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ABSTRACT

Backgroud Firearm injuries are a significant public
health problem facing young people in the USA. In 2015,
a total of 16 878 people under 19 years old were injured
or killed by firearms. To reduce firearm injuries, 29 states
and Washington, DC have enacted child access prevention
(CAP) legislation. CAP legislation is intended to reduce the
likelihood of a minor obtaining a weapon and subsequent
injury or death. This study evaluates the impact of CAP
legislation based on language of the legislation, specifically
it evaluates a relationship of the legal threshold of liability
and the number of firearm injuries per capita of minors.
Methods Data were collected from the Web-based
Injury Statistics Query and Reporting System for patients
less than 19 years of age who presented to emergency
departments with firearm injuries in 2016. The Giffords
Law Center classification was used to group states into
three categories (strong/weak/no CAP) based on CAP
language. Differences of firearm-related injury rates per
capita were assessed.

Results When controlling for population, states with

CAP legislation had a 22% decrease in firearm injuries
per capita compared with states without CAP legislation.
States with ‘strong’ CAP legislation had a 41% decrease
in firearm injuries per capita compared with states

with ‘weak’ or no CAP legislation when controlling for
population.

Conclusions States with ‘strong’ CAP legislation had
lower pediatric firearm injury rates per capita, but more
complete data and further studies are needed to evaluate
this relationship as well as other factors that may impact
firearm injury rates.

INTRODUCTION

Firearm-related incidents are a major cause
of preventable injury and death for young
people in the USA. In 2015 alone, 16,878
Americans under 19 years of age were either
killed or injured with a gun.' Firearms are
the leading mechanism of suicide in the USA
for the general population and the second
leading mechanism of suicidal death for
10-24 year-olds.* Restricting access to deadly
weapons stored in the home has been shown
to reduce suicide rates,?’ * and with 65% of
US high school seniors in 2015 reporting to
have at least one gun in their household the
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What is known?

» Firearms are a major preventable cause of injury and
death for young people in the USA.

» Twenty-nine states and Washington, DC have forms
of child access prevention (CAP) legislation.

» As a whole, states with CAP legislation have fewer
firearm injuries.

What are the new findings?

» CAP legislation is able to be stratified based on legal
language.

» The language that is used in CAP legislation may
have real-world impacts on its effectiveness.

» Data related to firearm research are sparse, making
effective research a difficult task.

How might it impact on clinical practice in the

future?

» Providing people with accurate information on both
the impact that firearm violence has on commu-
nities as well as methods to combat that violence
is important. Informing the public on the dearth of
data on the subject is an important aspect to current
firearm research in hopes for a future with more en-
compassing data.

need to ensure safe storage seems clear.” Even
a relatively modest improvement in firearm
safe storage practices could significantly
reduce both intentional and unintentional
firearm-related injuries and deaths.’®

Firearm legislation is politically conten-
tious, and currently no federal child access
prevention (CAP) legislation exists. Twenty-
nine states and Washington, DC have imple-
mented various forms of CAP legislation. The
intent of CAP legislation is to limit firearm
access to minors by imposing criminal liability
on adults who do not properly secure firearms.
CAP legislation varies widely among states. In
fact, the Giffords Law Center has stratified
these laws based on legislative language.’
For example, California and Massachusetts
base adult criminal liability on negligent
storage, if a child ‘may’ or ‘is likely to’ access
a ﬁrearm,8 % whereas states such as Utah and

BM)

James B, et al. World Jnl Ped Surgery 2021;4:e000223. doi:10.1136/wjps-2020-000223 1

"ybuAdoo Aq paroslold 1sanb Aq 20z ‘0T [Mdy uo jwoo fwqg sdimy:dny wol papeojumoq "TZ0z Jaquaidas g uo £22000-0202-sdim/9eTT 0T se paysiignd 1s1y :A196inS pad |ur PHUOM


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4975-7218
http://crossmark.crossref.org/dialog/?doi=10.1136/wjps-2020-000223&domain=pdf&date_stamp=2021-09-09
http://wjps.bmj.com/

Georgia have more legal leniency. In these more lenient
states, criminal liability occurs only if the parent or legal
guardians intentionally provide a firearm to a minor
with knowledge that the minor will use the firearm to
commit a crime.'”"" The variation in legislative language
(ie, strength of the law) may result in differences in
the intended outcome of reducing firearm injuries and
death. Previous studies looking into the effectiveness of
CAP legislation have generally studied the topic in abso-
lute terms. For example, Cummings et al'* studied all safe
storage laws and found that storage laws decreased unin-
tentional shooting deaths for children under 15 years
of age. Similarly, DeSimone et al'® found CAP laws were
associated with reductions in non-fatal gun injuries for
children under age 18. A more nuanced approach that
considers the variability in legislative language inherent
to CAP legislation may reveal different trends.

This study evaluates the effect that legislative language,
specifically the basis for criminal liability, has on pediatric
firearm injury rates.

MATERIALS AND METHODS

Design

This is a secondary analysis of the Centers for Disease
Control and Prevention’s (CDC) Web-based Injury Statis-
tics Query and Reporting System (WISQARS)," and was
exempt from review by the Institutional Review Board
at our institution. The WISQARS is an online database
that provides fatal and non-fatal injuries, violent death,
and cost of injury data from other sources, such as the
National Electronic Injury Surveillance System-All Injury
Program and the National Vital Statistics System. The
WISQARS informs the public of economic and public
health implications associated with unintentional and
violence-related injuries in the USA.

The WISQARS was launched in 2015, and data are
available from 2000 to 2019. For the present study, data
for all firearm-related injuries recorded in the USA for
persons under age 19 in 2016 and included in WISQARS
were included. Despite the fact that many states have
different legal definitions of ‘minor’, under age 19 was
chosen because all states except three have laws declaring
that being over 18 years old is the age of majority."* Data
were accessed on 14 June 2018, and at the time of data
extraction, injury data for 38 states and Washington, DC
were available (table 1). The availability of data varies
across the years, and the period of study (2016) was
selected because it was the year with the least gaps of data.

Study definitions

The Giffords Law Center’s legislative descriptions were
used to stratify states by CAP legislative strength.” Negli-
gent and intentional/reckless are the two broad categories
that establish the basis for criminal liability, whereas six
subcategories differentiate states’ legislation further.
Negligent storage language includes (i) ‘may or is likely to
gain access’, (ii) ‘gain access to [a] firearm, regardless

of whether the child uses the firearm or causes injury’,
and (iii) ‘only if a child uses or carries that firearm’,
whereas intentional/reckless storage, stratified by firearm
type, includes (iv) ‘all firearms’, (v) ‘all loaded firearms’,
and (vi) ‘all handguns’. Category i (Child ‘may or is
likely to gain access’ to a firearm) indicates the strongest
CAP legislation, and category vi (all handguns) are the
most lenient laws. States that have not adopted CAP
legislation are considered in a separate category, as no
CAP states (vii) (table 1). Accordingly, states that have
adopted stricter laws (ie, negligent) are referenced here as
‘strong’ (categories i, ii, and iii). In contrast, states that
have adopted more lenient laws (ie, intentional/reckless)
are referenced here as ‘weak’ (categories iv, v and vi).
Herewith references are ‘strong’ and ‘weak’ only.

Data management

In 2016, 27 (54%) of US states and Washington, DC
had adopted CAP legislation. Fifteen (29.4%) states had
adopted strong CAP legislation, 13 (25.5%) states had
adopted weak CAP legislation and 23 (45.1%) states had
not adopted any CAP legislation.

Among states that had adopted CAP legislation,
injury data were available for 22/28 (79%) states, and
among states that had not adopted CAP legislation,
data were available for 17/23 states (74%). Eleven states
(Connecticut, Delaware, Hawaii, Maine, New Hampshire,
Nebraska, North Dakota, Rhode Island, Vermont, West
Virginia, and Wyoming) and the District of Columbia
were missing injury data, and thus were omitted from
analyses. Accordingly, this study includes data of 39 US
states from 2016 (table 1).

Statistical analyses
State injury data are reported descriptively as counts and
rates per 100,000 population. To answer our primary
objective, three negative binomial regressions (NBR) were
conducted to compare the number of firearm injuries
based on the CAP legislation type. NBR is used for over-
dispersed count data, where interdependence cannot be
assumed (in this study: mean=51.79; variance=1559.85),
and NBR is particularly useful when analyzing crime
data’ because crime incidents are distributed as rare
events that do not typically meet the assumptions of
ordinal least squares regressions.'® '’ Furthermore, to
allow for the possibility that crime rates change based
on population size, we used the natural logarithm of the
population [In(population)] and assigned the effect of
this variable a fixed coefficient of 1. The use of [In(popu-
lation) ] converts the NBR to an analysis of rates of events
per capita, rather than an analysis of counts of events and
allows us to account for the size of the population while
also acknowledging the greater precision of rates based
on larger population and addressing the heterogeneity
of error variance.'®'®

Model 1 included a two-level independent variable,
CAP legislation (reference) and no CAP legislation as
predictors of firearm injury rates per capita. In model 2,
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Table 1 Classification of CAP legislation and pediatric injuries in the USA in 2016

Giffords classificationt State Population (<19 y) Injuries (n) Injuries per 100 000
Negligent storage May or is likely to gain access California 9 644 812.00 175 1.81
(strong) (i)
District of Columbia*
Massachusetts 1483 717.00 13 0.88
Minnesota 1 353 296.00 30 2.22
‘Gain access to [a] firearm, Hawaii*
;%Z'ifsss %fe"‘f’l"r‘::;f; ::e Maryland 1 427 383.00 32 224
causes injury’ (ii) New Jersey 2110 496.00 20 0.95
Texas 7 598 212.00 173 2.28
Only if a child uses or carries Connecticut*
urEuiEEo () Florida 4334 562.00 17 2.7
lllinois 3125 784.00 108 3.46
lowa 771761.00 14 1.81
New Hampshire*
North Carolina 2423 278.00 62 2.56
Rhode Island*
Intentional or reckless  All firearms (iv) Indiana 1665 277.00 67 4.02
storage (weak)
Missouri 1466 996.00 65 4.43
Nevada 702 416.00 22 3.13
Oklahoma 1010 825.00 36 3.56
Utah 956 627.00 34 3.55
All loaded firearms (v) Delaware*
Wisconsin 1370 170.00 32 2.34
Virginia 1978 585.00 59 2.98
All handguns (vi) Colorado 1325 153.00 42 3.17
Georgia 2 640 493.00 101 3.83
Kentucky 1068 052.00 38 3.56
Mississippi 767 011.00 26 3.39
Tennessee 1579 196.00 69 4.37
No CAP legislation (vii) Alabama 1163 902.00 69 4.73
Alaska 195 597.00 17 8.69
Arizona 1715 007.00 46 2.68
Arkansas 745 099.00 30 4.03
Idaho 455 260.00 13 2.86
Kansas 757 642.00 16 211
Louisiana 1173 986.00 71 6.05
Maine*
Michigan 2343 247.00 64 2.73
Montana 238 727.00 20 8.38
Nebraska*
New Mexico 523 266.00 22 4.2
New York 4 465 391.00 50 1.12
Ohio 2779 110.00 83 2.99
North Dakota*
Oregon 911 755.00 20 2.19
Pennsylvania 2859 747.00 72 2.52
South Carolina 1154 597.00 47 4.07

Continued
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Table 1 Continued

Giffords classificationt State Population (<19 y) Injuries (n) Injuries per 100 000
South Dakota 222 358.00 10 4.5
Vermont*
Washington 1 804 560.00 49 2.72

West Virginia*

Wyoming*

*Data unavailable via WISQARS at time of query.
tGiffords Law Center.”

CARP, child access prevention; WISQARS, Web-based Injury Statistics Query and Reporting System.

we used a three-level variable that included strong CAP
legislation, weak CAP legislation, and no CAP legisla-
tion (reference) as predictors of firearm injury rates per
capita. The final model (model 3) included strong CAP
legislation (reference) and ‘other states’ (inclusive of all
states with weak and no CAP legislation) as predictors of
firearm injury rates per capita. Incidence rate ratio (IRR)
is reported with 95% confident interval (CI). The IRR
represents the change in the dependent variable in terms
of a percent increase or decrease, which is determined
by the value of the IRR as above or below 1. A value of
p<0.05 was used to determine statistical significance.
Analyses were conducted using Stata (StataCorp. 2019.
Stata Statistical Software: Release 16.1).

RESULTS

CAP legislation

As previously mentioned, at the time of the study, data for
39 states were available for analyses: 22 states with CAP
legislation and 17 without.

Overall, firearm injury rates ranged from 0.88 to 8.69
per 100 000 minors in Massachusetts and Alaska, respec-
tively. Among states with CAP legislation, Missouri had
the largest number of injuries at 4.43 per 100 000 minors,
whereas Massachusetts had the lowest injury rate at 0.88
per 100 000.

A closer look at injury rates, based on the strength
of the CAP legislations, reveals that among states with
‘strong’ CAP legislation, Illinois had the highest injury
rate per 100 000 and Massachusetts had the lowest injury
rate (3.46 and 0.88 per 100 000, respectively).

Switching focus to states with ‘weak’ CAP legislation,
Missouri had the highest rate of injury at 4.43 per 100 000
and Wisconsin the lowest at 2.34 per 100 000.

Alaska had the highest injury rates among states with
no CAP legislation at 8.96 per 100 000 minors (also the
highest in the country), and New York the lowest at 1.12
per 100 000 (table 1).

Differences in firearm injury rates

CAP states versus no CAP states

Injury rates are lower in states that adopted CAP legisla-
tion when compared with states that did not adopt CAP
legislation (IRR=0.78, 95% CI 0.60 to 1.03). The rates of
firearm injuries per capita in states with CAP legislation

are 22% lower than those in states with no CAP legisla-
tion, although these differences were not statistically
significant (p=0.08).

Strong CAP, weak CAP and no CAP legislation states

Injury rates per capita are significantly lower in states that
adopted strong CAP legislation, when compared with
states that did not adopt CAP legislation (IRR=0.59, 95%
CI 0.44 to 0.79, p<0.001). Adoption of strong CAP legis-
lation decreased injury rates per capita by approximately
41%. When looking at states that adopted weak CAP
legislation and states that did not adopt CAP legislation,
we also note 2% lower injury rates, although the differ-
ences were not statistically significant (IRR=0.98, 95% CI
0.74 to 1.30, p=0.90).

Strong CAP states versus other states

Injury rates per capita are significantly lower in states that
adopted strong CAP legislation, when compared with
other states, inclusive of states with weak and no CAP
legislation (IRR=0.59, 95% CI 0.46 to 0.77, p<0.001). This
suggests that rates of firearm injuries are 41% lower for
states with strong CAP legislation than the ‘other states’.

DISCUSSION

Children and adolescents in the USA are at a greater
risk of death from firearm-related injury than cancer,
congenital abnormalities, pneumonia, or the influenza.'
In 2016, 43% (1101/2506) of suicides reported among
young people were by firearms. Similarly, of the 2441 who
were killed in 2016, 75% were by firearms.' Due in part to
unsafe storage, firearm thefts surpass 350 000 per year.'
The American Academy of Pediatrics recommends that
parents store firearms, unloaded, in a separate location
than ammunition and under lock and key20; yet, esti-
mates suggest that these recommendations are followed
by a small proportion of gun-owning parents, estimates
ranging from 30% to 46%.”' **

As a method of suicide reduction, previous research
offers some evidence on CAP legislations’ effectiveness.”
This conclusion was drawn mainly from a study done
by Webster et al’* where they found a statistically signif-
icant decrease in suicides among children aged 14-17
in states that had CAP legislation. Similarly, Cummings
et al'* reported a decline in youth suicides after CAP
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implementation. Taken together, these studies suggest
that adoption of CAP legislation may reduce firearm
suicide rates, but neither of these studies accounted for
the language of CAP legislation.

CAP legislation may also reduce the rates of firearm-
related injuries, including death.” Using hospital
admission data, DeSimone et al”® found a statistically
significant reduction in all non-fatal gun injuries in states
with CAP legislation. As another example, Schell et af®
estimated that if CAP legislations were implemented in
all US states, within 6 years, there would be over 2500
fewer firearm-related deaths nationally than if no states
had CAP laws.'* Similarly, Webster and Starnes® strat-
ified legislation by comparing states with felony CAP
laws to misdemeanors and found statistically significant
reduction in unintentional firearm deaths for children
under age 14 in felony states, but the difference was not
significant in misdemeanor states. The investigation by
Webster and Starnes ° is significant because it illustrated
the importance of legislative stringency. Our results are
consistent with Webster et al despite the different legal
stratification criteria. Azad et al found that states with
CAP legislation based on negligence had a 13% relative
reduction in firearm fatalities, for children aged 0-14.
They also found that from 1991 to 2016, approximately
3929 deaths were attributed to states not passing the most
stringent form of CAP legislation.*”

Our study has taken a nuanced approach to the anal-
yses of CAP legislation. Results suggest a significant
lower count of firearm injuries among states that have
strong CAP legislation compared with states without
CAP legislation, and the evidence presented highlights
the importance of legal language in CAP legislations.
Model 1 suggests that rates of firearm injuries in states
with CAP legislation are 1% lower than states with no
CAP legislation. Our data also suggest (model 2) that
rates of firearm injuries per capita in states with strong or
weak CAP legislation are lower than those in states with
no CAP legislation. These findings mirror the previous
work by Hamilton et af*® and DeSimone and colleagues.'”
Both of these studies found a decrease in pediatric injury
rates in states that had implemented CAP legislation, and
concluded that CAP legislation might have an impact on
pediatric firearm-related injury rates. The present study
contributes to this literature by presenting additional
evidence that strongly crafted CAP legislation is associ-
ated with lower pediatric firearm-related injury counts.
Collectively, this evidence could guide further legislation
at the state and federal levels.

There are several limitations to our study. The
WISQARS data set is evolving, and data from all 50 states
were not available. As the data set matures and as addi-
tional data become available, a more detailed and repre-
sentative analysis will be possible, including an analysis
of changes across time. Our results demonstrate an asso-
ciation between strong CAP legislation and lower pedi-
atric injury rates, but our results do not establish a causal
relationship. Furthermore, we do not account for other

social factors that are known to influence crime and
injury rates, such as state poverty levels, crime indices,
neighborhood racial marginalization, policing and struc-
tural racism. Some of these state-level data are available
in the US Social Explorer via census tracks; however, our
data are based on state level and we cannot accurately
pinpoint firearm injury location to match with census
track data. Therefore, rather than enhancing our anal-
yses, the use of census-derived data in combination with
our state-level data would not have been appropriate.

Legislative measures are designed to influence human
behavior, including implementation by law enforcement.
Our study, however, did not evaluate CAP enforcement
and it does not measure or account for enforcement
irregularities. Some states that enact strong CAP legis-
lation generally have a stronger firearm legislation. The
individual and cumulative impacts of other types of
firearm laws need to be evaluated as well.

Some of the limitations noted have been reported by
other researchers." ** * Decreases in research funding
and legislation, such as the Dickey Amendment, a
provision put in place in a 1996 federal spending
omnibus,” make studying US firearm-related morbidity
and mortality difficult. The initial intent of the Dickey
Amendment was to prevent the use of federal funding
to advocate or promote gun control policies through the
CDC, but the Amendment has resulted in the limitation
of federal funding of virtually all firearm-related research
through the CDC.* Prior to 2020, firearm-related
research received $2 million per year in federal funding,
as opposed to cancer research, which received $4 billion
per year. This amounts to only $2.70 per year of life loss
and to pennies per injury.”’ In March 2018, a memo
from then Health and Human Services Secretary, Alex
Azar, accompanied the 2018 spending bill. Although the
Dickey Amendment was still present in the spending bill,
‘the CDC has the authority to conduct research on the
causes of gun violence’.” The authors hope that future
studies of firearm-related research can receive increased
federal attention and support.

The future holds promise. In December 2019, for the
first time in over 20 years, the federal government allo-
cated $25 million split evenly between the CDC and the
National Institutes of Health for gun violence research.”
Support from medical professional associations has also
gained visibility. The American Academy of Pediatrics®
and the Pediatric Trauma Society,” for example, support
the implementation of CAP legislation, and the Society
of Adolescent Medicine supports increased research
into CAP legislation.”® CAP legislation, however, is only
one piece of the public health concern to reduce harm.
Other measures, such as universal background checks,
assault weapon bans, high-capacity magazine restrictions,
and minimum purchase age policies, also can be used.
These restrictions and policies also should be diligently
studied with careful attention to language and legis-
lative strength. As has been shown, language matters,
and it is a relevant and influential factor to consider
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in research. Legislation alone will not be sufficient in
reducing firearm injuries and death. The American Pedi-
atric Surgical Association has recommended a multidi-
mensional approach, and points to American success in

reducing motor vehicle fatalities using a combination of

; . . . 37
‘prevention, design, policy behavior and trauma care’.

CAP legislation is not a cure-all for the problems Amer-
icans face regarding gun injuries, but as our work and
previous work have shown, CAP legislation can be a piece of
the puzzle. By limiting the access that minors have to guns,
strong CAP legislation could decrease firearm injuries of
minors.

In conclusion, data show that states that have legal liability
for safe gun storage based on negligence report lower
firearm injury rates for minors than states with no CAP legis-
lation or those with liability relying on intentional or reck-
less storage. Additional data and studies are needed to assess
the effectiveness and implementation of CAP legislation.
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