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Abstract

Background: Differences in social and environmental factors can contribute to disparities in
fatal injury rates. The purpose of this study was to examine the relationship between social and
environmental factors and unintentional fatal injury across counties in the United States and how
this relationship varies by geography.

Methods: County-level vital statistics on age-adjusted unintentional fatal injury rates for 2015-
2019 were linked with county-level data from the 2018 Social Vulnerability Index (SVI), a
dataset identifying socially vulnerable communities. We conducted linear regression to examine
the association between SVI and unintentional fatal injury, overall and by Census region/division.
We mapped county-level data for SVI and unintentional fatal injury rates in bivariate choropleth
maps using quartiles.

Results: SVI was positively associated with unintentional fatal injury ( = 18.29, p < 0.001)
across U.S. counties. The geographic distribution of SVI and unintentional fatal injury rates varied
spatially and substantially for U.S. counties, with counties in the South and West regions having
the greatest levels of SVI and rates of unintentional fatal injury.
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Conclusions: Our findings demonstrate that the social vulnerability of counties is associated
with unintentional fatal injury rates. Modification of the SVI for injury research could include
additional social determinants and exclude variables not applicable to injuries. A modified SVI
could inform unintentional injury prevention strategies by prioritizing efforts in areas with high
levels of social vulnerability.

Practical Applications: This study is the first step in combining the SVI and injury mortality
data to provide researchers with an index to investigate upstream factors related to injury.
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1. Background

Unintentional injury (e.g., motor vehicle crashes, drownings, falls) is the leading cause of
death for children and adults between one and 45 years of age in the United States (U.S.)
(CDC, 2021). Identifying the social and environmental risk factors for fatal injury may be
critical in decreasing the public health burden of these injuries.

Risk factors for unintentional fatal injuries differ by injury type and mechanism,
sociodemographic characteristics, and geographic location (Burns & Kakara, 2018;
Clemens, 2021; Henning-Smith & Kozhimannil, 2018). Many injuries disproportionately
affect subgroups of the U.S. population. For instance, American Indian/Alaska Native
persons have an unintentional injury mortality rate that is 2.4 times higher than that of
White non-Hispanic persons for years 2005-2009 (Murphy et al., 2014). Additionally,
unintentional injury death rates differ across the U.S., with generally higher rates in the
Southeast and lower rates in Northeast, illustrating the role of geography in influencing
injury risk (Ballesteros et al., 2018).

Research indicates social and environmental factors are strong contributors to unintentional
injury risk (Mercy et al., 2008). Differences in social and environmental factors, such

as housing conditions and socioeconomic status, can contribute to disparities in injury
(Roberts & Meddings, 2010). Identifying social and environmental determinants can provide
researchers and public health professionals with a better understanding of upstream factors
influencing injury outcomes to address health inequities in injuries. Injury prevention
programs can focus on individual-level factors impacting injury risk and community-level
prevention strategies. Focusing on community-level factors can improve our knowledge of
underlying and upstream causes and possible shared risk and protective factors for injury
and may improve community-level public health prevention efforts.

The purpose of our ecological study was to address the broad category of unintentional

fatal injury rates, recognizing there are significant similarities and differences among risk
factors, as a first step to assessing the influence of social vulnerability on injuries. Using

the Centers for Disease Control and Prevention’s (CDC) 2018 Social Vulnerability Index
(SVI1),1 we examined the relationship between unintentional fatal injury outcomes and social
vulnerability (i.e., demographic and socioeconomic factors that contribute to risk for being
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adversely affected by community-level stressors that cause disease and injury) and assessed
this relationship by geography. Based on a literature review, we hypothesized higher levels
of social vulnerability are associated with higher unintentional injury death rates, and the
strength of these associations varies by region.

2. Methods

2.1. Measures

County-level data on age-adjusted unintentional fatal injury rates for 2015-2019 were
obtained from the National Vital Statistics System through a data use agreement from the
National Center for Health Statistics (NCHS).2

Fatal injury was defined based on the underlying cause of death, following definitions
established in the NCHS injury intent by injury mechanism matrix applicable to the
International Classification for Diseases 10th edition (ICD-10) (World Health Organization,
2004). Unintentional fatal injury was defined by ICD-10 codes V01-X59 and Y85-Y86

(e.g., falls, motor vehicle traffic crashes, poisonings, drownings). All rates were age-adjusted
using the direct method (Clayton & Hills, 1993) and the year 2000 U.S. standard population.

County-level data on social vulnerability were obtained from the CDC’s 2018 SV/1, a
publicly available dataset that identifies the most socially vulnerable communities in the
U.S. based on social determinants of health (Flanagan et al., 2011). The SVI ranks all
U.S. counties and census tracts on a scale of 0 to 1 regarding social vulnerability, with 1
representing the highest level of social vulnerability and ranked within the U.S. (Flanagan
et al., 2018). The SVI was originally developed to assist communities with preparing for
and responding to public health emergencies (Flanagan et al., 2011, 2018) and continues
to be applied for such purposes, such as the COVID-19 pandemic (Amram et al., 2020;
Hughes et al., 2021; Karaye & Horney, 2020; Nayak et al., 2020). Recently, researchers have
applied the SVI1 to various health outcomes (An & Xiang, 2015a; Gay et al., 2016; Yee et
al., 2019), but there are few applications of injury-related outcomes (Morgan et al., 2020).
For the analysis, we included data for overall SVI, the four SVI domains,3 and the 15 SVI
indicators.

Census geographic regions and divisions (United States Census Bureau, 2018) were defined
by the four U.S. Census regions (Northeast, Midwest, South, and West) and the nine

U.S. Census divisions (New England, Middle Atlantic, East North Central, West North
Central, South Atlantic, East South Central, West South Central, Mountain, and Pacific) in

1https://www.atsdr.cdc.gov/placeandhealth/svi/index.html.

https://www.cdc.gov/nchs/products/index.htm.

Domain 1: Socioeconomic Status (indicators: percentage of persons living below the poverty line, percentage of civilians aged
16 years and older who are unemployed, per capita income, percentage of persons aged 25 years and older with no high school
diploma)Domain 2: Household Composition and Disability (indicators: percentage of persons aged 65 years and older, percentage
of persons aged 17 years and younger, percentage of the civilian noninstitutionalized population with a disability, percentage of
single-parent households with children under 18 years)Domain 3: Minority Status and Language (indicators: percentage of racial/
ethnic minority persons (all persons except non-Hispanic White persons), percentage of persons aged five years and older who speak
English “less than well”)Domain 4: Housing Type and Transportation (indicators: percentage of multi-unit housing or housing in
structures with 10 or more units, percentage of mobile homes, percentage of crowded housing or households with more people than
rooms, percentage of households with no vehicle available, percentage of persons living in group quarters).
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accordance with the U.S. Census Bureau, respectively. Due to the nature of this study, it was
not appropriate or possible to involve patients or the public in the design, conduct, reporting,
or dissemination plans of this study.

2.2. Data analysis

Descriptive statistics were calculated to obtain mean age-adjusted rates and 95% confidence
intervals for unintentional fatal injury rates by SVI metrics (overall SVI, the four SVI
domains, and the 15 SVI indicators). SV scores for each metric were categorized

into quartiles as follows: low (0.0-0.2500), mid-low (0.2501-0.5000), mid-high (0.5001-
0.7500), and high (0.7501-1.0) social vulnerability, based on previous studies (An & Xiang,
2015b; Dasgupta et al., 2020; Yee et al., 2019).

To examine the relationship between SVI and unintentional fatal injury rates, we conducted
linear regression models with SVI coded as a continuous variable on the 0-1 scale. We
evaluated scatterplots and linear fit tests to confirm linear regression was appropriate.

Our analysis was stratified by Census region and division. Pearson’s bivariate correlation
analysis was performed between each SVI domain to ensure no strong correlation

occurred between domains. A sensitivity analysis was performed using a negative binomial
regression.

To visualize the relationship between SVI and unintentional injury, we mapped county-level
data for overall SVI and unintentional fatal injury rates in a bivariate choropleth map using
quartile classification.# All statistical analyses were conducted in STATA 16.0 MP-Parallel
Edition, and all mapping was conducted using ArcMap version 10.8 (Esri, Redlands, CA).

3. Results

3.1. Descriptive analysis

Of the 3,142 total U.S. counties, we analyzed 3,141 counties based on available data.

One county was missing data for SVI due to data collection errors reported by the U.S.
Census Bureau that prohibited the inclusion of income and poverty data. All other data were
accounted for in the model estimates and quartile derivation. However, only counties that
met NCHS data suppression rules® were included in the figures, so ultimately 2,983 (94.9%)
counties were included in the mapping.

Counties with higher overall SVI had higher mean age-adjusted rates for unintentional

fatal injury (Table 1). The Socioeconomic Status domain and Household Composition and
Disability domain had similar patterns with unintentional fatal injury, with increasing injury
rates as social vulnerability in these domains increased (Socioeconomic Status domain:
49.25 per 100,000 population for the low SVI quartile vs. 68.45 per 100,000 population for
the high SVI quartile; Household Composition and Disability domain: 48.74 per 100,000
population for the low SVI quartile vs. 66.06 per 100,000 population for the high SVI

4Unintentional injury rates (per 100,000 population) were categorized into quartiles: quartile 1 (0-45.3); quartile 2 (45.3-56.2);
quartile 3 (56.2-68.3); quartile 4 (68.3-200.7). SV scores were categorized into quartiles: Low (0-0.2500); Mid-low (0.2501—
0.5000); Mid-high (0.5001-0.7500); High (0.7501-1.0).

Fatal injury counts <10 were suppressed.
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quartile). Counties with low SVI had higher overall unintentional rates (62.04 per 100,000
population) in the Minority Status and Language domain than counties with high SVI (54.98
per 100,000 population). Unintentional injury rates in the Housing Type and Transportation
domain were similar across SVI levels (55.72 per 100,000 population for the low SVI
quartile vs. 59.73 per 100,000 population for the high SVI quartile). There was variation
among the 15 SVI indicators, with most indicators following the same pattern as the overall
domain. For example, within the Socioeconomic Status domain, for the Below Poverty Line
indicator, unintentional fatal injury rates increased as social vulnerability in this indicator
increased.

3.2. Associations between social vulnerability and unintentional fatal injury

In the linear regression analyses, social vulnerability was associated with unintentional fatal
injury rates (Table 2). Overall SVI was positively associated with unintentional fatal injury
rates across 3,141 U.S. counties (p = 18.29, SE = 1.22, p < 0.001); therefore for each
quartile increase in overall SVI, there was an additional 4.57 unintentional fatal injuries per
100,000 population.

Among the four SVI domains, the Socioeconomic Status domain (B = 24.96, SE =1.74,p <
0.001) and Household Composition and Disability domain (p = 7.83, SE = 1.51, p < 0.001)
were positively associated with unintentional fatal injury rates. The Minority and Language
Status domain (B = —13.28, SE = 1.27, p < 0.001) and Housing Type and Transportation
domain (p = -3.70, SE = 1.47, p < 0.05) were negatively associated with unintentional fatal
injury rates.

The results of the negative binomial regression were consistent with the main specification.
Due to the scatterplot showing a linear relationship, the linear regression results were
presented.

3.3. Geographic distribution

In linear regression analyses, social vulnerability was also associated with unintentional fatal
injury rates by Census region/division (Table 3). The strongest association occurred in the
Midwest (p = 28.17, SE = 2.47, p < 0.001) and West (p = 24.38, SE = 3.96, p < 0.001)
regions. Specifically, the Pacific (p = 33.38, SE = 8.74, p < 0.001), West North Central (b
=31.61, SE = 3.51, p < 0.001), and Mountain (p = 26.54, SE = 4.19, p < 0.001) divisions
had the strongest associations between unintentional fatal injury and social vulnerability.

No association between unintentional fatal injury and social vulnerability was found in the
Northeast region or its respective divisions as well as in the East South Central and West
South Central divisions in the South.

The geographic distribution between overall SVI and unintentional fatal injury rates varies
by U.S. county (Fig. 1). The blue shades indicate counties with higher levels of overall
social vulnerability, and the gold shades indicate counties with higher rates of unintentional
fatal injury, with the black shade indicating counties with both high levels of overall

social vulnerability and unintentional fatal injury rates. Approximately 9.1% (271/2,983)
of counties with complete data had both high levels of overall social vulnerability and
unintentional fatal injury rates, with most of these counties located in the southern
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and western states of New Mexico (39.4%; 13/33 counties), Oklahoma (33.8%; 26/77),
Kentucky (28.3%; 34/120), Mississippi (28.0%; 23/82), Louisiana (17.2%; 11/64), North
Carolina (17.0%; 17/100), and Georgia (10.7%; 17/159).

4. Discussion

Our findings demonstrate that SVI is associated with unintentional fatal injury rates.

Our ecological study shows a significant positive association between county-level social
vulnerability and unintentional fatal injury rates illustrating the critical role social and
environmental factors may play in impacting the public health burden of injuries. This study
provides the first step in combining the SVI and injury mortality data to provide researchers
with a promising index to investigate social and environmental factors related to injury.

By utilizing indexes, such as the SVI, researchers and injury prevention professionals are
provided with information to help identify communities that may need to target specific
social and environmental factors to prevent fatal injuries.

Overall SVI, the Socioeconomic Status domain, and the Household Composition and
Disability domain had significant positive associations with unintentional fatal injury. Our
findings are aligned with previous literature that identified poverty as a risk factor for
unintentional fatal injury (Karb et al., 2016) and disability as a risk factor for unintentional
injury in children (Shi et al., 2015), illustrating the important influence these factors

can have on unintentional injury outcomes. Reducing poverty (Karb et al., 2016) and
implementing multidisciplinary injury prevention strategies for people with disabilities
(Xiang et al., 2014) may help reduce disparities in unintentional injury for these groups.

The Minority Status and Language domain and Housing Type and Transportation domain
had negative associations with unintentional fatal injury rates. A study on firearm injuries
and SVI found similar results, though not significant, for the Limited English variable (Van
Dyke et al., 2022). Additionally, previous literature suggests injury risk is lower among
children of immigrant parents than children of U.S.-born parents which, may be explained
by assistance with parenting and differences in cultural factors (Schwebel et al., 2005). Our
findings may also be driven by the way racial/ethnic minority is defined in the SVI1 for this
domain. The racial/ethnic minority indicator is defined as the percentage of all racial and
ethnic minority individuals in a county, or all persons who are not non-Hispanic White in a
county. Grouping all persons who are not non-Hispanic White together in a single indicator
may mask any variation by racial/ethnic minority group. The inability to compare between
different racial/ethnic minority groups using the racial/ethnic minority SVI indicator may
be contributing to the unexpected negative association given the literature demonstrates
that there are differences in unintentional fatal injury by race/ethnicity (Clemens, 2021;
Daugherty et al., 2019). Because the SVI combines all racial/ethnic minority groups
together, relationships between injuries and specific minority groups may not be identified.
Further, the use of the large categories of unintentional fatal injuries reduces the opportunity
to identify indicators that function differently by specific injury intent and mechanism, such
as the racial/ethnic differences for falls and drowning. Additionally, multi-unit housing is
more likely to be located in urban areas (Fletcher et al., 2021), while unintentional injury is
higher in non-urban areas (Olaisen et al., 2019), which could explain the inverse relationship
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found in this study. Due to the variation in associations across themes, future research should
further investigate these relationships by SVI themes and individual variables.

We found substantial spatial variation in the geographic distribution of overall social
vulnerability and unintentional injury rates for U.S. counties. Notably, counties in the South
and West regions of the United States had the greatest levels of social vulnerability and
greatest rates of unintentional fatal injury, which aligns with previous research that found
the Southeast had the highest rates of unintentional fatal injury (Ballesteros et al., 2018;
Kegler et al., 2021). However, the reasons for higher unintentional injury death rates in these
areas are not fully understood but could be related to complex social factors, such as the
concentration of rural communities in the South and limited access to preventive services

in certain geographic areas (Baker et al., 1992). Such counties may consider tailored injury
prevention interventions to address social and structural conditions that disproportionately
disadvantage communities in these counties.

Future studies could examine the social conditions contributing to counties with the highest
levels of social vulnerability and rates of unintentional fatal injury to better tailor injury
prevention strategies for these communities. More research could focus on identifying risk
and protective factors by specific fatal injury mechanisms since the unintentional fatal injury
types examined in our study included numerous injury types with different risk factors,

such as falls, poisoning, motor vehicle crashes, and drowning. In addition, these data only
represent those who died by injuries; it is possible that the injury incidence may be higher

in lower SVI counties, but due to differences in injury-related characteristics (e.g., the ability
to receive timely trauma/emergency care or differences in injury mechanism) based on SVI
level, the effects of SVI on injury mortality may differ from its effect on injury incidence.
Future studies may investigate the association between social vulnerability and intentional
injury. The field of injury prevention may benefit from the development of a vulnerability
index specific to injury since the SVI was developed for use in emergency management and
public health preparedness (Burse et al., 2020; Flanagan et al., 2011). This study may inform
future work for unintentional fatal injury prevention that could modify the SVI to include
additional social determinants of unintentional injuries and exclude variables that are not
applicable to unintentional injuries.

5. Limitations

Our findings are subject to several limitations. First, given the ecological nature of this
study, counties were represented by one SVI score and one unintentional fatal injury

rate. Nevertheless, counties are diverse, containing different communities with varying
sociodemographic characteristics living within one county. The results cannot identify the
differences at the community level and within counties; conclusions are limited to county
level. Since each county was treated the same regardless of population size, with each
quartile having an equal number of counties, the results may not accurately represent

the population being studied. The counties were not weighted in the statistical modeling;
therefore, each county regardless of population size were treated equally. Second, this
analysis uses the broad category of unintentional fatal injury. Based on previous literature,
sociodemographic factors have varying associations with different types of unintentional
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injury within this broad category, and these associations may be masked due to analyzing
different types of unintentional injury collectively. Additionally, while all data were used
for model estimates and quartile derivations, suppressed data were not shown in the figure.
Approximately 5.1% (159/3,142) of counties with data on unintentional fatal injury were
suppressed according to NCHS suppression rules, limiting the interpretation of our map.
In addition, we included the most recent SV data available from 2018. These data may
not account for current trends in social vulnerability, thus we only included unintentional
fatal injury data up until 2019 to align with the SVI data. Finally, fatal injury rates were
determined based on county of residence and may not reflect the county or SVI score of
where the injury occurred.

6. Conclusion

These findings demonstrate that the social vulnerability of counties is associated with
unintentional fatal injury rates illustrating the critical role social and environmental factors
may play in impacting the public health burden of injuries. Modification of the SVI for
unintentional injury research could include additional social determinants of injuries and
exclude variables that are not applicable to unintentional injuries. A modified SVI could
inform unintentional injury prevention strategies by prioritizing efforts in areas with high
levels of social vulnerability.

7. Practical Applications
This study is the first step in combining the SVI and injury mortality data to provide
researchers with a promising index to investigate upstream factors related to injury.
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Appendix A.
Scatterplot of linearity for fatal unintentional injury rates by overall social vulnerability

index

Appendix B.

Negative binomial regression Models: Association between social vulnerability index (SVI)
metrics? and age-adjusted unintentional fatal injury rates? (per 100,000 population)®- United
States

SVI metric IRR SE 95% ClI

Overall SVI 1377 028 (132, 1.43)

Domain 1 Socioeconomic Status 152%  0.04 (1.43, 1.60)

Domain 2 Household Composition and Disability 116" 0.03 (1.11,1.22)

Domain 3 Minority Status and Language 080" 0.02 (0.77,0.84)

Domain 4 Housing Type and Transportation 093 0.02 (0.89,0.98)
*p <0.001.

Notes: IRR: incidence rate ratio; Cl: confidence intervals; SE: standard error.

a . ) . .
Overall SVI and the four SVI domains were defined and calculated by Centers for Disease Control and Prevention/Agency
for Toxic Substances and Disease Registry.

bAge—adjusted rates per 100,000 population were calculated using the direct method and the 2000 U.S. standard population.
cData for SVI from 2018; Data for fatal injury from 2015-2019.
Appendix C.

Negative binomial regression Models: Association between social vulnerability index (SVI)4
and age-adjusted unintentional fatal injury rates? (per 100,000 population) by Census region®
and division?e- United States

Counties Unintentional fatal injury

Censusregion and division n (%) IRR SE 95% ClI

Northeast 217 (6.9) -0.08 010 (-0.27,0.11)
Division 1: New England 67 (2.1) 023 0.12 (-0.00, 0.46)
Division 2: Middle Atlantic 150 (4.8) -0.08 0.13 (-0.35,0.18)

Midwest 1055(33.6) 048" 004 (040, 0.56)

Division 3: East North Central ~ 437 (13.9) 038" 0.6 (0.27, 0.49)
Division 4: West North Central 618 (19.7) 053" 0.06 (0.41, 0.65)
South 1422 (453) 018" 003 (011, 0.24)
Division 5: South Atlantic 588 (18.7) 026" 0.04 (0.17, 0.34)
Division 6: East South Central 364 (11.6) 011 0.06 (-0.01,0.23)

Division 7: West South Central 470 (14.9) 0.08 0.07 (-0.06,0.22)

*

West 447 (14.2) 039 006 (0.27,051)
Division 8: Mountain 280 (8.9) 041° 0.06 (0.28, 0.54)
Division 9: Pacific 167 (5.3) 059% 0.3 (0.33, 0.84)

*
p <0.001.

Notes: IRR: incidence rate ratio; Cl: confidence intervals; SE: standard error.

a ] . . .
Overall SVI was defined and calculated by Centers for Disease Control and Prevention/Agency for Toxic Substances and
Disease Registry.
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bAge—adjusted rates per 100,000 population were calculated using the direct method and the 2000 U.S. standard population.

DU.S. Census Bureau defines geographic Census regions as follows: Northeast—CT, ME, MA, NH, NJ, NY, PA, RI, VT;
Midwest—IL, IN, 1A, KS, MI, MN, MO, NE, ND, OH, SD, WI; South—AL, AR, DE, DC, FL, GA, KY, LA, MD, MS,
NC, OK, SC, TN, TX, VA, WV, West— AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY.

dU.S. Census Bureau defines geographic Census divisions as follows: New England—ME, NH, VT, MA, RI; Middle
Atlantic—NY, PA, CT, NJ; East North Central—WI, IL, MI, IN, OH; West North Central—ND, SD, NE, KS, MN, IA,
MO; South Atlantic—DE, MD, DC, WV, VA, NC, SC, GA, FL; East South Central—KY, TN, MS, AL; West South
Central—TX, OK, AR, LA; Mountain—MT, ID, WY, NV, UT, AZ, CO, NM; Pacific—WA, OR, CA, AK, HI.

eData for SVI from 2018; Data for fatal injury from 2015-2019.
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Unintentional Fatal
Injury rates

Low ———— High

Low ————— High

Social Vulnerability Index

Suppressed data

Fig. 1.
Bivariate geographic distribution of unintentional fatal injury rates? (per 100,000

population) and the 2018 CDC/ATSDR Social Vulnerability Index (SVI)°°— United States.
@Unintentional injury rates (per 100,000 population) were categorized into quartiles: quartile
1 (0-45.3); quartile 2 (45.3-56.2); quartile 3 (56.2—68.3); quartile 4 (68.3-200.7). PSVI
scores were categorized into quartiles: Low (0-0.2500); Mid-low (0.2501-0.5000); Mid-
high (0.5001-0.7500); High (0.7501-1.0).cData for SV from 2018; Data for fatal injury
from 2015-2019.
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Table 2

Association between Social Vulnerability Index (SVI) metrics? and age-adjusted unintentional fatal injury
rates? (per 100,000 population)- United States.

SVI metric B SE  95% ClI
Overall SVI 18.297* 122 (15.89, 20.69)
Domain 1 Socioeconomic Status 24.96%* 174  (21.55,28.37)

Domain 2 Household Composition and Disability 783 151 (4.88,10.79)

Domain 3 Minority Status and Language 1308 127 (-15.77,-10.79)
Domain 4 Housing Type and Transportation _370% 147 (-6.59, -0.82)
*
p < 0.05;
A
p <0.001.

Notes: Cl: confidence intervals; SE: standard error.

a . ] . . .
Overall SVI and the four SVI domains were defined and calculated by Centers for Disease Control and Prevention/Agency for Toxic Substances
and Disease Registry.

bAge-adjusted rates per 100,000 population were calculated using the direct method and the 2000 U.S. standard population.

cData for SVI from 2018; Data for fatal injury from 2015 to 2019.
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