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Abstract

:

There is a limited amount of research on geographic differences in preventable hospitalizations for ambulatory care sensitive conditions (ACSCs) among children with autism. The purpose of this study was to examine US regional differences in potentially preventable hospital admissions for pediatric inpatients diagnosed with autism. Hospital discharge data for six pediatric preventable conditions were obtained from the 2016–2019 National Inpatient Sample (NIS) under the US Agency for Healthcare Research and Quality. Geographic differences in preventable hospitalizations for children with autism were examined by US census regions and divisions. Multiple logistic regression analyses were conducted to examine child and clinical characteristics associated with ACSCs hospitalization across four US regions; the dependent variable was the likelihood of ACSCs hospitalization. Additionally, this study further explored the variation in preventable hospitalization among racial and ethnic groups for each region or division. Of the 138,305 autistic inpatients aged 2–17 years, about 10% had a primary diagnosis related to ACSCs. The results showed that the highest proportion of preventable hospitalizations for autistic children occurred in the middle Atlantic division of the northeast region. Racial differences were observed across all US regions, particularly in the northeast and south regions. Black children with autism were more likely to be hospitalized for ACSCs compared to White children with autism in three of the four US regions. Our results highlight the significant racial disparities in potentially avoidable hospitalizations among US children with autism. Examining geographic and racial differences in potentially avoidable hospitalizations could inform policy and practice while gaining a better understanding of pediatric patients with autism and where their families access health services. The findings of this study may help policymakers to identify where intervention is needed to tackle health inequities in the accessibility to quality primary care in the US. Further studies with more detailed investigation are recommended to better understand the mechanisms underlying these disparities, and to formulate effective regional policy and clinical practices while considering the unique needs and challenges of underserved children with autism.
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1. Introduction


Autism is one of the pervasive developmental disorders, characterized by a range of conditions that affect communication, social interaction, and behavior [1,2]. The US Centers for Disease Control (2023) recently estimated that about 28 per 1000 eight-year-olds have an autism spectrum disorder (ASD) [3]. Children with ASD tend to have more co-occurring medical conditions, requiring costly and complex medical services such as emergency department visits and inpatient hospitalizations [4,5,6].



Preventable hospitalizations due to ambulatory care sensitive conditions (ACSCs) are inpatient admissions that could have been avoided through timely and effective management in the primary care setting [7,8]. For example, asthma is a chronic respiratory disease that can be managed properly with appropriate treatment and avoidance of asthma triggers in the outpatient setting. However, children with ASD from families of low socioeconomic status often lack access to services; thus, these children and their families may have greater stress related to unmet needs that could result in preventable hospitalizations for ACSCs [9,10,11]. The potentially avoidable hospitalizations add a substantial burden to these families and to the US healthcare system [12,13,14].



Previous studies indicate racial disparities in ASD. Racial minority children with ASD experienced limited access and greater barriers to receiving health services [15,16,17,18]. Black families were less likely to have ongoing primary care compared to White families [19,20], and Black children were less likely to receive family-centered care [21]. Disparities in access to timely health services for underserved minority children is a critical concern. Therefore, research examining racial disparities in preventable hospitalizations could identify barriers to accessing quality primary care services for disadvantaged children with autism, and hence help policymakers to formulate effective strategies and interventions.



Healthcare access and utilization among children with developmental problems or mental health issues differ widely across US regions [22,23]. Research has also indicated significant regional variability in ASD treatment. For example, a previous study reported that children from the Northeast region in the US had significantly higher specialty services utilization rate compared to children in other US regions [24]. Geographic disparities are important predictors for measuring healthcare access due to regional policies and other characteristics (e.g., healthcare market and service delivery) [25]. Research on geographic variation in preventable hospitalizations across US regions can provide data and insights on the effectiveness of preventive care interventions, access to care, as well as healthcare delivery systems.



Studies of specific geographic areas enable us to examine the target population with similar characteristics; thus, this approach provides insights based on demographic and economic factors [26]. Examining regional differences could help identify specific socioeconomic and clinical factors that contribute to health disparities and inform the development of effective prevention and treatment strategies for vulnerable population groups. Data suggested that the proportion of preventable hospitalizations for ACSCs is higher in children with ASD compared with children without ASD [27]. However, little research has explored regional differences in potentially preventable hospitalizations in a pediatric population with autism. This analysis was based on US nationally representative hospital discharge data from the publicly available Nationwide Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP). We examined geographic patterns and disparities of preventable hospitalizations among children with autism, focusing on racial differences across US regions. Specifically, we used HCUP-NIS data to explore differences in preventable hospitalizations in US Census-defined geographic areas among pediatric inpatients with autism and analyze the difference in characteristics across regional cohorts. Our prior work has shown that the likelihood of preventable hospitalizations is significantly higher for Hispanic and Black children with autism compared with White children with autism [28]. This study further explores whether racial differences are associated with variation in preventable hospitalizations in each US census region or division.




2. Materials and Methods


2.1. Data Source


The NIS is a part of the HCUP, which is a collection of healthcare databases developed by the Agency for Healthcare Research and Quality (AHRQ) in the US. The NIS includes hospital discharge data from all states participating in HCUP, representing approximately 97% of the US population [29]. The NIS contains information on patient demographics, primary and secondary diagnoses, hospital length of stay, total hospital charges, and other related information. Given the large sample size from the NIS, analyses can be conducted among special patient populations (e.g., patients with autism). The NIS provides a geographically diverse sample; it can be used to examine variations in the utilization and quality of health services for children with autism and associated comorbidities across different regions. In addition, discharge weights are provided for calculating national and regional estimates. We used multi-year aggregated datasets in this analysis to compare preventable hospitalizations among autistic children by US regions; a four-year pooled dataset was used to enable subgroup comparisons (e.g., racial subgroups in nine geographic divisions).




2.2. Participants and Measures


This analysis focused on pediatric patients with autism whose main reason for hospital admission was ACSCs-related diagnosis. The primary outcome measure was the hospital admission due to ACSCs; thus, our study sample includes pediatric inpatients ages 2 to 17 years with any secondary diagnoses of ASD. Based on the Pediatric Quality Indicator (PDI) from AHRQ-HCUP [30] and the results from our previous analysis using the NIS [28], preventable hospitalizations due to ACSCs in this current study included six PDIs. Among these PDIs, three ACSCs (i.e., asthma, constipation, and diabetes short-term complications) were categorized as chronic preventable conditions, while other three ACSCs (i.e., dehydration, gastroenteritis, and urinary infection) were categorized as acute preventable conditions. ASD and ACSCs were coded based on the ICD-10-CM (International Classification of Diseases, Tenth Revision, Clinical Modification). The term “ACSCs hospitalization” in this paper included any of these six conditions as the first-listed diagnosis in the hospital discharge record provided by the NIS.



The US Census Bureau divides the country into four regions: northeast, midwest, south, and west. Each of these regions is then further divided into smaller geographic areas known as divisions [31]. These four census regions are grouped into nine US census divisions based on their geographic location: two divisions in the northeast (New England and middle Atlantic divisions), two divisions in the midwest (east north central and west north central), three divisions in the south (south Atlantic, east south central, and west south central), and two divisions in the west (mountain and pacific). Variables used in the regression analysis include patient and clinical characteristics. Race/ethnicity was classified into: non-Hispanic Whites, non-Hispanic Blacks, Hispanics, and other racial minorities (Asian and other races). Other child and clinical characteristics included: age (2–5 years, 6–12 years, and 13–17 years), sex (male or female), primary insurance payer type (private or public), resident location (urban or rural), hospital discharge disposition status (home discharge vs. others), and hospital length of stay.




2.3. Statistical Analysis


ACSCs-related hospitalizations across US regions were examined using two measures: prevalence (proportion of ACSCs hospitalization during the four study years) and odds ratios (ORs) for ACSCs hospitalization. We applied multivariable logistic regression models to examine the different effects of the individual variables on the probability of ACSCs hospitalization among pediatric patients with ASD within four regional strata; these associations were estimated by calculating ORs and 95% confidence intervals (CIs). In addition, a separate division-level analysis was conducted in the northeast and south regions where significant racial differences were found. All differences between estimates noted in this analysis were statistically significant at the 0.05 level. Data were analyzed using SAS 9.4 Software (SAS Institute Inc., Cary, NC, USA). Institutional Review Board (IRB) approval was not required for this analysis as the NIS database does not include identifier information.





3. Results


This analysis included 138,305 hospitalizations among children with autism, and 14,110 of these pediatric hospitalizations (10.2%) were due to ACSCs during 2016–2019. Approximately 82.8% of autistic children hospitalized for ACSCs were in the age group of 2–12 years, with 74.7% of them being males. The racial/ethnic distribution of these child inpatients was as follows: 51% were non-Hispanic White, 19% were non-Hispanic Black, 21% were Hispanic, and 9% were of other races or ethnicities. Of the 14,110 autistic children hospitalized for ACSCs, 8525 (60.4%) were for chronic ACSCs and 5585 (39.6%) were for acute ACSCs. Among chronic ACSCs, 49.4% (N = 4210) had a primary diagnosis of asthma.



Figure 1 shows the prevalence in pediatric hospitalizations due to ACSCs for children with autism in nine US divisions. The prevalence of all ACSCs ranged from 6.33% (west north central) to 12.69% (middle Atlantic). The prevalence of chronic ACSCs ranged from 3.38% (west north central) to 8.09% (middle Atlantic), while the prevalence of acute ACSCs ranged from 2.96% (west north central) to 5.26% (west south central). The prevalence varied by four census regions for all ACSCs hospitalizations and ranged from 8.06% in the midwest to 12.15% in the northeast (p < 0.001); chronic ACSCs ranged from 4.95% in the midwest to 7.69% in the northeast (p < 0.001); and acute ACSCs ranged from 3.11% in the midwest to 4.46% in the northeast (p < 0.001). Asthma was the most frequent reason for ACSCs-related hospitalizations in all four regions, with the prevalence ranging from 2.06% (midwest) to 5.08% (northeast).



Table 1, Table 2, Table 3 and Table 4 present the multivariable analysis results from four US census regions among pediatric inpatients with autism. Some characteristics related to ACSCs hospitalization for these patients were shared across the four regions. Across all regions, children younger than six years were more likely to be hospitalized for ACSCs than those aged 6–17; hospital lengths of stay were significantly shorter for ACSCs hospitalization vs. non-ACSCs hospitalization. Except for the midwest, publicly insured children with autism were more likely to be hospitalized for ACSCs than privately insured children with autism in the three other regions. In the northeast and south regions, children hospitalized for ACSCs were more likely to be discharged routinely compared to their non-ASD counterparts after holding other variables constant.



The adjusted regression analysis reveals significant regional variation in the association between race and ACSCs hospitalization among pediatric inpatients with autism. In general, Black children with autism were more likely to be hospitalized for ACSCs compared to White children with autism in the same regions. Black children with autism in three of the four regions (i.e., northeast, midwest, and south) were more likely to be hospitalized for chronic ACSCs than White children with autism in the same regions (Table 1, Table 2 and Table 3). In contrast, Black children with autism were less likely than White children with autism to be hospitalized for acute ACSCs in the northeast (adjusted OR 0.547, 95% CI, 0.354–0.845) and in the south (OR 0.648, 95% CI, 0.472–0.890). In addition, racial differences were evident for asthma hospitalization across all four regions. Comparing non-Hispanic Blacks to Whites, the OR for asthma hospitalization was highest in the south region (OR 5.101, 95% CI, 3.704–7.026), followed by the northeast (OR 4.790, 95% CI, 3.375–6.800), midwest (OR 3.569, 95% CI, 2.370–5.376), and west (OR 2.264, 95% CI, 1.259–4.071) region.



Within the northeast region, Hispanic children with autism were more likely than White children with autism to be hospitalized for ACSCs in the mid-Atlantic division (adjusted OR 1.352, 95% CI, 1.059–1.725); there were no statistically significant differences found in the New England division between these two racial groups. Within the south region, Black children with autism were more likely than were White children with autism to be hospitalized for ACSCs in the south Atlantic division (adjusted OR 1.436, 95% CI, 1.131–1.825); however, there were no statistically significant Black-White differences in the east south central and west south central divisions.




4. Discussion


Findings from this analysis highlight the geographic differences that exist in ACSCs-related hospitalizations for children with autism. The northeast region, particularly in the middle Atlantic division, had a higher prevalence of ACSCs hospitalization in our study population when compared to most other regions. This finding is consistent with a previous study on ASD hospitalization for both children and adults in the US, where ASD was the principal diagnosis for hospital admission [32]. The result from this analysis indicates that the patterns of ACSCs hospitalization for children with autism differ in both demographic and clinical characteristics across US Census Bureau-defined regions and divisions. Child and clinical factors such as age, race, health insurance type, and hospital discharge status were associated with these differences. Children with autism from low-income families have problems with getting timely access to care [33]. Our recent study reveals racial/ethnic and income disparities in potentially avoidable hospitalizations among children with autism [28]. More specifically, a Texas study reported that geographic disparities in pediatric hospitalization for asthma were significantly influenced by socioeconomic inequities related to health insurance and race/ethnicity in Lubbock County [34]. Notably, our multivariable analysis results show that race is a unique factor associated with potentially preventable hospitalizations for children with autism across geographic regions and divisions in the US.



Our analysis suggests that Black children with autism are overrepresented for ACSCs hospitalization in the 3 of the 4 US regions. In addition, racial/ethnic disparities in ACSCs hospitalization were observed within the northeast and south regions. For example, Black children with autism had a greater likelihood of ACSCs hospitalization in the south Atlantic division, while no Black–White difference was found in both the east south central and west south central divisions. Variations in socioeconomic status among different divisions within the south region may play a role. The south Atlantic division includes counties and areas with higher levels of social-economic and educational disparities, which may contribute to poorer access to healthcare services among underserved children and their families [35]. Differences in the population composition by racial and ethnic groups across these divisions could influence the findings. Metropolitan cities such as Atlanta and Baltimore in the south Atlantic division have a high proportion of Black residents [36], which could contribute to the observed disparity. For example, a study pointed out that a higher proportion of Black children with asthma resided in the south Atlantic region [37]. In addition, cultural beliefs and healthcare-seeking behaviors may also influence preventable hospitalizations among families with autistic children. Differences in caregiver knowledge about autism, and access to support systems can influence healthcare-seeking behaviors and health services utilization. Children with co-occurring preventable conditions and ASD require a high level of continuity of care and care coordination between their families and healthcare providers, as they may need specialized preventive care to avoid hospital admissions due to cognitive or physical impairments.



Asthma is a common chronic condition among children with autism [38,39]. This analysis shows that asthma is the most prevalent condition among autistic children across all regions in the US. Autistic children face unique challenges in managing their asthma, including difficulties in communication and understanding their symptoms, as well as a higher risk for sensory sensitivities that can trigger asthma exacerbations. Children with autism may also face additional stressors, such as social isolation and behavioral issues, which can further impact the management of their asthma. Furthermore, White–Black disparity in preventable asthma hospitalization is evident. Black children with autism are about two to five times more likely than White children with autism to have inpatient admissions for asthma in all US regions. Non-Hispanic Blacks tended to receive less education and information about asthma medications and other asthma management options [40]. This finding highlights the need for increased resources and attention to address the disparity in potentially preventable hospitalizations for asthma among Black children with autism. Further research is needed to understand the underlying causes of this disparity, in terms of access to healthcare, availability of resources for managing asthma, and social determinants of health.



In this study, we were able to explore regional differences in ACSCs hospitalization using the stratified systematic sample of hospital discharge datasets provided by the HCUP-NIS. This report provides insights into potential disparities and differences in potentially avoidable hospitalizations among autistic children across US regions. However, the current analysis has several limitations. First, the NIS only includes data from a subset of hospitals in the US, which can limit its ability to accurately represent geographic differences in hospital utilization. Second, we could not identify a specific US state within a US division as state-level data were unavailable in the publicly available NIS datasets. Third, the NIS is cross-sectional, so we only make geographic comparisons at a single point in time. Fourth, the quality and consistency of diagnostic coding for ACSCs in the NIS may vary across US hospitals. This can lead to potential misclassifications. In addition, the NIS lacks detailed information about other racial/ethnic groups (e.g., multiracial individuals); our analyses combined other race and ethnicity groups (e.g., Asian or Pacific Islander, Native American, and others) because of small sample sizes. Finally, the NIS only includes discharge-level data, rather than individual-level records, which can limit the ability to conduct detailed analyses on specific patient characteristics, outcomes, or follow-up information. Despite these limitations, our comparative study of ACSCs hospitalization across the geographic and racial spectrum helps to inform the development of relevant policy and practices that can effectively address access problems for timely and quality health services among underserved children with autism.




5. Conclusions


Significant regional and racial differences were found in ACSCs-related hospitalizations among children with autism in the US. These differences are influenced by a combination of various factors in each geographic region, including age, race, health insurance type, and clinical characteristics such as hospital length of stay. Our findings can have potential implications for the reduction of preventable hospitalizations across US regions, as each geographic area has unique characteristics that may contribute to differences in the likelihood of potentially avoidable hospitalizations for children with autism. The results of this analysis may provide direction for further research to understand the specific dynamics within a geographic division, and hence inform targeted interventions aimed at reducing disparities and promoting health equity for vulnerable children with autism and other developmental disabilities across US regions.







Author Contributions


Conceptualization, W.Z.; methodology, W.Z.; validation, K.R.J.; formal analysis, W.Z.; data curation, W.Z.; writing—original draft preparation, W.Z.; writing—review and editing, K.R.J.; visualization, W.Z. and K.R.J.; funding acquisition, W.Z. and K.R.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Health Resources and Services Administration (HRSA) of the U.S. Department of Health and Human Services (HHS), grant number R41MC42493.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Acknowledgments


The information, content and/or conclusions are those of the author and should not be construed as the official position or policy of, nor should any endorsements be inferred by HRSA, HHS or the U.S. Government. This article does not contain any studies with human participants or animals performed by any of the authors. The authors would like to acknowledge the Healthcare Cost and Utilization Project (HCUP) for supplying the data for this analysis.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Volkmar, F.R.; Lord, C.; Bailey, A.; Schultz, R.T.; Klin, A. Autism and pervasive developmental disorders. J. Child. Psychol. Psychiatry 2004, 45, 135–170. [Google Scholar] [CrossRef]

	



Miles, J.H. Autism spectrum disorders—A genetics review. Genet. Med. 2011, 13, 278–294. [Google Scholar] [CrossRef] [PubMed]

	



Maenner, M.J.; Warren, Z.; Williams, A.R.; Amoakohene, E.; Bakian, A.V.; Bilder, D.A.; Durkin, M.S.; Fitzgerald, R.T.; Furnier, S.M.; Hughes, M.M.; et al. Prevalence and Characteristics of Autism Spectrum Disorder Among Children Aged 8 Years—Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2020. MMWR Surveill. Summ. 2023, 72, 1–14. [Google Scholar] [CrossRef] [PubMed]

	



Deavenport-Saman, A.; Lu, Y.; Smith, K.; Yin, L. Do children with autism overutilize the emergency department? Examining visit urgency and subsequent hospital admissions. Matern. Child Health J. 2016, 20, 306–314. [Google Scholar] [CrossRef] [PubMed]

	



Wu, C.M.; Kung, P.T.; Li, C.I.; Tsai, W.C. The difference in medical utilization and associated factors between children and adolescents with and without autism spectrum disorders. Res. Dev. Disabil. 2015, 36, 78–86. [Google Scholar] [CrossRef] [PubMed]

	



Nayfack, A.M.; Huffman, L.C.; Feldman, H.M.; Chan, J.; Saynina, O.; Wise, P.H. Hospitalizations of children with autism increased from 1999 to 2009. J. Autism Dev. Disord. 2014, 44, 1087–1094. [Google Scholar] [CrossRef]

	



Billings, J.; Anderson, G.M.; Newman, L.S. Recent findings on preventable hospitalizations. Health Aff. 1996, 15, 239–249. [Google Scholar] [CrossRef]

	



Garg, A.; Probst, J.C.; Sease, T.; Samuels, M.E. Potentially preventable care: Ambulatory care-sensitive pediatric hospitalizations in South Carolina in 1998. South. Med J. 2003, 96, 850–858. [Google Scholar] [CrossRef] [PubMed]

	



Lu, S.; Kuo, D.Z. Hospital charges of potentially preventable pediatric hospitalizations. Acad. Pediatr. 2012, 12, 436–444. [Google Scholar] [CrossRef]

	



Flores, G.; Abreu, M.; Chaisson, C.E.; Sun, D. Keeping children out of hospitals: Parents’ and physicians’ perspectives on how pediatric hospitalizations for ambulatory care-sensitive conditions can be avoided. Pediatrics 2003, 112, 1021–1030. [Google Scholar] [CrossRef]

	



Bettenhausen, J.L.; Colvin, J.D.; Berry, J.G.; Puls, H.T.; Markham, J.L.; Plencner, L.M.; Krager, M.K.; Johnson, M.B.; Queen, M.A.; Walker, J.M.; et al. Association of income inequality with pediatric hospitalizations for ambulatory care-sensitive conditions. JAMA Pediatr. 2017, 171, e170322. [Google Scholar] [CrossRef]

	



Buescher, A.V.; Cidav, Z.; Knapp, M.; Mandell, D.S. Costs of autism spectrum disorders in the United Kingdom and the United States. JAMA Pediatr. 2014, 168, 721–728. [Google Scholar] [CrossRef]

	



Cidav, Z.; Lawer, L.; Marcus, S.C.; Mandell, D.S. Age-related variation in health service use and associated expenditures among children with autism. J. Autism Dev. Disord. 2013, 43, 924–931. [Google Scholar] [CrossRef]

	



Lavelle, T.A.; Weinstein, M.C.; Newhouse, J.P.; Munir, K.; Kuhlthau, K.A.; Prosser, L.A. Economic burden of childhood autism spectrum disorders. Pediatrics 2014, 133, e520–e529. [Google Scholar] [CrossRef]

	



Magaña, S.; Parish, S.L.; Rose, R.A.; Timberlake, M.; Swaine, J.G. Racial and ethnic disparities in quality of health care among children with autism and other developmental disabilities. Intellect. Dev. Disabil. 2012, 50, 287–299. [Google Scholar] [CrossRef] [PubMed]

	



Parish, S.; Magaña, S.; Rose, R.; Timberlake, M.; Swaine, J.G. Health care of Latino children with autism and other developmental disabilities: Quality of provider interaction mediates utilization. Am. J. Intellect. Dev. Disabil. 2012, 117, 304–315. [Google Scholar] [CrossRef]

	



Broder-Fingert, S.; Shui, A.; Pulcini, C.D.; Kurowski, D.; Perrin, J.M. Racial and ethnic differences in subspecialty service use by children with autism. Pediatrics 2013, 132, 94–100. [Google Scholar] [CrossRef] [PubMed]

	



Liptak, G.S.; Benzoni, L.B.; Mruzek, D.W.; Nolan, K.W.; Thingvoll, M.A.; Wade, C.M.; Fryer, G.E. Disparities in diagnosis and access to health services for children with autism: Data from the National Survey of Children’s Health. J. Dev. Behav. Pediatr. 2008, 29, 152–160. [Google Scholar] [CrossRef]

	



Arnett, M.J.; Thorpe, R.J., Jr.; Gaskin, D.J.; Bowie, J.V.; LaVeist, T.A. Race, Medical Mistrust, and Segregation in Primary Care as Usual Source of Care: Findings from the Exploring Health Disparities in Integrated Communities Study. J. Urban Health 2016, 93, 456–467. [Google Scholar] [CrossRef] [PubMed]

	



Gaskin, D.J.; Arbelaez, J.J.; Brown, J.R.; Petras, H.; Wagner, F.A.; Cooper, L.A. Examining racial and ethnic disparities in site of usual source of care. J. Natl. Med. Assoc. 2007, 99, 22–30. [Google Scholar]

	



Magnusson, D.M.; Mistry, K.B. Racial and Ethnic Disparities in Unmet Need for Pediatric Therapy Services: The Role of Family-Centered Care. Acad. Pediatr. 2017, 17, 27–33. [Google Scholar] [CrossRef] [PubMed]

	



Fulda, K.G.; Johnson, K.L.; Hahn, K.; Lykens, K. Do unmet needs differ geographically for children with special health care needs? Matern. Child Health J. 2013, 17, 505–511. [Google Scholar] [CrossRef] [PubMed]

	



Cox, E.R.; Motheral, B.R.; Henderson, R.R.; Mager, D. Geographic variation in the prevalence of stimulant medication use among children 5 to 14 years old: Results from a commercially insured US sample. Pediatrics 2003, 111, 237–243. [Google Scholar] [CrossRef] [PubMed]

	



Zablotsky, B.; Maenner, M.J.; Blumberg, S.J. Geographic disparities in treatment for children with autism spectrum disorder. Acad. Pediatr. 2019, 19, 740–747. [Google Scholar] [CrossRef] [PubMed]

	



Institute of Medicine (US) Committee on Guidance for Designing a National Healthcare Disparities Report. 5, Geography and Disparities in Health Care. In Guidance for the National Healthcare Disparities Report; Swift, E.K., Ed.; National Academies Press: Washington, DC, USA, 2002. Available online: https://www.ncbi.nlm.nih.gov/books/NBK221045 (accessed on 11 May 2023).

	



United States Census Bureau. Statistical Groupings of States and Counties; United States Census Bureau: Suitland-Silver Hill, MD, USA, 1994. Available online: https://www2.census.gov/geo/pdfs/reference/GARM/Ch6GARM.pdf (accessed on 7 May 2023).

	



Carbone, P.S.; Young, P.C.; Stoddard, G.J.; Wilkes, J.; Trasande, L. A Comparison of Ambulatory Care Sensitive Hospitalizations Among Children With and Without Autism Spectrum Disorder. Acad. Pediatr. 2015, 15, 626–635. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Watson, L.R.; Johnson, K.R. Racial Disparities in Hospitalization Due to Ambulatory Care Sensitive Conditions Among U.S. Children with Autism. J. Autism Dev. Disord. 2023. epub ahead of print. [Google Scholar] [CrossRef] [PubMed]

	



Agency for Healthcare Research and Quality. Healthcare Cost and Utilization Project (HCUP). Introduction to the HCUP National Inpatient Sample (NIS). Available online: https://hcup-us.ahrq.gov/db/nation/nis/NISIntroduction2020.pdf (accessed on 19 April 2023).

	



Agency for Healthcare Research and Quality. Quality Indicator User Guide: Pediatric Quality Indicators (PDI). Available online: https://qualityindicators.ahrq.gov/Downloads/Modules/PDI/V2022/PDI_Composite_Measures.pdf (accessed on 19 April 2023).

	



US Census Bureau. Census Regions and Divisions in the United States. Available online: https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf. (accessed on 2 March 2023).

	



Zhang, W.; Eshghi, M. Brief report: Regional variations in characteristics of ASD hospitalizations in the US. J. Autism Dev. Disord. 2019, 49, 1289–1297. [Google Scholar] [CrossRef]

	



Zhang, W.; Thompson, K.L. Access to Care for US Children with Co-Occurrence of Autism Spectrum Disorder and Epilepsy. Children 2022, 9, 1094. [Google Scholar] [CrossRef]

	



De La Cruz, N.; Hines, J.H.; Shaw, C.; Appiah, D. Geographic Disparity in Asthma Hospitalizations: The Role of Race/Ethnicity, Socioeconomic Status, and Other Factors. Cureus 2021, 13, e20015. [Google Scholar] [CrossRef]

	



Bouvier, L.F.; Cahill, E.E. Demographic Factors Affecting the Educational Level of the South Atlantic States. Rev. Reg. Stud. 1975, 5, 70–83. [Google Scholar] [CrossRef]

	



Schuetz, J.; Larrimore, J.; Merry, E.A.; Robles, B.J.; Tranfaglia, A.; Gonzalez, A. Are central cities poor and non-white? J. Hous. Econ. 2018, 40, 83–94. [Google Scholar] [CrossRef]

	



Stewart, K.A.; Higgins, P.C.; McLaughlin, C.G.; Williams, T.V.; Granger, E.; Croghan, T.W. Differences in prevalence, treatment, and outcomes of asthma among a diverse population of children with equal access to care: Findings from a study in the military health system. Arch. Pediatr. Adolesc. Med. 2010, 164, 720–726. [Google Scholar] [CrossRef] [PubMed]

	



Kotey, S.; Ertel, K.; Whitcomb, B. Co-occurrence of autism and asthma in a nationally-representative sample of children in the United States. J. Autism Dev. Disord. 2014, 44, 3083–3088. [Google Scholar] [CrossRef] [PubMed]

	



Zerbo, O.; Leong, A.; Barcellos, L.; Bernal, P.; Fireman, B.; Croen, L.A. Immune mediated conditions in autism spectrum disorders. Brain Behav. Immun. 2015, 46, 232–236. [Google Scholar] [CrossRef] [PubMed]

	



Krishnan, J.A.; Diette, G.B.; Skinner, E.A.; Clark, B.D.; Steinwachs, D.; Wu, A.W. Race and sex differences in consistency of care with national asthma guidelines in managed care organizations. Arch. Intern. Med. 2001, 161, 1660–1668. [Google Scholar] [CrossRef]








[image: Children 10 01228 g001 550] 





Figure 1. Prevalence in pediatric hospitalizations due to ACSCs among pediatric inpatients with autism across nine US divisions. 
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Table 1. Multivariable regression results for ACSCs hospitalization among children with autism in the Northeast.
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Variable

	
All ACSCs

	
Acute ACSCs

	
Chronic ACSCs

	
Asthma




	
OR (p Value)

	
OR (p Value)

	
OR (p Value)

	
OR (p Value)






	
Race

	

	

	

	




	
Black (vs. White)

	
1.509 (0.0004)

	
0.547 (0.0065)

	
2.345 (<0.0001)

	
4.790 (<0.0001)




	
Hispanic (vs. White)

	
1.332 (0.0104)

	
1.094 (0.5861)

	
1.473 (0.0056)

	
2.998 (<0.0001)




	
Sex

	

	

	

	




	
Female (vs. male)

	
0.975 (0.7986)

	
1.002 (0.9873)

	
0.961 (0.7404)

	
0.947 (0.7176)




	
Age

	

	

	

	




	
6–12 (vs. 2–5)

	
0.595 (<0.0001)

	
0.427 (<0.0001)

	
0.792 (0.0394)

	
0.585 (<0.0001)




	
13–17 (vs. 2–5)

	
0.263 (<0.0001)

	
0.261 (<0.0001)

	
0.303 (<0.0001)

	
0.113 (<0.0001)




	
Insurance Type

	

	

	

	




	
Public (vs. private)

	
1.201 (0.0451)

	
0.955 (0.7387)

	
1.361 (0.0069)

	
1.115 (0.4405)




	
Rural-urban Areas

	

	

	

	




	
Rural (vs. urban)

	
0.638 (0.0540)

	
0.356 (0.0243)

	
0.902 (0.7013)

	
0.848 (0.6958)




	
Discharge Status

	

	

	

	




	
Routine (vs. others)

	
1.493 (0.0342)

	
1.227 (0.4707)

	
1.619 (0.0450)

	
1.432 (0.2497)




	
Hospital Days

	

	

	

	




	
Length of Stay

	
0.873 (<0.0001)

	
0.897 (<0.0001)

	
0.867 (<0.0001)

	
0.802 (<0.0001)
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Table 2. Multivariable regression results for ACSCs hospitalization among children with autism in the Midwest.
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Variable

	
All ACSCs

	
Acute ACSCs

	
Chronic ACSCs

	
Asthma




	
OR (p Value)

	
OR (p Value)

	
OR (p Value)

	
OR (p Value)






	
Race

	

	

	

	




	
Black (vs. White)

	
1.790 (<0.0001)

	
1.127 (0.5690)

	
2.182 (<0.0001)

	
3.569 (<0.0001)




	
Hispanic (vs. White)

	
1.178 (0.4096)

	
0.928 (0.8172)

	
1.355 (0.2099)

	
1.764 (0.1091)




	
Sex

	

	

	

	




	
Female (vs. male)

	
1.048 (0.6765)

	
1.714 (0.0007)

	
0.704 (0.0235)

	
0.482 (0.0063)




	
Age

	

	

	

	




	
6–12 (vs. 2–5)

	
0.535 (<0.0001)

	
0.420 (<0.0001)

	
0.701 (0.0154)

	
0.370 (<0.0001)




	
13–17 (vs. 2–5)

	
0.240 (<0.0001)

	
0.140 (<0.0001)

	
0.386 (<0.0001)

	
0.054 (<0.0001)




	
Insurance Type

	

	

	

	




	
Public (vs. private)

	
0.967 (0.7420)

	
0.942 (0.6943)

	
0.992 (0.9471)

	
1.189 (0.4059)




	
Rural-urban Areas

	

	

	

	




	
Rural (vs. urban)

	
0.982 (0.8895)

	
1.019 (0.9235)

	
0.956 (0.7915)

	
0.589 (0.1016)




	
Discharge Status

	

	

	

	




	
Routine (vs. others)

	
1.263 (0.3480)

	
0.825 (0.5574)

	
1.761 (0.1054)

	
4.786 (0.1231)




	
Hospital Days

	

	

	

	




	
Length of Stay

	
0.860 (<0.0001)

	
0.911 (0.0054)

	
0.830 (0.0002)

	
0.836 (0.0945)
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Table 3. Multivariable regression results for ACSCs hospitalization among children with autism in the South.
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Variable

	
All ACSCs

	
Acute ACSCs

	
Chronic ACSCs

	
Asthma




	
OR (p Value)

	
OR (p Value)

	
OR (p Value)

	
OR (p Value)






	
Race

	

	

	

	




	
Black (vs. White)

	
1.278 (0.0077)

	
0.648 (0.0074)

	
1.856 (<0.0001)

	
5.101 (<0.0001)




	
Hispanic (vs. White)

	
0.930 (0.4756)

	
0.893 (0.4314)

	
0.978 (0.8640)

	
2.095 (0.0002)




	
Sex

	

	

	

	




	
Female (vs. male)

	
1.033 (0.6920)

	
1.493 (0.0003)

	
0.729 (0.0055)

	
0.521 (0.0006)




	
Age

	

	

	

	




	
6–12 (vs. 2–5)

	
0.690 (<0.0001)

	
0.504 (<0.0001)

	
0.974 (0.8188)

	
0.717 (0.0296)




	
13–17 (vs. 2–5)

	
0.304 (<0.0001)

	
0.228 (<0.0001)

	
0.448 (<0.0001)

	
0.160 (<0.0001)




	
Insurance Type

	

	

	

	




	
Public (vs. private)

	
1.192 (0.0254)

	
0.878 (0.2318)

	
1.544 (<0.0001)

	
1.768 (0.0014)




	
Rural-urban Areas

	

	

	

	




	
Rural (vs. urban)

	
1.026 (0.8056)

	
0.356 (0.0243)

	
1.128 (0.3538)

	
1.029 (0.8916)




	
Discharge Status

	

	

	

	




	
Routine (vs. others)

	
1.773 (0.0049)

	
0.967 (0.8904)

	
3.624 (0.0003)

	
1.998 (0.1296)




	
Hospital Days

	

	

	

	




	
Length of Stay

	
0.798 (<0.0001)

	
0.836 (<0.0001)

	
0.782 (<0.0001)

	
0.714 (<0.0001)
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Table 4. Multivariable regression results for ACSCs hospitalization among children with autism in the West.
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Variable

	
All ACSCs

	
Acute ACSCs

	
Chronic ACSCs

	
Asthma




	
OR (p Value)

	
OR (p Value)

	
OR (p Value)

	
OR (p Value)






	
Race

	

	

	

	




	
Black (vs. White)

	
1.256 (0.2280)

	
0.991 (0.9783)

	
1.390 (0.1389)

	
2.264 (0.0063)




	
Hispanic (vs. White)

	
1.029 (0.8009)

	
1.219 (0.2427)

	
0.914 (0.5245)

	
1.109 (0.6232)




	
Sex

	

	

	

	




	
Female (vs. male)

	
1.117 (0.3011)

	
1.372 (0.0469)

	
0.958 (0.7545)

	
0.609 (0.0292)




	
Age

	

	

	

	




	
6–12 (vs. 2–5)

	
0.717 (0.0020)

	
0.578 (0.0007)

	
0.874 (0.3195)

	
0.541 (0.0008)




	
13–17 (vs. 2–5)

	
0.316 (<0.0001)

	
0.224 (<0.0001)

	
0.434 (<0.0001)

	
0.197 (<0.0001)




	
Insurance Type

	

	

	

	




	
Public (vs. private)

	
1.367 (0.0038)

	
1.301 (0.1193)

	
1.366 (0.0196)

	
1.620 (0.0168)




	
Rural-urban Areas

	

	

	

	




	
Rural (vs. urban)

	
1.212 (0.4022)

	
1.036 (0.9272)

	
1.294 (0.3333)

	
0.761 (0.6092)




	
Discharge Status

	

	

	

	




	
Routine (vs. others)

	
1.268 (0.3511)

	
1.687 (0.2531)

	
1.078 (0.7997)

	
2.637 (0.1795)




	
Hospital Days

	

	

	

	




	
Length of Stay

	
0.875 (<0.0001)

	
0.901 (0.0023)

	
0.867 (<0.0001)

	
0.730 (<0.0001)
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