great importance to YA-
ASD as over half of this population has a co-occurring con-
dition and YA-ASD are at increased risk for polypharmacy,
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multiple health problems, anxiety, depression, and behavio-
ral problems (Muskens et al. 2017; Soke et al. 2018).
Access to HCT services for young adults with special
health care needs has shown improvements in access to care,
appropriate service utilization, patient satisfaction, health
outcomes, and reduced cost burdens to families (Gabriel
et al. 2017). Unfortunately, fewer than 20% of YA-ASD
receive HCT services and few studies have examined how to
improve HCT service provision to YA-ASD (Cheak-Zamora
etal. 2013, 2014; Walsh et al. 2017; Shattuck et al. 2018). A
systematic review of HCT interventions found that all inter-
ventions focused on young adults with physical health con-
ditions such as cystic fibrosis, diabetes, sickle cell disease,
and kidney and liver transplants (Betz et al. 2016). None of
the interventions identified in the review included YA-ASD.
HCT readiness measurements are an important part of
HCT service provision that helps young adults, caregivers,
and health care providers assess the young adult’s readiness
to transfer to an adult provider (White et al. 2018; Zhang
et al. 2014). Both condition-specific and condition-neutral
measures of HCT readiness have been developed but none
has included a significant number of participants with ASD
in the development or validation of the measure. Two of the
most popular HCT condition-neutral measures are the Self-
management and Transition to Adulthood with Rx =Treat-
ment (STARX) scale and the Transition Readiness Assess-
ment Questionnaire (TRAQ) (Ferris et al. 2015; Sawicki
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et al. 2009; Zhang et al. 2014). Most of the STARx and
TRAQ questions focus on medication management, appoint-
ment keeping, and provider interactions. Additionally, the
STARX includes subscales related to disease knowledge and
resource utilization. The TRAQ includes a few questions on
understanding health insurance and life skills but did not
develop specific scales or subscales related to these topics.
The skills assessed within these measures are needed for a
successful transition to adult care but seem most applicable
for young adults managing multiple medication and medi-
cal appointments. YA-ASD experience additional challenges
that these measures do not address (Davis et al. 2014; Kuh-
Ithau et al. 2016).

Due to the unique nature of ASD; providers, caregivers,
and YA-ASD themselves report transition experiences and
needs that deviate from the experiences of young adults with
other special health care needs (Cheak-Zamora et al. 2015,
2017; Kuhlthau et al. 2016; Weiss et al. 2018). YA-ASD
and their caregivers report HCT needs related to sexual-
ity, safety, and self-care skills in addition to medication and
appointment management, provider interactions, and YA-
ASD-provider communication (Cheak-Zamora et al. 2017;
Schwartz et al. 2011). A specific measure of HCT readiness
tailored to the needs of this population is essential (Levy
and Perry 2011).

This current validation study was part of a larger project
that used a mixed-methods approach to develop an HCT
measure specific to the needs of YA-ASD and their car-
egivers- the Health-Related Independence (HRI) measure
(Cheak-Zamora et al. 2020). Previous work included YA-
ASD interviews and caregiver focus groups to develop meas-
urement concepts and individual items (Cheak-Zamora et al.
2020). Cognitive interviewing and pretesting methods were
used to ensure item clarity, translatability, and readability.
We define HRI as a holistic understanding of a YA-ASD’s
ability to manage their health, health care, and safety needs
(Cheak-Zamora et al. 2014, 2019; Golnik et al. 2009; Hess
and Straub 2010; Walsh et al. 2017). This paper will describe
the large-scale validation of the HRI for YA-ASD Measure-
Caregiver version.

Methods
Study Overview

The psychometric evaluation of the HRI measure followed
the PROMIS guidelines including a large multi-site data col-
lection effort; Confirmatory Factor Analysis to determine
item and model fit; and the inclusion of numerous validated
measure used to determine validity, reliability, and interpret-
ability of the final HRI measure (Bevans et al. 2014; Health-
Measures 2013). The HRI development study identified 8

subscales that theoretically contributed to the concept of
HRI and 60 individual items (Cheak-Zamora et al. 2020).
The eight subscales of HRI included: Physical and mental
health challenges and communication; Medication or ill-
ness management; Appointments/health care visits; Safety;
Relationships and sexuality; Finances/financial manage-
ment; Self-care/health and lifestyle; and Health success/
self-advocacy.

Quantitative Study Sites

Upon completion of Phase 3, the HRI measure was tested in
five Autism Treatment Network (ATN) clinic sites across the
U.S. (Missouri, Texas, Ohio, Tennessee, and Pennsylvania),
including a children’s hospital, three large academic medi-
cal centers, and a large ASD-specific clinic. These specific
ATN sites were included to ensure representation of minor-
ity populations, rural and urban communities, and commu-
nities with varying health care access issues. Each site was
charged with recruiting 100 eligible participants, distributing
survey instruments and reminders, and providing compensa-
tion for participation.

Recruitment and Eligibility for Caregivers

Eligible participants were restricted to English-speak-
ing primary caregivers of a YA-ASD between the ages
of 16-25 years of age (Cheak-Zamora et al. 2015; Ferris
et al. 2015; Kuhlthau et al. 2016; Nathenson and Zablotsky
2017). YA-ASD diagnosis and age were verified through
chart records. ATN sites utilized their network and clinic
databases to identify eligible participants. Recruitment
methods varied by site and included email, mail, phone, and
approach individually before the YA-ASD’s clinical appoint-
ments. Study flyers were placed on the sites’ websites and
Facebook/Twitter pages. Surveys took between 20-40 min
to complete. Most surveys were completed using Research
Electronic Data Capture (REDCap) electronic data capture
tools (Harris et al. 2009). A small number of caregivers
completed the survey in paper format. Participants received
a $20 gift card for completing the survey. All sites partici-
pated in bi-weekly conference calls during the recruitment
period to discuss recruitment goals, develop strategies, prob-
lem-solve recruitment, and resolve survey delivery issues.

Measures

Health-related Independence (HRI). The HRI measure was
developed for caregiver report of the youth/young adult’s
independence level. The measure was comprised of eight
subscales and 60 questions. Based on the qualitative data,
we theorized the measure subscales would include: Knowl-
edge about medical and mental health conditions; Self-care;
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Medication management; Healthcare visits; Safety; Sexual
health; Healthcare financial management; and Developing
goals for future/goal planning. A four-point scale was used
for response options. The response options captured the
range of assistance YA-ASD would need to complete the
skill or task described in the question. This ranged from:
“Independent. Can complete task without adult guidance or
support” to “Totally dependent on the parent or caregiver to
complete task.”

Health Care Transition

The Self-management and Transition to Adulthood with
Rx =Treatment (STARX) is a caregiver questionnaire that
assesses caregivers’ interpretation of their youths” HCT
readiness. Developed by the University of North Carolina
(UNC) School of Medicine, the STARX is a self-adminis-
tered measure with 3-subscales and 18-questions (Ferris
et al. 2015; Zhang et al. 2014). The STARx has been used
internationally in hundreds of studies and clinical settings
as a diagnosis-neutral HCT measure.

Transfer to an Adult Provider

A single question identifying if young adults had completed
the transfer to an adult healthcare provider used to examine
construct validity within the HRI. This question was taken
from HCT quality improvement measures developed by Got
Transition (McManus et al. 2015).

Self-determination

Caregivers also evaluated their young adult’s self-determi-
nation using the American Institutes for Research (AIR)
Self-Determination measure (Wolman et al. 1994). Self-
determination is the ability of a young adult to evaluate their
needs, set goals, assess effort, and make decisions among
other skills (Chou et al. 2016). The AIR examines the young
adult’s capacity to be self-determined (6 questions) and level
of opportunity to be self-determined at home (6 questions).
The scale score of Self-Determination (range from 12-60)
was used in this study. Prior studies have demonstrated
adequate reliability and validity for the parent scale (Carter
et al. 2009, 2013).

Demographics

As described in Table 2, demographic information was col-
lected on young adults and caregivers. Young adult’s func-
tional/severity level was assessed using a one item question
taken from the National Survey of Children’s Health. Spe-
cifically this question asks caregivers to rate their, “young
adult’s current symptoms of ASD” (Table 2). Young adults’
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employment and volunteer experience were also evaluated,
which are historical indicators of general independence
(Paradiz et al. 2018; Shogren et al. 2015; Wehmeyer and
Palmer 2003).

Testing of Psychometric Properties of HRI

Confirmatory Factor Analysis (CFA) was used to test the
fit of the HRI items to the constructs or topics identified
by caregivers of YA-ASD. CFA was also used to test the
content validity of the HRI. Because items responses are on
a short ordinal scale a robust weighted least square estima-
tor (WLSMYV), available in Mplus v8.3, was used to fit the
model. The WLSMYV estimator does not assume normality
and appears to be currently the best choice of estimator for
confirmatory models with ordinal or categorical indicators
(Flora and Curran 2004; Li 2016). Judging model goodness-
of-fit is an important aspect of CFA and numerous descrip-
tive measures of fit have been developed (Tanaka 1993).
As the single universally agreed upon fit index is yet to be
developed it is customary to consider multiple indices. For
this study model, fit-evaluation is based on the Root Mean
Square Error of Estimation (RMSEA; MacCallum et al.
1996), the Tucker Lewis Index (TLI; Hu and Bentler 1999),
and the standardized root mean square residual (SRMR;
Hu and Bentler 1999). Based on recommendations from
the cited literature we consider that adequate fit is demon-
strated by TLI>0.95, RMSEA <0.08, and SRMR < 0.08.
Also, because it is customary, the chi-square test of fit is
reported, but is given little weight in our evaluations as it is
uninformative in large samples, i.e. tends to reject all mod-
els. A chi-square difference test appropriate to the WLSMV
estimator was performed using the difftest option in Mplus.

Validation and Internal Consistency Analysis

Criterion validity was evaluated by examining correla-
tions between HRI total and subscale scores and the current
gold-standard for HCT measurement of young adults with
special health care needs- the STARx measure. Construct
validity was assessed in several ways. Young adults who
had successfully transitioned to an adult provider would be
expected, on average, to have higher HRI scores and so these
groups were compared with respect to HRI total and sub-
scale scores. HRI scores were correlated with scores from
the AIR self-determination instrument, and examined by age
groups (1617 years, 18-20 years, and 21-25 years of age)
with expectation that older YA-ASD and those with higher
self-determination will generally have greater independence
(Cheak-Zamora et al. 2019. Finally, initial reliability was
assessed by examining internal consistency. Internal con-
sistency of the final scales was estimated using Coefficient
Alpha (Cronbach 1951). The authors followed the analysis



Journal of Autism and Developmental Disorders (2021) 51:2036-2046

2039

and reporting recommendation described in the PROMIS
Instrument Development and Validation Scientific Standards
(HealthMeasures 2013).

Floor and Ceiling Effects

The HRI scales were also evaluated for floor and ceiling
effects (Terwee et al. 2007). Floor and ceiling effects occur
when a large proportion of subjects have the highest or low-
est possible score indicating lack of distinguishability and
responsiveness of the measure.

Results
Sample

The third version of the HRI measure was administered to
510 caregivers of YA-ASD distributed across the five ATN
sites. The development of the measure and revision of previ-
ous versions was a multi-year process based on YA-ASD,
caregiver, and clinician input (Cheak-Zamora et al. 2020).
Thirty-seven cases were excluded from the analysis due to
incomplete responses. The majority of the caregivers were
mothers (88%) with an average age of 50 years (SD=7). The
caregiver’s YA-ASD of survey respondents were primarily
male (79%), Caucasian (86%), and non-Hispanic (93%), with
a mean age of 18 years (SD=2) and range of 16-25 years.
Other caregiver demographics and YA-ASD condition-spe-
cific characteristics are presented in Table 1.

Confirmatory Factor Analysis

An initial confirmatory factor analysis included all 60 items
allocated to the originally conceived eight factors of HRI.
Although model fit was adequate, a review by experts and
stakeholders concluded that the instrument was much too
long and some items reflected concepts more general than
HRI. The review process resulted in a consensus to exclude
items comprising two of the factors, developing goals and
self-care, were not sufficiently focused on health care transi-
tion or overall health, and should not be included in a health-
related independence measure. Further debate streamlined
HRI measure to 30 items addressing six constructs with
between four and six and six items per construct/subscale
(Table 2). A second CFA was carried out on the reduced
item set. The existence of a factor structure is supported by
the implausibility of the null model: Chi-square =86, 950
on 435 degrees of freedom. A model with six correlated
factors exhibited good model fit to the data as judged by
RMSEA =0.067, TLI=0.989 and SRMR =0.035 (Table 3).
Furthermore, all standardized factor loadings were greater
than 0.80. The inter-factor correlations were very strong

Table 1 Demographic characteristics of caregiver participants and
their young adults with ASD

Variable N (%)
Number of participants 490
Mean age (SD) 49.5 (6.91)
Males (%) 48 (9.8)
Race-white (%) 411 (83.9)
Education level
In high school/no diploma 0
High school grad 49 (10)
Some college 156 (31.8)
Bachelor or higher 285 (58.2)
YA-ASD condition severity
Mild 147 (30.0)
Moderate 280 (57.1)
Severe 63 (12.9)
Relationship to YA-ASD
Mother 431 (88.0)
Father 47 (9.6)
Other 12 (2.4)

Data not collected on complete sample

(all>0.7) and so a model with a single second-order factor
was also fit. In the second order model, the factor correla-
tions are conceptually a consequence of the first-order fac-
tors themselves being facets of a single more general con-
cept (HRI). Although a chi-square difference test between
first and second order models was statistically significant
(p<0.001, df=9), the loss in goodness-of-fit with the sec-
ond-order factor model is slight: All indices still fall within
the accepted ranges for an adequate model. The standardized
loadings of the individual item loadings remained at 0.8 or
higher, and standardized loadings of the first-order factors
on a single second-order factor are all 0.87 or greater. The
reasonably good fit of the second order supports the use of
both subscales and an overall score for the HRI tool.

Criterion Validity

The STARX served as our gold standard for the HCT meas-
ure for young adults with special health care needs based on
its extensive validation and use in the literature. All correla-
tions between HRI and STARX were statistically significant
(p<0.001) and in the expected direction. The strength of
the correlation met and exceeded the standard of 0.70 in all
appropriate comparisons. HRI Health Care Finance score
was not strongly correlated with the STARX scale score or
subscale scores but this was to be expected as the STARx
does not ask questions related to insurance or finance knowl-
edge. Correlations between all scales and subscales of the
HRI and STARX scales were presented in Table 4.
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Table 2 Item loadings from

HRI scale Items Standard-
correlated factors model ized load-
ing
Knowledge of physical & mental health Describe physical conditions 0.951
condition Describe mental conditions 0.954
Explain how ASD affects them 0.938
Seek information about conditions 0.936
Report pain/discomfort 0.928
Medication management Can name medications 0.926
Can explain consequences of not taking meds 0.960
Can take meds as prescribed 0.835
Can refill medicine 0.937
Healthcare visits Explain which provider to seek 0.913
Can participate in healthcare visit 0.872
Can ask & answer questions 0.948
Can make an appointment 0.949
Know where to go for appointment 0.947
Remember healthcare appointment 0.886
Safety Knows how to call 911 in an emergency 0.949
Can stay home alone 0.900
Can cooperate with law enforcement 0.898
Knows what to do if gets lost 0.925
Knows appropriate internet disclosure 0.886
Sexual health knowledge Can explain how pregnancy happens 0.972
Can explain STD protection 0.943
Can explain pregnancy protection 0.936
Can recognize inappropriate contact 0.957
Can distinguish romance from friendship 0.903
Can recognize an abusive relationship 0.887
Health care financial management Can provide insurance information 0.965
Can explain monthly cost of insurance 0.905
Can contact customer service 0.950
Can compare health plans 0.965
Table 3 Confirmatory factor Factor model Chi-Sq df  Chi-Ag/df  RMSEA [90% CI] TLI SRMR
model goodness-of-fit
Null model 86,950.1 435 199.9 0.648 [0.645, 0.652] 0 0.668
6 correlated factors 1215.4 391 3.01 0.067 [0.063, 0.071] 0.989 0.035
One 2nd order factor 1562.6 400 3.91 0.078 [0.074, 0.083] 0.985 0.046

Construct Validity

External validity was also established by comparing HRI
scales for YA-ASD who transferred to an adult provider ver-
sus YA-ASD being cared for by a pediatrician (Table 5). For
all scale scores, the difference was statistically significant
and in the expected direction. Specifically, HRI scores and
subscale means were higher for the transferred group than
for the group that remained with a pediatrician.

Similarly, we compared the HRI scale to a validated
self-determination scale, the AIR self-determination scale,
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to assess construct validity. The research team hypoth-
esized that YA-ASD with higher levels of self-determi-
nation would be associated with higher HRI scale scores.

Associations between the HRI scale scores and AIR
self-determination scale scores represent another source of
construct validity (Table 6). All correlations are positive
and statistically significant. Finally, HRI scale scores were
examined by age groups to measure sensitivity to changes
in age. Figure 1 shows a significant dose-response to age
category.
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scores and STARx measure STARx disease STARx provider ~ STARx self- STARKX total
knowledge communication management
Knowledge of physical & mental 0.658 0.740 0.621 0.764
health conditions
Medication management 0.592 0.712 0.676 0.747
Healthcare visits 0.596 0.731 0.646 0.744
Safety 0.616 0.686 0.632 0.724
Sexual health knowledge 0.647 0.668 0.616 0.724
Healthcare financial management 0.468 0.562 0.528 0.588
HRI 0.660 0.757 0.685 0.792

p<0.0001 all pairs

Table 5 Transitioned, N =134, Not Transitioned, N=335

HRI scale Transitioned Mean Stddev  Median p*
to adult care

KnowMP No 7.75 4.79 8 0.069
Yes 8.60 4.99 10

MedMgmt  No 5.28 4.01 5 0.001
Yes 6.56 4.37 7

HCVis No 7.17 5.50 6 0.004
Yes 8.84 6.09 9

Safety No 8.34 4.83 9 0.026
Yes 9.44 4.62 10

SexualHlth  No 9.30 5.87 10 0.039
Yes 10.55 5.51 11.5

HCFinance No 1.96 2.88 0 0.033
Yes 2.75 3.49 1

HRI_Total  No 39.80 25.32 42 0.008
Yes 46.75  26.38 50.5

*Wilcoxon Rank Sum Test

Internal Consistency

The internal consistency for the scale score and all sub-
scales had Cronbach’s alphas that exceeded 0.9. Item total

Table 6 Spearman correlations of HRI & self-determination scores

correlations over all items and subscales had a range of 0.71
to 0.89 with an average of 0.82. Calculating Coefficient
Alpha for each scale with item deletion did not reveal any
opportunities to improve internal consistency by removing
items This was an indication of very good internal consist-
ency (Clark and Watson 1995). Summary statistics for the
total scale scores, internal consistency estimates (coefficient
alpha) and the standard error of measurement (SEM) were
presented in Table 7.

Floor and Ceiling Effects

No floor or ceiling effect was observed for the HRI scale
score and four of the six subscale scores. The Health Insur-
ance Knowledge subscale had a significant floor effect as
described in Table 7. After review of the results and con-
sultation with our expert panel, we concluded that the floor
effect for Health Insurance Knowledge subscale is not an
indicator of poor content validity (Terwee et al. 2007).
Rather similar to findings from other HCT studies, it appears
that this topic area is rarely discussed in society, in particular
with young adults and those with disabilities (Ferris et al.
2012; Sawicki et al. 2009). The floor effects within this sub-
scale represent the lack of attention given to health insurance
education in the YA-ASD population. Further, there is no

Knowledge of physical and Medication Healthcare visit ~ Safety Sexual health  Healthcare finan- HRI
mental health conditions management knowledge cial management
Self-determi- 0.69181 0.68208 0.71567 0.695 0.67585 0.62483 0.74949
nation: things < (,0001 <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.0001
my child does
Self-determi- 0.42278 0.43679 0.43239 0.48603 0.50987 0.3793 0.49087
nation: what <0.0001 <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.0001
happens at
home

Prob >Irl under HO: Rho=0
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Fig. 1 Relationship between 46
Health-related Independence HRI Total Score 44.51
(HRI) total score by young 44
adults age
42 40.9
40
38
36
34

16-17 year olds

18-20 year olds 21-25 year olds

Table 7 HRI raw score summary statistics, internal consistency, standard error of measurement, and ceiling and floor effect percentages

Subscales Mean SD Min Max 25th per-  75thper-  Alpha SEM % Zero % Max
centile centile
Knowledge of physical & mental 8.0 4.9 0 15 4 12 0.941 1.19 9.3 8.5
health conditions
Medication management 5.7 4.2 0 12 2 10 0.906 1.29 19.2 5.7
Sexual health knowledge 9.7 5.8 0 18 5 14 0.950 1.30 14.2 6.8
Healthcare visits 7.7 5.7 0 18 2 13 0.939 1.41 11.0 34
Healthcare financial management 22 3.1 0 12 0 4 0.904 0.96 522 0.9
Safety 8.7 4.8 0 15 5 13 0.934 1.23 10.6 11.2

SD standard deviation, SEM standard error of measurement, %Zero & %Max are the floor and ceiling effects

evidence that the reliability of this subscale was in question
since it is highly likely that with education, a portion of
YA-ASD would gain health insurance knowledge and skills.

Discussion

The 2017 Report to Congress: Young Adults and Transition-
ing Youth with ASD advocates for the development and vali-
dation of functional outcome measures for YA-ASD (IACC
2017). The current study responded to this identified need
by validating the first HCT measurement for YA-ASD. Spe-
cifically, the HRI measure examined what YA-ASD and car-
egivers constitute as positive HCT and independence-related
outcomes, as well as skills needed to successfully transition
to adult care. The HRI is a brief, 5 to 10 min, caregiver-
administered survey that provides a holistic evaluation of
the YA-ASD’s ability to manage their health, health care,
and safety needs.

The PROMIS guidelines were used to develop the initial
concept, subscales, and initial item pool of the HRI meas-
ure and conduct a large-scale validation study of the meas-
ure. In the first phases of this process, qualitative methods
were used to obtain an in-depth understanding of caregiver
and YA-ASD transition needs (Cheak-Zamora et al. 2020).
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These themes were then used to develop HRI scale, sub-
scales, and individual items in a team-based approach with
caregivers, clinicians, and autism researchers. Additional
cognitive interviews and pilot testing clarified individual
questions, answer choices, and formatting of the measure.
Finally, the HRI measure was implemented in five Autism
Treatment Network (ATN) clinics throughout the country
to test the psychometric properties of the caregiver-version
of the HRI measure.

A reasonable fit for the second-order factor model sup-
ports the use of the measure with a total scale score and
six construct-specific subscale scores. The absence of
extreme ceiling and floor effects within the HRI measure
and most subscales indicate that there is no clumping of
scores at the high and low ends of the scoring range. Thus
we are confident in the measures variability and ability to
detect positive and negative changes in independence over
time. The HRI measure was shown to have strong internal
consistency with alpha estimates exceeding recommended
levels in both the full-scale and subscales. This further
supports the use of the full-scale score and subscales in
future work. The survey appears to be well tolerated as
less than 40 (7%) participants started the survey, but quit
before completing the HRI measure.
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The significant criterion validity results confirm that the
HRI and the STARX are measuring similar HCT and inde-
pendence subscales. The STARx has been used in hundreds
of studies within young adult populations with various dis-
abilities making it an important comparison measure (Ferris
et al. 2015). For subscales in which HRI and STARX covered
similar concepts, subscale correlations were significant and
exceeded correlation standards. Similar correlations were
observed when comparing STARx and HRI overall scale
scores. These findings indicate the strength of the HRI meas-
ure in not only assessing independence but also HCT readi-
ness. The health care system is in great need of measures to
assess independence and HCT readiness for YA-ASD as no
measure previously existed (IACC 2017; Levy and Perry
2011; Walsh et al. 2017). The HRI’s ability to address the
unique HCT readiness and independence needs of YA-ASD
will provide a great service to primary and specialty health
care services.

The transition from pediatric to adult care and self-deter-
mination skills are key outcomes for YA-ASD. This study
used a validated self-determination measure and a one-item
question assessing the transfer status of the YA-ASD (i.e.
had the YA-ASD transferred from a pediatric to an adult
provider) to examine construct validity of the HRI measure.
As hypothesized, higher HRI scores were strongly corre-
lated with increased self-determination and the transfer to
an adult provider. These results increased our confidence
that current HRI score is highly predictive of future tran-
sition success and the ability to perform autonomous and
independent activities.

The results also demonstrated the HRI’s responsiveness
to differences in the YA-ASD’s age. Figure 1 indicated an
increase in HRI score with increases in age category. The
measures sensitivity to changes in age was similar to those
indicated in condition-neutral HCT measures- STARX,
TRAQ, and UNC TRXANSITION (Ferris et al. 2012, 2015;
Sawicki et al. 2009). Improved HRI scores with age fits with
the assumption that skill related to decision making, inde-
pendence, and transition readiness improve with age (Ferris
et al. 2015, 2012; Sawicki et al. 2009). The ability of the
measure to distinguish between developmental ages within a
wide age range will assist in the creation of age-appropriate
interventions. As with the STARX, further research utilizing
the HRI will enable researchers and practitioners to develop
age-based standardized scores for YA-ASD. Further research
and implementation of the HRI, particularly utilizing stand-
ardized scores, will improve our ability to identify clinically
meaningful changes in scores and predictive models for a
successful transfer to an adult provider.

The STARx, TRAQ, and UNC TR,ANSITION are the
predominate condition-neutral measures of HCT (Ferris
et al. 2012, 2015; Sawicki et al. 2009). While each of these
measures have contributed significantly to the field, HRI has

many strengths over the current measures. Content validity
was the primary measure of validity for the current meas-
ures and none examined construct validity against a gold-
standard. Within this study, we were able to fully examine
the psychometric properties of the HRI across five clinical
settings within the U.S. with a large sample size of nearly
500 caregiver participants.

The HRI shares many of the same subscales as the current
HCT measures in the field. Each of the measures have sub-
scales or question sets related to condition knowledge, medi-
cation management, and participation in the health care visit
(Ferris et al. 2015; Sawicki et al. 2009; Zhang et al. 2014).
Similar to the HRI, the TRAQ and UNC TR,ANSITION
include several questions about health insurance knowledge
(Ferris et al. 2012; Sawicki et al. 2009). While some ques-
tions within these subscales are similar, the HRI assesses a
wider range of health-related skills and knowledge for both
physical and mental health needs, along with communica-
tion skills that may be more challenging for YA-ASD.

The HRI further extends on previous measures by includ-
ing subscales related to safety and sexual health. Concerns
related to safety and sexual vulnerability have been well
documented in the literature (Cheak-Zamora et al. 2017;
Cheak-Zamora and Teti 2015; TACC 2017). Safety concerns
were keys themes for both YA-ASD and caregivers in the
qualitative study in which the HRI measure was built. While
caregivers talked more about sexual safety, YA-ASD dis-
cussed the need for sexual health education and relationship
development skills (Cheak-Zamora et al. 2019; Teti et al.
2019). While the UNC TR,ANSITION includes a subscale
on reproduction, the majority of questions relate the effect
of a medical condition on the individual’s ability to repro-
duce (Ferris et al. 2012). While this is important for some
conditions, ASD-related concerns included understanding
pregnancy, protection, consent, and how to differentiate
between friendship and romantic relationships. Similarly,
safety concerns for individuals with ASD and their caregiv-
ers centered on being alone, using the internet, interaction
with law enforcement, and elopement. Caregivers provided
examples in which the lack of these skills/abilities resulted
in physical and psychological harm to their children and
adolescents. No other measure examines overall safety of
young adults with special health care needs.

With the successful validation, the HRI measure can
serve as a learning and evaluation tool for both medical
providers and caregivers to examine promotion of YA-ASD
independence. HRI results will allow the medical team to
tailor activities and material needed to improve YA-ASD’s
transition readiness during and after the medical visit. HCT
measures for other populations have been shown to improve
the frequency and quality of health care provider’s conversa-
tions with families about increasing independence, guardian-
ship issues, and preparing for the transfer to an adult doctor
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(Betz et al. 2016; Gabriel et al. 2017; Hess and Straub 2010).
In pilot testing the HRI, caregivers reported the survey was
a reminder of the topics they should be addressing to assist
YA-ASD to successfully transition into adulthood. Imple-
mentation of the HRI measure in health care clinics or sup-
port services will increase both caregiver and system-level
supports to enhance YA-ASD independence.

The HRI measure can improve the development and
assessment of future interventions. As stated in the 2017
Report to Congress current interventions and programs can-
not be tested due to the lack of validated measures to exam-
ine intended outcomes (IACC 2017; Zhang et al. 2014). The
current study fills this gap by providing a measure to exam-
ine the efficacy of future transition planning programs and
health or independence-related interventions for youth and
YA-ASD. Similarly, the subscales within the HRI measure
can be used separately to examine interventions that focus
on one or more of the six subscales identified as important
to caregivers and YA-ASD in previous qualitative studies
(Cheak-Zamora and Teti 2015; Kuhlthau et al. 2016; Teti
et al. 2019).

There are several limitations to the study. While previous
HCT measures have been developed for both caregivers and
young adults with special health care needs, this study con-
ducted the initial validation of the HRI utilizing caregiver
report only. This study did not include YA-ASD self-report
in the validation portion of the study due to limited resources
and the inability to include YA-ASD with intellectual dis-
abilities and significant communication limits (Johnson et al.
2009; Lerner et al. 2012; Stratis and Lecavalier 2015). Simi-
lar to other measures of HCT, our goal was to ensure the
psychometric properties of one version of the HRI before
testing multi-rater versions (Ferris et al. 2012, 2015; Sawicki
et al. 2009). The use of caregiver report in this study should
not make little of the need for and importance of YA-ASD
voices. Multi-rater reports of HRI in which both the car-
egiver and YA-ASD provide their assessment of independ-
ence are ideal. A separate validation of a young adult self-
report version of the HRI is ongoing but is outside the scope
of this study.

The research team did not collect HRI data over multiple
time points, thus test—retest reliability was not estimated.
The study findings showed that the HRI met reliability
standards as it was able to distinguish between different
groups of patients, but this study was not able to ensure
HRTI’s temporal stability. Future studies are needed to exam-
ine test-retest reliability within the HRI. Lastly, this study
utilized data collection sites in five autism-clinics through
the U.S. to improve response rates of typically underrep-
resented populations such as racial/ethnic minorities and
low-income families. Although the diversity within our data
is an improvement on many autism-specific national sur-
veys, our data is not representative of the nation as a whole.

@ Springer

Additionally, targeted efforts are needed to recruit and retain
underrepresented populations in future studies.

Conclusion

The study aimed to identify the health care transition needs
of young adults with ASD and their caregivers by develop-
ing and testing a measure tailored to their needs. This arti-
cle describes the development and validation of the Health-
Related Independence (HRI) measure using a large-scale
multisite data collection process. The process resulted in
a validated caregiver-administered measure of YA-ASD’s
ability to manage their health, health care, and safety needs.
The HRI is the first measure of its kind and will improve the
health and transition success of YA-ASD.

Following established criteria for measurement propri-
ety development, this study demonstrated the HRI measure
has adequate internal consistency and content, criterion and
construct validity (HealthMeasures 2013). The authors fur-
ther present HRI mean and standard deviation differences by
important indicators and outcomes (i.e. transfer to an adult
provider, self-determination, and age) to establish clinically
meaningful deviations and potential changes in scores.
Future studies are needed to examine changes in HRI over
time and define clinically meaningful cut points.

As described in the 2017 Report to Congress: Young
Adults and Transitioning Youth with ASD, the HRI meas-
ure fills a large gap in the need for validated measures of
transition-related outcomes for YA-ASD (IACC 2017). The
HRI measure has the potential to improve clinical care by
giving providers a quick low-resource measure of YA-ASD
transition readiness and provide age and stage-appropriate
guidance. The measure can be easily implemented into
health care or other services systems without considerable
training or cost. Caregivers can utilize HRI results to educate
their YA-ASD and improve opportunities for independence
at home. Additionally, the HRI is an important research tool
as it is the first validated assessment of transition interven-
tion success.

Clinicians and caregivers should strive to incorporate
the HRI measure into their bi-annual and annual assess-
ment within health care, school, and other services set-
tings. Although the focal area of the HRI measure is health
care needs, the measure covers important concepts related
to safety, sexual safety and health, among other topics.
Increasing independence in one area of life has been shown
to increase independence in other areas of life. Implemen-
tation of the HRI can improve collaboration across health
care, home, and community settings and improve YA-ASD
independence overall.
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