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Abstract
Background
The COVID-19 pandemic disrupted social, political, and economic life across the world, shining a light on the vulnerability of many communities. The objective of this study was to assess injury patterns before and after implementation of stay-at-home orders (SHOs) between White children and children of color and across varying levels of vulnerability based upon children’s home residence.

Methods
A multi-institutional retrospective study was conducted evaluating patients < 18 years with traumatic injuries. A “Control” cohort from an averaged March-September 2016–2019 time period was compared to patients injured after SHO initiation-September 2020 (“COVID” cohort). Interactions between race/ethnicity or social vulnerability index (SVI), a marker of neighborhood vulnerability and socioeconomic status, and the COVID-19 timeframe with regard to the outcomes of interest were assessed using likelihood ratio Chi-square tests. Differences in injury intent, type, and mechanism were then stratified and explored by race/ethnicity and SVI separately.

Results
A total of 47,385 patients met study inclusion. Significant interactions existed between race/ethnicity and the COVID-19 SHO period for intent (p < 0.001) and mechanism of injury (p < 0.001). There was also significant interaction between SVI and the COVID-19 SHO period for mechanism of injury (p = 0.01). Children of color experienced a significant increase in intentional (COVID 16.4% vs. Control 13.7%, p = 0.03) and firearm (COVID 9.0% vs. Control 5.2%, p < 0.001) injuries, but no change was seen among White children. Children from the most vulnerable neighborhoods suffered an increase in firearm injuries (COVID 11.1% vs. Control 6.1%, p = 0.001) with children from the least vulnerable neighborhoods having no change. All-terrain vehicle (ATV) and bicycle crashes increased for children of color (COVID 2.0% vs. Control 1.1%, p = 0.04 for ATV; COVID 6.7% vs. Control 4.8%, p = 0.02 for bicycle) and White children (COVID 9.6% vs. Control 6.2%, p < 0.001 for ATV; COVID 8.8% vs. Control 5.8%, p < 0.001 for bicycle).

Conclusions
In contrast to White children and children from neighborhoods of lower vulnerability, children of color and children living in higher vulnerability neighborhoods experienced an increase in intentional and firearm-related injuries during the COVID-19 pandemic. Understanding inequities in trauma burden during times of stress is critical to directing resources and targeting intervention strategies.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40621-023-00475-0.
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Introduction
The COVID-19 pandemic disrupted social, political, and economic life across the world, highlighting the vulnerability of many communities and the children within them. Changes in daily life occurred with the implementation of stay-at-home orders (SHOs), as children no longer had access to school or extracurricular activities. Many experienced social isolation in addition to an increase in family-related stress due to parental unemployment and financial strain (Pereda and Díaz-Faes 2020; Nearchou et al. 2020; Smith et al. 2020). The COVID-19 pandemic further exacerbated difficulties experienced by certain racial/ethnic groups and those living in vulnerable neighborhoods (Fraiman et al. 2021; Gati et al. 2020; Abrams et al. 2022). Prior to the pandemic, social determinants of health, neighborhood-level factors, and socioeconomic hardship were known to influence trends in pediatric trauma for vulnerable populations (Marcin et al. 2003; Trinidad et al. 2022a, 2022b). These contributing factors have persisted throughout the COVID-19 pandemic.
Few studies have evaluated the impact of COVID-19 and the initiation of SHOs on pediatric traumatic injuries specifically related to race/ethnicity and neighborhood-level characteristics, a surrogate marker for socioeconomic status (SES). Existing literature is narrow in scope, mostly focusing on firearm injuries and having mixed results (Afif et al. 2022; Collings et al. 2022; Martin et al. 2022; Gastineau et al. 2021; Peña and Jena 2022). Other studies have assessed race/ethnicity and vulnerable population differences for the entire trauma cohort rather than by individual intents, types, and mechanisms of injury (Flynn-O’Brien et al. 2022a; Bessoff et al. 2021; Sanford et al. 2021; Yeates et al. 2022). Our previous work suggested that a disparate burden of violent injuries was sustained by children of color and children living in higher vulnerability neighborhoods during the first six months of the COVID-19 pandemic (Collings et al. 2022; Flynn-O’Brien et al. 2022b).
The objective of this study was to assess injury patterns before and after implementation of SHOs during the COVID-19 pandemic by race/ethnicity and by social vulnerability. We hypothesized that the relationship between the COVID-19 pandemic and intent, type, and mechanism of injury would be different for children of color and children living in areas of higher vulnerability. Specifically, we hypothesized that children of color and children living in areas of higher vulnerability experienced an increase in primarily violent injuries, while White children and children living in areas of lower vulnerability experienced instead an increase in primarily non-violent injuries.

Methods
Study design and population
A secondary analysis of a retrospective multi-institutional cohort study was completed to compare the differences in injury patterns before and after implementation of SHOs for White children and children of color, and for children living in neighborhoods of varying vulnerability as measured by the social vulnerability index (SVI).
Children < 18 years of age with traumatic injuries at nine Level 1 Pediatric Trauma Centers were included. All patients met National Trauma Data Bank (NTDB) inclusion criteria. Patients that had at least one traumatic injury were identified with the following International Classification of Diseases, 10th revision (ICD-10), diagnosis codes: ICD-10-CM S00-S99, T07, T14, T20-T28, T30-T32, and T79.A1-T79.A9. Repeat visits to the emergency department were not included per NTDB inclusion and exclusion guidelines (American College of Surgeons 2022). For the purpose of this study, the start of the COVID-19 pandemic was defined as the initiation of SHOs. Children injured after implementation of SHOs at each center, which included varying dates (concordant with each regional SHOs at each site) in March and early April 2020, through the end of September 2020 defined the ‘COVID cohort.’ Historical controls from March to September over four consecutive years (2016–2019) were the ‘Control cohort.’ Injury rates within this cohort were averaged to minimize outlying effects from any one year. This study was approved by the Institutional Review Board at each center with a waiver of consent.

Data definitions
Race/ethnicity and Social Vulnerability Index
‘Children of color’ was defined by self-reported race and/or ethnicity and included patients who identified as Black, Hispanic/Latino, Asian, Hawaiian/Pacific Islander, Native American, or ‘other.’ The term ‘children of color’ was used as opposed to the term ‘minority’ or ‘non-White’ since the latter terms are reflective of deficit language in relation to White children (Flanagin et al. 2021; National Museum of African American History & Culture 2023; Utah Department of Cultural Community Engagement 2019). Children in the ‘White’ classification self-reported as non-Hispanic White. Within the study population, 6.3% (815/12,959 children) had unknown race and/or ethnicity, such that they could not be appropriately classified and were excluded from the race/ethnicity-based analysis.
Social vulnerability was examined to determine how the COVID-19 pandemic impacted traumatically injured children based on social determinants of health. The Centers for Disease Control and Prevention’s SVI measures a community’s ability to function during a disaster. Each census tract is ranked on 15 social factors that encompass four domains: SES, household composition and disability, racial and ethnic minority status and language, and housing and transportation (Agency for Toxic Substances and Disease Registry 2022). These factors are obtained from 2018 American Community Survey data, which is released by the United States Census Bureau every two years. An SVI of 0 represents the population with the lowest vulnerability and an SVI of 1 represents the highest vulnerability. SVI was separated into four quartiles (0–0.249, 0.250–0.499, 0.500–0.749, 0.750–1.00), with the first quartile representing the least vulnerable children and the fourth quartile representing the most vulnerable children.

Injury characteristics
Injury characteristics included intent, type, and mechanism of injury. Intent of injury included unintentional injuries, intentional injuries, and unknown intents. Intentional injuries included assault, suicide, and other intentional injuries. Type of injury included blunt, burn, penetrating, and unknown injury types. Mechanism of injury included child abuse, falls, firearm injuries, and motor vehicle crashes (MVCs) among others. Injury severity score (ISS) was divided into mild (0–14), moderate (15–24), and severe (≥ 25). Mortality included death in the emergency department or during the hospital stay. For the purpose of this study, ‘violent’ injuries included intentional and firearm injuries. Other types and mechanisms of injury such as penetrating and cut/pierce injuries, although potentially violent in nature, may not necessarily be so. Unintentional injuries and MVCs (among other mechanisms) were considered to be non-violent.


Statistical analysis
To determine whether the association between the COVID-19 pandemic SHOs and the intent, type, and mechanism of injury varied based upon race/ethnicity and social vulnerability, likelihood ratio Chi-squares were used to determine whether there was statistical interaction (i.e., effect modification). Given the significance of interactive effects for race/ethnicity and social vulnerability, stratified analyses were then conducted to investigate the relationship between SHOs and intent, type, and mechanism of injury separately for White children and children of color and separately for children living in varying degrees of social vulnerability.
For the stratified analysis, Chi-squared tests were used to evaluate categorical variables between cohorts, stratified by race/ethnicity or SVI. Fisher’s exact tests were used for cell sizes < 5. When a variable with more than two groups was statistically significant, comparisons of binomial proportions were completed to understand which category was statistically significant. Statistical significance was set at p < 0.05. Missing data were presented only if accounting for > 5% of categories.
To further explore the hypothesis that children of color disproportionately suffered from violent injuries, an interrupted time series analysis (ITSA) was performed to specifically evaluate the variation in expected and observed rates of intentional injuries per month in children of color and White children. Because SHO dates were not simultaneous across sites, the ‘interruption point’ used was March 13, 2020 as this was the declaration of a state of emergency in the USA regarding the COVID-19 pandemic. The dates of SHO implementation for each site in the study occurred after the state of emergency was declared. Kolmogorov–Smirnov testing was used to evaluated differences in density distribution (Pratt and Gibbons 1981). Statistical analysis was performed using RStudio©, version 1.4.1717.


Results
Overall study population and tests of interaction
A total of 47,385 pediatric trauma patients met study inclusion. There were 7,068 patients within the COVID cohort and an average of 5,891 patients in the Control cohort, showing an overall significant increase in pediatric trauma volume (p = 0.03). The likelihood ratio Chi-square tests established significant interaction between the COVID-19 SHO period and race/ethnicity on intent (p < 0.001) and mechanism of injury (p < 0.001). There was also a significant interaction between SVI and the COVID-19 SHO period on mechanism of injury (p = 0.01). Due to significance of interactive effects (Additional file 1), stratified analyses were completed. Comparisons between the COVID and Control cohorts by race/ethnicity are displayed in Table 1 and by SVI quartiles in Table 2.Table 1Injury characteristics by race/ethnicity


	 	Children of Colora,b
	White Childrenb

	Control
N = 1580
	COVID
N = 1888
	p value
	Control
N = 3703
	COVID
N = 4973
	p value

	Intent of Injury, N (%)

	 Intentional
	216 (13.7)
	310 (16.4)
	0.03
	192 (5.2)
	217 (4.4)
	0.08

	 Unintentional
	1344 (85.1)
	1576 (83.5)
	0.22
	3471 (93.7)
	4750 (95.5)
	 < 0.001

	 Unknown
	20 (1.3)
	2 (0.1)
	 < 0.001
	40 (1.1)
	6 (0.1)
	 < 0.001

	Type of Injury, N (%)

	 Blunt
	1179 (74.7)
	1342 (71.1)
	0.02
	3051 (82.4)
	4068 (81.8)
	0.48

	 Burn
	120 (7.6)
	156 (8.3)
	0.51
	172 (4.7)
	307 (6.2)
	0.002

	 Penetrating
	166 (10.5)
	305 (16.2)
	 < 0.001
	259 (7.0)
	442 (8.9)
	0.002

	 Unknown
	114 (7.2)
	85 (4.5)
	0.001
	220 (5.9)
	156 (3.2)
	 < 0.001

	Mechanism of Injury, N (%)

	 Burn
	120 (7.6)
	156 (8.3)
	0.52
	172 (4.6)
	307 (6.2)
	0.002

	 Child Abuse
	88 (5.6)
	109 (5.8)
	0.86
	118 (3.2)
	140 (2.8)
	0.35

	 Cut/Pierce
	52 (3.3)
	78 (4.1)
	0.23
	108 (2.9)
	160 (3.2)
	0.46

	 Fall
	570 (36.1)
	607 (32.2)
	0.02
	1652 (44.6)
	1969 (39.6)
	 < 0.001

	 Firearm
	82 (5.2)
	170 (9.0)
	 < 0.001
	19 (0.5)
	33 (0.7)
	0.45

	 Motor Vehicle Crash
	210 (13.3)
	264 (14.0)
	0.60
	399 (10.8)
	407 (8.2)
	 < 0.001

	 All-Terrain Vehicle
	17 (1.1)
	38 (2.0)
	0.04
	229 (6.2)
	471 (9.6)
	 < 0.001

	 Bicycle
	76 (4.8)
	126 (6.7)
	0.02
	215 (5.8)
	439 (8.8)
	 < 0.001

	 Pedestrian
	80 (5.1)
	54 (2.9)
	0.001
	69 (1.9)
	76 (1.5)
	0.26

	 Struck By/Against
	142 (9.0)
	107 (5.7)
	 < 0.001
	334 (9.0)
	377 (7.6)
	0.02

	 Unknown
	141 (8.9)
	179 (9.5)
	0.62
	388 (10.5)
	594 (11.9)
	0.04

	Injury Severity Score, N (%)

	 0–14
	1375 (91.8)
	1691 (90.4)
	0.35
	3209 (92.6)
	4611 (93.0)
	0.74

	 15–24
	74 (4.9)
	105 (5.6)
	 	164 (4.7)
	225 (4.5)
	 
	 ≥ 25
	49 (3.3)
	75 (4.0)
	 	93 (2.7)
	122 (2.5)
	 
	Mortality, N (%)

	 Alive
	1556 (98.5)
	1851 (98.0)
	0.39
	3678 (99.3)
	4949 (99.5)
	0.30

	 Dead
	24 (1.5)
	37 (2.0)
	 	25 (0.7)
	24 (0.5)
	 

Bold p-values represent statistically significant results
aChildren of color = children that self-reported as Black, Hispanic/Latino, Asian, Hawaiian/Pacific Islander, Native American, or ‘other’
bWhen a variable with more than two groups was statistically significant, comparisons of binomial proportions were completed to understand which category was statistically significant


Table 2Injury characteristics by social vulnerability indexa


	 	First Quartileb
	Second Quartileb
	Third Quartileb
	Fourth Quartileb

	Control
N = 1211
	COVID
N = 1590
	p value
	Control
N = 2034
	COVID
N = 2426
	p value
	Control
N = 1953
	COVID
N = 2232
	p value
	Control
N = 693
	COVID
N = 820
	p value

	Intent of Injury, N (%)

	 Intentional
	58 (4.8)
	62 (3.9)
	0.29
	129 (6.3)
	154 (6.4)
	1.00
	160 (8.2)
	189 (8.5)
	0.80
	102 (14.7)
	147 (17.9)
	0.11

	 Unintentional
	1139 (94.1)
	1526 (96.0)
	0.02
	1877 (92.3)
	2269 (93.5)
	0.12
	1774 (90.9)
	2040 (91.4)
	0.59
	583 (84.1)
	673 (82.1)
	0.32

	 Unknown
	14 (1.2)
	2 (0.1)
	0.001
	28 (1.4)
	3 (0.1)
	< 0.001
	18 (0.9)
	3 (0.1)
	0.001
	8 (1.2)
	0 (0.0)
	0.006

	Type of Injury, N (%)

	 Blunt
	1031 (85.1)
	1347 (84.7)
	0.10
	1653 (81.3)
	1932 (79.6)
	0.17
	1537 (78.7)
	1720 (77.1)
	0.21
	509 (73.3)
	569 (69.4)
	0.10

	 Burn
	48 (4.0)
	79 (5.0)
	 	102 (5.0)
	156 (6.4)
	0.05
	115 (5.9)
	174 (7.8)
	0.02
	52 (7.5)
	66 (8.1)
	0.76

	 Penetrating
	70 (5.8)
	107 (6.7)
	 	150 (7.4)
	263 (10.8)
	< 0.001
	172 (8.8)
	253 (11.3)
	0.008
	83 (12.0)
	153 (18.7)
	< 0.001

	 Unknown
	62 (5.1)
	57 (3.6)
	 	128 (6.3)
	75 (3.1)
	< 0.001
	128 (6.6)
	85 (3.8)
	< 0.001
	50 (7.2)
	32 (3.9)
	0.007

	Mechanism of Injury, N (%)

	 Burn
	48 (4.0)
	79 (5.0)
	0.24
	102 (5.0)
	156 (6.4)
	0.05
	114 (5.8)
	174 (7.8)
	0.02
	52 (7.5)
	66 (8.1)
	0.77

	 Child Abuse
	30 (2.5)
	28 (1.8)
	0.24
	67 (3.3)
	78 (3.2)
	0.95
	90 (4.61)
	107 (4.8)
	0.83
	42 (6.1)
	51 (6.2)
	0.98

	 Cut/Pierce
	32 (2.6)
	43 (2.7)
	1.00
	63 (3.1)
	101 (4.2)
	0.07
	64 (3.3)
	77 (3.5)
	0.82
	24 (3.5)
	30 (3.7)
	0.95

	 Fall
	604 (49.9)
	737 (46.4)
	0.07
	866 (42.6)
	913 (37.6)
	0.001
	796 (40.8)
	790 (35.4)
	< 0.001
	217 (31.3)
	212 (25.9)
	0.02

	 Firearm
	8 (0.7)
	7 (0.4)
	0.60
	19 (0.9)
	48 (2.0)
	0.006
	38 (2.0)
	69 (3.1)
	0.03
	42 (6.1)
	91 (11.1)
	0.001

	 Motor Vehicle Crash
	113 (9.3)
	105 (6.6)
	0.009
	231 (11.4)
	222 (9.2)
	0.02
	218 (11.2)
	224 (10.0)
	0.26
	109 (15.7)
	138 (16.8)
	0.61

	 All-Terrain Vehicle
	52 (4.3)
	104 (6.5)
	0.01
	109 (5.4)
	224 (9.2)
	< 0.001
	106 (5.4)
	170 (7.6)
	0.005
	14 (2.0)
	27 (3.3)
	0.17

	Bicycle
	74 (6.1)
	177 (11.1)
	< 0.001
	114 (5.6)
	205 (8.5)
	< 0.001
	104 (5.3)
	139 (6.2)
	0.24
	32 (4.6)
	53 (6.5)
	0.15

	 Pedestrian
	18 (1.5)
	18 (1.1)
	0.51
	40 (2.0)
	36 (1.5)
	0.26
	60 (3.1)
	46 (2.1)
	0.05
	43 (6.2)
	35 (4.3)
	0.11

	 Struck By/Against
	116 (9.6)
	124 (7.8)
	0.11
	205 (10.1)
	164 (6.8)
	< 0.001
	154 (7.9)
	164 (7.4)
	0.55
	58 (8.4)
	42 (5.1)
	0.02

	 Unknown
	116 (9.6)
	168 (10.6)
	0.43
	217 (10.7)
	279 (11.5)
	0.41
	209 (10.7)
	272 (12.2)
	0.15
	60 (8.7)
	75 (9.2)
	0.81

	Injury Severity Score, N (%)

	 0–14
	1054 (93.1)
	1491 (94.1)
	0.34
	1732 (92.5)
	2238 (92.5)
	0.99
	1734 (92.4)
	2026 (91.2)
	0.15
	612 (91.3)
	735 (90.6)
	0.78

	 15–24
	48 (4.2)
	64 (4.0)
	 	88 (4.7)
	112 (4.6)
	 	94 (5.0)
	116 (5.2)
	 	31 (4.6)
	44 (5.4)
	 
	 ≥ 25
	30 (2.7)
	29 (1,8)
	 	53 (2.8)
	69 (2.9)
	 	48 (2.6)
	80 (3.6)
	 	27 (4.0)
	32 (4.0)
	 
	Mortality, N (%)

	 Alive
	1202 (99.3)
	1582 (99.5)
	0.57
	2015 (99.1)
	2415 (99.6)
	0.08
	1937 (99.2)
	2205 (98.8)
	0.27
	679 (98.0)
	799 (97.4)
	0.60

	 Dead
	9 (0.7)
	8 (0.5)
	 	19 (0.9)
	11 (0.5)
	 	16 (0.8)
	27 (1.2)
	 	14 (2.0)
	21 (2.6)
	 

Bold p-values represent statistically significant results
aSocial vulnerability index quartiles; the first quartile represents the least vulnerable children and the fourth quartile represents the most vulnerable children; first quartile: 0.00 to 0.249; second quartile: 0.250 to 0.499; third quartile: 0.500 to 0.749; fourth quartile: 0.750 to 1.00
bWhen a variable with more than two groups was statistically significant, comparisons of binomial proportions were completed to understand which category was statistically significant




Race/ethnicity
After SHO implementation, children of color experienced an increase in intentional injuries (COVID 16.4% vs. Control 13.7%, p = 0.03), while White children experienced no significant difference. Children of color did not experience any change in unintentional injuries between time periods; however, unintentional injuries among White children increased (COVID 95.5% vs. Control 93.7%, p < 0.001). An ITSA of intentionally injured children of color showed that there was a significant increase (p = 0.007) after SHO implementation in the observed injuries, as compared to those estimated based on monthly volume from years prior (Fig. 1a). In contrast, there was no significant increase among White children (Fig. 1b).[image: ]
Fig. 1Interrupted time series analysis evaluating intentional injuries experienced by a children of color, and b White children. The red line shows the observed, monthly total of children that were intentionally injured over time. The black dashed line represents the declaration of state of emergency (March 13, 2020) in the USA regarding the COVID-19 pandemic. The blue line is the expected monthly total number of intentionally injured children over time if there were no interruption, which in this case was initiation of stay-at-home orders. The dark and light gray represent the 80% and 95% confidence interval, respectively, associated with the expected total. Comparison of density distribution by Kolmogorov–Smirnov testing and comparison of linear trends with slope analysis demonstrate a significant increase in intentional injuries for children of color during the COVID cohort compared to the Control cohort that occurred at the start of the COVID-19 pandemic (p = 0.007). There was no significant different in intentional injuries for White children (p = 0.14)


For type of injury, children of color experienced a decrease in blunt injuries (COVID 71.1% vs. Control 74.7%, p = 0.02) across time periods, while White children had an increase in burn injuries (COVID 6.2% vs. Control 4.7%, p = 0.002) after SHO implementation. Penetrating injuries increased in both populations; however, the relative increase in children of color was three times that in White children (children of color COVID 16.2% vs. Control 10.5%, p < 0.001, [5.7% increase]; White children COVID 8.9% vs. Control 7.0%, p = 0.002, [1.9% increase]).
There were many variations noted for children of color and White children regarding mechanism of injury between cohorts after SHO implementation. While firearm injuries among children of color almost doubled (COVID 9.0% vs. Control 5.2%, p < 0.001), there was no significant change in firearm injuries among White children before and after SHO implementation. Both populations were less likely to experience being struck by/against (COVID 5.7% vs. Control 9.0%, p < 0.001 for children of color; COVID 7.6% vs. Control 9.0%, p = 0.02 for White children). There were no significant differences for both children of color and White children between the COVID and Control cohort for child abuse or being cut/pierced.
Additionally, both children of color and White children were more likely to be injured from an all-terrain vehicle (ATV) crash in the COVID cohort as compared to the Control (COVID 2.0% vs. Control 1.1%, p = 0.04 for children of color; COVID 9.6% vs. Control 6.2%, p < 0.001 for White children) or a bicycle crash (COVID 6.7% vs. Control 4.8%, p = 0.02 for children of color; COVID 8.8% vs. Control 5.8%, p < 0.001 for White children). White children were less likely to be involved in a MVC in the COVID cohort (COVID 8.2% vs. Control 10.8%, p < 0.001), while there were no significant difference for children of color between cohorts.

Social vulnerability
There were no significant differences in intentional injuries between the two cohorts by SVI quartile. The least vulnerable children (i.e., in the first SVI quartile) experienced more unintentional injuries in the COVID cohort (COVID 96.0% vs. Control 94.1%, p = 0.02), while there were no significant differences between time periods for unintentional injury in the other SVI quartiles.
For type of injury, there were no significant differences between time cohorts among the least vulnerable children in the first SVI quartile. There was an increase in burn injuries after implementation of SHOs for the third (COVID 7.8% vs. Control 5.9%, p = 0.02) SVI quartile. Penetrating injuries increased for the second through fourth SVI quartiles (Table 2), with the largest increase in 6.7% in the most vulnerable children (COVID 18.7% vs. Control 12.0%, p < 0.001).
Similar to race/ethnicity, there were significant variations for the SVI quartiles regarding mechanism of injury between cohorts. Firearm injuries increased in the second through fourth SVI quartiles (Table 2), with the greatest increase in the most vulnerable children in the fourth SVI quartile (COVID 11.1% vs. Control 6.1%, p = 0.001). There were no significant differences within each SVI quartile between the COVID and Control cohort for child abuse or being cut/pierced.
There were more ATV crashes for the least vulnerable populations, with increases identified in the first through third SVI quartiles, and the more pronounced increases in the first (COVID 6.5% vs. Control 4.3%, p = 0.01) and second (COVID 9.2% vs. Control 5.4%, p < 0.001) quartiles. Similarly, there was a significant increase in bicycle crashes for children living in the first (COVID 11.1% vs. Control 6.1%, p < 0.001) and second (COVID 8.5% vs. Control 5.6%, p < 0.001) SVI quartiles. MVCs decreased during the COVID cohort compared to the Control cohort for the first (COVID 6.6% vs. Control 9.3%, p = 0.009) and second (COVID 9.2% vs. Control 11.4%, p = 0.02) SVI quartiles, but there was no change in MVCs for the more vulnerable children (i.e., third and fourth quartiles).

Injury Severity Score (ISS) and mortality
There were no significant differences between the COVID and Control cohorts for both children of color and White children regarding ISS and mortality. There were also no significant differences between the COVID and Control cohorts for all SVI quartiles for both ISS and mortality.


Discussion
This multi-institutional study evaluated differences in pediatric traumatic injury patterns before and after implementation of SHOs between children of color and White children and across varying levels of social vulnerability based upon children’s home residence. As hypothesized, we found that children of color in the COVID cohort experienced an increase in violent injuries compared to the Control cohort, while White children did not. Similarly, children living in more vulnerable neighborhoods had an increase in violent injuries, while children living in less vulnerable neighborhoods did not. Contrary to our hypothesis, increases in non-violent mechanisms of injury, such as ATV crashes and bicycle crashes, affected all children, not just White children.
Before elaborating on these relationships, the use of race/ethnicity in this work deserves attention. As described by Trinadad and Kotagal, “race should be understood as a social construct” (Trinidad and Kotagal 2022). The findings of this study are not to suggest that race and ethnicity in and of themselves put a child at risk for injury, but that other possibly unmeasured social determinants of health are likely responsible for the variations in injury patterns. While beyond the scope of this study, we are in agreement with Trinadad and Kotagal in that “the intersection of race, racism, and socioeconomic status highlights the need to consider…how multiple social determinants of health are often interconnected, jointly impacting a child’s health.” Indeed, in one study, controlling for insurance status and Area Deprivation Index (another neighborhood-level marker of SES) led to a 56% reduction in the odds of interpersonal violence among Black children as compared to White children (Trinidad et al. 2022b).
Few studies have evaluated violent injuries and the differential impact on different races/ethnicities after the implementation of SHOs. Existing studies have largely focused on firearm injuries rather than all violent mechanisms and had mixed results. Martin et al. showed that children of color, particularly Black children, had higher increases in exposure to firearm incidents after SHO initiation compared to White children (Martin et al. 2022). Another study found that Black children were disproportionately injured by firearms after the start of SHOs, compared to before, while White and Latinx children were not (Afif et al. 2022). These findings are similar to that of Peña & Jena, who identified that areas with populations > 50% that were Black or Hispanic had more pediatric gun-related deaths than areas with populations < 50% that were Black or Hispanic (Peña and Jena 2022). However, other studies found no variation by race in pediatric firearm injuries before and after SHOs (Collings et al. 2022; Gastineau et al. 2021). The differences in findings may be explained by variation in racial/ethnic categories. Additionally, Gastineau et al. performed a national database study that utilized Pediatric Health Information System (PHIS), which may not have elucidated the nuances that are clear in our study using registry data specific to the trauma population.
Regarding SES as measured by neighborhood vulnerability, we found that children living in neighborhoods of higher vulnerability had an increase in firearm injuries compared to children living in lower-vulnerability neighborhoods after the start of SHOs. Peña and Jena also found that children living in low-income neighborhoods experienced more gun-related deaths compared to high-income neighborhoods (Peña and Jena 2022). In contrast, another study that measured SES before and after the start of SHOs through the Child Opportunity Index (COI, which measures neighborhood-level characteristics through 29 indicators through three domains of education, health and environment, and social and economic factors) found no differences in COI between proportions of children living in areas of varying opportunity that experienced firearm-related encounters (Gastineau et al. 2021; Noelke et al. 2020).
The drastic rise in firearm injuries in children of color and children living in more vulnerable neighborhoods is likely multifactorial and related to societal issues rather than the children themselves. Children living in these areas are frequently exposed to community violence and the results of structural and socioeconomic disadvantage, including low-quality education, poor housing opportunities, and poverty (Martin et al. 2022; Gastineau et al. 2021; Centers for Disease Control and Prevention 2020). The existence of these neighborhood-level disadvantages and social deprivation is due to a complex history rooted in systemic racism, harmful legislative policies, housing segregation, policing, and more (Trinidad et al. 2022b; Race 2019; Sharkey 2013). Additionally, due to school closures during the pandemic, support services, and protective factors such as mental health services, peer support, meal provision, and stable internet access were no longer accessible, which may have further exacerbated risk factors for violence (Hoffman and Miller 2020). Other features of the COVID-19 pandemic, such as the rise in firearm purchases, increased access to firearms due to a change in storage practices, and variations in state gun laws, may have also contributed (Donnelly et al. 2022; Federal Bureau of Investigation 2022; Sokol et al. 2021).
Notably, our study identified that intentional injuries increased for children of color during the COVID time period when compared to the Control time period, while unintentional injuries increased for White children and for children living in neighborhoods of lowest vulnerability. Similarly, penetrating injuries increased for children of color and children living in more vulnerable neighborhoods. Additionally, child abuse did not significantly differ before and after SHO implementation when stratified by children of color, White children, or children living in neighborhoods of varying vulnerability. These findings are consistent with prior work showing either no difference or a decrease in child abuse within the first six months of the COVID-19 pandemic (Bessoff et al. 2021; Sanford et al. 2021; Haddadin et al. 2021). This lack of increase may have been due to underreporting since children were isolated at home and professionals, such as teachers and healthcare providers, were therefore prevented from noticing any concerns (Shi et al. 2021). The change in burn injuries seen in this study, particularly the increase in White children but not children of color or the more vulnerable, could be due to the latter groups being less likely to present to a hospital due to mistrust in the hospital system, less access to care, financial strain, and the disproportionate impact of the COVID-19 pandemic rather than a true lack of injury burden (Sanford et al. 2021; Abuelgasim et al. 2020; Thakur et al. 2020).
Many studies have shown either a decrease or no significant difference in pediatric MVC injuries and an increase in ATV and bicycle crashes after the start of SHOs (Flynn-O’Brien et al. 2022a; Bessoff et al. 2021; Sanford et al. 2021; Yeates et al. 2022; Haddadin et al. 2021). Our study is the first to show that while MVCs decreased for White children and children living in areas of lower vulnerability after SHO initiation, they did not decrease for children of color or children living in areas of high vulnerability. Overall, the injuries that primarily and preferentially affected White children and children in areas of lower vulnerability were ATV and bicycle crashes. Hence, while overall injury burden was felt by all children, the types of injuries sustained were still disparately distributed.
The onset of the COVID-19 pandemic and SHOs caused people, including children, to remain at home more, leading to a drastic and sustained decline in road travel and motor vehicle use (Gross 2021). Since children no longer had school or other extracurricular activities to occupy their time and the outdoors was considered to be safer than indoors, the rise in ATV and bicycle crashes was perhaps expected. The warm summer months may have further exacerbated these increases. The higher occurrence of these injuries in White children and children in neighborhoods of lower vulnerability is reflective of the historic trend of increased utilization of ATVs and bicycles in this population (Brown et al. 2002; Jennissen et al. 2022). Targeted education about safety with utilization of ATVs and bicycles is critical for prevention of injuries. The increase in injuries may have been due to closures of a broad array of public services and healthcare environments, education and training courses regarding safe use (i.e., wearing a helmet or age recommendations for riding).
Due to the retrospective nature of this study, it may be limited by misclassification bias, selection bias, recording errors, and unknown/missing data. Additionally, since our study included children that met NTDB criteria, children that were not transferred and/or discharged from the Emergency Department or that died prior to arrival were excluded. Therefore, children with minor injuries may not have been captured. However, this excludes the potential for erroneous data that can exist with utilization of institutional ICD-10 codes for all emergency department encounters. Regarding SVI, there is risk of misclassification bias since it is a metric that uses granular census tract data rather than zip codes. Furthermore, since the United States Census Bureau releases new SVI data every two years, SVI could have theoretically changed in the interim. However, this would have affected both the Control and COVID cohorts. Lastly, since children with an unknown race/ethnicity were excluded from the analysis, there is a risk of over or underestimating the true differences.
Additionally, the definition of all firearm injuries and intentional injuries as ‘violent’ injuries must take into account discrepancies in terminology and etiology of injury. Though there are some firearm injuries that may not be considered violent due to a lack of assaultive intent (i.e., a young child accidentally injuring themselves with an unsafely-stored firearm), we reasoned that these instances still constitute a violent injury due to the nature of the injury. Similarly, though some firearm injuries may be labeled as unintentional, this may not truly reflect the nuances of the circumstances (i.e., a child accidentally injured by a stray bullet going through a home could potentially be classified as an unintentional injury, but the firearm was intentionally fired). These reasons are why we ultimately defined ‘violent’ injuries as including both firearm and intentional injuries. However, we recognize there are limitations to the varying terminologies.

Conclusion
In conclusion, injured children of color and children living in neighborhoods of higher vulnerability experienced a significant increase in violent injuries during the COVID-19 pandemic in the USA, while White children and children from neighborhoods of lower vulnerability did not. Addressing these disparities is essential to mitigate the impact of future pandemic effects on children. Additionally, differences in non-violent mechanisms, such as bicycle and ATV crashes, that occurred across race/ethnicity and neighborhood vulnerability were likely reflective of changes in the social environment and extracurricular activities of children. Education regarding these mechanisms of injury is important for all populations. Identifying specific trends of pediatric trauma and those affected is an initial step toward targeted intervention strategies.

Acknowledgements
This study was developed and submitted on behalf of the Midwest Pediatric Surgery Consortium, which is a collaboration of 11 children’s hospitals with the mission of advancing the field of pediatric surgery through multi-institutional clinical studies focusing on high impact pediatric surgical diseases.
About this supplement
This article has been published as part of Injury Epidemiology Volume 10 Supplement 1, 2023: Proceedings of the 27th Annual Injury Free Coalition for Kids® Conference: Forging New Frontiers: Keeping All Kids Safe: Equity in Injury Prevention & Addressing Injuries During COVID. The full contents of the supplement are available online at https://​injepijournal.​biomedcentral.​com/​articles/​supplements/​volume-10-supplement-1.


Author contributions
All authors contributed to study conception, design, and data acquisition. CG, AC, MF, and KF contributed to analysis and data interpretation. CG, AC, MEF, PM, KES, KV, and KF contributed to drafting of the manuscript, and all authors performed critical revision of the manuscript. All authors approved the final manuscript as submitted.

Funding
None.

Availability of data and materials
Available in tables or as supplementary material; there are no data repositories.

Declarations
Ethics approval and consent to participate
This study was approved by the Institutional Review Board at each center with a waiver of consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	Abrams EM, Greenhawt M, Shaker M, Pinto AD, Sinha I, Singer A. The COVID-19 pandemic: adverse effects on the social determinants of health in children and families. Ann Allergy Asthma Immunol. 2022;128:19–25. https://​doi.​org/​10.​1016/​j.​anai.​2021.​10.​022.CrossrefPubMed


	Abuelgasim E, Saw LJ, Shirke M, Zeinah M, Harky A. COVID-19: unique public health issues facing Black, Asian and minority ethnic communities. Curr Probl Cardiol. 2020;45: 100621. https://​doi.​org/​10.​1016/​j.​cpcardiol.​2020.​100621.CrossrefPubMedPubMedCentral


	Afif IN, Gobaud AN, Morrison CN, Jacoby SF, Maher Z, Dauer ED, et al. The changing epidemiology of interpersonal firearm violence during the COVID-19 pandemic in Philadelphia. PA Preventive Medicine. 2022;158: 107020. https://​doi.​org/​10.​1016/​j.​ypmed.​2022.​107020.CrossrefPubMed


	Agency for Toxic Substances and Disease Registry. CDC/ATSDR SVI Fact Sheet. CDC/ATSDR Social Vulnerability Index 2022. https://​www.​atsdr.​cdc.​gov/​placeandhealth/​svi/​fact_​sheet/​fact_​sheet.​html. Accessed 11 Nov 2022.


	American College of Surgeons. National Trauma Data Standard Data Dictionary: 2022 Admissions. National Trauma Data Standard 2021. https://​www.​facs.​org/​media/​mkxef10z/​ntds_​data_​dictionary_​2022.​pdf. Accessed 26 Apr 2023.


	Barkan SE. Race, Crime, and Justice: The Continuing American Dilemma. Oxford: Oxford University Press; 2019.


	Bessoff KE, Han RW, Cho M, Stroud M, Urrechaga EM, Thorson CM, et al. Epidemiology of pediatric trauma during the COVID-19 pandemic shelter in place. Surg Open Sci. 2021;6:5–9. https://​doi.​org/​10.​1016/​j.​sopen.​2021.​06.​001.CrossrefPubMedPubMedCentral


	Brown RL, Koepplinger ME, Mehlman CT, Gittelman M, Garcia VF. All-terrain vehicle and bicycle crashes in children: epidemiology and comparison of injury severity. J Pediatr Surg. 2002;37:375–80. https://​doi.​org/​10.​1053/​jpsu.​2002.​30826.CrossrefPubMed


	Centers for Disease Control and Prevention. Risk and Protective Factors. Violence Prevention 2020. https://​www.​cdc.​gov/​violencepreventi​on/​youthviolence/​riskprotectivefa​ctors.​html. Accessed 4 Nov 2022.


	Collings AT, Farazi M, Van Arendonk KJ, Fallat ME, Minneci PC, Sato TT, et al. The COVID-19 pandemic and associated rise in pediatric firearm injuries: a multi-institutional study. J Pediatr Surg. 2022;57:1370–6. https://​doi.​org/​10.​1016/​j.​jpedsurg.​2022.​03.​034.CrossrefPubMedPubMedCentral


	Donnelly MR, Grigorian A, Swentek L, Arora J, Kuza CM, Inaba K, et al. Firearm violence against children in the United States: Trends in the wake of the COVID-19 pandemic. J Trauma Acute Care Surg. 2022;92:65–8. https://​doi.​org/​10.​1097/​TA.​0000000000003347​.CrossrefPubMed


	Federal Bureau of Investigation. NICS Firearm Background Checks: Month/Year. NICS Firearm Checks: Month/Year 2022. https://​www.​fbi.​gov/​file-repository/​nics_​firearm_​checks_​-_​month_​year.​pdf/​view. Accessed 31 Oct 2022.


	Flanagin A, Frey T, Christiansen SL, AMA Manual of Style Committee. Updated guidance on the reporting of race and ethnicity in medical and science journals. JAMA. 2021;326:621–7. https://​doi.​org/​10.​55752/​amwa.​2023.​195.CrossrefPubMed


	Flynn-O’Brien KT, Collings AT, Farazi M, Fallat ME, Minneci PC, Speck KE, et al. Pediatric injury trends and relationships with social vulnerability during the COVID-19 pandemic: a multi-institutional analysis. J Trauma Acute Care Surg. 2022a. https://​doi.​org/​10.​1097/​TA.​0000000000003687​.CrossrefPubMedPubMedCentral


	Flynn-O’Brien KT, Collings AT, Farazi M, Fallat ME, Minneci PC, Speck KE, et al. Pediatric injury transfer patterns during the COVID-19 pandemic: an interrupted time series analysis. J Surg Res. 2022b;281:130–42. https://​doi.​org/​10.​1016/​j.​jss.​2022.​08.​029.CrossrefPubMedPubMedCentral


	Fraiman YS, Litt JS, Davis JM, Pursley DM, The Pediatric Policy Council. Racial and ethnic disparities in adult COVID-19 and the future impact on child health. Pediatr Res. 2021;89:1052–4. https://​doi.​org/​10.​1038/​s41390-021-01377-x.CrossrefPubMedPubMedCentral


	Gastineau KAB, Williams DJ, Hall M, Goyal MK, Wells J, Freundlich KL, et al. Pediatric firearm-related hospital encounters during the SARS-CoV-2 pandemic. Pediatrics. 2021;148: e2021050223. https://​doi.​org/​10.​1542/​peds.​2021-050223.CrossrefPubMed


	Gati SB, Bloomhardt HM, McArthur EA. COVID-19: widening health disparities among pediatric populations. Am J Public Health. 2020;110:1358–9. https://​doi.​org/​10.​2105/​AJPH.​2020.​305815.CrossrefPubMedPubMedCentral


	Gross A. Pandemic Pause: Americans Cut Driving Nearly In Half In Early Stage of COVID Crisis. AAA Newsroom 2021. https://​newsroom.​aaa.​com/​2021/​07/​travel-before-and-during-covid-july-2021/​. Accessed 25 Nov 2022.


	Haddadin Z, Blozinski A, Fernandez K, Vittetoe K, Greeno AL, Halasa NB, et al. Changes in pediatric emergency department visits during the COVID-19 pandemic. Hosp Pediatr. 2021;11:e57-60. https://​doi.​org/​10.​1542/​hpeds.​2020-005074.CrossrefPubMed


	Hoffman JA, Miller EA. Addressing the consequences of school closure due to COVID-19 on children’s physical and mental well-being. World Med Health Policy. 2020;12:300–10. https://​doi.​org/​10.​1002/​wmh3.​365.CrossrefPubMedPubMedCentral


	Jennissen CA, Denning GM, Aitken ME, The Council on Injury, Violence, and Poison Prevention. A comprehensive report on all-terrain vehicles and youth: continuing challenges for injury prevention. Pediatrics. 2022;150:e2022059280. https://​doi.​org/​10.​1542/​peds.​2022-059280.CrossrefPubMed


	Marcin JP, Schembri MS, He J, Romano PS. A population-based analysis of socioeconomic status and insurance status and their relationship with pediatric trauma hospitalization and mortality rates. Am J Public Health. 2003;93:461–6. https://​doi.​org/​10.​2105/​AJPH.​93.​3.​461.CrossrefPubMedPubMedCentral


	Martin R, Rajan S, Shareef F, Xie KC, Allen KA, Zimmerman M, et al. Racial disparities in child exposure to firearm violence before and during COVID-19. Am J Prev Med. 2022;63:204–12. https://​doi.​org/​10.​1016/​j.​amepre.​2022.​02.​007.CrossrefPubMedPubMedCentral


	National Museum of African American History & Culture. Whiteness. Talking About Race n.d. https://​nmaahc.​si.​edu/​learn/​talking-about-race/​topics/​whiteness. Accessed 15 Jan 2023.


	Nearchou F, Flinn C, Niland R, Subramaniam SS, Hennessy E. Exploring the impact of COVID-19 on mental health outcomes in children and adolescents: a systematic review. Int J Environ Res Public Health. 2020;17:8479. https://​doi.​org/​10.​3390/​ijerph17228479.CrossrefPubMedPubMedCentral


	Noelke C, McArdle N, Baek M, Huntington N, Huber R, Erin Hardy, et al. Child Opportunity Index 2.0 Technical Documentation 2020.


	Peña PA, Jena A. Child deaths by gun violence in the US during the COVID-19 pandemic. JAMA Netw Open. 2022;5: e2225339. https://​doi.​org/​10.​1001/​jamanetworkopen.​2022.​25339.CrossrefPubMedPubMedCentral


	Pereda N, Díaz-Faes DA. Family violence against children in the wake of COVID-19 pandemic: a review of current perspectives and risk factors. Child Adolesc Psychiatry Ment Health. 2020;14:40. https://​doi.​org/​10.​1186/​s13034-020-00347-1.CrossrefPubMedPubMedCentral


	Pratt JW, Gibbons JD. Kolmogorov–Smirnov two-sample tests. Concepts of Nonparametric Theory. Berlin: Springer; 1981. p. 318–44.


	Sanford EL, Zagory J, Blackwell J-M, Szmuk P, Ryan M, Ambardekar A. Changes in pediatric trauma during COVID-19 stay-at-home epoch at a tertiary pediatric hospital. J Pediatr Surg. 2021;56:918–22. https://​doi.​org/​10.​1016/​j.​jpedsurg.​2021.​01.​020.CrossrefPubMedPubMedCentral


	Sharkey P. Stuck in place: Urban neighborhoods and the end of progress toward racial equality. Chicago: University of Chicago Press; 2013.Crossref


	Shi Y, Kvasnovsky C, Khan S, Jain S, Sargeant D, Lamoshi A, et al. Impact of the COVID-19 pandemic on trauma activations at a pediatric level 1 trauma center in New York. Pediatr Surg Int. 2021;37:1409–14. https://​doi.​org/​10.​1007/​s00383-021-04962-7.CrossrefPubMedPubMedCentral


	Smith SM, Edwards, Roxanna, Duong, Hao C. Unemployment rises in 2020, as the country battles the COVID-19 pandemic. US Bureau of Labor Statistics 2021. https://​www.​bls.​gov/​opub/​mlr/​2021/​article/​unemployment-rises-in-2020-as-the-country-battles-the-covid-19-pandemic.​htm. Accessed 12 Oct 2022.


	Sokol RL, Marineau L, Zimmerman MA, Rupp LA, Cunningham RM, Carter PM. Why some parents made firearms more accessible during the beginning of the COVID-19 pandemic: results from a national study. J Behav Med. 2021;44:867–73. https://​doi.​org/​10.​1007/​s10865-021-00243-9.CrossrefPubMedPubMedCentral


	Thakur N, Lovinsky-Desir S, Bime C, Wisnivesky JP, Celedón JC. The structural and social determinants of the racial/ethnic disparities in the U.S. COVID-19 pandemic. What’s our role? Am J Respir Crit Care Med. 2020;202:943–9.CrossrefPubMedPubMedCentral


	Trinidad S, Kotagal M. Social determinants of health as drivers of inequities in pediatric injury. Semin Pediatr Surg. 2022;31: 151221. https://​doi.​org/​10.​1016/​j.​sempedsurg.​2022.​151221.CrossrefPubMed


	Trinidad S, Vancil A, Brokamp C, Moody S, Gardner D, Parsons AA, et al. Relationships between socioeconomic deprivation and pediatric firearm-related injury at the neighborhood level. J Trauma Acute Care Surg. 2022a;93:283–90. https://​doi.​org/​10.​1097/​TA.​0000000000003679​.CrossrefPubMed


	Trinidad S, Brokamp C, Sahay R, Moody S, Gardner D, Parsons AA, et al. Children from disadvantaged neighborhoods experience disproportionate injury from interpersonal violence. J Pediatr Surg. 2022b;S00223468:00384. https://​doi.​org/​10.​1016/​j.​jpedsurg.​2022.​05.​023.Crossref


	Utah Department of Cultural & Community Engagement. Building Equity & Inclusion Through the Power of Language. Utah Division of Multicultural Affairs 2019. https://​multicultural.​utah.​gov/​poweroflanguage/​. Accessed 15 Jan 2023.


	Yeates EO, Grigorian A, Schellenberg M, Owattanapanich N, Barmparas G, Margulies D, et al. Effects of the COVID-19 pandemic on pediatric trauma in Southern California. Pediatr Surg Int. 2022;38:307–15. https://​doi.​org/​10.​1007/​s00383-021-05050-6.CrossrefPubMed




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Relationship between the COVID-19 pandemic and structural inequalities within the pediatric trauma population


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40621_2023_475_Fig1_HTML.png
Number of Patients (N)

20 30 40 50 60

10

Children of Color

A

I
2016

I
2017

T T
2018 2019
Year

2020

Number of Patients (N)

20 30 40 50 60

10

White Children

2016

I
2017

T T
2018 2019
Year

2020





OEBPS/css/sidebar.gif





