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STRENGTHS AND LIMITATIONS OF THIS STUDY

This is the first study examining the health-related implications of Arizona’s 2016 local
firearm preemption law.

This study is the first to empirically show that state preemption of local firearm laws
affects health-related outcomes, in this case firearm-related suicide, which is important
because other states have passed preemptive laws designed to undermine local authority
over firearm safety.

This study compares both firearm and non-firearm suicide outcomes at the county level.
In this and other studies of firearm suicide in the United States, data limitations preclude

knowing the actual number of firearms in a community.
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INTRODUCTION

The US is in the midst of a suicide epidemic taking the lives of almost 50,000 Americans

oNOYTULT D WN =

9 every year, with high burden typically concentrated in the Mountain states.(1) Firearms are the
11 most common method of suicide in the US,(1) and although suicide is a multifaceted public

13 health problem with simultaneous biological, psychological, social, and environment
contributors, access to firearms exacerbates suicide risk for suicidal persons.(2,3) Many people
18 who attempt suicide will survive,(4) though survival is typically less likely for those who use

20 firearms, given the 80-90% case-fatality rate of the firearm method. (5,6) Internationally, the US
firearm suicide rate is 8 times higher than the average firearm suicide rate of 22 other high-

25 income, developed countries, even though the total suicide rate for the United States is similar to
27 that of other countries.(7) In the Mountain states (i.e. Arizona, Colorado, Idaho, Montana,
Nevada, New Mexico, Utah and Wyoming) specifically, firearm suicide rates increased 30.4%

32 from 2005-2019 and are consistently among the top ten in the US.(1)

Federal firearm safety and control reforms are controversial and difficult to enact and
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37 enforce, making state governments responsible for most firearm policymaking.(8) Frequently in
39 the US, policies are enacted to curb homicide after incidents of highly-publicized mass
shootings, even though most firearm mortality is attributable to suicide.(1,9) Even so, these

44 policy changes often have implications for firearm suicide through the mechanism of supply or
46 access restriction.(2,3,8) There is evidence demonstrating that stricter firearm safety laws

enacted at the state level, such as child access prevention laws(10) and risk-based, time-limited
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51 civil protection orders for firearm removal(11) can reduce the rate of firearm suicide. However,
53 these policies are enacted inconsistently from state to state, leaving many firearm-related issues

55 unaddressed and motivating municipalities to enact firearm policies consistent with dangers or
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concerns specific to their citizens. The issue has caused controversy between state and local
governments, including in Richmond, Virginia, where a state preemption law prevented the
banning of firearms at a white supremacist rally but allowed banning of less lethal weapons (e.g.,

knives).(12,13)

Tensions between Arizona’s state government and local legislators in Tucson have been
particularly problematic for firearm policymaking.(14) Absent action from state legislators, local
policymakers in the city of Tucson passed an ordinance requiring firearms confiscated by (or
voluntarily surrendered to) Tucson police to be destroyed, resulting in the elimination of over
4,800 firearms in Pima County during the years included in this study.(14) However, in 2016, the
Arizona legislature enacted SB 1487 to preempt Tucson’s ordinance. Upheld by the Arizona
Supreme Court, SB 1487 forced Tucson to stop the destruction of confiscated firearms and resell

the firearms to the public by auction, or else face an annual financial penalty of $115 million.(15)

For these reasons, SB 1487 disrupted the number of firearms in Tucson in two ways:
First, by no longer allowing Tucson police to actively accept firearms through buyback programs
or firearms voluntarily turned in by citizens for the purpose of destroying those firearms, and
second, by requiring Tucson to resell all confiscated or forfeited firearms through a local
auctioneer. Nearly 600 firearms were resold by the city of Tucson auctions in just one five-
month period in 2017,(16) and many firearms likely reentered Tucson and surrounding
communities through 2019. The legal implications of SB 1487 have been discussed
elsewhere,(17) such as conceding to states over firearm-related policymaking, restricting local
efforts to enact public safety interventions, and imposing one of the most punitive fiscal
measures known to be applied to local government in the US. However, less is understood about

the health-related implications of Arizona’s 2016 preemption law, specifically how it may have
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affected firearm suicide rates in the greater Tucson area. This exogenous instance of local policy

preemption and deactivation affected the Tucson (Pima County) area relative to other counties in

oNOYTULT D WN =

Arizona and motivated ideal conditions for a natural experiment.(18)

11 The objective of our study was therefore to examine whether firearm suicide rates
13 increased in Pima County relative to other Arizona counties following the enactment of
Arizona’s 2016 preemption law. Given the systematic link between firearm availability and
18 suicide, and considering the availability of same-day firearm purchasing in Arizona,(19) we
20 hypothesized that firearm suicide rates (but not non-firearm suicide rates) would increase in
Pima County following the enactment of SB 1487, including the restriction on local firearm

25 destruction and likely introduction of a new supply of firearms in Tucson-area communities.

28 METHODS
Data & Study Design

Our primary data source was the Centers for Disease Control and Prevention (CDC)
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35 WONDER system, an interactive database that compiles information on the underlying causes of
37 death in the US. Data from the Bureau of Labor Statistics (BLS) Local Area Unemployment
statistics program and Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF) Federal

42 Firearms Licensees database were also used. CDC data restrictions prevent the analysis of

44 county-level suicide rates involving less than 10 decedents. For this reason, counties with
restricted data were excluded from the analysis. This included the 6 least-populated counties

49 (with also the lowest firearm suicide counts) in Arizona. The remaining counties represented

N
O
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51 93.4% of the state population in 2019 (data not shown).
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We conducted a time-series cross-sectional analysis taking advantage of a natural policy
experiment. The final analytic sample included 54 county-year observations including 6
observations for each of 9 counties from 2014 to 2019, permitting multiple years of data both

before and after the preemption law was enacted.

Dependent variables

We examined two dependent variables extracted from the CDC WONDER system. Our
primary dependent variable was a measure of the annual rate of firearm suicides (ICD-10 codes
X72-X74) per 100,000 persons (all ages). Because the 2016 preemption law should not have
affected non-firearm suicide rates in Pima County, we also examined a second dependent
variable measuring the annual rate of non-firearm suicides per 100,000 persons (all ages) as a

robustness test.

Independent variables

There were two independent policy variables. The first variable was an indicator of being
affected by Arizona’s preemption law — SB 1487 — enacted in 2016. Arizona enacted the 2016
preemption law to nullify Tucson’s ordinance allowing the Tucson Police Department to destroy
unclaimed and forfeited firearms, instead making the firearms available in the community
through resale. The variable equaled 1 for Pima County (Tucson-area) observations (policy

group) and 0 for all other county observations (comparison group).

The second variable was a measure of policy enactment timing equal to 1 for

observations after the 2016 law was enacted, and equal to 0 for observations prior to 2016.

Covariates

7
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Our fully-adjusted multivariate statistical models included a vector of covariates to

absorb residual variance in the outcomes and adjust for potential confounding factors. Population

oNOYTULT D WN =

demographic covariates included county-level measures of age (% of population <25yo), gender
10 (% of population male), and race (% of population white) in each county-year. BLS data were
used to adjust for differences in county-level unemployment rates, a proxy for socioeconomic

15 status differences shown to be correlated with suicide risk.(20) ATF data were used to construct
17 a county-level proxy measure of firearm ownership, as firearm availability is associated with
suicide.(2) The variable adjusted for the per capita rate of Category 1 and Category 2 federal

22 firearm licenses in each county-year, which may be the most suitable proxy for county-level

24 analyses.(21)

27 Analysis

29 We used a standard difference-in-differences (DID) estimation approach to examine the
31 effect of Arizona enacting SB 1487 as a widening or narrowing of the gap in suicide rates in

Pima County compared to 8 other Arizona counties from the pre-policy-enactment period to the
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36 post-policy-enactment period. The pre-policy-enactment reference period was the average of
38 outcomes from 2014 until 2016. We estimated four models using the following general
regression approach:

44 Y= Bo+ BiPolicy Group + B,Post-Law Enactment Period + Bs(Policy Group x Post-Law
45 Enactment Period) + BZ .+ €. (1)

where Y, is the annual firearm (or non-firearm) suicide rate for county c at time t, including the

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

50 vector of covariates (Z.;) in Models 2 and 4.

53 Models 1 and 3 estimated the policy parameters (independent variables) without

55 covariate adjustment for the two dependent variables. Models 2 and 4 estimated the policy
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parameters with covariate adjustment. In all four models, the coefficient of interest was the DID
policy estimate (J33) for the interaction of the two independent variables, attributable to Arizona’s
decision to enact the 2016 law preempting Tucson’s firearm destruction ordinance. This
empirical approach assumed that, absent the 2016 policy, the average changes in the firearm
suicide rates would have been the same in both Pima County (Tucson area) and the comparison
group counties, known as the common trends assumption.(22,23) In Model 2, B is thus an
estimate of the change in Pima County’s average firearm suicide rate from the pre-policy-
enactment to the post-policy-enactment period minus the change in the comparison group
counties’ average firearm suicide rate over the time period. A corollary of this common trends

assumption was examined in the Supplemental Material and described below.(18,24)

To correct for serial correlation and heteroskedasticity in the error terms, robust standard
errors were clustered at the county level, and the statistical models were weighted by county-year
population. We established an a priori two-sided significance level of 0.05. All analyses were

conducted using Stata version 17.1 (College Station, TX).

RESULTS

Across the study period, the comparison group counties had an average of 14.87 firearm
suicides per 100,000 persons per year, compared to 11.56 firearm suicides per 100,000 persons
per year in Pima County (Table 1). Supplemental Figure A1 depicts similar pre-expansion
firearm suicide trends from 2014 through 2015 between Pima County and the comparison group
counties,(18) and the Supplemental Material provides additional statistical evidence suggesting
the corollary of the common trends assumption was satisfactory for our outcome (i.e., the
difference in differences were not significantly different between the two groups in the pre-

treatment period).

9
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Table 2 describes our multivariate analysis findings. The Model 1 results show Arizona’s

enactment of the 2016 preemption law was associated with an increase in Pima County’s firearm

oNOYTULT D WN =

suicide rate by an additional 1.201 suicides per 100,000 persons from the pre-policy period to the
10 post-policy period, relative to the change over the same time period in the comparison group
counties (P<0.01). Model 2 produced similar estimates of the impact of the 2016 preemption law
15 following covariate adjustment, though with greater variability explained by the model overall

17 (R?=0.88). In this adjusted model, a 1.126 increase in Pima County’s firearm suicide rate per
100,000 persons was attributable to the enactment of the 2016 law, relative to the comparison

22 group counties over the same time period (P<0.01). Consistent with previous studies, the

24 unemployment rate(20) was also positively associated with higher suicide rates, as was our proxy

for firearm availability.(21)

As a robustness test, Models 3 and 4 estimated the impact of the 2016 preemption law on
32 non-firearm suicide rates in Pima County. In both models, the new law was not statistically

34 associated with changes in the non-firearm suicide rate. In the adjusted model (Model 4), and in
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36 contrast to the main firearm suicide model results, the proxy for firearm availability was also not
associated with the non-firearm suicide rate. The unemployment rate was associated with lower

41 firearm suicide rates (P=0.025) in the adjusted model.
44 DISCUSSION

47 Our findings suggest there was a statistically significant increase in the firearm suicide

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

49 rate in Pima County (greater Tucson area) associated with the enactment of Arizona’s 2016
preemption law. Although the mean annual firearm suicide rate was higher in the comparison

54 group counties over the full study period (Table 1), by 2019, the firearm suicide rate in Pima
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County increased and was nearly equivalent to the firearm suicide rate in the comparison

counties (14.1 and 14.6 per 100,000 persons, respectively).

Despite having a firearm suicide rate that is 52.4% higher than the national average,(1)
the state of Arizona responded to firearm safety and control policies adopted by local Tucson
government with a preemption measure including significant punitive financial
consequences.(17) Other authors — and this paper — have demonstrated and discussed the link
between firearm availability and suicide rates.(2,3,25,26) Following Arizona’s 2016 preemption
law, Tucson was not only no longer able to destroy confiscated and forfeited firearms, it was also
required to redistribute those firearms by way of auction. As additional firearms may have
reentered the greater Tucson area through 2019 (and were no longer removed and destroyed), our
findings suggest SB 1487 had the consequence of independently increasing the firearm suicide
rate in Pima County relative to other counties not targeted by the new law, even after adjusting
for other important explanatory factors. Further supporting our main findings, we also found that
the 2016 preemption law did not impact non-firearm suicide rates in Pima County relative to
other counties over the same time period, further suggesting that SB 1487 affected the supply of

firearms and firearm suicide specifically in Prima County.

State preemption of local law has several adverse consequences for localism, resting on
the idea that state power supersedes local government which is relegated to primarily execute
state policy.(27) The state-local government dynamic is one of state agency over local
municipalities, often supported by aggressive and threatening preemption measures(28) that are a
detriment to public health. Such preemption to interfere with local policy for firearm safety has
been supported and encouraged by the firearm industry.(28,29) State preemption of local

government rule on other public health issues such as nutrition policy(30,31) and tobacco

11
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control(32) have also been documented and demonstrate their broad use as a policy tool by

various interests to wield power over local public health. To date, following a strategic push by

oNOYTULT D WN =

several influential lobbies, over 40 states have passed some version of preemptive laws designed
10 to undermine local authority over firearm safety.(30,33) Our study is the first to empirically
show that state preemption of local firearm laws affects health-related outcomes — in this case

15 increasing firearm suicide by supplying the local community in Tucson with additional firearms,

17 which would have been previously destroyed.

20 Limitations

22 This study had several key limitations. First, because we conducted a county-level
analysis and estimated average effects of the 2016 preemption law on county-level firearm

27 suicide rates, readers should refrain from making inferences about individual behavior. For

29 example, we could not directly examine at the person level whether Arizona’s 2016 preemption
31 law resulted in suicidal persons acquiring firearms that would have previously been confiscated

and destroyed by Tucson police or newly resold firearms for the purpose of making suicide
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36 attempts.

39 Second, Tucson was the municipality with the firearm destruction policy, yet city-level
41 data were unavailable and data were aggregated at the county level. Tucson is the only city in
Pima County, and the Tucson metropolitan statistical area is defined as Pima County. The

46 majority of Pima County resides in the city of Tucson, which is demographically like the county

48 as a whole. However, smaller rural areas in Pima County may have been less sensitive to the
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50 potential increase in firearms available through auction after SB 1487 as it may be more likely
they already possessed firearms, though not necessarily handguns,(34) which is the type of

55 firearm used in most urban and rural suicides.(35)
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Third, SB 1487 disrupted the number of firearms in Tucson in two ways: First, by no
longer allowing Tucson police to actively accept firearms through buyback programs or firearms
voluntarily turned in by citizens for the purpose of destroying those firearms, and second, by
requiring Tucson to resell all confiscated or forfeited firearms through a local auctioneer.
However, in this and other studies, data limitations preclude knowing the actual number of
firearms in a community. Because we cannot directly measure the number of firearms before and
after the policy change, we make the logical assumption that more firearms entered Pima County
after the new policy was enacted. Notably, the Tucson firearm auctions were administered in-
person and online to persons with federal firearms licenses (e.g., dealers and pawnbrokers) by a

third-party auctioneer based in Tucson.

Fourth, and related, it is possible persons outside the city of Tucson could have won the
confiscated and forfeited firearms; however, it is likely many bidders were from the greater
Tucson area because the auctioneer was located in Tucson and the auctions were advertised
locally. Notably, some firearms sold for as little $15.(36) It is feasible local pawnbrokers and
dealers could have won the firearms cheaply and then resold them at a discount. Persons seeking
firearms may be more likely to purchase them from pawnbrokers or dealers than a government
auction. Beyond the general link between greater firearm availability and suicide risk, studies

have suggested some persons purposely buy firearms with the intent of suicide.(37)

Fifth, as described earlier, CDC data restrictions prevented us from constructing our
dependent variables for all Arizona counties. The generalizability of our results is limited to the
comparison counties included in our analytic sample; however, the included counties represented

about 93.4% of the state population in 2019.

13
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Finally, as with other studies, we could not directly control for firearm availability. To

address this concern, we used the proxy measure of firearm availability most recommended for

oNOYTULT D WN =

county-level analysis.(21)

1 CONCLUSIONS

13 In Arizona, state-level policy efforts to preempt or limit local government from enacting
15 firearm safety and control policies — especially policies that decrease the availability of firearms
in local communities — appear to have had the consequence of increasing firearm suicide risk in
20 Pima County. Just as the medical community and policymakers can advocate for state-level

22 firearm reforms shown to prevent suicide,(8,11) policy actors and advocates must also be aware
of other state-level policy issues that can either intentionally or unintentionally affect suicide risk
27 in their states. The research community must evaluate other preemption measures in terms of

29 their relationship to broad measures of public health. With this evidence we can encourage the

31 revision or revocation of existing preemption laws, which seem to benefit special interests at the

expense of public health.

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

58 14

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

CONTRIBUTORS

EG planned the concept and study design, performed the data analysis, and drafted and revised
the manuscript. LP contributed to the study design, data interpretation, and manuscript revision.

Both authors revised and approved the final manuscript.

FUNDING

Dr. Prater receives funding support from the state of Washington.

COMPETING INTERESTS

None declared.

PATIENT AND PUBLIC INVOLVEMENT

Patients and/or the public were not involved in the design, conduct, reporting, or dissemination

of this research.

PATIENT CONSENT FOR PUBLICATION

Not applicable.

ETHICS APPROVAL

This study conducted secondary data analysis of public use data and was deemed exempt from

Institutional Review Board review.

DATA AVAILABILITY STATEMENT

Data are available in a public, open access government repositories at https://wonder.cdc.gov/

and https://www.atf.gov/resource-center/data-statistics.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 30

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING


https://wonder.cdc.gov/
https://www.atf.gov/resource-center/data-statistics
http://bmjopen.bmj.com/

Page 17 of 30 BMJ Open

REFERENCES

1. Centers for Disease Control. Web-Based injury statistics query and reporting system

oNOYTULT D WN =

9 (WISQARS) [Internet]. US Centers for Disease Control and Prevention. 2020 [cited 2021

1 Aug 16]. Available from: https://www.cdc.gov/injury/wisqars/index.html

14 2. Anglemyer A, Horvath T, Rutherford G. The accessibility of firearms and risk for suicide
16 and homicide victimization among household members: A systematic review and meta-

analysis. Ann Intern Med. 2014;

Romero MP, Wintemute GJ. The epidemiology of firearm suicide in the United States. J

24 Urban Heal. 2002;79(1).

57 4. Owens D, Horrocks J, House A. Fatal and non-fatal repetition of self-harm. Br J

29 Psychiatry. 2002;181:193-9.

32 5. Shenassa ED, Catlin SN, Buka SL. Lethality of firearms relative to other suicide methods:

34 A population based study. J Epidemiol Community Health. 2003;57(2):120—4.

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING

37 6. Spicer RS, Miller TR. Suicide acts in 8 states: Incidence and case fatality rates by

demographics and method. Am J Public Health. 2000;90(12):1885-91.

7. Grinshteyn E, Hemenway D. Violent Death Rates: The US Compared with Other High-

45 income OECD Countries, 2010. Am J Med. 2016;129(3):266—73.

48 8. Goldstein E V., Prater LC, Bose-Brill S, Wickizer TM. The Firearm Suicide Crisis:

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

50 Physicians Can Make a Difference. Ann Fam Med. 2020;
53 9. Swanson JW, Easter MM, Alanis-Hirsch K, Belden CM, Norko MA, Robertson AG, et al.
Criminal justice and suicide outcomes with Indiana’s risk-based gun seizure law. J Am

58 16

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

10.

1.

12.

13.

14.

15.

16.

BMJ Open

Acad Psychiatry Law. 2019;

Morral A, Ramchand R, Smart R, Gresenz C, Cherney S, Nicosia N, et al. The Science of
Gun Policy: A Critical Synthesis of Research Evidence on the Effects of Gun Policies in
the United States. The Science of Gun Policy: A Critical Synthesis of Research Evidence

on the Effects of Gun Policies in the United States. 2018.

Swanson JW. Preventing suicide through better firearm safety policy in the United States.

Psychiatr Serv. 2021;72(2).

Yablon A. Richmond will ban bats, shields, knives, and poles from a protest - but not

guns. The Trace. 2017.

Giffords Law Center. Preemption of Local Laws [Internet]. 2021 [cited 2021 Aug 26].
Available from: https://giffords.org/lawcenter/gun-laws/policy-areas/other-laws-

policies/preemption-of-local-laws/

Ferguson J. Tucson and state will square off in court over gun laws and local control.
Arizona Daily Star [Internet]. 2016; Available from: https://tucson.com/news/local/govt-
and-politics/tucson-and-state-will-square-off-in-court-over-gun-laws-and-local-

control/article 37240e41-d340-55d2-ac74-a6755f7733a0.html

Ferguson J. Arizona Supreme Court sets hearing for Tucson gun dispute. Arizona Daily
Star [Internet]. 2017; Available from: https://tucson.com/news/local/govt-and-
politics/arizona-supreme-court-sets-hearing-for-tucson-gun-dispute/article 609414e5-

501e-537a-85fe-9282e6db62de.html

Ferguson J. Here’s a look at the guns the city of Tucson has sold, including semi-

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 30

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

Page 19 of 30 BMJ Open

automatic rifles. Arizona Daily Star [Internet]. 2018; Available from:

https://tucson.com/heres-a-look-at-the-guns-the-city-of-tucson-has-sold-including-semi-

oNOYTULT D WN =

automatic/article fe04eb34-36b2-11e8-b078-a7ffca0f002d.html

11 17.  Simon R. State Preemption of Local Gun Regulations: Taking Aim at Barriers to Change

13 in Firearm Policy. SSRN Electron J. 2020;

16 18.  Wing C, Simon K, Bello-Gomez RA. Designing Difference in Difference Studies: Best
Practices for Public Health Policy Research. Annu Rev Public Health. 2018

21 Apr;39(1):453-69.

24 19.  Anestis MD, Anestis JC. Suicide rates and state laws regulating access and exposure to

26 handguns. Am J Public Health. 2015;105(10).

29 20. Nordt C, Warnke I, Seifritz E, Kawohl W. Modelling suicide and unemployment: A
longitudinal analysis covering 63 countries, 2000-11. The Lancet Psychiatry.

i 2015;2(3):239-45.

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING

21. Haviland MJ, Gause E, Rivara FP, Bowen AG, Hanron A, Rowhani-Rahbar A.
39 Assessment of county-level proxy variables for household firearm ownership. Prev Med

41 (Baltim). 2021;148.

44 22.  Smith S Brick A OSNC. Evidence on the cost and cost-effectiveness of palliative care: a

46 literature review. Palliat Med. 2014;28(2):130-50.

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

49 23.  Dimick JB, Ryan AM. Methods for evaluating changes in health care policy: The

52 difference-in-differences approach. JAMA - J] Am Med Assoc. 2014;

55 24.  Pischke J-S. Empirical Methods in Applied Economics Lecture Notes [Internet]. Lecture

58 18

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

25.

26.

27.

28.

29.

30.

31.

32.

BMJ Open

Notes. 2005. p. 1-35. Available from:

http://econ.Ise.ac.uk/staff/spischke/ec524/evaluation3.pdf

Kung HC, Pearson JL, Wei R. Substance use, firearm availability, depressive symptoms,
and mental health service utilization among white and African American suicide

decedents aged 15 to 64 years. Ann Epidemiol. 2005;15(8).

Goldstein E V., Prater LC, Wickizer TM. Behavioral Health Care And Firearm Suicide:
Do States With Greater Treatment Capacity Have Lower Suicide Rates? Health Aff

(Millwood). 2019;38(10):1711-8.

Briffault R. What about the ’ism’-normative and formal concerns in contemporary

federalism. Vanderbilt Law Rev. 1994:;47.

Pomeranz JL, Silver D. State Legislative Strategies to Pass, Enhance, and Obscure

Preemption of Local Public Health Policy-Making. Am J Prev Med. 2020;

Gorovitz E, Mosher J, Pertschuk M. Preemption of prevention?: Lessons from efforts to

control firearms, alcohol, and tobacco. Journal of Public Health Policy. 1998.

Pomeranz JL, Pertschuk M. State preemption: A significant and quiet threat to public

health in the United States. American Journal of Public Health. 2017.

Pomeranz JL, Zellers L, Bare M, Pertschuk M. State Preemption of Food and Nutrition
Policies and Litigation: Undermining Government’s Role in Public Health. Am J Prev

Med. 2019;

Siegel M, Carol J, Jordan J, Hobart R, Schoenmarklin S, DuMelle F, et al. Preemption in

tobacco control: Review of an emerging public health problem. J] Am Med Assoc. 1997;

19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 30

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

Page 21 of 30 BMJ Open

33.  Safety EFG. State Firearm Preemption Laws. 2018.

34.  Azrael D, Hepburn L, Hemenway D, Miller M. The stock and flow of U.S. Firearms:

oNOYTULT D WN =

9 Results from the 2015 national Firearms survey. Vol. 3, RSF. 2017.

35.  Hanlon TJ, Barber C, Azrael D, Miller M. Type of Firearm Used in Suicides: Findings
14 From 13 States in the National Violent Death Reporting System, 2005-2015. J Adolesc

16 Heal. 2019;65(3).

19 36. Ferguson J. City of Tucson has sold more than 500 guns in state-mandated auctions since
October [Internet]. Arizona Daily Star. 2018 [cited 2021 Aug 26]. Available from:
24 https://tucson.com/news/local/city-of-tucson-has-sold-more-than-500-guns-in-state-

26 mandated-auctions-since-october/article bfd56¢cbc-6697-5537-8f4f-a2b6a3c466¢9.html

29 37.  Cummings P, Koepsell TD, Grossman DC, Savarino J, Thompson RS. The association
between the purchase of a handgun and homicide or suicide. Am J Public Health.

i 1997:87(6).

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

58 20

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 22 of 30

Tables

Table 1. Characteristics of the pooled analytic sample, by policy group: 2014-2019

Policy Group Comparison Group
Standard Standard

Mean Deviation Mean Deviation
Firearm suicides per 100,000 persons 11.56 1.52 14.87 6.28
Non-firearm suicides per 100,000
persons
Unemployment rate, % 4.95 0.67 7.77 4.64
Population white, % 86.59 0.25 82.49 14.44
Population <25yo, % 33.19 0.72 31.86 5.77
Population male, % 49.19 0.03 50.34 1.05
Per capita rate of federal firearm
licenses 0.00019 0.00001 0.00034 0.00016

Notes: Authors’ analysis of the CDC WONDER, BLS, and ATF data. For each variable shown in the table,
unadjusted mean annual percentages or rates are shown from across the study period. The policy group contained 6
observations and the comparison group contained 48 observations.
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in the changes in the average suicide outcomes from the pre-law-enactment period to the post-law-enactment period
between Pima County and the comparison group counties.
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Figure Al: Unadjusted trends in the firearm suicide rate, by policy group, 2014-2019
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Notes: Authors’ analysis of CDC WONDER data. This figure shows the unadjusted trends in the outcomes between
Pima County (solid black line) and comparison group counties (dashed black line) over the study period, allowing
for a visual examination of the pre-expansion common trends assumption in the outcomes. The post-policy-
enactment period was 2016-2019.

If the trends in the outcomes between the two groups were similar in the pre-expansion period, then one
can be more confident about similar potential outcomes between the two policy groups. The preemption
law variable was interacted with year indicators and the firearm suicide rate variable was regressed on the
interactions of the time variables and the law variable indicator, excluding the first pre-expansion year
indicator (e.g., 2015). The coefficient for year = 2014 was statistically equivalent to zero (B=-1.53,
P=0.87), further suggesting the corollary of the common trends assumption was satisfactory (i.e., the
difference in differences was not significantly different between the two groups in the pre-treatment
period).
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to

include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite

them as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Reporting Item

Page Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used
term in the title or the abstract
Abstract #1b  Provide in the abstract an informative and balanced

summary of what was done and what was found
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Introduction
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Methods

Study design

Setting

Eligibility criteria

Data sources /

measurement
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Explain the scientific background and rationale for

the investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the

paper

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-

up, and data collection

Give the eligibility criteria, and the sources and

methods of selection of participants.

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give

diagnostic criteria, if applicable

For each variable of interest give sources of data
and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than one
group. Give information separately for for exposed

and unexposed groups if applicable.
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7-9
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Describe any efforts to address potential sources of

bias

Explain how the study size was arrived at

Explain how quantitative variables were handled in
the analyses. If applicable, describe which

groupings were chosen, and why

Describe all statistical methods, including those

used to control for confounding

Describe any methods used to examine subgroups

and interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking

account of sampling strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of
study—eg numbers potentially eligible, examined

for eligibility, confirmed eligible, included in the
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Participants

Participants

Descriptive data

Descriptive data

Outcome data

Main results

Main results
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study, completing follow-up, and analysed. Give
information separately for for exposed and

unexposed groups if applicable.

H+
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Give reasons for non-participation at each stage
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w
(@)

Consider use of a flow diagram

3+
—
o
Q

Give characteristics of study participants (eg

demographic, clinical, social) and information on
exposures and potential confounders. Give
information separately for exposed and unexposed

groups if applicable.

—
o
o

Indicate number of participants with missing data

for each variable of interest

15 Report numbers of outcome events or summary
measures. Give information separately for exposed

and unexposed groups if applicable.
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kN
»
Q

Give unadjusted estimates and, if applicable,

confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were

included
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Report category boundaries when continuous

variables were categorized
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If relevant, consider translating estimates of relative

risk into absolute risk for a meaningful time period

Report other analyses done—e.g., analyses of
subgroups and interactions, and sensitivity

analyses

Summarise key results with reference to study

objectives

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss

both direction and magnitude of any potential bias.

Give a cautious overall interpretation considering
objectives, limitations, multiplicity of analyses,
results from similar studies, and other relevant

evidence.

Discuss the generalisability (external validity) of the

study results

Give the source of funding and the role of the
funders for the present study and, if applicable, for
the original study on which the present article is

based
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Notes:

12b: N/A. No interactions or subgroups.

12c¢: N/A. No missing data.

12e: 7-9. Models 3 and 4, robustness outcome.

14a: 9, 21, Supplementary File

14b: N/A - no missing data. The STROBE checklist is distributed under the terms of the Creative
Commons Attribution License CC-BY. This checklist was completed on 08. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e This study uses a quasi-experimental design to examine a natural policy experiment in
Arizona, USA, accounting for other explanatory factors.

e This study compares both firearm and non-firearm suicide rates at the county level,
conducting empirical robustness and placebo tests.

e In this and other studies of firearm suicide in the US, data limitations preclude adjusting
for the actual number of firearms in a community, a strong risk factor for suicide.

e City-level data were unavailable, and data were aggregated at the county level.

e As with other non-experimental studies, our findings should be interpreted as correlative,

not causal.

3
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INTRODUCTION

The US is in the midst of a suicide epidemic taking the lives of almost 50,000 Americans

oNOYTULT D WN =

9 every year, with high burden typically concentrated in the Mountain states.(1) Firearms are the
11 most common method of suicide in the US,(1). Although suicide is a multifaceted public health
13 problem with simultaneous biological, psychological, social, and environmental contributors,
access to firearms exacerbates suicide risk for suicidal persons.(2,3) Many people who attempt
18 suicide will survive,(4) though survival is typically less likely for those who use firearms, given
20 the 80-90% case-fatality rate . (5,6) Internationally, the US firearm suicide rate has been
estimated to be 8 times higher than the average firearm suicide rate of 22 other high-income

25 countries, even though the total suicide rate for the US is similar to that of other countries.(7) In
27 the Mountain states (i.e., Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and
Wyoming) specifically, firearm suicide rates increased 30.4% from 2005-2019 and are

32 consistently among the top ten in the US.(1)

Federal firearm safety and control reforms are controversial and difficult to enact and
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37 enforce, making state governments responsible for most firearm policymaking.(8) Frequently, in
39 the US, policies are enacted to curb homicide after incidents of highly-publicized mass
shootings, even though most firearm mortality is attributable to suicide.(1,9) Even so, these

44 policy changes often have implications for firearm suicide through the mechanism of supply or
46 access restriction.(2,3,8) There is evidence demonstrating that stricter firearm safety laws

enacted at the state level, such as child access prevention laws(10) and risk-based, time-limited
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51 civil protection orders for firearm removal(11) can reduce the rate of firearm suicide. However,
53 these policies are enacted inconsistently from state to state, leaving many firearm-related issues

55 unaddressed and motivating municipalities to enact firearm policies consistent with dangers or
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concerns specific to their citizens. This issue has caused controversy between state and local
governments, including in Richmond, Virginia, where a state preemption law prevented banning
firearms at a white supremacist rally but allowed banning of less-lethal weapons (e.g.,

knives).(12,13)

Tensions between Arizona’s government and local legislators in Tucson have been
particularly problematic for firearm policymaking.(14) Absent action from state legislators, local
policymakers in the city of Tucson passed an ordinance requiring firearms confiscated by (or
voluntarily surrendered to) Tucson police to be destroyed, resulting in the elimination of over
4,800 firearms in Pima County during the years included in this study.(14) However, in 2016, the
Arizona legislature enacted SB 1487 to preempt Tucson’s ordinance. Upheld by the Arizona
Supreme Court, SB 1487 forced Tucson to stop the destruction of confiscated firearms and resell

the firearms to the public by auction or face an annual financial penalty of $115 million.(15)

For these reasons, SB 1487 disrupted the number of firearms in Tucson in two ways.
First, SB 1487 no longer allowed Tucson police to actively accept firearms voluntarily turned in
by citizens or through buyback programs for the purpose of destroying those firearms. Second,
SB 1487 required Tucson to resell all confiscated or forfeited firearms through a local
auctioneer. The city of Tucson auctions resold nearly 600 firearms in just one five-month period
in 2017,(16) and many firearms likely reentered Tucson and surrounding communities through
2019. The legal implications of SB 1487 have been discussed elsewhere,(17) such as conceding
to states over firearm-related policymaking, restricting local efforts to enact public safety
interventions, and imposing one of the most punitive fiscal measures known to be applied to
local government in the US. However, less is understood about the health-related implications of

Arizona’s 2016 preemption law, specifically how it may have affected firearm suicide rates in

5
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the greater Tucson area. This example of an exogenous local policy affecting the Tucson (Pima

County) area relative to other counties in Arizona provided ideal conditions for a natural policy

oNOYTULT D WN =

experiment.(18)

11 Our objective was to examine whether firearm suicide rates increased in Pima County

13 relative to other Arizona counties following Arizona’s 2016 preemption law. Given the
systematic link between firearm availability and suicide, and considering the availability of

18 same-day firearm purchasing in Arizona,(19) we hypothesized that firearm suicide rates (but not
20 non-firearm suicide rates) would increase in Pima County following the enactment of SB 1487,
which restricted local firearm destruction and likely introduced of a new supply of firearms in

25 Tucson-area communities.

28 METHODS
Data & Study Design

Our primary data source was the Centers for Disease Control and Prevention (CDC)
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35 WONDER system, an interactive database compiling information on the underlying causes of
37 death in the US. Data from the Bureau of Labor Statistics (BLS) Local Area Unemployment
statistics program; Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF) Federal

42 Firearms Licensees database; and the Area Health Resource Files (AHRF) were also used. CDC
44 data restrictions prevent the analysis of county-level suicide rates involving less than 10
decedents. For this reason, counties with restricted data were excluded from the analysis. This

49 included the 6 least-populated counties (with also the lowest firearm suicide counts) in Arizona.
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51 The remaining counties represented 93.4% of the state population in 2019 (data not shown).

58 6

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

We used a quasi-experimental study design taking advantage of a natural policy
experiment. Our final analytic sample included 54 county-year observations, including 6
observations for each of 9 counties from 2014 through 2019, permitting multiple years of data

both before and after the preemption law was enacted.(20)

Dependent variables

Our primary dependent variable was a measure of the annual rate of firearm suicides
(ICD-10 codes X72—X74) per 100,000 persons (all ages). Because the 2016 preemption law
should not have affected non-firearm suicide rates in Pima County, we also examined a second
dependent variable measuring the annual rate of non-firearm suicides per 100,000 persons (all
ages) as a robustness test. Both variables were created using data extracted from the CDC

WONDER system.

Independent variables

There were two independent policy variables. The first variable was an indicator of being
affected by Arizona’s preemption law, SB 1487. Arizona enacted the preemption law in 2016 to
nullify Tucson’s ordinance allowing the Tucson Police Department to destroy unclaimed and
forfeited firearms and instead required the firearms to be made available through resale. The
variable equaled 1 for Pima County (Tucson-area) observations (policy group) and O for all other

county observations (comparison group).

The second variable was a measure of policy enactment timing equal to 1 for

observations after the 2016 law was enacted and 0 for observations before 2016.

Covariates

7
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Our empirical approach assumes that confounders varying across the policy and

comparison groups are time-invariant and time-varying confounders are group invariant. Our

oNOYTULT D WN =

fully-adjusted multivariate statistical models included a vector of covariates to absorb residual

10 variance in the outcomes and adjust for potential confounding factors varying between the two
groups. Population demographic covariates included county-level measures of age (% of

15 population <25yo), gender (% of population male), and race (% of population white) in each

17 county-year. BLS data were used to adjust for differences in county-level unemployment rates, a
proxy for socioeconomic status differences shown to be correlated with suicide risk.(21) ATF

22 data were used to construct a county-level proxy measure of firearm ownership, as firearm

24 availability is associated with suicide.(2) The variable adjusted for the per capita rate of Category
1 and Category 2 federal firearm licenses in each county-year, which may be the most suitable

29 proxy for county-level analyses.(22) Recent studies have shown mental health professional

31 shortage areas are associated with higher suicide rates at the county level.(23) For this reason, we

33 also included a measure of mental health professional shortage area status (partial or full
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shortage area county-year) using data from the AHRF, as defined by the US federal

38 government.(24)

41 Analysis

43 We used a linear two-group, two-period difference-in-differences (DID) estimation
45 approach to examine the effect of SB 1487 as a widening or narrowing of the gap in suicide rates

in Pima County compared to 8 other Arizona counties from the pre-policy-enactment period to
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50 the post-policy-enactment period.(18) The pre-policy-enactment reference period was the
52 average of outcomes from 2014 and 2015. We estimated four models using the following general

>4 regression approach:
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«= Bo+ Bi1Policy Group + B,Post-Policy Enactment Period + Bs(Policy Group x Post-Policy
Enactment Period) + BZ .+ €. (1)

where Y is the annual firearm (or non-firearm) suicide rate for county c at time t, including the

vector of covariates (Z) in the adjusted models.

Model 1 estimated the policy parameters (independent variables) without covariate
adjustment for our primary dependent variable. Model 2 estimated the policy parameters with
covariate adjustment. As a robustness test, we also estimated Models 3 and 4 examining the
effects of the 2016 preemption law on measure of non-firearm suicide rates in the policy and

comparison group counties.

The coefficient of interest was the DID policy estimate (p3;) for the interaction of the two
independent variables, coinciding with Arizona’s decision to enact the 2016 law preempting
Tucson’s firearm destruction ordinance. This empirical approach assumed that absent the 2016
policy, the average changes in the firearm suicide rates would have been the same in both Pima
County (Tucson area) and the comparison group counties, known as the common trends
assumption (25,26) B; is thus an estimate of the change in Pima County’s average firearm suicide
rate from the pre-policy-enactment to the post-policy-enactment period minus the change in the
comparison group counties’ average firearm suicide rate over the time period. This approach also
assumed that there were no other unmeasured policy changes or factors coinciding with the
timing of Arizona’s 2016 preemption law that could have affected firearm suicide rates in Pima

County relative to the comparison group counties.

A corollary of this common trends assumption was examined graphically below.(18,27)
We also conducted a placebo test of the expected policy effects and pre-policy common trends
assumption.(20) For this test, we performed an additional DID estimation using a “fake” policy

9
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group for our primary dependent variable. Specifically, we replicated our estimation of Model 2

using Maricopa County observations for our policy group and all other non-Pima counties for the

oNOYTULT D WN =

comparison group. Because the 2016 preemption law should not have affected firearm suicide
10 rates in Maricopa County relative to the other comparison counties, the DID estimate (3) from

the placebo test model should not statistically differ from 0.

To correct for serial correlation and heteroskedasticity in the error terms, robust standard
18 errors were clustered at the county level, and the statistical models were weighted by county-year
20 population. We established an a priori two-sided significance level of 0.05. All analyses were

conducted using Stata version 17.1 (College Station, TX).

25 RESULTS

Across the study period, the comparison group counties had an average of 14.87 firearm
30 suicides per 100,000 persons per year, compared to 11.56 firearm suicides per 100,000 persons
32 per year in Pima County (Table 1). Figure 1 illustrates the geographic variation in firearm suicide

34 rates for each Arizona county in 2019, as well as the relative land size of each county. By 2019,

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby re Gzoz ‘2 aung uo /wod fwa uadolway/:dny wols pspeojumod "2zoz AN 6 UO 96T8S0-TZ0Z-uadolwa/9eTT 0T se paysiignd 1si1y :uado CING

Pima County’s firearm suicide rate increased to 14.13 deaths per 100,000 persons. Figure 2

39 describes the unadjusted firearm suicide rates in Pima County and the comparison group counties
41 from 2005 through 2015, depicting similar pre-policy trends between Pima County and the
comparison group counties.(18) This suggests the corollary of the common trends assumption

46 was satisfactory for our dependent variable of interest. Supplemental Figure A1 describes the

48 unadjusted non-firearm suicide rates over the study period.
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51 Table 2 presents our multivariate analysis findings. The Model 1 results show Arizona’s
33 enactment of the 2016 preemption law was associated with an increase in Pima County’s firearm

suicide rate by an additional 1.20 suicides per 100,000 persons from the pre-policy period to the
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post-policy period, relative to the change over the same period in the comparison group counties
(95% CI1 0.79, 1.61; P<0.01). Model 2 produced similar estimates of the effect of the 2016
preemption law following covariate adjustment. In the adjusted model, a 1.13 increase in Pima
County’s firearm suicides per 100,000 persons coincided with the enactment of the 2016 law,
relative to the comparison group counties over the same period (95% CI 0.51, 1.74; P<0.01).
Consistent with previous studies, our proxy for firearm availability was also positively associated

with higher suicide rates.(22)

The results of our placebo test are shown in supplemental Table A1. The DID estimate
from the placebo test model did not statistically differ from zero at the 0.05 level (B;=-0.86;
95% CI -2.36, 0.64; P = 0.216). In other words, the 2016 preemption law did not significantly
affect firearm suicide rates in the “fake” policy group (Maricopa County), compared to the
remaining comparison group counties. These supplemental results further suggest the common
trends assumption was satisfactory for our main outcome. If the DID estimate from the placebo
test significantly differed from zero, the impact would have likely come from some underlying
difference in the trends between the two groups. In turn, this would cast doubt on the assumption

of similar pre-policy trends between our main policy and comparison groups.

Supplemental Table A2 shows the results of our robustness test, describing the estimated
effects of the 2016 preemption law on non-firearm suicide rates in Pima County. In Models 3
and 4, the new law was not statistically associated with changes in the non-firearm suicide rate.
In the adjusted model (Model 4), and in contrast to the main firearm suicide model results, the
proxy for firearm availability was also not associated with the non-firearm suicide rate. The
unemployment rate was associated with lower non-firearm suicide rates in the adjusted model (3

=0.33; 95% C1 0.02, 0.64; P=0.03; Model 4).

11
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DISCUSSION

Our findings suggest a modest but statistically significant increase in the firearm suicide

oNOYTULT D WN =

9 rate in Pima County (greater Tucson area) during the years following the enactment of Arizona’s
11 2016 preemption law. Relative to the comparison counties, the 2016 law coincided with a 10.9%
13 relative increase in the firearm suicide rate in Pima County from the pre-policy period to the
post-policy period. Although the mean annual firearm suicide rate was higher in the comparison
18 group counties over the full study period (Table 1), by 2019, the firearm suicide rate in Pima

20 County increased and was nearly equivalent to the firearm suicide rate in the comparison

counties (14.1 and 14.6 per 100,000 persons, respectively).

Despite having a firearm suicide rate 52.4% higher than the national average,(1) the state
28 of Arizona responded to firearm safety and control policies adopted by the local Tucson

30 government with a preemption measure including significant punitive financial

32 consequences.(17) Other authors — and this paper — have demonstrated and discussed the link

between firearm availability and suicide rates.(2,3,28,29) Following Arizona’s 2016 preemption
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37 law, Tucson was not only no longer able to destroy confiscated and forfeited firearms, but it was
39 also required to redistribute those firearms by way of auction. As additional firearms may have
reentered the greater Tucson area through 2019 (and were no longer removed and destroyed), our
44 findings suggest SB 1487 contributed to higher firearm suicide rates in Pima County relative to
46 other counties not targeted by the new law. Not surprisingly, we also found the 2016 preemption

law did not impact non-firearm suicide rates in Pima County relative to other counties over the

N
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51 same period, further suggesting that SB 1487 affected firearm suicide specifically in Prima

53 County.
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State preemption of municipal policies has several adverse consequences for localism,
resting on the idea that state power supersedes local government and that municipalities are
relegated to primarily executing state policy.(30) This notion can be detrimental to public health.
Preemption efforts interfering with local firearm safety policies have been supported and
encouraged by the firearm industry.(31,32) State preemption of local government authority on
other public health issues such as nutrition policy(33,34) and tobacco control(35) have also been
documented, seemingly used by organized interests to wield power over local public health
initiatives. Following a strategic push by several influential lobbying entities, over 40 states have
passed some version of preemptive law designed to undermine local authority over firearm
safety.(33,36) Our study is the first to empirically show that state preemption of local firearm

laws appears to have specifically affected suicide-related outcomes.

Limitations

This study had several key limitations, and readers should carefully interpret the findings.
First, because we conducted a county-level analysis and estimated the effects of the 2016
preemption law on county-level firearm suicide rates, readers should refrain from making
inferences about individual behavior. For example, we could not directly examine at the person
level whether Arizona’s 2016 preemption law resulted in suicidal persons acquiring firearms that
would have previously been confiscated and destroyed by Tucson police or newly resold

firearms to make suicide attempts.

Second, Tucson was the municipality with the firearm destruction policy, yet city-level
data were unavailable, and data were aggregated at the county level. Tucson is the only city in
Pima County, and the Tucson metropolitan statistical area is defined as Pima County. The

majority of Pima County resides in Tucson, which demographically resembles the county as a

13
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whole. However, smaller rural areas in Pima County may have been less sensitive to the

potential increase in firearms available through auction after SB 1487. It may be more likely they

oNOYTULT D WN =

already possessed firearms, though not necessarily handguns,(37) which is the type of firearm

10 used in most urban and rural suicides.(38)

13 Third, SB 1487 disrupted the number of firearms in Tucson in two ways. First, SB 1487
no longer allowed Tucson police to actively accept firearms voluntarily turned in by citizens or
18 through buyback programs for the purpose of destroying those firearms. Second, SB 1487

20 required Tucson to resell all confiscated or forfeited firearms through a local auctioneer.
However, in this and other studies, data limitations preclude knowing the actual number of

25 firearms in a community. Because we cannot directly measure the number of firearms before and
27 after the policy change, we make a logical assumption that more firearms entered Pima County
after the new policy was enacted. Notably, the Tucson firearm auctions were administered in-

32 person and online to persons with federal firearms licenses (e.g., dealers and pawnbrokers) by a

34 third-party auctioneer based in Tucson.
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37 Fourth, and related, it is possible persons outside the city of Tucson could have won the
39 confiscated and forfeited firearms; however, it is likely many bidders were from the greater
Tucson area because the auctioneer was located in Tucson and the auctions were advertised

44 locally. Notably, some firearms sold for as little as $15.(39) It is feasible local pawnbrokers and
46 dealers could have won the firearms cheaply and then resold them at a discount. Persons seeking

firearms may be more likely to purchase them from pawnbrokers or dealers than at a government
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51 auction. Beyond the general link between greater firearm availability and suicide risk, studies

53 have suggested some persons purposely buy firearms with the intent of suicide.(40)
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Fifth, as described earlier, CDC data restrictions prevented us from constructing our
dependent variables for all Arizona counties. The generalizability of our results is limited to the
comparison counties included in our analytic sample; however, the included counties represented

about 93.4% of the state population in 2019.

Finally, unobserved characteristics not accounted for in Models 2 and 4 may have biased
our estimates, imposing limits to causal interpretations of our findings. Specifically, we did not
adjust for county-level measures of veteran population size or the unmet mental health care
needs. Veteran status and different mental illnesses are often suicide risk factors, although
mental illness is less likely to be diagnosed among those who use firearms for suicide.(41) We
also could not directly adjust for firearm availability, though we used the proxy measure of
firearm availability most recommended for county-level analysis in an attempt to address this
concern.(22) We also assumed that there were no other unmeasured policy changes coinciding
with the timing of Arizona’s 2016 preemption law that could have affected firearm suicide rates
in Pima County relative to the comparison group counties. As with other non-experimental

studies, our findings should be interpreted as correlative, not causal.

CONCLUSIONS

In Arizona, state-level policy efforts to preempt or limit local government from enacting
firearm safety and control policies — especially policies that decrease the availability of firearms
in local communities — appear to coincide with higher firearm suicide rates in Pima County. Just
as the medical community and policymakers can advocate for state-level firearm reforms shown
to prevent suicide,(8,11) policy actors and advocates must also be aware of other state-level
policy issues that can intentionally or unintentionally affect suicide risk in their states. Further

examination of existing preemption laws is needed to determine whether these policies are

15
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counterproductive to suicide prevention efforts, including additional analyses of the effects of

Arizona’s 2016 preemption law over time. The research community must also continue to

oNOYTULT D WN =

evaluate relationships between preemption law and broader public health measures.
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Data are available in a public, open access government repositories at https://wonder.cdc.gov/

and https://www.atf.gov/resource-center/data-statistics.
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o FIGURE CAPTIONS

Figure 1. Firearm suicides per 100,000 persons in Arizona, by county: 2019. Notes: Authors’

14 analysis of the CDC WONDER data. This map describes the firearm suicide rate per 100,000

15 persons in 2019 for each county included in our analyses. This map also illustrates the relative
16 land size of each Arizona county. Pima County had 14.13 firearm suicide per 100,000 persons in
2019. Counties excluded from our analyses are shown in white.

21 Figure 2. Unadjusted trends in the firearm suicide rate, by policy group, 2005-2019. Notes:

22 Authors’ analysis of CDC WONDER data. This figure shows the unadjusted trends in firearm

>4 suicide rates between Pima County (solid black line) and comparison group counties (dashed

25 black line) from 2005-2019, allowing for a visual examination of the pre-policy common trends
26 assumption in the primary dependent variable. The post-policy enactment period was 2016-2019.
Tucson’s ordinance requiring firearms confiscated by (or voluntarily surrendered to) Tucson
police to be destroyed was adopted in 2005 and would have been implemented in subsequent

30 ycars.
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9 Tables

Table 1. Characteristics of the pooled analytic sample, by policy group: 2014-2019

14 Policy Group Comparison Group

Standard Standard
17 Mean Deviation Mean Deviation

19 Firearm suicides per 100,000 persons 11.56 1.52 14.87 6.28

21 Non-firearm suicides per 100,000
22 persons 8.74 0.83 10.66 5.24

24 Unemployment rate, % 4.95 0.67 7.77 4.64
26 Population white, % 86.59 0.25 82.49 14.44
28 Population <25yo, % 33.19 0.72 31.86 5.77
30 Population male, % 49.19 0.03 50.34 1.05

32 Per capita rate of federal firearm
33 licenses 0.00019 0.00001 0.00034 0.00016

35 Mental Health Professional Shortage
36 Area Status

38 Partial shortage area county-years, % 33.33 0.52 34.04 0.48
40 Full shortage area county-years, % 66.67 0.52 65.96 0.48

42 Notes: Authors’ analysis of the CDC WONDER, BLS, ATF, and AHRF data. For each variable shown in the table,
43 unadjusted mean annual percentages or rates are shown from across the study period. The policy group contained 6
44 observations and the comparison group contained 48 observations.
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Table 2: Estimating the effect of Arizona’s 2016 preemption law on firearm suicide rates in Pima

County: 2014-2019

1 2
Unadjusted Model Adjusted Model

Policy variables
SB 1487 exposure
Comparison group Ref Ref
Policy group (Enactment of state law, SB
1487, preempting gun disposal ordinance

in Tucson, Pima County) 0.13 0.52*
(-3.03, 3.29) (0.13,0.90)
Policy enactment timing
Pre-policy enactment Ref Ref
Post-policy enactment 0.67** 0.30
(0.26, 1.08) (-0.34, 0.90)
Policy group x Post-policy enactment
(difference-in-differences estimate) 1.20%* 1.13%*
(0.79, 1.61) (0.51, 1.74)
Covariates
Unemployment rate (%) 0.24%*
(0.02, 0.39)
Population white (%) -0.10%*
(-0.17,-0.03)
Population <25yo (%) -0.75%*
(-1.06, -0.42)
Population male (%) -0.53*
(-0.92, -0.14)
Per capita rate of federal firearm licenses 20,066.99**
(12,901.60,
27,232.37)
Mental Health Professional Shortage Area
Status
Partial shortage area Ref
Full shortage area 0.22
(-1.05, 1.50)
Constant 10.192%* 64.97**
(7.03, 13.34) (32.80,97.14)
Observations 54 54
R-squared 0.02 0.90

Notes: + P <0.10, * P <0.05, ** P <0.01. Authors’ analyses of CDC WONDER, BLS, ATF, and AHRF data. 95%
confidence intervals (CIs) shown in parentheses. Observations reflect county-year data. The “Policy Group x Post-
Policy Enactment” coefficient is the difference-in-differences (DID) policy estimate attributable to the state’s
decision to enact the law preempting Tucson’s ordinance allowing destruction of unclaimed and forfeited firearms.
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The DID estimate tested the difference in the changes in the average suicide outcomes from the pre-policy-
enactment period to the post-policy-enactment period between Pima County and the comparison group counties.
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Figure 1. Firearm suicides per 100,000 persons in Arizona, by county: 2019

Maricopa

wr

>19.3
10.4-19.3
991-10.4
<9.91

No data

Notes: Authors’ analysis of the CDC WONDER data. This map describes the firearm suicide rate per 100,000
persons in 2019 for each county included in our analyses. This map also illustrates the relative land size of each
Avrizona county. Pima County had 14.13 firearm suicide per 100,000 persons in 2019. Counties excluded from our
analyses are shown in white.
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Figure Al. Unadjusted trends in the non-firearm suicide rate, by policy group, 2014-2019
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Notes: Authors’ analysis of CDC WONDER data. This figure shows the unadjusted trends in non-firearm suicide
rates between Pima County (solid black line) and comparison group counties (dashed black line) over the study

period.
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Table A2: Estimating the effect of Arizona’s 2016 preemption law on non-firearm suicide rates

in Pima County: 2014-2019

BMJ Open

Model 3
Unadjusted Model

Model 4
Adjusted Model

Policy variables

SB 1487 exposure
Comparison group
Policy group
(Enactment of state
law, SB 1487,
preempting gun
disposal ordinance in
Tucson, Pima County)

Policy enactment timing

Ref

0.80
(-0.846, 2.452)

Ref

1.16%*
(0.623, 1.693)

Pre-policy enactment Ref Ref
Post-policy enactment -0.34 -0.94+
(-1.09, 0.40) (-1.92, 0.03)
Policy group x Post-
policy enactment
(difference-in-differences
estimate) 0.21 0.18
(-0.53, 0.95) (-0.84, 1.21)
Covariates
Unemployment rate (%) 0.33*
(0.02, 0.64)
Population white (%) -0.33**
(-0.48, -0.18)
Population <25y0 (%) -0.46+
(-1.08, 0.15)
Population male (%) -0.94*
(-1.66, -0.23)
Per capita rate of federal
firearm licenses 8,389.44
(-5,511.819, 22,290.7)
Mental Health Professional
Shortage Area Status
Partial shortage area Ref
Full shortage area -0.83
(-1.87,0.21)
Constant 8.033** 96.34**
(6.38, 9.68) (31.75, 160.93)
Observations o4 54

3
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R-squared 0.02 0.69
Notes: + P < 0.10, * P < 0.05, ** P < 0.01. Authors’ analyses of CDC WONDER, BLS, ATF, and AHRF data. 95%
confidence intervals (Cls) shown in parentheses. Observations reflect county-year data. The “Policy Group x Post-
Policy Enactment” coefficient is the difference-in-differences (DID) policy estimate attributable to the state’s
decision to enact the law preempting Tucson’s ordinance allowing destruction of unclaimed and forfeited firearms.
The DID estimate tested the difference in the changes in the average suicide outcomes from the pre-policy-
10 enactment period to the post-policy-enactment period between Pima County and the comparison group counties.
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to

include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite

them as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Reporting Item

Page Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used
term in the title or the abstract
Abstract #1b  Provide in the abstract an informative and balanced

summary of what was done and what was found
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Introduction

Background /
rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Data sources /

measurement
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Explain the scientific background and rationale for

the investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the

paper

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-

up, and data collection

Give the eligibility criteria, and the sources and

methods of selection of participants.

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give

diagnostic criteria, if applicable

For each variable of interest give sources of data
and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than one
group. Give information separately for for exposed

and unexposed groups if applicable.
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6-9
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7-9
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Describe any efforts to address potential sources of

bias

Explain how the study size was arrived at

Explain how quantitative variables were handled in
the analyses. If applicable, describe which

groupings were chosen, and why

Describe all statistical methods, including those

used to control for confounding

Describe any methods used to examine subgroups

and interactions

Explain how missing data were addressed

If applicable, describe analytical methods taking

account of sampling strategy

Describe any sensitivity analyses

Report numbers of individuals at each stage of
study—eg numbers potentially eligible, examined

for eligibility, confirmed eligible, included in the
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Participants

Descriptive data

Descriptive data

Outcome data

Main results

Main results
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study, completing follow-up, and analysed. Give
information separately for for exposed and

unexposed groups if applicable.
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Give reasons for non-participation at each stage
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Consider use of a flow diagram

3+
—
o
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Give characteristics of study participants (eg

demographic, clinical, social) and information on
exposures and potential confounders. Give
information separately for exposed and unexposed

groups if applicable.

—
o
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Indicate number of participants with missing data

for each variable of interest

15 Report numbers of outcome events or summary
measures. Give information separately for exposed

and unexposed groups if applicable.
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Give unadjusted estimates and, if applicable,

confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were

included
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Report category boundaries when continuous

variables were categorized
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If relevant, consider translating estimates of relative

risk into absolute risk for a meaningful time period

Report other analyses done—e.g., analyses of
subgroups and interactions, and sensitivity

analyses

Summarise key results with reference to study

objectives

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss

both direction and magnitude of any potential bias.

Give a cautious overall interpretation considering
objectives, limitations, multiplicity of analyses,
results from similar studies, and other relevant

evidence.

Discuss the generalisability (external validity) of the

study results

Give the source of funding and the role of the
funders for the present study and, if applicable, for
the original study on which the present article is

based
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Notes:

12b: N/A. No interactions or subgroups.

12c¢: N/A. No missing data.

12e: 7-9. Models 3 and 4, robustness outcome.

14a: 9, 21, Supplementary File

14b: N/A - no missing data. The STROBE checklist is distributed under the terms of the Creative
Commons Attribution License CC-BY. This checklist was completed on 08. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e This study uses a quasi-experimental design to examine a natural policy experiment in
Arizona, USA, accounting for other explanatory factors.

e This study compares both firearm and non-firearm suicide rates at the county level,
conducting empirical robustness and placebo tests.

e In this and other studies of firearm suicide in the US, data limitations preclude adjusting
for the actual number of firearms in a community, a strong risk factor for suicide.

e City-level data were unavailable, and data were aggregated at the county level.

e As with other non-experimental studies, our findings should be interpreted as correlative,

not causal.

3
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INTRODUCTION

The US is in the midst of a suicide epidemic taking the lives of over 40,000 Americans

oNOYTULT D WN =

9 every year, with a high burden typically concentrated in the Mountain states.(1) Firearms are the
11 most common suicide method in the US(1). Although suicide is a multifaceted public health

13 problem with simultaneous biological, psychological, social, and environmental contributors,
access to firearms exacerbates suicide risk for suicidal persons.(2,3) Many people who attempt
18 suicide will survive,(4) though survival is typically less likely for those who use firearms, given
20 the 80-90% case-fatality rate. (5,6) Internationally, the US firearm suicide rate has been
estimated to be 8 times higher than the average firearm suicide rate of 22 other high-income

25 countries, even though the total suicide rate for the US is similar to that of other countries.(7) In
27 the Mountain states (i.e., Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and
Wyoming) specifically, firearm suicide rates increased 30.4% from 2005-2019 and are

32 consistently among the top ten in the US.(1)

Federal firearm safety and control reforms are controversial and difficult to enact and
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37 enforce, making state governments responsible for most firearm policymaking.(8) Frequently, in
39 the US, policies are enacted to curb homicide after incidents of highly-publicized mass
shootings, even though most firearm mortality is attributable to suicide.(1,9) Even so, these

44 policy changes often have implications for firearm suicide through the mechanism of supply or
46 access restriction.(2,3,8) There is evidence demonstrating that stricter firearm safety laws

enacted at the state level, such as child access prevention laws(10) and risk-based, time-limited
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51 civil protection orders for firearm removal(11) can reduce the rate of firearm suicide. However,
53 these policies are enacted inconsistently from state to state, leaving many firearm-related issues

55 unaddressed and motivating municipalities to enact firearm policies consistent with dangers or
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concerns specific to their citizens. This issue has caused controversy between state and local
governments, including in Richmond, Virginia, where a state preemption law prevented banning
firearms at a white supremacist rally but allowed banning of less-lethal weapons (e.g.,

knives).(12,13)

Tensions between Arizona’s government and local legislators in Tucson have been
particularly problematic for firearm policymaking.(14) Absent action from state legislators, local
policymakers in the city of Tucson passed an ordinance requiring firearms confiscated by (or
voluntarily surrendered to) Tucson police to be destroyed, resulting in the elimination of over
4,800 firearms in Pima County from 2013-2016.(14) However, in 2016, the Arizona legislature
enacted SB 1487 to preempt Tucson’s ordinance. Upheld by the Arizona Supreme Court, SB
1487 forced Tucson to stop the destruction of confiscated firearms and resell the firearms to the

public by auction or face an annual financial penalty of $115 million.(15)

For these reasons, SB 1487 likely disrupted the number of firearms in Tucson in two
ways. First, SB 1487 no longer allowed Tucson police to actively accept firearms voluntarily
turned in by citizens or through buyback programs for the purpose of destroying those firearms.
Second, SB 1487 required Tucson to resell all confiscated or forfeited firearms through a local
auctioneer. The city of Tucson auctions resold nearly 600 firearms in just one five-month period
in 2017,(16) and many firearms likely reentered Tucson and surrounding communities through
2019. The legal implications of SB 1487 have been discussed elsewhere,(17) such as conceding
to states over firearm-related policymaking, restricting local efforts to enact public safety
interventions, and imposing one of the most punitive fiscal measures known to be applied to
local government in the US. However, less is understood about the health-related implications of

Arizona’s 2016 preemption law, specifically how it may have affected firearm suicide rates in

5
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the greater Tucson area. This example of an exogenous local policy affecting the Tucson (Pima

County) area relative to other counties in Arizona provided ideal conditions for a natural policy

oNOYTULT D WN =

experiment.(18)

11 Our objective was to examine whether firearm suicide rates increased in Pima County

13 relative to other Arizona counties following Arizona’s 2016 preemption law. Given the
systematic link between firearm availability and suicide, and considering the availability of

18 same-day firearm purchasing in Arizona,(19) we hypothesized that firearm suicide rates (but not
20 non-firearm suicide rates) would increase in Pima County following the enactment of SB 1487,
which restricted local firearm destruction and likely introduced of a new supply of firearms in

25 Tucson-area communities.

28 METHODS
Data & Study Design

Our primary data source was the Centers for Disease Control and Prevention (CDC)
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35 WONDER system,(20) an interactive database compiling information on the underlying causes
37 of death in the US. Data from the Bureau of Labor Statistics (BLS) Local Area Unemployment
statistics program;(21) Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF) Federal
42 Firearms Licensees database;(22) and the Area Health Resource Files (AHRF) were also used.
44 CDC data restrictions prevent the analysis of county-level suicide rates involving less than 10
decedents. For this reason, counties with restricted data were excluded from the analysis. This

49 included the 6 least-populated counties (with also the lowest firearm suicide counts) in Arizona.
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51 The remaining counties represented 93.4% of the state population in 2019 (data not shown).
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We used a quasi-experimental study design taking advantage of a natural policy
experiment. Our final analytic sample included 54 county-year observations, including 6
observations for each of 9 counties from 2014 through 2019, permitting multiple years of data

both before and after the preemption law was enacted.(23)

Dependent variables

Our primary dependent variable was a measure of the annual rate of firearm suicides
(ICD-10 codes X72—X74) per 100,000 persons (all ages). Because the 2016 preemption law
should not have affected non-firearm suicide rates in Pima County, we also examined a second
dependent variable measuring the annual rate of non-firearm suicides per 100,000 persons (all
ages) as a robustness test. Both variables were created using data extracted from the CDC

WONDER system.

Independent variables

There were two independent policy variables. The first variable was an indicator of being
affected by Arizona’s preemption law, SB 1487. Arizona enacted the preemption law in 2016 to
nullify Tucson’s ordinance allowing the Tucson Police Department to destroy unclaimed and
forfeited firearms and instead required the firearms to be made available through resale. The
variable equaled 1 for Pima County (Tucson-area) observations (policy group) and O for all other

county observations (comparison group).

The second variable was a measure of policy enactment timing equal to 1 for

observations after the 2016 law was enacted and 0 for observations before 2016.

Covariates

7
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Our empirical approach assumes that confounders varying across the policy and

comparison groups are time-invariant and time-varying confounders are group invariant. Our

oNOYTULT D WN =

fully-adjusted multivariate statistical models included a vector of covariates to absorb residual

10 variance in the outcomes and adjust for potential confounding factors varying between the two
groups. Population demographic covariates included county-level measures of age (% of

15 population <25yo), gender (% of population male), and race (% of population white) in each

17 county-year. BLS data were used to adjust for differences in county-level unemployment rates, a
proxy for socioeconomic status differences shown to be correlated with suicide risk.(24) ATF

22 data were used to construct a county-level proxy measure of firearm ownership, as firearm

24 availability is associated with suicide.(2) The variable adjusted for the per capita rate of Category
1 and Category 2 federal firearm licenses in each county-year, which may be the most suitable

29 proxy for county-level analyses.(25) Recent studies have shown mental health professional

31 shortage areas are associated with higher suicide rates at the county level.(26) For this reason, we

33 also included a measure of mental health professional shortage area status (partial or full
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shortage area county-year) using data from the AHRF, as defined by the US federal

38 government.(27)

41 Analysis

43 We used a linear two-group, two-period difference-in-differences (DID) estimation
45 approach to examine the effect of SB 1487 as a widening or narrowing of the gap in suicide rates

in Pima County compared to 8 other Arizona counties from the pre-policy-enactment period to

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

50 the post-policy-enactment period.(18) The pre-policy-enactment reference period was the
52 average of outcomes from 2014 and 2015. We estimated four models using the following general

>4 regression approach:
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«= Bo+ Bi1Policy Group + B,Post-Policy Enactment Period + Bs(Policy Group x Post-Policy
Enactment Period) + BZ .+ €. (1)

where Y was the annual firearm (or non-firearm) suicide rate for county c at time t, including

the vector of covariates (Z;) in the adjusted models.

Model 1 estimated the policy parameters (independent variables) without covariate
adjustment for our primary dependent variable. Model 2 estimated the policy parameters with
covariate adjustment. As a robustness test, we also estimated Models 3 and 4 examining the
effects of the 2016 preemption law on measure of non-firearm suicide rates in the policy and

comparison group counties.

The coefficient of interest was the DID policy estimate (p3;) for the interaction of the two
independent variables, coinciding with Arizona’s decision to enact the 2016 law preempting
Tucson’s firearm destruction ordinance. This empirical approach assumed that absent the 2016
policy, the average changes in the firearm suicide rates would have been the same in both Pima
County (Tucson area) and the comparison group counties, known as the common trends
assumption.(28,29) B; is thus an estimate of the change in Pima County’s average firearm suicide
rate from the pre-policy-enactment to the post-policy-enactment period minus the change in the
comparison group counties’ average firearm suicide rate over the time period. This approach also
assumed that there were no other unmeasured policy changes or factors coinciding with the
timing of Arizona’s 2016 preemption law that could have affected firearm suicide rates in Pima

County relative to the comparison group counties.

A corollary of this common trends assumption was examined graphically below.(18,30)
We also conducted a placebo test of the expected policy effects and pre-policy common trends
assumption.(23) For this test, we performed an additional DID estimation using a “fake” policy

9
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group for our primary dependent variable. Specifically, we replicated our estimation of Model 2

using Maricopa County observations for our policy group and all other non-Pima counties for the

oNOYTULT D WN =

comparison group. Because the 2016 preemption law should not have affected firearm suicide
10 rates in Maricopa County relative to the other comparison counties, the DID estimate (3) from

the placebo test model should not statistically differ from 0.

To correct for serial correlation and heteroskedasticity in the error terms, robust standard
18 errors were clustered at the county level, and the statistical models were weighted by county-year
20 population. We established an a priori two-sided significance level of 0.05. All analyses were

conducted using Stata version 17.0 (College Station, TX).

25 RESULTS

Across the study period, the comparison group counties had an average of 14.87 firearm
30 suicides per 100,000 persons per year, compared to 11.56 firearm suicides per 100,000 persons
32 per year in Pima County (Table 1). Figure 1 illustrates the geographic variation in firearm suicide

34 rates for each Arizona county in 2019, as well as the relative land size of each county. By 2019,
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Pima County’s firearm suicide rate increased to 14.13 deaths per 100,000 persons. Figure 2

39 describes the unadjusted firearm suicide rates in Pima County and the comparison group counties
41 from 2005 through 2015, depicting similar pre-policy trends between Pima County and the
comparison group counties.(18) This suggests the corollary of the common trends assumption

46 was satisfactory for our dependent variable of interest. Supplemental Figure A1 describes the

48 unadjusted non-firearm suicide rates over the study period.
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51 Table 2 presents our multivariate analysis findings. The Model 1 results show Arizona’s
33 enactment of the 2016 preemption law was associated with an increase in Pima County’s firearm

suicide rate by an additional 1.20 suicides per 100,000 persons from the pre-policy period to the
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post-policy period, relative to the change over the same period in the comparison group counties
(95% CI1 0.79, 1.61; P<0.01). Model 2 produced similar estimates of the effect of the 2016
preemption law following covariate adjustment. In the adjusted model, a 1.13 increase in Pima
County’s firearm suicides per 100,000 persons coincided with the enactment of the 2016 law,
relative to the comparison group counties over the same period (95% CI 0.51, 1.74; P<0.01).
Consistent with previous studies, our proxy for firearm availability was also positively associated

with higher suicide rates.(25)

The results of our placebo test are shown in supplemental Table A1. The DID estimate
from the placebo test model did not statistically differ from zero at the 0.05 level (B;=-0.86;
95% CI -2.36, 0.64; P = 0.216). In other words, the 2016 preemption law did not significantly
affect firearm suicide rates in the “fake” policy group (Maricopa County), compared to the
remaining comparison group counties. These supplemental results further suggest the common
trends assumption was satisfactory for our main outcome. If the DID estimate from the placebo
test significantly differed from zero, the impact would have likely come from some underlying
difference in the trends between the two groups. In turn, this would cast doubt on the assumption

of similar pre-policy trends between our main policy and comparison groups.

Supplemental Table A2 shows the results of our robustness test, describing the estimated
effects of the 2016 preemption law on non-firearm suicide rates in Pima County. In Models 3
and 4, the new law was not statistically associated with changes in the non-firearm suicide rate.
In the adjusted model (Model 4), and in contrast to the main firearm suicide model results, the
proxy for firearm availability was also not associated with the non-firearm suicide rate. The
unemployment rate was associated with lower non-firearm suicide rates in the adjusted model (3

=0.33; 95% C1 0.02, 0.64; P=0.03; Model 4).

11
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DISCUSSION

Our findings suggest a modest but statistically significant increase in the firearm suicide

oNOYTULT D WN =

9 rate in Pima County (greater Tucson area) during the years following the enactment of Arizona’s
11 2016 preemption law. Relative to the comparison counties, the 2016 law coincided with a 10.9%
13 relative increase in the firearm suicide rate in Pima County from the pre-policy period to the
post-policy period. Although the mean annual firearm suicide rate was higher in the comparison
18 group counties over the full study period (Table 1), by 2019, the firearm suicide rate in Pima

20 County increased and was nearly equivalent to the firearm suicide rate in the comparison

counties (14.1 and 14.6 per 100,000 persons, respectively).

Despite having a firearm suicide rate 52.4% higher than the national average,(1) the state
28 of Arizona responded to firearm safety and control policies adopted by the local Tucson

30 government with a preemption measure including significant punitive financial

32 consequences.(17) Other authors — and this paper — have demonstrated and discussed the link

between firearm availability and suicide rates.(2,3,31,32) Following Arizona’s 2016 preemption
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37 law, Tucson was not only no longer able to destroy confiscated and forfeited firearms, but it was
39 also required to redistribute those firearms by way of auction. As additional firearms may have
reentered the greater Tucson area through 2019 (and were no longer removed and destroyed), our
44 findings suggest SB 1487 may have contributed to higher firearm suicide rates in Pima County
46 relative to other counties not targeted by the new law. Not surprisingly, we also found the 2016

preemption law did not impact non-firearm suicide rates in Pima County relative to other

N
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51 counties over the same period, further suggesting that SB 1487 affected firearm suicide

53 specifically in Pima County.
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State preemption of municipal policies has several adverse consequences for localism,
resting on the idea that state power supersedes local government and that municipalities are
relegated to primarily executing state policy.(33) This notion can be detrimental to public health.
Preemption efforts interfering with local firearm safety policies have been supported and
encouraged by the firearm industry.(34,35) State preemption of local government authority on
other public health issues such as nutrition policy(36,37) and tobacco control(38) have also been
documented, seemingly used by organized interests to wield power over local public health
initiatives. Following a strategic push by several influential lobbying entities, over 40 states have
passed some version of preemptive law designed to undermine local authority over firearm
safety.(36,39) Our study is the first to empirically show that state preemption of local firearm

laws appears to have specifically affected suicide-related outcomes.

Limitations

This study had several limitations, and readers should carefully interpret the findings.
First, unobserved characteristics not accounted for in Models 2 and 4 may have biased our
estimates, imposing limits to causal interpretations of our findings. Specifically, we did not
adjust for county-level measures of veteran population size or the unmet mental health care
needs. Veteran status and different mental illnesses are often suicide risk factors, although
mental illness is less likely to be diagnosed among those who use firearms for suicide.(40) We
also could not directly adjust for firearm availability, though we used the proxy measure of
firearm availability most recommended for county-level analysis in an attempt to address this
concern.(25) We also assumed that there were no other unmeasured policy changes coinciding

with the timing of Arizona’s 2016 preemption law that could have affected firearm suicide rates
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before and after the policy change, we make a logical assumption that more firearms entered
Pima County after the new policy was enacted. Notably, the Tucson firearm auctions were
administered in-person and online to persons with federal firearms licenses (e.g., dealers and

pawnbrokers) by a third-party auctioneer based in Tucson.

Fifth, and related, it is possible persons outside the city of Tucson could have won the
confiscated and forfeited firearms; however, it is likely many bidders were from the greater
Tucson area because the auctioneer was located in Tucson and the auctions were advertised
locally. Notably, some firearms sold for as little as $15.(43) It is feasible local pawnbrokers and
dealers could have won the firearms cheaply and then resold them at a discount. Persons seeking
firearms may be more likely to purchase them from pawnbrokers or dealers than at a government
auction. Beyond the general link between greater firearm availability and suicide risk, studies

have suggested some persons purposely buy firearms with the intent of suicide.(44)

Finally, as described earlier, CDC data restrictions prevented us from constructing our
dependent variables for all Arizona counties. The generalizability of our results is limited to the
comparison counties included in our analytic sample; however, the included counties represented

about 93.4% of the state population in 2019.

CONCLUSIONS

Access to firearms exacerbates suicide risk,(2,3) yet the risk of substitution towards other
methods when highly-lethal methods are absent is likely small,(45) especially during a suicidal
crisis. Although the extent to which Tucson’s 2005 ordinance contributed to lower firearm
suicide rates remains elusive, the ordinance resulted in the elimination of over 4,800 firecarms

from 2013-2016 alone. In turn, Arizona’s 2016 preemption law preempting Tucson from
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enacting or enforcing policies to decrease local firearm availability coincided with higher firearm

suicide rates in Pima County.

oNOYTULT D WN =

9 Just as the medical community and policymakers can advocate for state-level firearm

1 reforms shown to prevent suicide,(8,11) policy actors and advocates must also be aware of other
13 state-level policy issues that can intentionally or unintentionally affect suicide risk in their states.
Further examination of existing preemption laws is needed to determine whether these policies

18 are counterproductive to suicide prevention efforts, including additional analyses of the effects of
20 Arizona’s 2016 preemption law over time. The research community must also continue to

evaluate relationships between preemption law and broader public health measures.
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Data are available in a public, open access government locations at https://wonder.cdc.gov/ and

https://www.atf.eov/resource-center/data-statistics and https://www.bls.eov/lau/.

oNOYTULT D WN =

o FIGURE CAPTIONS

Figure 1. Firearm suicides per 100,000 persons in Arizona, by county: 2019. Notes: Authors’

14 analysis of the CDC WONDER data. This map describes the firearm suicide rate per 100,000

15 persons in 2019 for each county included in our analyses. This map also illustrates the relative
16 land size of each Arizona county. Pima County had 14.13 firearm suicide per 100,000 persons in
2019. Counties excluded from our analyses are shown in white.

21 Figure 2. Unadjusted trends in the firearm suicide rate, by policy group, 2005-2019. Notes:

22 Authors’ analysis of CDC WONDER data. This figure shows the unadjusted trends in firearm

>4 suicide rates between Pima County (solid black line) and comparison group counties (dashed

25 black line) from 2005-2019, allowing for a visual examination of the pre-policy common trends
26 assumption in the primary dependent variable. The post-policy enactment period was 2016-2019.
Tucson’s ordinance requiring firearms confiscated by (or voluntarily surrendered to) Tucson
police to be destroyed was adopted in 2005 and would have been implemented in subsequent

30 ycars.
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Tables

Table 1. Characteristics of the pooled analytic sample, by policy group: 2014-2019

Policy Group Comparison Group
Standard Standard
Mean Deviation Mean Deviation
Firearm suicides per 100,000 persons 11.56 1.52 14.87 6.28
Non-firearm suicides per 100,000
persons 8.74 0.83 10.66 5.24
Unemployment rate, % 4.95 0.67 7.77 4.64
Population white, % 86.59 0.25 82.49 14.44
Population <25yo, % 33.19 0.72 31.86 5.77
Population male, % 49.19 0.03 50.34 1.05
Per capita rate of federal firearm
licenses 0.00019 0.00001 0.00034 0.00016
Mental Health Professional Shortage
Area Status
Partial shortage area county-years, % 33.33 0.52 34.04 0.48
Full shortage area county-years, % 66.67 0.52 65.96 0.48

Notes: Authors’ analysis of the CDC WONDER, BLS, ATF, and AHRF data. For each variable shown in the table,
unadjusted mean annual percentages or rates are shown from across the study period. The policy group contained 6

observations and the comparison group contained 48 observations.
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2 Table 2: Estimating the effect of Arizona’s 2016 preemption law on firearm suicide rates in Pima 3
5 County: 2014-2019 i
: i z :
8 Unadjusted Model Adjusted Model @
9 g
10 Policy variables 2 gw;
:; SB 1487 exposure g 2
13 Comparison group Ref Ref g Q
14 Policy group (Enactment of state law, SB < g
15 1487, preempting gun disposal ordinance § )
1? in Tucson, Pima County) 0.13 0.52% s 3
18 (-3.03, 3.29) (0.13, 0.90) % §
19 Policy enactment timing 5 S
20 Pre-policy enactment Ref Ref < §
21 Post-policy enactment 0.67** 0.30 3 23
;g (0.26, 1.08) (-0.34, 0.90) g 2
4 Policy group x Post-policy enactment Gm<
25 (difference-in-differences estimate) 1.20%* 1.13%* % § <
26 (0.79, 1.61) (0.51, 1.74) %gg
27 Covariates e85
28 Unemployment rate (%) 0.24%* CEE
gg (0.02, 0.39) g ggi—)
31 Population white (%) -0.10%* § o §
32 (-0.17, -0.03) Sg 3
33 Population <25yo (%) -0.75%* 833
34 (-1.06, -0.42) HE:
35 . ENGge!
36 Population male (%) -0.53* a =
37 (-0.92, -0.14) > %
38 Per capita rate of federal firearm licenses 20,066.99** s 3
39 (12,901.60, s 2
40 27,232.37) e 2
41 Mental Health Professional Shortage Area 5 %
jé Status % §
44 Partial shortage area Ref 5 o
45 Full shortage area 0.22 z 2
46 (-1.05, 1.50) S N
47 Constant 10.192%* 64.97%* S 3
ZS (7.03, 13.34) (32.80,97.14) E g
50 Observations 54 54 2
51 R-squared 0.02 0.90 S
52 Notes: + P <0.10, * P <0.05, ** P <0.01. Authors’ analyses of CDC WONDER, BLS, ATF, and AHRF data. 95% g
53 confidence intervals (CIs) shown in parentheses. Observations reflect county-year data. The “Policy Group x Post- =)
54 Policy Enactment” coefficient is the difference-in-differences (DID) policy estimate attributable to the state’s S
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The DID estimate tested the difference in the changes in the average suicide outcomes from the pre-policy-
enactment period to the post-policy-enactment period between Pima County and the comparison group counties.
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Figure 2. Unadjusted trends in the firearm suicide rate, by policy group, 2005-2019

16 18
Il L

14
L

Firearm suicides per 100k people
10 12
1

8
1

T T
2005 2006

T T T T T T T T T T T
2007 2008 2009 2010 201 %912 2013 2014 2015 2016 2017
ear

T
2018

T
2019

Notes: Authors’ analysis of CDC WONDER data. This figure shows the unadjusted trends in firearm suicide rates

between Pima County (solid black line) and comparison group counties (dashed black line) from 2005-2019,

allowing for a visual examination of the pre-policy common trends assumption in the primary dependent variable.

The post-policy enactment period was 2016-2019. Tucson’s ordinance requiring firearms confiscated by (or
voluntarily surrendered to) Tucson police to be destroyed was adopted in 2005 and would have been implemented in

subsequent years.
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Table Al. Placebo test estimating the effect of Arizona’s 2016 preemption law on suicide
outcomes in Maricopa County: 2014-2019

1
Adjusted Model

Policy variables
SB 1487 exposure
Comparison group Ref

Policy group (Enactment of state law, SB 1487, preempting gun

Notes: * P < 0.05, ** P < 0.0.1. Authors’ analyses of CDC WONDER, BLS, ATF, and AHRF data. Standard
deviations are shown in parentheses. Observations reflect county-year data. For this placebo test, the “Policy Group
X Post-Law Enactment” coefficient is the difference-in-differences (DID) policy estimate of interest. The DID
estimate tested the difference in the changes in average firearm suicide rates from the pre-policy-enactment period to
the post-policy-enactment period between Maricopa County and the comparison group counties excluding Pima
County.

0
e
3
g
g
§
disposal ordinance in Tucson, Pima County) -1.297 =
(1.473) E;
Policy enactment timing g
Pre-law enactment Ref c
Post-law enactment 1.087 2
(0.73) )
Policy group x Post-law enactment (difference-in-differences estimate) -0.864 e m
(0.635) 2
Covariates g
Unemployment rate (%) 0.173+ g3
(0.083) 53
Population white (%) -0.078* X2
(0.03) -F
Population <25yo0 (%) -0.699** o
(0.12) E:g
Population male (%) -1.088+ 2@
(0.48) év
Per capita rate of federal firearm licenses 16,116.934** >
(2,784.19) S
Mental Health Professional Shortage Area Status =
Partial shortage area Ref 2
Full shortage area 0.533 a
(0.422) el
Constant 90.650** )
(22.247) o]
Observations 48 S
R-squared 0.91 S
@

2
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Table A2: Estimating the effect of Arizona’s 2016 preemption law on non-firearm suicide rates

in Pima County: 2014-2019

BMJ Open

Model 3
Unadjusted Model

Model 4
Adjusted Model

Policy variables

SB 1487 exposure
Comparison group
Policy group
(Enactment of state
law, SB 1487,
preempting gun
disposal ordinance in
Tucson, Pima County)

Policy enactment timing

Ref

0.80
(-0.846, 2.452)

Ref

1.16%*
(0.623, 1.693)

Pre-policy enactment Ref Ref
Post-policy enactment -0.34 -0.94+
(-1.09, 0.40) (-1.92, 0.03)
Policy group x Post-
policy enactment
(difference-in-differences
estimate) 0.21 0.18
(-0.53, 0.95) (-0.84, 1.21)
Covariates
Unemployment rate (%) 0.33*
(0.02, 0.64)
Population white (%) -0.33**
(-0.48, -0.18)
Population <25y0 (%) -0.46+
(-1.08, 0.15)
Population male (%) -0.94*
(-1.66, -0.23)
Per capita rate of federal
firearm licenses 8,389.44
(-5,511.819, 22,290.7)
Mental Health Professional
Shortage Area Status
Partial shortage area Ref
Full shortage area -0.83
(-1.87,0.21)
Constant 8.033** 96.34**
(6.38, 9.68) (31.75, 160.93)
Observations o4 54

3
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R-squared 0.02 0.69

Notes: + P < 0.10, * P < 0.05, ** P < 0.01. Authors’ analyses of CDC WONDER, BLS, ATF, and AHRF data. 95%
confidence intervals (Cls) shown in parentheses. Observations reflect county-year data. The “Policy Group x Post-
Policy Enactment” coefficient is the difference-in-differences (DID) policy estimate attributable to the state’s
decision to enact the law preempting Tucson’s ordinance allowing destruction of unclaimed and forfeited firearms.
The DID estimate tested the difference in the changes in the average suicide outcomes from the pre-policy-
enactment period to the post-policy-enactment period between Pima County and the comparison group counties.
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.
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11 |nstructions to authors

14  Complete this checklist by entering the page numbers from your manuscript where readers will find

16  each of the items listed below.

19 Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

54  provide a short explanation.

27  Upload your completed checklist as an extra file when you submit to a journal.

30 In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite

32 them as:
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35 yon Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

40 reporting observational studies.

43 Reporting Item Page Number

46 Title and abstract

N
©
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49 Title

H*
N
Q

Indicate the study’s design with a commonly used 1

term in the title or the abstract

Abstract

I+
N
O

Provide in the abstract an informative and balanced 2

(9]
[0,

57 summary of what was done and what was found
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Introduction

Background /
rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Data sources /

measurement

#2

#4

#6a

#8
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Explain the scientific background and rationale for

the investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the

paper

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-

up, and data collection

Give the eligibility criteria, and the sources and

methods of selection of participants.

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give

diagnostic criteria, if applicable

For each variable of interest give sources of data
and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than one
group. Give information separately for for exposed

and unexposed groups if applicable.

4-6

6-9

6-7

7-9

6-8
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=
©

Bias Describe any efforts to address potential sources of 8-9

bias

+
—
o

Study size Explain how the study size was arrived at 6-7

oNOYTULT D WN =

=
—
—

10 Quantitative Explain how quantitative variables were handled in 7-9

12 variables the analyses. If applicable, describe which

groupings were chosen, and why

H
kN
N
Q

18 Statistical Describe all statistical methods, including those 8-9

20 methods used to control for confounding

H
kN
N
(e

23 Statistical Describe any methods used to examine subgroups N/A. No

25 methods and interactions interactions or

subgroups.

H+
kN
N
(@]

31 Statistical Explain how missing data were addressed N/A. No missing

33 methods data.

B
kN
N
o

36 Statistical If applicable, describe analytical methods taking N/A

38 methods account of sampling strategy

B
kN
N
D

Statistical Describe any sensitivity analyses 7-9. Models 3 and

N
)

44 methods 4, robustness

46 outcome.
49 Results

52 Participants #13a Report numbers of individuals at each stage of 8-9, 21

34 study—eg numbers potentially eligible, examined

for eligibility, confirmed eligible, included in the
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study, completing follow-up, and analysed. Give
information separately for for exposed and

unexposed groups if applicable.

CONOUTAWN =
3+
—_—
w
(of

Participants Give reasons for non-participation at each stage N/A

11
12
13
14
15
16
17 demographic, clinical, social) and information on Supplementary
18

19 exposures and potential confounders. Give File
20
21
22
23 . )
24 groups if applicable.
25

26 e

27 Descriptive data 14
28

29 for each variable of interest data.
30

31

32 Outcome data 1
33

gg measures. Give information separately for exposed
36

37

38

4313 Main results
41

42 confounder-adjusted estimates and their precision
43

2“; (eg, 95% confidence interval). Make clear which
46
47
48 _
49 included
50

51

52 Main results #16b
53

54 variables were categorized
55

56

57

58

59
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

3+
N
w
(@)

Participants Consider use of a flow diagram N/A

3+
—
o
Q

Descriptive data Give characteristics of study participants (eg 9, 21,

information separately for exposed and unexposed

(eop

Indicate number of participants with missing data N/A - no missing

&)

Report numbers of outcome events or summary 21
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'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

(op

Report category boundaries when continuous N/A


https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#13b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#13c
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#14a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#14b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#15
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16b
http://bmjopen.bmj.com/

Page 39 of 39 BMJ Open

Main results 16

o

If relevant, consider translating estimates of relative 10

risk into absolute risk for a meaningful time period

\l

Other analyses 1 Report other analyses done—e.g., analyses of 10, 22

oNOYTULT D WN =

9 subgroups and interactions, and sensitivity

analyses

Discussion

+*
RN
(0]

18 Key results Summarise key results with reference to study 10-11

20 objectives

3+
kN
O

23 Limitations

Discuss limitations of the study, taking into account 12-14
25 sources of potential bias or imprecision. Discuss

both direction and magnitude of any potential bias.

31 Interpretation #20  Give a cautious overall interpretation considering 11

33 objectives, limitations, multiplicity of analyses,
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35 results from similar studies, and other relevant

evidence.

Generalisability  #21  Discuss the generalisability (external validity) of the 11,13

43 study results

46 Other

48 Information

N
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51 Funding #22  Give the source of funding and the role of the 15
funders for the present study and, if applicable, for
56 the original study on which the present article is

58 based

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#16c
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#17
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#18
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#19
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#20
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#21
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#22
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 40 of 39

Notes:

12b: N/A. No interactions or subgroups.

* 12c: N/A. No missing data.

. 12e: 7-9. Models 3 and 4, robustness outcome.

 14a:9, 21, Supplementary File

* 14b: N/A - no missing data. The STROBE checklist is distributed under the terms of the Creative
Commons Attribution License CC-BY. This checklist was completed on 08. October 2021 using

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with

Penelope.ai
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