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Abstract

Objectives—Death from injury is frequently preventable, but injury remains a leading cause of
death in the USA. While evidence-based strategies exist to prevent many types of injuries,
effective policies for implementing these strategies at the population level are needed to reduce
injury deaths. We identified promising injury prevention policies and evaluated their association
with injury death rate (IDR).

Methods—We identified 11 injury prevention policies and accessed data on 2013 state and
county IDRs. States were divided into strong, moderate and weak tertiles based on total number of
policies in place. Adjusted regression modelling compared the strength of state prevention policies
with IDRs at the state level and then at the county level to account for variability within states.

Results—The strength of state prevention policies (tertile) was not significantly associated with
IDR in US states. However, counties in strong policy states had a 11.8-point lower IDR compared
with those in weak policy states (p=0.001).

Conclusions—States with more injury prevention policies in place have lower rates of death
from injury, particularly when evaluated at the county level. Implementing recommended
prevention policies holds potential to prevent injury death in the USA.

BACKGROUND

Whether they stem from incident or violence, most injuries are predictable and preventable,
and preventing injuries and promoting safety is a core goal of public health. Scientific
evidence supports many injury prevention strategies (eg, helmets for cyclists), but the
government policies that aim to apply these strategies (ie, laws requiring cyclists to wear
helmets) may or may not bring the full benefit of the initial strategy to the whole population.
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In some cases, these laws may have unintended consequences that reverse the desired effect.
Clear evidence that injury prevention policies work is rare, and this lack is a key barrier to
wide adoption of these policies.> We aimed to clarify the relationship between promising
injury prevention policies and death from injury at the population level in the setting of real-
world implementation and enforcement.

While it would be impossible to measure the myriad injury prevention policies that states
could implement, we assessed a sample of policies covering important areas of injury
prevention. We evaluated 10 state injury prevention policies highlighted by the Trust for
America’s Health in consultation with injury prevention experts in the areas of traffic safety,
youth safety, intimate partner violence (IPV) and injury data collection.! Because gun deaths
make up a large proportion of violent injury deaths in the USA, and because gun regulations
vary widely among states, we incorporated a summary measure of 25 gun regulations
published annually by The Law Center to Prevent Gun Violence, a national organisation that
tracks gun laws in every state.?

In addition to covering important areas of injury prevention, we chose to evaluate these
policies for three reasons. These policies are promising, but as yet unproven, and are
therefore ripe for evaluation. They have proven feasibility, as at least some states have
implemented each policy. Lastly, these policies exhibit substantial variability between states,
allowing us to make meaningful comparisons. Because each policy has focused aims
targeting specific populations, the impact of each policy on the overall injury death rate
(IDR) may be so small as to be undetectable. We, therefore, also evaluated a cumulative
policy measure derived by summing the policies together.

This paper presents an investigation into 11 state injury prevention policies and IDRs in the
USA. Although we expect state policies to have an overall impact on their populations, all
states are relatively large and demographically heterogeneous, which may make real
differences difficult to discern. Comparing county-level IDRs across states allowed us to
assess the impact of state policies on counties with similar demographic and environmental
risk factors.

METHODS

Setting, population and study design

We conducted a cross-sectional, ecologic study of injury death in the 50 states of the USA
and their county subdivisions. The primary outcomes were state and county IDRs in 2013,
and the primary predictors of interest were state injury prevention policies in place in 2013.

Sociodemographic factors that differ among states and counties may affect individuals’ risk
of injury and injury death and also a state’s likelihood of adopting injury prevention policies.
We, therefore, attempted to balance the effects of sociodemographic variables by including
them as confounders in our multivariable regression model. State demographics were
included as covariates in the state-level analysis, and county demographics were included in
the county-level analysis. Drawing on Haddon’s Injury Matrix,3 we expect the injury
prevention policies to act in the pre-event phase on the host (by disincentivising risky
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behaviour) and on the agent (eg, by making cars and bicycles safer). We also expect some
policies to act in the event phase, reducing injuries from a motorcycle crash or a sports
concussion.

Sources of injury and demographic data

We collected IDRs for 2013 from the CDC, the agency responsible for monitoring disease
and injury in the USA.# In accordance with CDC policy, counties reporting <10 injury
deaths were excluded from analysis.* We collected state-level and county-level
demographics and health factors from the US Census Bureau, the agency which surveys the
entire population every decade and subsets of the population annually,® and the 2013 Robert
Wood Johnson Foundation County Health Rankings, which compile state-level and county-
level data on health outcomes, behaviours, clinical care and social and economic factors.
We used the most recent data available prior to 2013, including 2010 census measures when
no more recent data were available. We incorporated US Department of Agriculture 2013
rural-urban continuum codes to account for gradations of rurality among counties.” This
study was deemed exempt from review by the University of Pennsylvania Institutional
Review Board.

Injury prevention policies

We evaluated 10 injury prevention policies highlighted by the Trust for America’s Health in
consultation with injury prevention experts, and a summary measure of 25 gun regulations
published annually by the Law Center to Prevent Gun Violence.? Taken together, these
policies cover important areas of injury prevention; are promising but unproven; are feasible
for states to implement and exhibit variability across states. The policies we studied are as
follows.

Primary seat belt enforcement

Seat belt use is required in every US state except New Hampshire, and seat belts save 12
000 lives each year in the USA.8 With primary enforcement laws, police may stop and ticket
drivers for seat belt violations alone. In Florida, seat belt use increased 7% after the switch
to primary enforcement.?

Ignition interlock requirement for drunk driving

Alcohol-impaired drivers are involved in 11 000 deaths each year in the USA.110 |gnition
interlock devices reduce drunk driving recidivism by at least 66%,1112 but the impact on
injury and death is unknown.13

Motorcycle helmet requirement

Per mile travelled, motorcyclists are at 26 times more likely to die in a crash than car
occupants,14 and motorcycle helmets reduce this risk by 37%.15 Motorcycle fatalities are
11% lower in the 19 states with helmet laws, but many states repealed their requirements
after federal penalties were lifted in 1976 and 1995.1°
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Booster seat requirement for children under age 8

MVCs are the leading cause of death for children aged 4-8, and booster seats reduce risk of
serious injury by 45%.16 One study found that states with booster seat laws had a 25% fewer
fatalities in the target age group.1’

Bicycle helmet requirement for children

Helmets reduce head injuries by 88% for bicyclists.1® Helmet laws are effective in
encouraging helmet use and reducing head injury among children.1®

Access to orders of protection for IPV in dating relationships

IPV affects one in three women and one in four men in the USA and causes more than 2000
deaths annually. Court protective orders can decrease violence by up to 60%,20 but are not
always available to unmarried people.

Access to orders of protection for teen dating violence

IPV also affects about one in four youth as well, but access to orders of protection is often
restricted for teenagers. Comprehensive access is available in only a few states, according to
a scoring system that incorporates several facets of access.?!

Strict youth sports concussion laws

Repeated head injury poses the greatest risk of severe injury or death after concussion, and
policies aimed at preventing youth from playing risky sports after a concussion are growing
in the USA. Strict policies require education for youth and parents, removing injured
athletes from play and clearance from a health professional before an athlete returns to play.
1 These laws are associated with increased healthcare usage, but the effect on injuries is
unclear.?2

Prescription drug monitoring programmes

Prescription drug abuse has increased over the last two decades, leading to 15 000 overdose
deaths per year in the USA.23 To limit the overuse of prescription drugs, many states have
implemented monitoring programmes that require clinicians to check a registry for each
patient before prescribing a controlled substance, but evidence to support these policies is
mixed.2*

External cause-of-injury coding

Effective injury prevention requires an understanding of the incidence and outcomes of
injuries. Clinicians can record this information using external cause-of-injury codes (E-
codes), but this crucial information is often incomplete, with only 23 states meeting the goal
of 90% reporting of E-codes.125

Gun regulations

States were considered to have strict gun laws if they received a grade of B- or better from
the Law Center to Prevent Gun Violence. This summary measure incorporates 25 separate
policies that regulate purchase, storage and carrying of guns.2 While there is evidence that
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certain policies can restrict access to guns,2® literature relating these laws to gun injuries
remains limited.2’

Statistical analysis

We estimated the impact of individual injury policies on IDR at the state and county level.
Given that each policy has the potential to prevent deaths in a narrow population or caused
by a particular mechanism, the impact of each policy on the overall IDR might be so small
as to be unappreciable, we therefore summed the total number of policies at the state level to
estimate their summed impact. We assessed the association of policy total with IDR. The
number of policies was totalled for each state, and states were divided into tertiles of policy
total, as shown in figure 1. We analysed data at the county level as well as the state level in
order to better adjust for the diversity of risk factors distributed unevenly among counties.

The relationship between policy tertiles and IDRs was first estimated using ordinary least
squares regression at the state level. We used a random effects model to perform the county-
level analysis, with state policy tertile as the primary predictor and county sociodemographic
variables as covariates. The random effects model allowed us to incorporate state
characteristics (the policies and tertiles) along with county characteristics. Because county
observations within the same state are not independent, we adjusted the SEs by the 50 state
clusters.?8 To confirm the analysis, data were examined using generalised estimating
equations with robust SEs and with generalised linear mixed models, yielding nearly
identical results. Because most of the policies evaluated here related to unintentional injury,
we conducted a sensitivity analysis limiting the outcome to unintentional injury to check the
robustness of our analysis. We used Stata for all analyses (Stata 2013).

RESULTS

The IDR for the USA was 62 per 100 000 people in 2013. State-wide IDRs ranged from 44
to 101 per 100 000. Among counties, the range was 24-351. The range of IDRs among
counties within a single state varied from 2 to 299 per 100 000. States were divided into
tertiles of policy total. States in the weak policy tertile had a mean of four policies,
compared with six in moderate policy states and eight in strong policy states (table 1).

State-level analysis

State-level adjusted and unadjusted IDRs are summarised in table 2. In unadjusted analysis,
each additional point of policy total (ie, each additional policy) was associated with a 3.1-
point lower IDR on average (95% CI —4.6 to —1.6; p<0.001). After adjusting for state
demographics, each additional policy was associated with a 0.9-point lower IDR (95% CI
-2.510 0.8; p=0.279) In unadjusted analysis, the IDR was 57 per 100 000 population in
strong policy states, 72 in moderate policy states and 73 in weak policy states (p=0.0001).
After adjusting for state-level demographics, moderate policy states had a 0.8-point lower
IDR and strong policy states had a 4.0-point lower IDR compared with weak policy states,
but this difference was not statistically significant. The four policies with a statistically
significant association with IDRs in unadjusted analysis were the booster seat requirement,
strict youth concussion law, the data reporting metric and strict gun regulations. No policy
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was associated with a statistically significant difference in IDR after adjustment nor was any
demographic factor.

County-level analysis

Counties reporting <10 injury deaths for the year were excluded from analysis as required
by the CDC.* These 815 counties are home to 1.9% of the US population, leaving 2325
counties for analysis. Adjusting for state clustering but not for county-level risk factors, each
additional policy was associated with a 3.9-point lower IDR (95% CI -5.8 to —2.0;
p<0.001). Counties in moderate policy states had a 1.2-point lower IDR and counties in
strong policy states had a 19.3-point lower IDR on average than low policy states (p=0.810
and p<0.001, respectively; table 3). After adjusting for county-level demographics and
prevalence of alcohol use, each additional policy was associated with a 2.6-point lower in
IDR (95% CI —4.5 to —0.7; p=0.008), and counties in moderate policy states had a 0.5-point
lower IDR and counties in strong policy states had an 11.8-point lower IDR on average than
low policy states (p=0.936 and 0.001, respectively). Although we hypothesised that high-
risk counties, including low income and rural counties, would benefit disproportionately, no
significant interaction was found between county income or rurality and policy tertile.

The results of a sensitivity analysis limiting the outcome to unintentional injury were very
similar at the state and county levels to those reported here, and are excluded for brevity. An
additional 288 counties were excluded from this analysis due to unintentional injury counts
of <10. A sensitivity analysis excluding policies with low variation: the youth concussion
policy, the teen dating policy and the prescription drug monitoring programme policy
yielded similar results.

DISCUSSION

States with a greater policy presence regarding injury prevention had lower rates of death
from injury. The results of the state-level analysis were small and did not achieve statistical
significance. The county-level analysis allowed for more nuance, enabling a more precise
adjustment and comparison, and revealed larger, statistically significant effects. When we
examined county-level IDRs and adjusted for county-level risk factors, we found that
counties located in strong policy states had lower rates of death from injury than counties in
moderate or weak policy states.

While many injury prevention strategies are based on scientific evidence, from wearing a
seat belt while driving to staying out of the game after a sports concussion, the policies that
states can use to attempt to apply these strategies to their populations are themselves largely
unproven. Well-intentioned policies may have minimal or even adverse consequences
depending on dissemination, enforcement and unintended consequences.29

Our results represent the real-world implementation of these policies, not the ideal or
maximum effect of the injury prevention strategies that the policies promote. Likewise,
these results represent the association of these policies with the most severe outcome, injury
death and not the more common outcome of nonfatal injuries or the total impact on the
population. Given that each policy addresses only one aspect of injury prevention and often
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has a narrow target population, we might expect that the impact of any individual policy
would be obscured at the level of the overall IDR. We, therefore, summed the policies
together to assess their cumulative impact. While we cannot recommend that states adopt
any one of these policies over another, therefore, we believe our findings support both this
suite of policies and states’ continuing efforts to use policy mechanisms to reduce death
from injury.

We recognise several limitations in our approach. We cannot establish a causal relationship
between policy implementation and reduction in deaths. It is possible that the policies we
studied are a proxy for other state policies or that represent a picture of a state safety culture,
which is at the root of both policy implementation and lower IDRs. We cannot ensure
against reverse causality, as in some cases, states may have enacted policies in response to
particular local challenges. This dynamic may explain the positive association seen between
prescription drug monitoring programmes and IDR. We evaluated a set of policies
recommended by an assembly of experts drawing on scientific evidence in important areas
of injury prevention, but the list is necessarily incomplete. Other, more effective, policies
may exist. We evaluated the impact of state policies on states and counties, but could not
account for local laws, which may affect county outcomes, or for differences in enforcement
between or within states. In particular, low-income counties may have fewer resources for
enforcement, and rural counties may experience special enforcement challenges due to low
population density. These factors could have attenuated the increased effect we expected to
see in these high-risk counties. Lastly, in this cross-sectional study, we cannot assess effect
of time on policy impact. Policy implementation may be followed by a diffusion period and
a time lag to maximum impact, reducing the apparent impact of recently implemented
policies. Conversely, initial enthusiasm about a new policy may wane over time, leading to
diminished enforcement and impact. In addition, coming policies may be known in advance,
leading to anticipatory effects. These aspects of injury prevention policies deserve further,
rigorous study to enable truly effective, evidence-based policy making.

CONCLUSIONS

States with more injury prevention policies in place have lower rates of death from injury,
particularly when evaluated at the county level. State legislators can use policy to prevent
injury in their states. The policies examined here deserve further consideration in those
states that have not yet implemented them. Further studies of injury prevention should
continue to investigate strategies to prevent injury at the individual level and aim to identify
the policies that can most effectively deploy these strategies to the population.
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What isalready known on the subject
> Injury remains a leading cause of death in the USA.
> State injury prevention policies have the potential to reduce risk of injury and

death for large populations.

> Individual state policies are based on varying levels of evidence, and
evaluation of policy impact remains challenging.

What thisstudy adds

Increased numbers of state injury policies are associated with lower rates of death from
injury at the county level.
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Figure 1.
Map of state policy tertiles.
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Table 1

State and county characteristics by policy tertile

Policy frequency

Weak Moderate ~ Strong  pvalue”

Frequency of injury prevention policies N=25 N=12 N=13
Primary seat belt enforcement 11 (44%) 9 (75%) 12 (92%) 0.009
Ignition interlock requirement for drunk driving 4 (16%) 5 (42%) 7 (54%) 0.043
Motorcycle helmet requirement 5 (20%) 6 (50%) 8(62%)  0.027
Booster seat requirement for children under age 8 12 (48%) 8 (67%) 12 (92%) 0.026
Bicycle helmet requirement for children 3 (12%) 8 (67%) 11 (85%)  <0.001
Access to orders of protection for IPV in dating relationships 19 (76%) 12 (100%) 13 (100%) 0.033
Access to orders of protection for teen dating violence 2 (8%) 0 (0%) 4(31%)  0.042
Strict youth sports concussion laws 16 (64%) 11(92%) 13 (100%) 0.016
Prescription drug monitoring programme 20 (80%) 12 (100%) 12(92%) 0.185
External cause-of-injury coding 9 (36%) 5 (42%) 9(69%)  0.141
Strict gun regulations 0 (0%) 1 (8%) 9 (69%) <0.001

State char acteristics
Median household income ($) 47646 48844 55131 0.0006
Rural population (%) 30.5 31.6 13.8 0.0006
White population (%) 76.6 68.8 64.4 0.0095
Population with some college education (%) 62.9 61.6 66.1 0.0006
Uninsured population (%) 17.1 16.2 13.7 0.0599
Unemployed population (%) 7.1 6.8 8.3 0.0511
Population <18 years (%) 24.0 22.8 22.7 0.0544
Population =65 years (%) 13.9 14.5 14.0 0.6069
Per cent of MVCs involving alcohol 32.7 335 34.0 0.8206

County characteristics N=1340 N=519 N=466
Median household income ($) 44118 44615 50643 <0.0001
Rural counties (%) 61.6 47.0 43.1 <0.0001
White population (%) 79.0 74.7 75.1 <0.0001
Population with some college education (%) 54.5 52.6 60.2 <0.0001
Uninsured population (%) 18.4 17.4 15.3 <0.0001
Unemployed population (%) 7.9 7.7 9.2 <0.0001
Population <18 years (%) 23.6 22.3 22.4 <0.0001
Population =65 years (%) 15.7 16.4 16.0 0.0067
Per cent of MVCs involving alcohol 30.7 33.4 329 <0.0001

*
X2 test was used for categorical variables; analysis of variance was used for continuous variables. IPV, intimate partner violence.
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