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Introduction: Firearm injury is the leading cause of death in children. This study uses geospatial mapping to illustrate the burden of pediatric firearm injury in Philadelphia and assesses the relationship between Child Opportunity Index (COI) and injury, hypothesizing that lower COI zip codes would have higher injury and mortality rates.

Methods: Pediatric firearm injury data for children aged 0–19 years in Philadelphia, from 2015 to February 2023, was visualized by race/ethnicity, fatal versus non-fatal status, and COI for zip code. COI was then dichotomized as “High” or “Low” based on nationally normed scores and used to compare incidence and odds of mortality. Injury incidence rates by COI were calculated using weighted Poisson regression, to adjust for the total number of children in each COI category. Odds of mortality by COI, adjusted for age, sex and race/ethnicity, were calculated using multivariable logistic regression.

Results: Of 2,339 total pediatric firearm injuries, 366 (16%) were fatal. Males (89%), adolescents (95%) and Black children (88%) were predominately affected. Geospatial mapping showed highest burden in North and West Philadelphia, which corresponded with areas of low COI. The incidence rate ratio (IRR) of injury in low COI zip codes was 2.5 times greater than high COI (IRR 2.5 [1.93–3.22]; p < 0.01). After adjusting for age, sex, and race/ethnicity, odds of mortality in low COI zip codes was nearly twice that of high COI zip codes (aOR 1.95 [0.77–4.92]), though did not demonstrate statistical significance (p = 0.16).

Conclusion: Child opportunity index is associated with pediatric firearm injury in Philadelphia, Pennsylvania.
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Introduction

Firearm injury is the leading cause of death in children (1). There are over 7,000 children affected annually (2), a number that has increased dramatically in the last few years (1, 3). The burden of firearm injury is intimately related to social determinants of health and physical environment, resulting in inequalities in firearm-related deaths by homicide, suicide, or accidental injury (4, 5). Geospatial analysis is one strategy to further understand the unequal distribution of firearm injury and has primarily been used to characterize adult firearm injury, with emerging pediatric data (6–9). Prior studies have shown associations between firearm injury and lack of green space (10), vacant lots (11, 12), different policing practices (13), and social vulnerability (14–16). However, these studies have focused primarily on adult populations, which have a different distribution of injury intent and mechanism compared to children (17), and do not account for particular neighborhood factors (such as proximity to childcare and schools) which may promote child health. The aim of this study was to use geospatial mapping to illustrate the burden of pediatric firearm injury in Philadelphia, Pennsylvania and to determine the relationship between a pediatric-specific measure of social determinants of health—the Child Opportunity Index (COI)—and pediatric firearm injury. The hypothesis was that zip codes with low COI would have higher incidence of pediatric firearm related injury and mortality.



Methods

Pediatric firearm injury data was publicly available from the Office of the Controller for the City of Philadelphia (18). Data for children aged 0–19 years was obtained from 2015 (earliest data available) through February 2023. Pediatric firearm injury and death were visualized by race/ethnicity, fatal vs. non-fatal status, and COI for zip code. Zip code data was missing for seven children. COI is an area-based index of social determinants of health for children (19) and was also available publicly. COI creates a score based on 29 indicators across education, health/environment, and socioeconomic domains (19). Each indicator is converted to a z-score (0–100), averaged, and then categorized into Very Low, Low, Moderate, High and Very High Opportunity based on nationally normed scores. Because of low numbers of injuries in the higher COI categories, COI was subsequently dichotomized into “High” or “Low” based on nationally normed z-score (0–49 for “Low” and 50–100 for “High”) for regression analysis. Firearm injury (fatal and non-fatal) incidence rates by COI were calculated using weighted Poisson regression, in order to account for the total number of children in each COI category. The association between COI and fatal pediatric injuries was assessed using multivariable logistic regression, adjusting for age, gender, and race/ethnicity. Geospatial analysis was completed using ArcMap (ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute). Standard descriptive statistics, Poisson regression, and logistic regression were completed in Stata (StataCorp. Stata 17. College Station, TX).



Results

During study period, there were 2,339 pediatric firearm injuries, 366 (16%) of which were fatal (Table 1). Males were affected more (89%) compared to females (11%) and almost all (95%) were adolescents (13–19 years of age). Non-Hispanic Black children were predominately affected (88%) followed by Hispanic (9%), White (3%) and Asian (<1%) children. Nearly all the injuries and deaths occurred in the Low and Very Low COI quintiles (98% of all injuries, 96% of deaths). Geospatial mapping showed highest burden of both injuries and deaths in North and West Philadelphia, predominately affecting Black and Hispanic children (Figure 1), which also corresponded with areas of low COI (Figure 2). The incidence rate ratio (IRR) of injury in low COI zip codes was 2.5 times greater than high COI zip codes (IRR 2.5 [1.93–3.22]; p < 0.01; Table 2). After adjusting for age, sex, and race/ethnicity, odds of mortality in low COI zip codes was nearly twice that of high COI zip codes (aOR 1.95 [0.77–4.92]), though did not demonstrate statistical significance (p = 0.16; Table 2).



TABLE 1 Characteristics of children with firearm injury in Philadelphia 2015–2023.
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FIGURE 1
 Pediatric firearm injury (fatal and non-fatal) in Philadelphia by race/ethnicity, from 2015 to 2023.
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FIGURE 2
 Pediatric firearm injury and death by child opportunity index in Philadelphia, from 2015 to 2023.




TABLE 2 Incident rate ratio and adjusted odds ratio of mortality by child opportunity index.
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Discussion

This retrospective geospatial analysis illustrates the unequally distributed burden of pediatric firearm injury and death in Philadelphia and demonstrates an association between low COI and pediatric firearm injury. These data showed non-Hispanic Black males and adolescents as being most affected, a trend which has been observed nationally (2). The association between lower COI and pediatric firearm injury also mirrors findings from a large national retrospective study using the Pediatric Health Information System (PHIS) database (6) as well as a city-level study assessing injury in Milwaukee (7). There is notable overlap of social determinants of health, structural racism, and incidence of pediatric firearm injury. North and West Philadelphia demonstrated highest burden of firearm injury, with predominately Black and Hispanic children affected in these areas. While these areas overlap with Low or Very Low COI zip codes, race is not a full proxy for COI in this sample. After adjusting for race/ethnicity, there was nearly two-fold increased odds of firearm-related death in Low compared to High COI zip codes (Table 2), though this finding was not statistically significant. There is a wealth of literature which points to redlining, known as the historic racist lending practices of the Home Owners Loan Corporation, as the foundation for neighborhood level segregation and disparities seen today (20). At least one study found a statistically significant association between historically redlining and COI (21). With the caveat that this sample is limited, we see that COI, while co-linear with race, may contribute separately to both prevalence of firearm injury and increased odds of mortality by firearm injury.

Understanding the link between COI and pediatric firearm injury applies a child-focused lens to potentially modifiable economic, education, and health systems which may be protective against firearm injury. Further research is needed to understand what these factors may be in low COI neighborhoods and if they are amenable to intervention. While some of these factors, such as green space, walkability, and house vacancy have been associated with firearm injury and targeted for intervention (11, 12), there are other factors such as presence of early childhood education (ECE) centers, proximity to schools, toxic exposures (i.e., extreme heat exposure, industrial pollutants), food insecurity, employment rates and others which could be explored further. There are opportunities for targeted prevention efforts in areas with higher burden of injury, such as safe storage counseling (22, 23) and hospital-based violence intervention programs (24). There are additionally implications for emergency response systems and trauma care as geospatial access to care has been shown to be associated with firearm mortality in Philadelphia (25).

There are several limitations to this study. Firstly, because only zip code level data was available for the pediatric firearm injuries, it was not possible to do more granular analysis at the census-tract level. There exists heterogeneity within zip codes, and even block-to-block differences in COI, which is not accounted for in this study. Additionally, the most recent COI data is from 2020 and therefore may not be representative of the early end of the study period and cannot account for recent changes in both neighborhood exposures and trends in firearm injury during and after the COVID pandemic (3, 26, 27). This particular injury data set also does not have intent of injury (suicide, homicide, or accidental) which would be helpful to understand and develop potential interventions.



Conclusion

Retrospective geospatial analysis of pediatric firearm injury in Philadelphia demonstrates an association between low COI and pediatric firearm injury, with children in low COI zip codes experiencing 2.5 times greater incidence of injury compared to high COI zip codes. While odds of mortality in low COI zip codes was nearly double that of high COI zip codes, it did not demonstrate statistical significance. This evidence suggests strong interplay between structural racism, social determinants of health, and burden of pediatric firearm injury and high-risk areas should be targeted for intervention.
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