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Purpose: In 1991, California implemented a law that mandated a background check for all firearm pur-
chases with limited exceptions (comprehensive background check or CBC policy) and prohibited firearm
purchase and possession for persons convicted within the past 10 years of certain violent crimes clas-
sified as misdemeanors (MVP policy). We evaluated the population effect of the simultaneous imple-
mentation of CBC and MVP policies in California on firearm homicide and suicide.

;_f,eywords" Methods: Quasi-experimental ecological study using the synthetic control group methodology. We
lrearms included annual firearm and nonfirearm mortality data for California and 32 control states for 1981
Homicide .

Suicide —2000, with secondary analyses up to 2005.

Policy Results: The simultaneous implementation of CBC and MVP policies was not associated with a net
change in the firearm homicide rate over the ensuing 10 years in California. The decrease in firearm
suicides in California was similar to the decrease in nonfirearm suicides in that state. Results were robust
across multiple model specifications and methods.

Conclusions: CBC and MVP policies were not associated with changes in firearm suicide or homicide.
Incomplete and missing records for background checks, incomplete compliance and enforcement, and
narrowly constructed prohibitions may be among the reasons for these null findings.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Firearm violence is one of the leading causes of death and injury
in the United States, resulting in more than 38,000 deaths in 2016
[1]. Firearm ownership and access are risk factors for death from
both suicide and homicide [2—6], and firearm access is a necessary
precondition for committing firearm-related violent crimes.

Federal law prohibits certain categories of individuals from
purchasing or possessing firearms; examples include persons
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convicted of felonies or domestic violence misdemeanors [7]. To
help prevent prohibited persons from acquiring firearms, the Brady
Handgun Violence Prevention Act requires that purchases from
federally licensed retailers be subject to a background check. Since
Brady's inception in 1994, more than 3 million attempted pur-
chases by prohibited persons have been denied [8]. Sales by unli-
censed private parties are exempt from background check
requirements in many states; however, it is estimated that more
than 20% of all firearm acquisitions do not involve background
checks [9]. About 80% of all firearms acquired for criminal
purposes—96% of those acquired by prohibited persons—are ob-
tained through private-party transfers [10].

Among legal purchasers of firearms, as in the general popu-
lation, a history of violence is strongly associated with an in-
crease in risk for future violence [11]. A prospective study of
California handgun purchasers found that individuals with a
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single prior conviction for a nonprohibiting violent misde-
meanor crime (such as assault and battery) were nearly five
times as likely as those with no prior criminal history to be
arrested for a subsequent firearm-related or violent offense [12].
For purchasers with multiple such prior convictions, risk was
increased by a factor of 15.

In 1991, California mandated background checks for nearly all
firearm sales (a comprehensive background check [CBC] policy) and
a 10-year prohibition on gun purchase and possession for persons
convicted of most violent misdemeanor crimes (a misdemeanor
violence prohibition [MVP] policy). These policies are comple-
mentary. Expanded background check requirements are meant to
create an additional barrier to firearm access for prohibited per-
sons; nationally, they are associated with a lower proportion of
private-party firearm sales conducted without background checks
(26% vs. 57%) [9]. Expanded prohibitions reflect an intent to reduce
violence through preventing access to firearms by larger numbers
of high-risk individuals.

We know little about the effectiveness of CBC policies. Studies
showing clear benefits have focused on permit-to-purchase (PTP)
laws, a particularly rigorous subset of CBC policies that require a
background check and a permit, typically issued by a law enforce-
ment agency, to purchase a firearm [13—17]. Some cross-sectional,
ecological studies of CBC policies have shown negative associations
between CBC laws and firearm mortality [18,19]. However, a more
rigorous time-series analysis found no effect on firearm suicide and
homicide rates from repealing CBC policies in two states [20].
Newly enacted CBC policies led to increases in background checks,
presumably the principal mechanism by which they would exert
intended effects on violence, in only 1 of 3 states studied [21].

Incomplete compliance and enforcement have been suggested
as possible reasons for these findings. The possibility of these
mechanisms of action is reinforced by studies showing benefits to
more thorough background checks [22,23] and by well-known in-
stances of violence, including mass shootings, where prohibited
persons purchased firearms because the data on which their
background checks were performed were incomplete [24].

Evaluations of MVP policies have yielded positive results, but
the literature is sparse. At the individual level, a controlled longi-
tudinal study of California's MVP policy found that denial of firearm
purchase because of a prior violent misdemeanor conviction was
associated with a substantial reduction in risk of arrest for future
violent or firearm-related crimes [25]. A recent multistate
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population-level study found similar benefits from MVP policies for
intimate partner homicide [15].

The objective of our study was to evaluate the effects of Cal-
ifornia's CBC and MVP policies on firearm-related homicide and
suicide. Given their simultaneous implementation and limited
possibilities for estimating individual policy effects (both were
intended to prevent high-risk people from acquiring firearms), we
evaluated the two policies together.

Methods
Design and study sample

We used a quasi-experimental design at the state level, with
California as the treated state and “treatment” defined as the
simultaneous implementation of CBC and MVP policies in 1991. The
control units, also known as the donor pool, were 32 states that did
not have CBC or MVP policies at the start of the study period and
did not implement them or other major firearm policy changes
during that period (Table 1). The main analysis considered the
preintervention period to be all years before the intervention for
which data were available (1981-1990) and assessed effects for
10 years postintervention (1991—-2000).

Data sources and variables

Outcomes: Our main outcomes were the annual rates of
firearm-related homicides and suicides per 100,000 people, avail-
able from the US Centers for Disease Control and Prevention [1]. As
these data do not include numbers when there are fewer than 10
cases, we performed simple imputation using linear regression.
This resulted in the imputation of 2 years for New Hampshire,
South Dakota, Vermont, and Wyoming, and 1 year for Delaware. We
rejected multiple imputation because inference in the synthetic
control group method does not rely on variance estimates (the
main concern in single imputation methods) but on permutation
tests (see Supplemental Material).

To account for potential spurious associations and explore the
influence of additional exogenous factors, we included rates of
non—firearm-related homicides and suicides as negative control
outcomes. The rationale is that these outcomes should not be
affected by policies restricting access to firearms, but if there is a
relationship, it should be in the opposite direction (i.e., other

States with nonzero weights in synthetic California for firearm and nonfirearm homicide and suicide rates

State Firearm homicide' Nonfirearm homicide Firearm suicide’ Nonfirearm suicide’
Alaska 0 0.021 0 0

Arizona 0 0.015 0 0

Colorado 0 0.123 0 0

Georgia 0.101 0 0 0

Louisiana 0.259 0 0 0

Nevada 0 0.2 0 0.308

New Mexico 0 0.039 0 0

Ohio 0 0 0.681 0.237
Texas 0 0.603 0.319 0

Virginia 0.566 0 0 0
Wisconsin 0.073 0 0 0.455
RMSPE synthetic control/all control states 0.299/2.408 0.230/1.675 0.294/2.191 0.482/1.811

" States in the donor pool (n = 32): Alabama, Alaska, Arizona, Arkansas, Colorado, Delaware, Florida, Georgia, Idaho, Kansas, Kentucky, Louisiana, Maine, Minnesota,
Mississippi, Montana, Nevada, New Hampshire, New Mexico, Ohio, Oklahoma, Oregon, South Carolina, South Dakota, Texas, Utah, Vermont, Virginia, Washington, West

Virginia, Wisconsin, Wyoming.

t Covariates included in the homicide models are percentage Hispanic; percentage black; percentage male; percentage living below the federal poverty line; percentage
unemployment; percentage of population aged 15—29 years; percentage of population aged older than or equal to 65 years; number of gallons of ethanol from spirits
consumed per capita; percentage veterans; gun availability (annual); outcomes at 1984, 1987, and 1990.

# Covariates included in the suicide models are the same as', plus the natural logarithm of the states' populations.
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methods would be substituted for firearms, increasing the rates
of non—firearm-related deaths). A decline in the rates of
non—firearm-related homicides and suicides associated with the
implementation of CBC and MVP policies would likely be the result
of other unmeasured confounders.

Covariates: Based on previous research [17,20] and model per-
formance (lowest root mean square prediction error [RMSPE]), we
defined the following set of covariates: percentage of people
15—29 years of age; percentage of people older than or equal to
65 years of age; logarithm of the population (which improved the
RMSPE only for the suicide models); percentages of the population
who were white, Hispanic, and males [1]; living below the federal
poverty line, veterans [26], and unemployed [27]; the per capita
consumption of gallons of ethanol from spirits by people aged older
than or equal to 14 years [28]; and as an indicator of gun availability,
firearm suicides as a percentage of total suicides [29,30]. We also
included as predictors in the models the values of each of the out-
comes at three time points in the preintervention period; using three
time points yielded the lowest RMSPE: 1984, 1987, and 1990 [31,32].

In generating the final models, we removed variables with low
V-weights, that is, variables with low predictive values in final
models. Variables tested but not included were additional age and
race/ethnicity categories; percentages of people with different
categories of marital status and religion; an indicator for state
mental health parity laws; a measure of the crack epidemic, which
incorporates cocaine-induced emergency room visits, deaths, ar-
rests, among other proxies [33]; and a violent crime index [34].

Statistical analyses

For the main analysis, we used the synthetic control group
method, which aims to generate a trend counterfactual to the
observed outcome by creating a weighted average of the states in
the donor pool [32].
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The policy effect is estimated as the difference between the
values in the treated state (California) and the values in the
synthetic control group (synthetic California) in the post-
intervention period. Consistent with other studies that have
used this method [20], we averaged the annual differences
across the 10 years after CBC and MVP implementation (to the
year 2000); in secondary analyses, we also considered 5 years (to
1995) and 15 years (to 2005) after the intervention. We did not
include longer postintervention periods to avoid forecasting
counterfactual trends too far removed from the preintervention
period.

Given that the synthetic control group method does not produce
traditional measures of uncertainty (e.g., 95% confidence intervals),
inference is based on permutation tests, also known as placebo
tests (see Supplemental Material).

To account for imperfect fit in the preintervention period, we
provided estimates that subtracted the preintervention average
difference between California and the synthetic control from the
postintervention difference (as in a difference-in-difference esti-
mator) [35,36]. In addition, we showed results produced by states
that had a comparable fit in the preintervention period, that is,
RMSPE less than or equal to 5 and less than or equal to 2 times the
RMSPE for California [13].

We conducted multiple sensitivity analyses, which included
removing states that prohibited firearm purchases by people con-
victed of domestic violence before the national enactment of such a
law in 1996, testing for a delayed and gradual effect of CBC/MVP
policies, restricting the population to the age groups that have the
greatest risk of firearm-related homicide and suicide, and changing
the methodological approach to estimate the results (see
Supplemental Material).

All analyses were conducted using Stata 14.1 (StataCorp, College
Station, Texas, USA).
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Fig. 1. Trends in annual rate of firearm homicides (A), non-firearm homicides (B), firearm suicides (C) and non-firearm suicides (D) per 100,000 people in California and all control.
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Results

Annual trends in firearm and nonfirearm homicide and suicide
rates are in Figure 1. California experienced a large increase in
firearm-related homicides from the mid-1980s until the early
1990s (peaking at 10.2/100,000 people in 1993). A sharp decline
followed until approximately 2000, then relative stabilization until
2012. Non—firearm-related homicides showed a stable decline,
from the beginning of the time series until the first years of the
2000s.

For firearm-related suicides, there was an overall decline,
concentrated mostly between the years 1997 and 2000. Non-
—firearm-related suicides showed a similar trend but with an in-
crease from 2002 to the last years of the series.

Results from the synthetic control group method

Of the 32 states in the donor pool, 11 had nonzero weights and
were included in one or more of the synthetic controls for the four
outcomes (Table 1). None of the states with imputed data were
included in the synthetic controls.

Levels and trends for firearm homicide rates in the pre-
intervention period were similar for California and synthetic Cali-
fornia, although the increase in the 2 years before 1991 was slightly
higher in California (Fig. 2A). For firearm suicides, California wit-
nessed a similar trend compared with synthetic California until
1988, but a small relative decline thereafter (Fig. 2C). Nonfirearm
outcomes for California and all control states are shown in
Figure 1B and D. Both were well balanced in the preintervention
period in relation to the trend in synthetic California.

Estimated absolute and relative effects of CBC and MVP pol-
icies on each outcome and the results from the permutation tests
are presented in Table 2. The 10-year postintervention period

A

Firearm homicide

Rate per 100,000
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provided our primary results. The average difference in the rate of
firearm homicides between California and synthetic California in
the postintervention period was 0/100,000; for firearm suicides, it
was —0.7/100,000, corresponding to a 10.9 percent decrease. Five
of the 32 states eligible to serve as controls experienced larger
effects for firearm suicides over the same time period in the
permutation tests. However, after restricting the comparison
states to those with a reasonable preintervention fit (<2 times the
RMSPE for California), no states (out of 11) experienced a decrease
larger than California. Consistent results were observed for
firearm homicides and suicides at both 5 and 15 years
postintervention.

In the 10 years following implementation, the average differ-
ences in nonfirearm homicides and suicides were —0.3/100,000
(—9.7 percent) and —0.4/100,000 (—7.0 percent), respectively. For
nonfirearm suicides, only one state experienced a larger decrease
than California, regardless of the number of control states used as
comparison. For the nonfirearm homicide rate, the decline
observed after policy implementation was within the range that
would be expected given random variation.

Results from sensitivity analyses were consistent with those of
the main analysis (see Supplemental Material).

Discussion

This study evaluated the association between rates of firearm-
related homicides and suicides and California's simultaneous
enactment of two policies aimed at preventing firearms acquisition
by people who are at increased risk of interpersonal and self-
directed violence: a comprehensive background check require-
ment and a firearm prohibition for persons convicted of violent
misdemeanors. Enactment was not associated with significant and
specific changes in rates of fatal firearm violence.
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Table 2

Association between CBC and MVP policies and firearm-related and non-firearm-related homicides and suicides in California for 3 post-implementation periods

Firearm homicide

Nonfirearm homicide Firearm suicide Nonfirearm suicide

Five years postimplementation

California's rate per 100,000 9.5
Counterfactual rate per 100,000’ 8.5
Estimated absolute effect of CBC/MVP* 1.0
Estimated relative effect (%) of CBC/MVP" 11.8
Number of states with effect > CA
All control states/ 27/32
<5 x CA RMSPE 26/30
<2 x CA RMSPE 15/17
Ten years postimplementation (main results)
California's rate per 100,000 7.3
Counterfactual rate per 100,000’ 7.3
Estimated absolute effect of CBC/MVP" 0.0
Estimated relative effect (%) of CBC/MVP® 0.0
Number of states with effect > CA
All control states/ 17/32
<5 x CA RMSPE 16/30
<2 x CA RMSPE 10/17
Fifteen years postimplementation
California's rate per 100,000 6.6
Counterfactual rate per 100,000 6.8
Estimated absolute effect of CBC/MVP* -0.2
Estimated relative effect (%) of CBC/MVP -29
Number of states with effect > CA
All control states/ 11/32
<5 x CA RMSPE 10/30
<2 x CA RMSPE 5/17

33 6.4 57
34 7.1 56
—0.1 ~0.7 0.1
29 -99 18
11/32 4/32 14/32
11/32 3/30 14/32
6/18 111 12/28
28 5.7 53
3.1 6.4 57
-03 -0.7 —04
9.7 -109 -7.0
6/32 5/32 1/32
6/32 4/30 1/32
2/18 0/11 1/28
25 5.1 52
29 6.2 6.0
~04 ~1.1 -08
~13.8 -17.7 -133
3/32 3/32 1/32
3/32 2/30 1/32
0/18 0/11 1/28

* Mean rate per 100,000 people in California after CBC and MVP implementation.

¥ Mean rate per 100,000 people in synthetic California after CBC and MVP implementation.
¥ Average difference between California and synthetic California in the postintervention period.

§ Percentage difference compared with synthetic California.

I Results from the permutation test (control states = 32). To generate comparable estimates across control states, effects were computed as a difference in difference (DiD):

Synth

DiDstare = (Outcomeffn“;f — Outcome! ”m) — (OutcomeSA, — Outcomeyre ). Because the hypothesis of the study is that CBC and MVP are associated with reductions in mortality

post pre

from firearms, we counted only states with reductions in mortality larger than those in California.

Firearm-related suicide rates during the 10 years after policy
implementation were, on average, 10.9 percent lower in California
than in synthetic California, a difference greater than for any of the
11 control states with a comparable model fit. Non—firearm-related
suicides also decreased by 7.0 percent; however, a decrease
exceeding that was seen in 27 of 28 states with RMSPE less than or
equal to two times the RMSPE for California. This suggests that the
policies' estimated impact on firearm suicide may be part of
broader changes in suicide risk around the time that California's
CBC and MVP policies were implemented. Still, the difference be-
tween changes in firearm and non-firearm suicides (3.9 percentage
points) may indicate a preventive role of CBC/MVP policies in
firearm suicide, although this study was not designed to test
whether this difference is statistically meaningful.

Firearm-related homicide rates rose substantially from the mid-
1980s through the early 1990s and fell thereafter. Both the increase
and the decline were greater in California than in synthetic Cali-
fornia; the net difference during the 10 years postintervention was
practically 0. Sensitivity analyses testing for delayed and gradual
effects did not change the overall conclusions. It is worth noting
that the negative slope observed in California in the years following
CBC/MVP implementation was more pronounced than the slope
observed for the control states; however, the difference in slopes
between California and the control group was not statically sig-
nificant (see Supplemental Material).

Our findings conflict with those of studies associating CBC pol-
icies with a reduction in firearm homicide and suicide in Con-
necticut, where implementation occurred in 1995, and Missouri,
where firearm homicide and suicide increased following CBC repeal
in 2007 [13,14,17]. However, these states had PTP laws, a particu-
larly rigorous form of CBC policy that several studies have found to
be effective [37—39]. Consistent with our findings, repeal by

Indiana and Tennessee in 1998 of CBC policies without a PTP
component was recently found not to be associated with changes in
rates of firearm homicide or suicide [20].

Other mechanisms for our findings are plausible; however,
several or all may be in play simultaneously. One well-documented
example, which would diminish the population-level effects of
both CBC and MPV policies, is that the criminal and mental health
records on which background checks were performed were very
incomplete in the 1990s, including in California [37—42]. For
example, in 1990, only 25 percent of criminal records were acces-
sible via the interstate identification index, the primary source of
arrest and conviction information for background checks [37].
Centralized records of mental health prohibitions were almost
nonexistent [37]. As a result, background checks almost certainly
produced a large number of false negative results, which is a
shortcoming that may have limited the effectiveness of the CBC and
MVP policies.

Purchases by undetected prohibited persons would likely
decrease the population-level effects of CBC policies and may ac-
count in part for negative findings here, in the assessment of CBC
repeal in Indiana and Tennessee [20], and in an earlier study of
trends in homicide and suicide following the Brady Handgun
Violence Prevention Act [43]. Increased thoroughness of back-
ground checks and improvements in the data used to perform them
are associated with reductions in violent crime, firearm homicide,
and firearm suicide [22,23,44—46]. It is therefore important to note
that the quality and completeness of the records on which back-
ground checks are performed have improved since our study
period [47].

Incomplete compliance with and enforcement of background
check and prohibition requirements may also play a role. After CBC
policies were implemented in Colorado, Delaware, and
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Washington, an overall increase in background checks was detec-
ted only in Delaware, and incomplete compliance and enforcement
were reported in the two western states [21]. Enforcement may not
be a law enforcement priority; in the 1990s, chief law enforcement
officers in Montana and Arizona sued successfully to avoid con-
ducting background checks [48]. The vigor with which firearm laws
are enforced is variable and susceptible to a variety of external
factors [49].

Finally, the population-level effect of CBC and MVP policies may
be small if only a small number of transactions or individuals are
affected. In California, on average, 0.54 percent of handgun pur-
chases were denied before CBC and MVP policy implementation
(data available from 1982 to 1990); this rose to 1 percent in the
10 years following implementation (1991—-2000) [50]. The increase
represents an annual average increase in denials of handgun pur-
chases by approximately 1250 people considered to be at risk—a
number too small, perhaps, for a decrease in firearm-related
violence among those individuals to produce a detectable change
in state-level, population-based outcome measures. A similar
argument has been advanced as partial explanation for the lack of
observed effects on homicide of the Brady Act [51,52]. California's
MVP policy has been shown to have a substantial beneficial effect
on those directly affected, however [25], and a multistate
population-level analysis has associated MVP policies with a
decrease in intimate partner homicide [15].

Limitations

We carefully identified states that were “at risk” of imple-
menting CBC and MVP policies and used additional criteria to
select control states in sensitivity analyses (e.g., excluding states
that had banned firearm purchases by people convicted of do-
mestic violence before 1996, when this policy was adopted
nationwide). Although we are fairly confident that no other major
firearm policies were implemented during the study period in our
study states, we cannot be certain about other policies (e.g.,
criminal, public health, or social policies) or idiosyncratic changes
at the local level that may have affected firearm violence,
including firearm homicide, the frequency of which was particu-
larly unstable during our study period. Finally, in 1998, the Na-
tional Instant Criminal Background Check System was launched;
the interim provisions of the Brady Law, including a 5-day waiting
period, were removed; and the federal background check
requirement for handgun sales by licensed retailers was extended
to rifles and shotguns. These changes may have had mixed and
varying effects on our control states in the final two years of our
study period; California had a waiting period throughout the time
of our study.

Conclusions

Our findings suggest that the simultaneous implementation of
CBC and MVP policies did not result in population-level changes in
the rates of firearm-related homicides and suicides in California. A
combination of inadequate criminal and mental health records,
incomplete compliance and enforcement, the absence of a permit
requirement, and the small size of the population directly affected
by the laws may account for these findings.
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