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Objective: In the first year of the COVID-19 pandemic, gun violence (GV) rates in the United States (US) rose by 30%. We estimate the relative risk of GV in the US in the second year compared to the first year of the pandemic, in time and space.

Methods: Daily police reports of gun-related injuries and deaths in the 50 states and the District of Columbia from March 1, 2020, to February 28, 2022, were obtained from the GV Archive. Generalized linear mixed-effects models in the form of Poisson regression analyses were utilized to estimate state-specific rates of GV.

Results: Nationally, GV rates during the second year of the pandemic (March 1, 2021, through February 28, 2022) remained the same as that of the first year (March 1, 2020, through February 28, 2021) (Intensity Ratio = 0.996; 95% CI 0.98, 1.01; p = 0.53). Nevertheless, hotspots of GV were identified. Nine (18%) states registered a significantly higher risk of GV during the second year of the pandemic compared to the same period in the first year. In 10 (20%) states, the risk of GV during the second year of the pandemic was significantly lower compared to the same period in the first year.

Conclusion: GV risk in the US is heterogeneous. It continues to be a public health crisis, with 18% of the states demonstrating significantly higher GV rates during the second year of the COVID-19 pandemic compared to the same timeframe 1 year prior.
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Introduction

Understanding the spatial distribution and temporal evolution of gun violence (GV) in the second year of the COVID-19 pandemic is crucial to ascertain its burden and optimize public health interventions tailored to regions with the greatest need. In the United States (US), gun violence increased by 30% in the first year of the pandemic, and the risk was higher in over half of the states (1). A recent US study concluded that large-scale racial disparities exist in exposure to neighborhood firearm violence, which grew during the pandemic (2). Additionally, it was postulated that controlling the pandemic through mass vaccination could lead to a concomitant reduction in GV rates. The present analysis estimates spatiotemporal dynamics of GV in the second year compared to the first year of the pandemic.



Methods

Individual events data were acquired from The Gun Violence Archive (GVA), an independent not-for-profit organization that compiles comprehensive and accurate information about GV in the US (3) https://www.gunviolencearchive.org. The data points of interest were information about daily events, the location of the incident (street address, city, and state), and the number of individuals killed or injured. State population data and other demographic characteristics (age, sex, and race) were extracted from the US Census Bureau, Department of Commerce database (4). We compared the rate of GV between the first year of the pandemic (defined as March 1, 2020, through February 28, 2021) to the second year of the pandemic (March 1, 2021, through February 28, 2022), using the first year as the reference period.

To estimate the intensity ratio (IR) of GV comparing the second year to the first year of the pandemic, we applied a generalized linear mixed-effects model in the form of Poisson regression analysis with a logarithm link function for each state. For the overall US analysis, we applied a generalized linear mixed-effects model in the form of a Poisson regression analysis as described above with three additional features: a first-order autoregressive process to account for the correlation across the time intervals; random effect for the state; four covariates based on census data (each state's median age, Black-White ratio, Hispanic-White ratio, and male-female ratio).

Estimates of spatial distributions of GV during the second year of the pandemic vs. the first year was performed using spatial relative risk surfaces (5). Statistical significance level was set at p < 0.01 for spatial relative risk surface and p < 0.05 for all other analyses. All analyses were performed with the R statistical language (R Development Core Team 2020 Version 3.0.6) and SAS Version 9.4.



Results


Risk of gun violence during the second year of the COVID-19 pandemic

On a national level, the risk of GV in the second year of the pandemic was similar to the first year [intensity ratio (IR) = 0.996; 95% CI 0.98, 1.01; p = 0.53, Figure 1]. GV risk in the US was higher in March through May of 2021 compared to a similar timeframe in 2020 and then declined from June through December 2021. Nine (18%) states registered a significantly higher risk of GV during the second year of the pandemic compared to the same period in the first year (Figure 2). These states were Minnesota, Washington, Georgia, District of Columbia, Alabama, Wisconsin, New York, Texas, and Louisiana. States with a 20% higher risk of gun violence included Minnesota, Washington, and Georgia. In 10 (20%) states, the risk of GV during the second year of the pandemic was significantly lower compared to the same period in the first year: Montana, West Virginia, Missouri, Kansas, Utah, Massachusetts, Arkansas, Michigan, Indiana, and Florida. In the remaining 32 (62%) states, the risk of gun violence in the second year of the pandemic remained the same as of the first year.
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FIGURE 1
 Bimonthly intervals for GV intensity during the second year compared to the first year of the pandemic. Bimonthly interval-specific intensity ratio (IR) and their 95% confidence intervals of GV. The dashed blue line in the forest plots represents the null estimate. IR greater than one indicates higher intensity of GV during the first compared to the second year of the COVID-19 pandemic.
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FIGURE 2
 State-specific intensity of GV during the second year compared to the first year of the pandemic. State-specific intensity ratio (IR) and their 95% confidence intervals of GV. The dashed blue line in the forest plots represents the null estimate. IR greater than one indicates higher intensity of GV during the second year than in the first year of the pandemic.


We examined the spatial distribution of GV using the global positioning system coordinates of the events. There were hotspots of higher GV risk within some states (p < 0.01). These clusters are heterogeneous (Figure 3).


[image: Figure 3]
FIGURE 3
 Spatial relative risk of gun violence during the second year of the pandemic vs. the first year. Map shows the intensity (or risk) difference which was estimated by comparing the smoothed intensity of GV events during the second year of the pandemic (March 01, 2021, through February 28, 2022) vs. before the first year of the pandemic (March 1, 2020, through February 28, 2021) across 50 states and the District of Columbia. If the difference is ~0, the risk of GV is unrelated to spatial location. Evidence of spatial variation in risk occurs where the intensities differ. Difference values >0 indicate increased risk, and values < 0 indicate lower risk.





Discussion

The results of the present study suggest that GV in the second year of the pandemic increased in 18% of the states, remained the same in 62% of the states, and declined in 20% of the states. States with a 20% higher risk of GV included Minnesota, Washington, and Georgia. The observed increase was most pronounced in the first quarter of 2021.

Putting the results in perspective, over 50% of the states registered an increased rate of gun violence in the first year of the pandemic compared to the pre-pandemic period (1). In the previous study, it was postulated that the stay-at-home orders enacted in March 2020 affected ~96% of the population in the US in the first year of the pandemic and might have bred the ground for increased psychological distress (6), depression (7), increased rates of domestic violence (8), disruptions of social networks (9) and unemployment (10, 11), consequently increased the rates of the gun violence in the first year of the pandemic. However, it is likely that lifting these stay-home mandates in response to the availability of highly effective vaccines could have contributed to the plummeting and reduction of gun violence rates in most of the states (12). The observed increase in GV in some states could be driven by the long-term sequelae of acute SARS-CoV-2 infection, which include mental health disorders (13), although it's known that individuals with mental disorders are more likely to be the victims than perpetrators of GV. The results of the present analysis reinforce the need to promote multiple public health interventions to curb the high rates of GV in the United States. A recent study using a similar dataset found large-scale racial disparities in child exposure to neighborhood firearm violence which worsened during the pandemic (2). Therefore, equitable access to trauma-informed programs is critical to not only mitigate the burden of GV but to facilitate treatment and rehabilitation of the communities that are disproportionately affected.

Gun violence rates declined in 20% of the states. It's plausible actionable public health interventions and effective policies prompted the decline in these regions. Therefore, states that are still grappling with the public health crisis of GV could learn from those with success stories. One major limitation of the present study is the presence of uncertainties in the reported GV events. The gun violence archive is based on news stories and not an official catalog of firearm events. Therefore, biases in this archive may exist due to differences in how journalists cover firearm events. Nevertheless, this is the largest source of data on GV in the US.



Conclusions

GV risk in the US is heterogeneous and continues to be a public health crisis, with 18% of the states demonstrating significantly higher GV rates during the second year of the COVID-19 pandemic than 1 year prior.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.gunviolencearchive.org.



Author contributions

PS had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. PS and VMC: concept and design, critical revision of the manuscript for important intellectual content, and statistical analysis. AS, ESH, PS, and VMC: acquisition, analysis, or interpretation of data. PS drafting of the manuscript and supervision. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Ssentongo P, Fronterre C, Ssentongo AE, Advani S, Heilbrunn ES, Hazelton JP, et al. Gun violence incidence during the COVID-19 pandemic is higher than before the pandemic in the United States. Sci Rep. (2021) 11:1–8. doi: 10.1038/s41598-021-98813-z

 2. 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. doi: 10.1016/j.amepre.2022.02.007

 3. Gun Violence Archive. Mass Shootings. (2020). Available online at: https://www.gunviolencearchive.org/mass-shooting (accessed May 01, 2022). 

 4. Data. Gov. US Census Bureau, Department of Commerce (2019). Available online at: https://catalog.data.gov/dataset/tiger-line-shapefile-2017-nation-u-s-current-state-and-equivalent-national (accessed May 01, 2022). 

 5. Kelsall JE, Diggle PJ. Non-parametric estimation of spatial variation in relative risk. Stat Med. (1995) 14:2335–42. doi: 10.1002/sim.4780142106

 6. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological impact of quarantine and how to reduce it: rapid review of the evidence. Lancet. (2020) 395:912–20. doi: 10.1016/S0140-6736(20)30460-8

 7. Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence of depression symptoms in US adults before and during the COVID-19 pandemic. JAMA Netw Open. (2020) 3:e2019686. doi: 10.1001/jamanetworkopen.2020.19686

 8. Leslie E, Wilson R. Sheltering in place and domestic violence: evidence from calls for service during COVID-19. J Public Econ. (2020) 189:104241. doi: 10.1016/j.jpubeco.2020.104241

 9. Elmer T, Mepham K, Stadtfeld C. Students under lockdown: comparisons of students' social networks and mental health before and during the COVID-19 crisis in Switzerland. PLoS ONE. (2020) 15:e0236337. doi: 10.1371/journal.pone.0236337

 10. Kong E, Prinz D. The impact of shutdown policies on unemployment during a pandemic. Covid Econ. (2020) 17:24–72. 

 11. Galea S, Abdalla SM. COVID-19 pandemic, unemployment, and civil unrest: underlying deep racial and socioeconomic divides. JAMA. (2020) 324:227–8. doi: 10.1001/jama.2020.11132

 12. Ssentongo P, Ssentongo AE, Voleti N, Groff D, Sun A, Ba DM, et al. SARS-CoV-2 vaccine effectiveness against infection, symptomatic and severe COVID-19: a systematic review and meta-analysis. BMC Infect Dis. (2022) 22:1–12. doi: 10.1186/s12879-022-07418-y

 13. Groff D, Sun A, Ssentongo AE, Ba DM, Parsons N, Poudel GR, et al. Short-term and long-term rates of postacute sequelae of SARS-CoV-2 infection: a systematic review. JAMA Netw Open. (2021) 4:e2128568. doi: 10.1001/jamanetworkopen.2021.28568



OPS/images/fpubh-11-950475-g003.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gun violence in United States during the second year of the COVID-19 pandemic



		Introduction



		Methods



		Results



		Risk of gun violence during the second year of the COVID-19 pandemic







		Discussion



		Conclusions



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Gun violence in United States
during the second year of the
COVID-19 pandemic





OPS/images/fpubh-11-950475-g001.gif
Bimonthly interval

omoraca - esonazer
r—
rr———
P —
oz - svnaser
[rp—
soorzes - swocranzs
prrsp—
woecanz - woecaser
[ —
e p——






OPS/images/fpubh-11-950475-g002.gif
il

i

ot

T

States
H
i










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





