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        Abstract


        Background


        Opioids present unprecedented threat in the United States. Hospitalizations associated with opioid use disorders (OUD) among US children have doubled in the last decade. Important racial disparities in OUD have recently been noted. The purpose of this study is to explore the role of race in hospitalizations associated with OUD among children and adolescents across the 4 US Census Bureau-defined regions.


        Methods


        We performed a cross-sectional analysis of the US Nationwide Inpatient Sample involving child and adolescent inpatients. Multinomial logistic regression analyses were conducted to determine potential effects of race and region on the likelihood of child and adolescent inpatient stays for 3 OUD subtypes after controlling for demographic and clinical characteristics. The 3 OUD subtypes include: OUD-related hospitalization for opium dependency or abuse, OUD-related hospitalization for opium poisoning, and OUD-related hospitalization for external injury. The 4 US census regions include: Northeast, Midwest, South and West.


        Results


        Regional variations of association between race and OUD-related hospitalizations were found among child and adolescent inpatients. Hispanic children in South region were more likely to be hospitalized for reasons related to opium dependency or abuse than were white children in the same region (adjusted odds ratio 1.56, 95% CI 1.18-2.07). Overall, adolescent hospitalizations related to both opium dependency/abuse and opium poisoning were more likely to occur among white adolescents than among adolescents of other races. In 3 of the 4 US regions, black adolescents had higher odds of hospitalization for OUD-related external injury as compared to white adolescents (all P < 0.05).


        Conclusions


        Significant racial and regional differences were found in OUD-related hospitalizations among children and adolescents. It is important to understand how geographic differences affect hospitalization outcomes for pediatric patients with OUD and to determine whether the use of inpatient care leads to improved outcomes for identifiable racial subgroups of children and adolescents in a specific geographical region. These findings may have important public health implications of the opioid epidemic. Policymakers should allocate resources to where they are most needed.
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        Introduction


        The recent rise in pediatric opioid use in the United States is unprecedented, and exists in all pediatric age groups [1,2]. A national study showed that hospitalizations for pediatric opioid poisonings almost doubled from 1997 to 2012. The highest hospitalization rates occurred among older adolescents, while the largest increase in hospitalizations over time was seen in younger children [2]. The Agency for Healthcare Quality and Research (AHRQ) reported that opioid use disorders (OUD) are ranked among the top three substance use disorders resulting in hospital stay for teenagers [3]. Severe outcomes following opioid exposure were especially prevalent for young children [4-7].


        Ethnic minorities are underrepresented in OUD research. A possible reason is that minorities have been reported to receive opioids less often for both adults and children [8,9]. Racial disparities exist in medical care and treatment associated with OUD [10]; for example, black and Hispanic adolescents with commercial insurance coverage have been found to be less likely than their white counterparts to receive medications for OUD [11]. Furthermore, regional difference in racial composition is an important factor when considering racial differences in OUD hospitalizations. When measuring health services utilization for children and adolescents geographic disparities are an important predictor. Such disparities are reflective of state policies and regional health care market characteristics (e.g., medical practice patterns and availability of services) [12].


        To our knowledge, no study has explored racial differences in OUD hospitalizations in an inpatient pediatric population. This study intends to fill this research gap by examining the characteristics of pediatric hospitalizations related to OUD, with particular emphasis on the role of racial differences across US regions by 3 OUD subtypes according to the diagnostic codes at hospital discharge. The aim of this study was to explore the role of race in OUD-related pediatric hospitalizations across 4 US regions by analyzing the largest all-payer inpatient database in the US. We used nationally representative hospital discharge data from the publicly available Nationwide Inpatient Sample (NIS) to determine whether disparities exist across US regions among pediatric inpatients with different subtypes of OUD. We hypothesized that for both child and adolescent inpatients, hospitalization patterns vary by racial group and OUD subtypes in the 4 US regions, while taking into account the effect of clinical and other sociodemographic determinants. South region was the most diverse with the highest proportion of minority patients; thus, we expected that the variation in pediatric OUD hospitalizations would be greater in the South. Examining disparities in OUD-related hospitalizations could inform the development and implementation of public policies to promote evidence-based treatment across regions and pediatric populations affected by the opioid epidemic.


        Methods


        Data source and study population


        Analysis was performed on secondary data from the 2012-2014 NIS. NIS is part of the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ). We pooled 3 years of data to improve the precision of estimates and to enable comparisons across subgroups. At the time of this study, the most recent 2015 NIS datasets include a mixture of ICD-9-CM and ICD-10-CM diagnosis codes; thus the 3-year period of 2012-2014 was selected to allow for analysis of a coherent set of variables with the same survey design methods [13]. In this analysis, our study sample was pediatric inpatients, including children and adolescents up to 21 years. Consistent with recommendations from the American Academy of Pediatrics [14], patients younger than 12 years were categorized as children, and patients between 12 to 21 years were categorized as adolescents.


        Variables and definitions


        All pediatric OUD were identified from the International Classification of Diseases, Ninth Revision, Clinical modification (ICD-9) in the NIS datasets. An OUD diagnosis was based on ICD-9 codes: 304.0x (opioid-type dependence), 304.7x (combinations of opioid-type drug dependence with any other drug dependence), 305.0x (nondependent opioid abuse), 965.00 (poisoning by opium), 965.01 (poisoning by heroin), 965.02 (poisoning by methadone), 965.09 (poisoning by other opiates and narcotics), and 970.1 (poisoning by opiate antagonists). Based on the recommendation from HCUP, ICD-9-CM external cause of injury codes (E codes) were also included as representing OUD-related inpatient stays [15]. These E-codes include: E850.x (accidental poisoning by heroin; methadone; other opiates and related narcotics), E935.x (heroin, methadone, other opiates and related narcotics causing adverse effects in therapeutic use), and E940.1 (opiate antagonists causing adverse effects in therapeutic use). A hospitalization was coded as OUD-related if any of the above diagnostic codes were present among the 15 potential diagnoses. Furthermore, we created 3 subtypes of OUDs based on the above ICD-9 codes: OUD-related hospitalization for opium dependency or abuse (OUD subtype 1, including 304.0x, 304.7x and 305.0x), OUD-related hospitalization for opium poisoning (OUD subtype 2, including 965.00, 965.01, 965.02, 965.09 and 970.1), and OUD-related hospitalization for external injury (OUD subtype 3, including E850.x, E935.x and E940.1).


        Race/ethnicity was classified into: Non-Hispanic whites, non-Hispanic blacks, Hispanics, and other racial minorities (Asian and all other races). The 4 US Census Bureau-defined regions included: Northeast, Midwest, South and West. In addition, we also used sex (male and female), primary insurance type (public, private, uninsured), and median household income of patient ZIP code (0-25th percentile, 26th to 50th percentile, 51st to 75th percentile, and 76th to 100th percentile), patient disposition at the time of discharge (routine vs. others), hospital length of stay, severity of illness (minor/no comorbidity, moderate, and major/extreme), and hospital characteristics such as teaching status (teaching vs. nonteaching) and hospital bed size (small, medium, and large).


        Analysis


        Descriptive statistics for demographic and clinical variables were computed separately for child and adolescent inpatients. Categorical variables were summarized with the use of proportions and respective percentages. Continuous variables (age, hospital length of stay) were summarized using means with standard error (SE). A Chi-square test was used to compare categorical variables using the SURVEYFREQ procedure. Appropriate survey discharge weights were applied to the NIS data to obtain the national estimate. For both children and adolescents, we determined associations of demographic and clinical characteristics with the 3 subtypes of pediatric OUD using survey logistic regression as odds ratios (OR) and 95% confidence intervals (95% CI) adjusted for patient and hospital characteristics. We compared the characteristics for the 3OUD subtypes and for the non-OUD group using descriptive statistics. We then employed a multinomial logistic regression model, with the outcome being a four-level categorical variable (OUD subtype 1, OUD subtype 2, OUD subtype 3 and non-OUD group). Multinomial regression was used to examine the different effects of the individual variables on the probability of OUD-related hospitalizations among 3 cohorts of pediatric patients in the OUD group within 4 regional strata with the dependent outcome of three OUD groups (the non-OUD group was used as the reference category). Domain analysis results from the SURVEYLOGISTIC procedure were obtained for the 4 US regions. A two-sided p value < 0.05 was used to determine statistical significance. Statistical analysis was performed using SAS 9.4 Software (SAS Institute Inc., Cary, NC, USA). Institutional Review Board (IRB) approval was not required as the NIS is a publicly available de-identified database.


        Results


        Characteristics of the study sample


        The characteristics in OUD-related hospitalizations for children and adolescents are displayed in Table 1. There were substantial differences in demographic and other characteristics of these pediatric inpatients. Child inpatients were more likely to be non-white and from an area with median household income below the 26th percentile. Nearly 12% of adolescent inpatients were uninsured, compared to less than 4% of child inpatients. About two-thirds of child inpatients had public insurance. More than a quarter of adolescent inpatients were from the Northeast, while 41% of child inpatients were from the South. Nearly 90% of child inpatients were admitted to teaching hospitals, compared to 58% of adolescent inpatients. About 44% of child inpatients had major or extreme medical co-morbidities at hospital admission, compared to only 18% of adolescent inpatients. The length of hospital stay was almost tripled in child inpatients.


        
          Table 1: Characteristics of OUD-related Hospitalizations among Children and Adolescents. View Table 1

        


        Figure 1 shows different distribution in child and adolescent inpatients associated with an OUD diagnosis by the 3 OUD subtypes. Among all OUD-related hospitalizations, it was notable that nearly half of child inpatients were hospitalized due to OUD-related external injury, compared to about 10% adolescent inpatients; three quarters of adolescent inpatients were hospitalized for opium dependency or abuse, compared to about one-third of child inpatients.


        
          [image: ] Figure 1: Distributions in Child and Adolescent Inpatients associated with an OUD Diagnosis by the 3 OUD Subtypes. View Figure 1

        


        Factors associated with OUD-related child and adolescent hospitalizations


        Table 2 shows the adjusted results of patient and clinical factors for OUD-related child and adolescent hospitalizations determined by multinomial logistic regression models, using non-OUD hospitalizations as the reference group. Among child inpatients, being older, having public insurance, being treated in a teaching hospital, and having major medical co-morbidities were significantly associated with increased odds of all 3 OUD subtypes. Children in the South were more likely to be hospitalized for reasons related to opium dependency or abuse compared to children in the Northeast (adjusted OR 2.28, 95% CI 1.73-3.01); children in the West, Midwest and South regions were more likely to be hospitalized for OUD-related external injury compared to children in the Northeast (West: adjusted OR 2.34, 95% CI 1.83-2.99; Midwest: adjusted OR 1.65, 95% CI 1.28-2.14; South: adjusted OR 1.60, 95% CI 1.26-2.04).


        
          Table 2: Multivariable models of factors associated with OUD-related Pediatric Hospitalizations. View Table 2

        


        Table 2 also provides the adjusted multivariable results for adolescent inpatients. Overall, strong evidence suggests that adolescent hospitalizations related to both opium dependency/abuse and opium poisoning were more likely to occur among white adolescents than among adolescents of other races. However, black adolescents had greater odds of being hospitalized for OUD-related external injury (adjusted OR 1.49, 95% CI 1.33-1.67) as compared to white adolescents. Adolescent inpatients from the Northeast were more likely to be hospitalized for reasons related to opium dependency or abuse compared to adolescent inpatients in the other 3 regions. In addition, our data also revealed a statistically significant association between OUD-related adolescent hospitalizations and the following variables: Male gender, private insurance or uninsured, non-routine hospital discharges and median household income quartile above the 76th percentile. For example, male sex was associated with higher likelihood of OUD-related hospitalizations among adolescent inpatients, whereas no significant differences were observed between sex and OUD-related hospitalizations among child inpatients. It is not able that a good portion of adolescent OUD inpatients were from high-income families with a median household income above the 76th percentile, and the likelihood for OUD-related hospitalization increased for those having greater income; income was not a significant factor for child inpatients associated with an OUD diagnosis.


        Association between race and 3 OUD subtypes by US Regions


        Table 3 provides the unadjusted and adjusted results of multinomial logistic regression models stratified by 4 US regions, showing the association between race and the 3 OUD-related hospitalization cohorts. Child and adolescent inpatients without an OUD diagnosis were used as the reference groups for all multinomial logistic regression models.


        
          Table 3: Association between OUD Hospitalizations and Race by 4 US Regions. View Table 3

        


        There were regional variations of association between race and OUD-related hospitalizations among child inpatients. Hispanic children in South region were more likely to be hospitalized for reasons related to opium dependency or abuse than were white children in the same region (OR 1.49, 95% CI 1.15-1.94; adjusted OR 1.56, 95% CI 1.18-2.07). In contrast, black children were less likely than were white children to be hospitalized for reasons related to opium dependency or abuse in the South (OR 0.68, 95% CI 0.49-0.96; adjusted OR 0.59, 95% CI 0.42-0.84). The adjusted analysis also indicates that Hispanic children in West region were less likely to be hospitalized for reasons related to opium dependency or abuse when compared to white children in the West (adjusted OR 0.61, 95% CI 0.37-0.98). Among child inpatients with an opium poisoning diagnosis, results did not vary across US regions between Hispanic and white children, with higher adjusted ORs for white children across all 4 regions. In addition, unadjusted ORs of OUD-related external injury were higher for hospitalized black children in Midwest region as compared to white children in the same region, but there were no statistically significant differences after adjusting for patient and hospital characteristics.


        The unadjusted and adjusted ORs were very similar among adolescent inpatients (Table 3). Regional stratified analysis indicates that white adolescent inpatients were consistently more likely to be hospitalized for opium abuse or dependency and opium poisoning than both black and Hispanic adolescent inpatients across 4 US regions. However, in 3 of the 4 US regions, black adolescent inpatients had a significantly higher likelihood of being hospitalized for OUD-related external injury than their white counterparts (Northeast: adjusted OR = 1.51, 95% CI 1.14-2.01; Midwest: adjusted OR = 1.41, 95% CI 1.08-1.83; South: Adjusted OR = 1.68, 95% CI 1.41-2.01).


        Discussion


        Our findings revealed that important racial and regional differences exist in the subtypes of OUD-related hospitalizations among child and adolescent inpatients. When the non-OUD inpatient group is used for comparison, black adolescents had greater odds of being hospitalized for OUD-related external injury than did white adolescents. Compared to their white counterparts, Hispanic child inpatients had a higher odds ratio for hospitalizations related to opium dependency or abuse in the South. In addition, we found that the odds ratios of hospitalizations for OUD-related external injury were the highest in West region among both child and adolescent inpatients. In the Northeast, odds of hospitalizations related to opium dependency or abuse were significantly higher among adolescent inpatients than among their counterparts in the other 3 regions. These regional variations may reflect variations in access to health care providers, regional disparities in the use of prescription opioids, and hospital discharge rate. According to the AHRQ, when adjusted for the population of each region, hospitalizations related to abuse of any drug were most likely to occur in the Northeast [16].


        Furthermore, our study shows that among adolescent inpatients, all 3 subtypes of OUD-related hospitalizations are related to the family income quartile. We found that nearly one-third of OUD adolescent inpatients were from a zip code area with the highest median household income. In addition, the treatment for most adolescent inpatients associated with opium dependency or abuse diagnoses was paid through private insurers. Previous research indicates that adolescents from affluent neighborhoods are at increased risk for substance abuse because there could be less parental supervision in these areas and more exposure to peers who abuse substances [17]. A national survey showed that of a quarter of high school seniors had used prescription opioids [18]. Allen, et al. found that serious medical outcomes from prescription opioid exposures were highest among teenagers [19]. A recent national study indicated that 1 in 1,600 privately insured adolescents had a prescription opioid overdose needing medical attention [20]. It is essential to limit access of prescription opioids by children and adolescents, as overdose and addiction are potential complications of receiving prescription opioids. Therefore, safe opioid prescription practices could be a critical strategy for addressing this issue.


        Our study provides a unique picture of racial differences of OUD-related pediatric hospitalizations across 4 US regions. In South region, it is notable that Hispanic child inpatients were at higher odds for hospitalizations associated with a diagnosis of opium dependency or abuse as compared to their white counterparts. Young children are more vulnerable to accidental ingestion of opioids when the child is exposed to a drug prescribed for a parent or other adult in the household [6,21]. Finkelstein, et al. study showed that young children with opioid overdose were far more likely to have a mother who had received a prescription opioid [21]. Pediatric providers need to discuss the importance of safe medication storage with guardians [22]. Practitioners should advise parents or guardians on prescribed opioids to keep these medications away from their children's reach. Furthermore, specific treatment or public health intervention programs such as social rehabilitation, parental coaching and mentoring, and parental skills taught through cognitive behavioral therapy should be explored [23,24]. Hispanic families in South region may be particularly vulnerable due to their lack of resources and subsequent lack of access to such programs and services. This finding runs counter to the common misperception that the opioid epidemic is predominantly a white problem. Policy makers need to consider allocating resources where they are most needed.


        Important racial disparities in prevalence and outcomes from opium use have recently been noted, indicating heightened risk of opioid use frequency and adverse health consequences due to opioid abuse and dependence among blacks and Hispanics. Racial disparities exist in opioid-related medical care [8]. Our results further highlight existing racial/ethnic disparities in OUD-related hospital utilizations among pediatric inpatients. Since the likelihood of hospitalizations for OUD-related external injury was significantly higher among black adolescents, appropriate inpatient care needs to consider cultural and ethnic factors. A better understanding of this dynamic could improve inpatient services by suggesting effective culturally responsive strategies to health care providers.


        Limitations


        There are some limitations to this analysis. The NIS dataset lacks specific practice-level or family-level information (e.g., practice-style variation at the regional level, parental influence) that could potentially confound the associations of race and OUD-related pediatric hospitalizations across US regions. In addition, the NIS data were originally collected for billing purposes and therefore have inherent limitations such as misclassification and inadequacy of information. Another limitation is that due to the de identified nature of the data, the unit of analysis is the hospital discharge, not a patient. Finally, we acknowledge that the broad geographic areas may limit the inferences that can be made in this analysis. Despite these limitations, to our knowledge, this is the first study examining hospitalization patterns among pediatric OUD nationally by race and US Census Bureau-defined regions. The current public health crisis stemming from prescription opioids is a systemic issue that affects children and adolescents of diversified racial groups across US regions. There is a critical need to better characterize the opioid epidemic in all groups, and especially in the pediatric population where data have been sparse. Therefore, the findings of this study improve the literature on racial disparities among children and adolescents with OUD.


        Conclusions and Public Health Implications


        Results from our large, nationally representative study suggest that it is important to examine the association between race and OUD-related hospitalizations by OUD subtypes across US regions. Racial disparities in OUD-related health services utilization and outcomes exist but remain understudied. The opioid epidemic is more of a white problem. Our study demonstrates that at a regional level, there are significant racial differences in pediatric OUD hospitalizations among children and adolescents. Racial disparities and regional variations may reflect variations in access to health care providers and regional population structure. The current public health crisis stemming from the misuse of an addiction to opioids is a systemic issue that affects children and adolescents of diversified racial groups across US regions. Our findings have implications for refocusing public policy to understanding core public health perceptions of the opioid epidemic, and provide a rationale for further exploration of key factors associated with improved outcomes and care for OUD for pediatric inpatients from different racial groups.
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