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Abstract 

Introduction

Autistic people experience higher risk of suicidal ideation (SI) and suicide attempts (SA) 

compared to non-autistic people, yet there is limited understanding of complex, multilevel 

factors that drive this disparity. Further, determinants of mental health service receipt 

among this population are unknown. This study will identify socioecological factors asso-

ciated with increased risk of SI and SA for autistic people and evaluate determinants of 

mental health care receipt.

Methods

This study will link information for individuals aged 12-64 years in healthcare claims 

data (IBM® MarketScan® Research Database and CMS Medicaid) to publicly available 

databases containing community and policy factors, thereby creating a unique, multilevel 

dataset that includes health, demographic, community, and policy information. Machine 

learning data reduction methods will be applied to reduce the dimensionality prior to 

nested, multilevel empirical estimation. These techniques will allow for robust identification 

of clusters of socioecological factors associated with 1) risk of SI and SA and 2) receipt of 

mental health services (type, dose, delivery modality). Throughout, the research team will 

partner with an established group of autistic partners to promote community relevance, as 

well as receive input and guidance from a council of policy and practice advisors.

Discussion

We hypothesize that nested individual (co-occurring conditions, age, sex), community 

(healthcare availability, social vulnerabilities), and policy factors (state mental health 

legislation, state Medicaid expansion) will be associated with heightened risk of SI and 

SA, and that receipt, dose, and delivery of mental health services will be associated with 
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interdependent factors at all three levels. The approach will lead to identification of mul-

tilevel clusters of risk and factors that facilitate or impede mental health service delivery. 

The study team will then engage the community partners, and policy and practice advi-

sors to inform development of recommendations to reduce risk and improve mental health 

for the autistic population.

Introduction
Suicide is a major and growing public health concern, accounting for an excess of 48,000 
deaths annually [1–3]. Suicide behaviors, including suicidal ideation (SI) and suicide attempt 
(SA), affect over 12 million Americans annually and cost more than $26B annually in medical, 
work-loss, and quality of life costs [4,5].

One population at increased risk of suicide and suicide behaviors are autistic people (our use 
of ‘autistic people’ reflects community preferences). Autism is a neurodevelopmental condition 
defined by differences in social communication and restricted/repetitive behaviors [6], which 
affects 2.47% of U.S. children and adolescents [7]. Identification of autism has grown annually 
[8], including for adults overlooked in childhood [9–11]. Epidemiological studies show suicide 
deaths are 1.5-8 times more likely for autistic than non-autistic people [12–15]. The lifetime 
pooled prevalence of SI (34.2%; 95% CI: 27.9-40.5%), suicide plans (21.9%; 13.4-30.4%), and 
SA (24.3%; 18.9-29.6%) among autistic people indicate they are at 7-48 times greater risk than 
the general population (SI: 4.9%; suicide plans: 1.3%; SA 0.5%) [16–18]. To curb inequities in 
suicide outcomes for autistic people [12–15,19–22] further research is needed to understand 
the dynamic influence of individual, community, and policy factors, and to inform policy and 
practice changes that reflect the autistic community’s needs and priorities [23].

While evidence demonstrates higher risk of suicide behaviors among autistic youth and 
adults, risk factors are underexplored [15,24,25]. Data, primarily from survey studies, have 
begun to elucidate a limited set of individual factors associated with elevated suicidality in 
autistic youth and adults (e.g., sex, gender, age, co-occurring conditions, race). For example, 
recent studies show autistic females at greater risk for SA and self-harm than autistic males 
[13,15]. A recent meta-analysis reported that age moderates suicide plans for autistic youth 
and adults, with higher likelihood in adulthood [18], however only one included study used 
population-representative data. While most studies of suicide behaviors in autistic people 
fail to account for racial and ethnic identity, one found increased risk of SI and SA among 
autistic African American children [26], while three found no significant relationship between 
race, ethnicity, and risk of suicide behaviors for autistic children and adolescents [26–28]. 
Co-occurring conditions such as mood and anxiety disorders, substance use disorders, and 
attention-deficit hyperactivity disorder (ADHD) are consistently found associated with an 
increased risk of suicide behaviors in autistic youth and adults [13,26,27,29–32]. Even though 
one-third of autistic people have co-occurring intellectual disability (ID) [33], many previous 
studies have excluded those with ID [8,18,34,35]. Therefore, the association between co- 
occurring ID and risk of suicide behaviors is unclear [13,26,29,30].

Despite contemporary models that recognize the influence of social determinants of health 
on risk of suicide behaviors for the general population [36–38], the influence of community 
factors has been relatively ignored for autistic youth and adults [18]. Studies with the broader 
U.S. population have identified that neighborhood and social vulnerabilities, rural contexts, 
and limited provider availability are associated with increased risk of suicide behaviors 
[39–45]. While one unique study found that low socioeconomic status (SES) predicted suicide 
behavior in autistic children [26], there is a substantial need to more closely examine how 
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for Disease Control and Prevention (CDC) and 
available for download at https://archive.org/
details/20250128-cdc-datasets. The publicly 
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download at https://data.hrsa.gov/. The publicly 
available KFF state-level Medicaid expansion 
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community factors interact to drive suicide behaviors at a population level. Our understand-
ing of the influence of health policies on risk of suicide behaviors for autistic youth and adults 
also lags knowledge about the broader population. National studies of Medicaid expansion 
showed reductions in rates of suicide death among non-elderly adults [46,47], yet it is unclear 
whether this extends to autistic adults. A recent study showed an increase in Medicaid disen-
rollment for autistic young adults in states without Medicaid waivers [48], likely limiting 
their access to healthcare. In the proposed study, we will address these gaps by exploring how 
individual, community, and policy factors are associated with SI and SA risk among autistic 
youth and adults by applying data reduction, classification, and machine learning analytic 
techniques to two integrated, multilevel databases to derive typologies of risk in the autistic 
population.

Given that access to mental health care predicts suicide behaviors [36,49,50], it is crucial to 
understand who receives mental health care. Yet again, this is virtually unknown for autistic 
people. Studies of the U.S. population suggest that individual, community, and policy fac-
tors impact receipt of mental health care. African American/Black, Asian, “other” race, and/
or Latino individuals have fewer visits (inpatient and outpatient), delay care, and report cost 
concerns [51–55]. Health policies, such as Medicaid expansion and mental health parity laws 
increase receipt of mental health care for the broad U.S. population [56,57], although these 
benefits may not be realized for racial and ethnic minority beneficiaries or those with dis-
abilities [57,58]. Given the increased risk of suicide behaviors for autistic people, there is an 
immediate need to investigate national healthcare data to drive timely policy changes.

While systematic reviews show that psychotherapeutic interventions including cognitive- 
behavioral therapy, dialectical behavior therapy, and other psychodynamic approaches 
effectively reduce suicide behaviors for the general population [59–61], autistic youth and 
adults have historically been excluded from psychotherapy [62–64]. This has led to reliance 
on pharmacological therapy (i.e., medications), with unintended consequences of polyphar-
macy and use of psychotropic medications, often in absence of a corresponding diagnosis 
[65–67]. A national collaboration to identify mental health needs and priorities for adults 
with developmental disabilities reported the need for alternatives to pharmacological therapy 
[68]. However, it remains unknown what socioecological factors are associated with receipt of 
mental health services, pharmacology, or both for autistic youth and adults. Further, charac-
terizing delivery modality (face-to-face, telemental health, both) for autistic youth and adults 
is important, given the potential of telemedicine to increase access to mental health care [69]. 
Collectively, this knowledge could inform policies that enhance receipt of mental health care 
for autistic people.

There is a clear need for research to identify multilevel factors that could be targeted for 
multilevel suicide prevention efforts. Evidence shows that multilevel suicide prevention strate-
gies are among the most effective approaches (after structural and means-based interventions, 
e.g., bridge access restriction, firearms safety) [70]. Yet, there are currently no comprehensive 
recommendations for suicide prevention policy and practice in the autistic community that 
address multilevel risk factors [37,71]. The World Health Organization (WHO) has also indi-
cated that effective suicide prevention strategies should involve stakeholders from the outset 
[70], aligning with broader calls for research involvement from the disability community (i.e., 
“nothing about us without us” [71]).

To reduce the risk of suicide behaviors and other negative mental health outcomes for the 
autistic population, this study examines multilevel, socioecological factors associated with 
suicide behaviors and mental health service receipt [72]. Using a sequential, mixed methods 
design [33], the approach incorporates collaboration with autistic stakeholders and policy and 
practice consultants across three aims to support relevance and translation of findings.
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Aim 1: Identify clusters of socioecological factors (at individual, community, and policy levels) 
associated with risk of SI and SA among two national samples of autistic youth and adults.

Aim 2: Evaluate socioecological factors associated with receipt of mental health care (mental 
health service, pharmacology, both, neither), dose (visits/year), and delivery modality (face-
to-face, telemental health, both) among two national samples of autistic youth and adults 
with documented suicide behaviors and/or co-occurring mental health conditions.

Exploratory Aim 3: Develop evidence-based, community-driven recommendations to reduce 
risk of suicide behaviors and facilitate receipt of mental health services for autistic youth 
and adults (not discussed here).

Materials and methods

Consultation
In alignment with the WHO’s recommendations to involve stakeholders, we will engage 
with the established Academic Autism Spectrum Partnership in Research and Education 
(AASPIRE) Suicide Prevention Project (SPP) team of autistic community research partners. 
The AASPIRE SPP team was launched in 2022 as part of the larger AASPIRE organization 
to conduct community-engaged research on autism and suicide prevention. AASPIRE is a 
well-established, long-standing community-based participatory research collaboration that 
has conducted projects on healthcare, mental health, employment, and measurement since 
1996 [73,74]. The AASPIRE SPP team’s expertise offers insight based on community member 
experiences to maximize community relevance and to support translation. AASPIRE SPP 
team members have personal and professional experiences relevant to the project aims. They 
represent autistic community diversity in terms of age, gender, race/ethnicity, LGBTQIA + 
identity, region of the U.S., experience with private and public health insurance, experience 
accessing mental health services, co-occurring conditions, communication (i.e., speaking and 
non-speaking), and needs. The AASPIRE SPP team will meet approximately four times per 
year of the project to consult on Aims 1 and 2 variable selection, preliminary findings, inter-
pretation, and to address problems as they arise. For Exploratory Aim 3, they will assist with 
identifying key information to share in focus groups, developing focus group materials, and 
interpreting focus group results.

We will also rely on expertise from a council of policy and practice advisors with exper-
tise relevant to the project aims. These Policy and Practice Advisory Council members have 
expertise in psychiatry, suicide prevention, mental health and developmental disability/
autism policies, Medicaid, and healthcare reimbursement. They will provide input annually 
across all aims to ensure findings can be optimally leveraged to inform policy and practice. 
Both AASPIRE SPP and the policy and practice advisors will assist with the development and 
finalization of recommendations as the ultimate outcome of the study (in Exploratory Aim 3, 
not discussed here).

Aims 1 and 2
Ethics statement.  The University of Florida IRB deemed this study as exempt and 

approved through protocol IRB202401169, including waiver of informed consent.
Data.  Aims 1 and 2 will integrate sources containing individual, community, and policy-

level information. The sources that comprise each level are outlined below.
Individual: Individual-level data will be extracted from two national samples of health 
insurance claims between October 1, 2015 and December 31, 2022: 1) IBM® MarketScan® 
Research Database (MarketScan®) and 2) Centers for Medicare & Medicaid Services (CMS) 
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MAX & MSIS (Medicaid). 1) MarketScan is a research data set that integrates deidentified 
patient-level health data, hospital discharges, and electronic health records. Data are contrib-
uted by large employers, managed care organizations, hospitals, and electronic health record 
providers across the continuum of care [75]. The database contains detailed prescription drug 
information and indicates the type, timing, and condition/diagnosis related to each healthcare 
interaction, as well as beneficiaries’ three-digit zip code. 2) Each state’s Medicaid Management 
Information System collects enrollment and claims data for persons enrolled in Medicaid and 
the Children’s Health Insurance Program. This information is standardized into a consistent, 
national format by the Medicaid Statistical Information System (MSIS). To support research 
and policy analysis initiatives for Medicaid and other low-income populations, MSIS gener-
ates a set of person-level data files on Medicaid eligibility, service utilization, and payments 
called the Medicaid Analytic eXtract (MAX). The claims in MAX identify the services ren-
dered, cost of those services, and nine-digit zip code of the beneficiary for each calendar year 
indicating the type, timing, and condition/diagnosis related to all health system interactions.
Community: The Social Vulnerability Index (SVI) [76], developed by Cutter et al. [77], 
indicates the relative vulnerability of every U.S. Census tract by ranking 16 social factors and 
grouping them into four related themes. SVI is updated every two years, and the four themes 
provide socially and spatially relevant information that allow for multi-state mapping and 
analysis. Tracts are also ranked for the entire U.S. based on percentiles, with higher values 
indicating greater vulnerability. Each tract receives a rank for the 1) individual component 
variables, 2) four themes, and 3) overall position. This data measures aspects of social vulner-
ability at the Census tract level. Additionally, the Health Resources and Services Administra-
tion Area Health Resource Files (AHRF) contains over 6,000 variables related to healthcare 
access at the county and city levels (e.g., health providers, health facility numbers and types, 
hospital utilization, population characteristics, economic data). These data will capture mental 
health providers and infrastructure in the communities in which autistic youth and adults live.
Policy: Since January 1, 2014, states have had the option to extend Medicaid coverage to most 
non-elderly adults with income up to 138% of the federal poverty line (FPL). However, states 
varied significantly in their timing of expansion and implementation as well as their use of 
Section 1115 waiver stipulations, extensions, and amendments (i.e., regulatory allowances for 
change in state program eligibility, benefits, provider payments, and other rules). To capture 
the chronology of state-level changes made during the transition to full Medicaid expansion, 
the Kaiser Family Foundation developed an archival data base of all state-level Medicaid 
expansion and implementation information including dates, waiver stipulations, and changes 
in coverage. These data will allow us to determine the association between the type and timing 
of Medicaid expansion and observed outcomes [47]. Since mental health insurance regula-
tions vary across states and time, the State Mental Health Insurance Laws (SMHIL) Dataset 
[78] tracks state legal characteristics across six domains—parity, coverage, definition, all con-
ditions defined, enforcement, and compliance. Collected since 1997, SMHIL employs rigorous 
policy surveillance methodology to track changes in state mental health insurance laws.
Integration: The integration of Medicaid Expansion, SMHIL, SVI, and AHRF with the Mar-
ketScan and Medicaid claims files will use individual zip codes in the claims, Federal Infor-
mation Processing Standards (FIPS) codes in the AHRF file, and census tract identifiers in 
the SVI database. To match the state-level information in the Medicaid Policies database and 
the SMHIL Dataset, we will use annual lists of state-level zip code ranges which are pub-
lished by the Internal Revenue Service and U.S. Postal Service (USPS). This publicly available 
information will allow the state location of each zip code to be easily identified and matched. 
State-level and county FIPS codes in the AHRF file will be converted to zip code ranges using 
the CDC County Cross Reference File (FIPS/ZIP4). Finally, SVI data comprises Census tract 
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identifiers. To link individual Census tracts with zip codes, we will utilize the US Department 
of Housing and Urban Development (HUD) Office of Policy Development and Research 
HUD-USPS ZIP Code Crosswalk data which is published quarterly. This information origi-
nates directly from the USPS making it highly responsive to changes in zip code configuration.

Inclusion/Exclusion criteria.  This study focuses on autistic youth and adults between the 
ages of 12 (consistent with the age minimums in important national surveys of youth, e.g., the 
National Longitudinal Survey of Youth and the National Longitudinal Study of Adolescent 
to Adults Health) and 64 (since we do not utilize Medicare data) as of October 1, 2015 
(following the conversion to ICD-10). Consistent with existing literature, an individual will be 
classified as autistic [79–81] if they have ≥ 1 inpatient claim or ≥ 2 other service claims with an 
autism diagnosis code in any year. Individuals without an identifiable birth date and at least 
12-months of continuous enrollment will be excluded.

Key outcomes.  Aim 1, Suicide behaviors: SI will be identified by presence of ICD-10 code 
R45.851 for an inpatient stay or outpatient visit, while SA will be captured by ICD-10-CM 
code T14.91. Given distinct differences between SI and SA, these outcomes will be analyzed 
separately in both the MarketScan and Medicaid databases. Annual aggregates for SI and 
SA will be created for individuals with more than one related claim during a calendar year. 
The medical claims data will be used to create a data set consisting of person-year records. 
Using the 2015-to-2022 timeframe, individuals may have up to eight records if they were 
continuously enrolled for all eight years. A total count of the number of SI or SA events during 
a given year will be created to form a longitudinal panel each (one for SI/one for SA) with up 
to eight observations per person. For example, an autistic individual who was available during 
all years and did not have a SI will have eight annual observations with an event code of 0 for 
all records. An individual who had his/her coverage revoked after 3 years and did not have any 
SI would have three annual observations with an event code of 0 for all three. An individual 
who had one SI in year 4 would have a total of four records with event codes of 0 for the first 
3 years and a code of 1 on the fourth year. Prior SI will be included as a lagged covariate in the 
model. This will be repeated for SA.
Aim 2, Receipt of mental health services: Current Procedural Terminology (CPT) and Health-
care Common Procedure Coding System (HCPCS) codes will indicate the receipt of mental 
health services. Dose of mental health services will be quantified as the number of visits per 
calendar year received among those with any observed visits. Since mental health services 
are often coupled with pharmacological therapies, making their independent effects inextri-
cable, we will create a categorical variable with four mutually exclusive categories describing 
treatment received: pharmacology only, mental health services only, both pharmacology and 
mental health services, and no treatment.
Receipt of pharmacological therapy: Pharmacological therapies will be grouped using claims 
data (prescription days of supply) into eight common classes: antidepressant, antipsychotic, 
mood stabilizers, stimulants, anxiolytics, central nervous system depressants, substance abuse 
medications, and cognitive enhancers. A drug will be considered present during a given 
month if a prescription was filled in that month or a carryover from a prior month was filled 
(i.e., day’s supply extended into the next month). In cases where a prescription was filled in the 
month of a SI or SA code, the drug was considered present if the prescription was filled prior 
to the event.

Key covariates.  Individual: The primary way to classify phenotypic differences within the 
autistic population through secondary data analysis is examination of co-occurring diagnoses 
[82], including three categories of conditions—mental health conditions, substance use 
disorder, and developmental conditions. Mental health conditions will be identified in claims 
using ICD-10 codes. Rather than dichotomizing the high number of specific mental health 
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diagnoses, binary indicators will be created indicating the mental health condition category. 
The categorical framework is based on the phenome-wide association study (PheWAS) [83] 
and includes psychosis disorders, mood disorders, anxiety disorders, personality disorders, 
psychogenic and somatoform disorders, adjustment disorders, eating disorders, and other 
psychological disorders. Substance use disorder, indicated as important in prior studies 
[84–86] but not distinguished in the PheWAS, will be identified in claims using ICD-10 codes. 
Substance use disorder will be dichotomized. Developmental conditions (ID and ADHD) will 
be identified in claims using ICD-10 codes. Each condition with be dichotomized. Additional 
individual-level information will include age, sex, and race/ethnicity.
Community: SVI groups 16 social factors obtained from Census variables into four themes—
SES, household composition and disability, minority status and language, and housing type 
and transportation. Each county is assigned a percentile ranking for each theme as well as an 
overall composite score. To evaluate both the overall vulnerability as well as individual themes, 
we will first include the overall SVI composite score in the analytic model, then substitute the 
individual theme scores to test the overall sensitivity of each area. AHRF data extracted will 
include area rurality (captured by the Rural–Urban Commuting Area Codes), accessibility of 
healthcare centers/facilities, and availability of primary care and specialty providers.
Policy factors: Six aspects of state-level Medicaid expansion will be included in the analysis: 1) 
Number of months since adoption of the Affordable Care Act Medicaid expansion, 2) Varia-
tion in adult/child income threshold (if different from 138% FPL), 3) Capitated enrollment, 4) 
Benefit limitations, 5) Work requirements, and 6) Central mechanism (premium assistance or 
Medicaid program). The SMHIL captures six characteristics of state mental health insurance 
laws using a categorical coding scheme and assigns each state an annual score based on these 
characteristics. Annual state scores will be included in the model. To test the sensitivity of esti-
mates, annual scores will be replaced by its six components to determine variation in policy 
impact on outcomes. The declaration of a public health emergency in 2020 and a nation-wide 
effort to stop the spread of COVID-19 shifted patterns of insurance coverage, healthcare deliv-
ery, and reimbursement. Various state and federal legislation mandated that most public and 
private insurers extended coverage to telehealth and other remote care services. While these 
regulatory changes will be captured in the SMHIL and Medicaid expansion databases, we will 
also consider the disproportionate impact of pandemic-related changes on autistic individu-
als through the inclusion of sensitivity testing and additional, pandemic-focused analysis to 
evaluate these unique circumstances.

Sample size considerations.  While the prevalence of SI and SA among autistic individuals 
has never been assessed using large, nationally representative data sets like those proposed 
here, U.S.-based studies have estimated that SI is between 11% and 22% while SA is between 
1% and 7%. Based on these existing prevalence estimates, a power analysis was conducted 
using R software package mpower [87] to determine a sample range that would be required to 
observe statistically significant differences if they exist. Using a power of 0.8, an alpha of 0.05, 
and a Zα/2 of 1.96, a sample of SI between 2,653 and 6,053 and a sample of SA between 161 and 
252 would be required based on these proportions. Between 2015 and 2018, suicide behaviors 
meeting the claims coding requirements were observed an average of 4,599 (SI) and 252 (SA) 
times in MarketScan, and 2,346 (SI) and 481 (SA) times in Medicaid claims, suggesting a 
sufficient sample size in both data sources.

Aim 1 statistical analysis approach.  Using ΣSIit, ΣSAit as dependent variables in analyses 
of SI and SA, respectively, analyses of SI and SA will first use multiple correspondence analysis 
(MCA) to reduce dimensionality then employ hierarchical clustering analysis (HCA) with 
internal cross validation for estimation. MCA is a data analysis technique for categorical data, 
used to detect and represent underlying structures on a Burt table—a symmetrical, generalized 
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contingency table of all two-way cross-tabulations between the categorical variables analogous 
to the covariance matrix of continuous variables [88]. HCA is a machine learning procedure 
that classifies individuals with similar profiles and contexts into distinct groups based on a 
set of measured variables without imposing existing assumptions or biases. Internal cross 
validation verifies the predictive ability of the model by randomly dividing the data into 
subsets and iteratively utilizing subsets for training and validating to ensure the optimal 
number of clusters.

MCA is a principal component analysis method that transforms categorical data into coor-
dinates in multidimensional space and outputs several dimensional solutions. MCA yields a 
“space” that summarizes the associations between individual, community, and policy factors. 
HCA of the MCA coordinates will be applied using Ward minimum-variance linkage to assign 
individuals into distinct groups according to their annual SI and SA patterns. This method 
starts with everyone in their own cluster, combining the most “similar” individuals based on 
closeness in Euclidean distance and continuing until the last 2 clusters are merged into 1 clus-
ter containing all participants. To determine the optimal number of clusters [89] we will apply 
seven clustering methods (K-means, partition around medoids [PAM], fuzzy K-means, prob-
abilistic distance clustering [PDClust], mixture of multivariate normal distributions [MVN], 
mixture of skewed-t distributions [MST], and mixture generalized hyperbolic distributions 
[MGHD]) to the transformed data set from MCA. We will use cluster comparison metrics 
such as the Calinski-Harabasz criterion [90], Bayesian Information criterion (BIC) [91], and 
Adjusted Rand Index (ARI) [92] to analyze and compare clustering results. Then the opti-
mal number of clusters will be selected by calculating the sum of the within-cluster inertia at 
each partition, and partitioning clusters [93] where there is the highest relative loss of inertia 
[94]. Characteristics (individual, community, and policy variables) will be compared between 
clusters and internal cross validation with iterative subsets will be used to further determine 
the convergence and validity of the clustering results. HCA will yield a group of cluster mem-
bership variables reflecting the partitioning of individuals into homogeneous groups based 
on selected characteristics. The contribution of each characteristic to the group formation is 
indicated to reveal a typology of SI and SA clusters.

Aim 2 statistical analysis approach.  A sample of individuals with autism and either (1) 
ΣSIit, > 0 or ΣSAit > 0, or (2) mental health conditions > 0 will be used to assess receipt of 
mental health services (mental health services, pharmacology, both, and neither), dose (visits/
year), and delivery modality (face-to-face, telemental health, both). As the picture in Fig 1 
shows, the sequential order of outcomes begins with Tier I—receipt of mental health care—
and will utilize four mutually exclusive categorical dependent variables: pharmacological 
therapy only, mental health services only, both pharmacology and mental health services, 
and no treatment. Tier II—dose of mental health services receipt—will be quantified as the 
number of visits per calendar year received among those with any observed visits. Given 
insurance coverage stipulations, “regular” therapy will be considered eight or more sessions 
within a calendar year. Tier III—type of mental health service delivery—will indicate the 
mode of delivery as face-to-face, telemental health, or both.

The data analysis will involve three primary stages. First, to reduce data dimensionality we 
will conduct MFPCA [95,96]— a statistical methodology designed to extract core intra- and 
inter-subject geometric components of multilevel data. To ensure that the optimal number 
of components are retained, cross validation using randomly partitioned data subsets will be 
conducted to optimize the mean squared error (MSE)/area under the curve (AUC) as appro-
priate for discrete/binary outcomes. Second, multilevel sequential logit models [97] (SLM) 
will evaluate factors associated with mental health care receipt, dose, and delivery modality. 
Finally, we will evaluate the sensitivity of the analysis to age, race, and sex to determine the 
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potential influence on the relationship between the factors and receipt, dose, and modality of 
mental health care.

A SLM [97] is an appropriate method to analyze these sequential data since SLM [97] 
assumes that decisions are not made simultaneously, but rather in a specific order. Tier I will 
be estimated with a multinomial logistic regression, while Tiers II and III will be estimated 
with binary logistic regressions. Since factors at multiple levels (individual, community, 
policy) are associated with receipt, dose, and delivery of mental health services, we will use 
multilevel SLM to account the nested structure of the data. To understand the influence of 
individual, community, and policy factors, the analysis will be structured such that we begin 
with a basic, parsimonious model specification and add factors successively as we increase the 
model complexity.

The intra-class correlation (ICC) between random variables will be calculated for vari-
ables in each of the three multilevel models [98]. We will verify conditions of stationarity and 
homogeneity within the data and evaluate model fit to ensure appropriate specification and 
robust findings. We will also provide odds ratios (ORs) and interval odds ratios [99] (IORs) 
which quantify the effect of cluster‐level variables when using multilevel logistic regression 
models.

Exploratory Aim 3
To develop evidence-based, community-driven recommendations to reduce risk of suicide 
behaviors and facilitate receipt of mental health services for autistic youth and adults, this 
study incorporates a qualitative focus group approach that sequentially follows Aims 1 and 2. 
The study team will engage the experts from the AASPIRE SPP and the Policy and Practice 
Advisory Council to inform collection of focus group data from a larger group of community 
stakeholders including autistic adults (n =  25), family caregivers (n =  25), and mental health 
clinicians (n =  15).

Fig 1.  Aim 2 Outcomes. The sequential order of outcomes for the Aim 2 study population of autistic people with a 
suicide behavior or mental health condition.

https://doi.org/10.1371/journal.pone.0319396.g001

https://doi.org/10.1371/journal.pone.0319396.g001
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Aim 3 procedures.  Engaging community members in the interpretation of research 
findings to inform action is an established participatory research methodology [100]. To 
identify critical findings and generate preliminary recommendations, the research team 
will first distill and integrate key findings from the Medicaid and MarketScan analyses and 
prioritize findings that reveal re-occurring patterns of individual, community, and policy 
factors associated with low/high risk of suicide behaviors and receipt of mental health services 
[101]. The team will also look for differences or similarities in clusters of risk and receipt 
of mental health care across insurance type and then: 1) Review our distilled patterns of 
findings with the AASPIRE SPP and discuss priorities for which results may have the greatest 
community importance; 2) Present the initial patterns of findings as well as AASPIRE SPP’s 
priorities at the Policy and Practice Advisory Council annual meeting to gather feedback 
on which findings have the greatest potential for policy and practice recommendations and 
to generate preliminary recommendations; and 3) Return to the AASPIRE SPP to make 
integrated decisions about what findings will be shared in the focus groups and to synthesize 
preliminary recommendations to be used in the focus groups, to be reported elsewhere.

Study timeline
This four-year project commenced with the record screening phase in August 2024. Data 
extraction and analysis for Aims 1 and 2 will occur through the third year of the four-year 
project. Results are expected during the second and third years for Aim 1, followed by results 
for Aim 2 during the third and fourth years. Participant recruitment and focus groups for 
Exploratory Aim 3 (not discussed here) will initiate during the third year, with data analysis 
completing and results expected the early portion of the fourth year.

Discussion
This study will identify and characterize individual, community, and policy risk factors asso-
ciated with suicide behaviors and receipt of mental health services among individuals with 
autism. By identifying multiple levels of socioecological factors with mutual, comingled asso-
ciations with risk of suicidal ideation and suicide attempts, this study will produce translatable 
findings that, through integration with lived-experience expertise, will become actionable 
recommendations for reducing risk of suicide behaviors and improving mental health care 
for autistic people. This study will demonstrate significant progress towards reducing risk of 
suicide behaviors in the autistic community and supporting improved mental health policy 
and practice.

Limitations
This study is not designed to directly attribute the observed suicide behaviors to specific indi-
vidual, community, or policy factors, but rather show the strength of the associations between 
SI, SA, and these attributes. Despite efforts to account for heterogeneity, we acknowledge that 
additional unobserved differences likely exist. Therefore, all estimates will be reported within 
the context in which they are derived. This study utilizes healthcare claims data are subject to 
some degree of missingness, both systematic and otherwise. Records missing pivotal outcomes 
(e.g., date of birth, diagnoses, enrollment type) will be excluded. To ensure that missing data 
only introduces random variation, we will attempt to impute missing data using a regression 
switching approach and conduct a sensitivity analysis with imputed data. However, we will 
carefully examine missing data to ensure no systematic patterns are observed and confer 
with AASPIRE SPP and the Policy and Practice Advisory Council for additional insights 
and recommendations. To ensure that model selection does not bias results, we will adopt 
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an objective approach for study sample selection. Decisions to limit the range of data used 
in analyses will be reported transparently. We will incorporate sensitivity analyses, robust-
ness tests, and adherence to methodological and statistical rigor [102–110]. Furthermore, we 
will engage AASPIRE SPP to assist with interpretation of study findings to ensure relevance. 
Finally, state-to-state variation in Medicaid programs and expansion rates may result in 
heterogeneous covered populations, thereby obscuring national-level generalizations. If cross-
state differences in recipient sex, age, race, and income profiles present sample biases that 
confound the proposed analysis, we will segment states into four groups—early, middle, late, 
and no expansion—following the framework of Lee, et al. [111]. The early, middle, late, and 
no expansion clusters will be included as a stratum in the analysis of Medicaid claims as well 
as estimated as separate entities.

Conclusion
This study will identify and characterize individual, community, and policy risk factors asso-
ciated with suicide behaviors and receipt of mental health services among autistic individuals. 
By identifying multiple levels of socioecological factors with mutual, comingled associations 
with suicide behaviors risk, we will produce translatable findings that, through community 
informed dialogue, will translate to actionable recommendations for reducing risk of suicide 
behaviors and improving mental health care for autistic people. Our team’s broad network of 
mental health, autistic, and clinical associates and organizations provides a diverse audience 
for this project’s findings and resulting recommendations. This study will demonstrate signif-
icant progress toward informing our long-term goal of reducing risk of suicide behaviors in 
the autistic community.
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