
BackgroundBackground The availabilityofThe availabilityof

firearmsinhomes and at aggregate levelsfirearmsinhomes and at aggregate levels

is a risk factor for suicide andhomicide.is a risk factor for suicide andhomicide.

Onemethod of reducingaccess to suicidalOnemethod of reducingaccess to suicidal

means is the restriction of firearmmeans is the restriction of firearm

availability throughmore stringentavailability throughmore stringent

legislation.legislation.

AimsAims To evaluate the impactof firearmTo evaluate the impactof firearm

legislationreformon firearm suicides andlegislationreformon firearm suicides and

homicides aswell as onthe availabilityofhomicides aswell as onthe availabilityof

firearmsin Austria.firearmsin Austria.

MethodMethod Official statistics on suicides,Official statistics on suicides,

firearmhomicides and firearmlicencesfirearmhomicides and firearmlicences

issued from1985 to 2005 were examined.issued from1985 to 2005 were examined.

To assess the effectofthenew firearmlaw,To assess the effectofthenew firearmlaw,

enacted in1997, linear regression andenacted in1997, linear regression and

PoissonregressionswereperformedusingPoissonregressionswereperformedusing

data frombefore and after the lawreform.data frombefore and after the lawreform.

ResultsResults Therate of firearm suicidesThe rate of firearm suicides

among some age groups, percentage ofamong some age groups, percentage of

firearm suicides, aswell as the rate offirearm suicides, aswell as the rate of

firearmhomicides and therate of firearmfirearmhomicides and the rate of firearm

licences, significantlydecreased after alicences, significantlydecreased after a

more stringent firearmlawhadbeenmore stringent firearmlawhadbeen

implemented.implemented.

ConclusionsConclusions Our findings provideOur findingsprovide

evidence thatthe introduction ofevidence thatthe introduction of

restrictive firearmlegislation effectivelyrestrictive firearmlegislation effectively

reduced the rates of firearm suicide andreduced the rates of firearm suicide and

homicide.The decline in firearm-relatedhomicide.The decline in firearm-related

deaths seems to have beenmediated bydeaths seems to have beenmediated by

the legalrestriction of firearmavailability.the legalrestriction of firearmavailability.

Restrictive firearmlegislationshouldbe anRestrictive firearmlegislationshouldbe an

integralpartof national suicide preventionintegralpartof national suicide prevention

programmesin countrieswithhighprogrammesin countrieswithhigh

firearm suicide rates.firearm suicide rates.
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A recent study (World Health Organiza-A recent study (World Health Organiza-

tion, 2006) has pointed to the possibilitytion, 2006) has pointed to the possibility

of preventing disease by controlling envir-of preventing disease by controlling envir-

onmental factors; it has been estimated thatonmental factors; it has been estimated that

more than 20% of total suicides in Northmore than 20% of total suicides in North

America and Europe can be attributed toAmerica and Europe can be attributed to

environmental factors, one of which isenvironmental factors, one of which is

access to firearms. Suicide preventionaccess to firearms. Suicide prevention

measures include the training of primarymeasures include the training of primary

healthcare personnel, school-based pro-healthcare personnel, school-based pro-

grammes, improvement of the availabilitygrammes, improvement of the availability

of telephone hotlines and crisis centres, im-of telephone hotlines and crisis centres, im-

plementation of guidelines for the media’splementation of guidelines for the media’s

portrayal of suicide, and the restriction ofportrayal of suicide, and the restriction of

access to methods and means of suicideaccess to methods and means of suicide

(Bertolote, 2004). One of the methods of(Bertolote, 2004). One of the methods of

reducing access to suicidal means is thereducing access to suicidal means is the

restriction of firearm availability throughrestriction of firearm availability through

more stringent firearm legislation (Mannmore stringent firearm legislation (Mann

et alet al, 2005). Generally, studies on the im-, 2005). Generally, studies on the im-

pact of firearm availability and legislationpact of firearm availability and legislation

on suicide rates can be divided into threeon suicide rates can be divided into three

categories: cross-sectional comparisons ofcategories: cross-sectional comparisons of

firearm availability and suicide rates infirearm availability and suicide rates in

different countries; cross-sectional correla-different countries; cross-sectional correla-

tions of the stringency of firearm controltions of the stringency of firearm control

and suicide rates in the USA; and quasi-and suicide rates in the USA; and quasi-

experimental studies examining the impactexperimental studies examining the impact

of changes in firearm legislation on suicideof changes in firearm legislation on suicide

rates (Brent, 2001).rates (Brent, 2001).

The availability of firearms in homesThe availability of firearms in homes

has been shown to be a risk factor for sui-has been shown to be a risk factor for sui-

cide (Kellermanncide (Kellermann et alet al, 1992) and homicide, 1992) and homicide

(Dahlberg(Dahlberg et alet al, 2004). Furthermore, peer-, 2004). Furthermore, peer-

reviewed publications provide vast evidencereviewed publications provide vast evidence

to support the view that changes in firearmto support the view that changes in firearm

legislation have influenced the rate of fire-legislation have influenced the rate of fire-

arm suicidesarm suicides in the USA (Ludwig & Cook,in the USA (Ludwig & Cook,

2000), Canada2000), Canada (Caron, 2004), Australia(Caron, 2004), Australia

(Ozanne-Smith(Ozanne-Smith et alet al, 2004) and New, 2004) and New

Zealand (BeautraisZealand (Beautrais et alet al, 2006), whereas, 2006), whereas

there is only some evidence from continentalthere is only some evidence from continental

Europe and Britain to suggest the sameEurope and Britain to suggest the same

(Hawton(Hawton et alet al, 1998; Haw, 1998; Haw et alet al, 2004)., 2004).

Other researchers have shown that differentOther researchers have shown that different

state firearm regulations across the USA havestate firearm regulations across the USA have

influenced suicide (Conner & Zhong, 2003)influenced suicide (Conner & Zhong, 2003)

and homicide rates (Rosengartand homicide rates (Rosengart et alet al, 2005)., 2005).

METHODMETHOD

We examined suicide and homicide rates inWe examined suicide and homicide rates in

Austria recorded before and after a newAustria recorded before and after a new

firearm law came into effect. We expandedfirearm law came into effect. We expanded

a longitudinal approach from a recent studya longitudinal approach from a recent study

which evaluated the association betweenwhich evaluated the association between

changes in firearm availability and suicidechanges in firearm availability and suicide

rates in the USA (Millerrates in the USA (Miller et alet al, 2006) and, 2006) and

accounted for the availability of firearms.accounted for the availability of firearms.

Since the accuracy of survey data and otherSince the accuracy of survey data and other

proxy variables of firearm availability haveproxy variables of firearm availability have

recently been questioned (Millerrecently been questioned (Miller et alet al,,

2004), the number of officially issued fire-2004), the number of officially issued fire-

arm licences was used to assess the avail-arm licences was used to assess the avail-

ability of firearms.ability of firearms.

Austrian firearm legislationAustrian firearm legislation

The Austrian firearms law was adapted inThe Austrian firearms law was adapted in

July 1997 after the European Council Di-July 1997 after the European Council Di-

rective 91/477/EEC on the control of therective 91/477/EEC on the control of the

acquisition and possession of weaponsacquisition and possession of weapons

was implemented in European Union mem-was implemented in European Union mem-

ber states. The transposition of the Eur-ber states. The transposition of the Eur-

opean directive into Austrian national lawopean directive into Austrian national law

brought changes concerning the acquisitionbrought changes concerning the acquisition

of firearms over 60 cm in length, which hadof firearms over 60 cm in length, which had

previously enjoyed a more liberal regime.previously enjoyed a more liberal regime.

Moreover, the new law abolished the pre-Moreover, the new law abolished the pre-

vious possibility of obtaining a firearmvious possibility of obtaining a firearm

without specifying a reason. In addition towithout specifying a reason. In addition to

the European Directive, other restrictionsthe European Directive, other restrictions

were implemented in Austria. The legalwere implemented in Austria. The legal

criteria for obtaining a category B weaponcriteria for obtaining a category B weapon

(handguns, semi-automatic firearms or(handguns, semi-automatic firearms or

repeating firearms) for the first time nowrepeating firearms) for the first time now

include psychological testing, being at leastinclude psychological testing, being at least

21 years of age, and background checks.21 years of age, and background checks.

Furthermore, the new legislation alsoFurthermore, the new legislation also

specifies safe firearm storage regulationsspecifies safe firearm storage regulations

and a 3-day ‘cooling-off’ waiting periodand a 3-day ‘cooling-off’ waiting period

for category C and D weapons (includingfor category C and D weapons (including

long firearms with smooth bore and rifledlong firearms with smooth bore and rifled

barrels) (Commission of the Europeanbarrels) (Commission of the European

Communities, 2000).Communities, 2000).

Data collectionData collection

Records for each year between 1985 andRecords for each year between 1985 and

2005 in Austria were examined. The start-2005 in Austria were examined. The start-

ing year was set at 1985 because of record-ing year was set at 1985 because of record-

ing restrictions at the Ministry of theing restrictions at the Ministry of the

Interior, where data on firearm licencesInterior, where data on firearm licences

were obtained. Data on the number of sui-were obtained. Data on the number of sui-

cides per year and the number of firearmcides per year and the number of firearm

homicides per year (with external cause-homicides per year (with external cause-

of-death codes according to ICD–9 andof-death codes according to ICD–9 and

ICD–10), as well as data on the size of theICD–10), as well as data on the size of the

general population and on unemploymentgeneral population and on unemployment

rates, were obtained from Statistics Austria.rates, were obtained from Statistics Austria.
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Details on these data have been describedDetails on these data have been described

elsewhere (Etzersdorferelsewhere (Etzersdorfer et alet al, 2006). The, 2006). The

figures on alcohol consumption per capitafigures on alcohol consumption per capita

were obtained from the Austrian Alcoholwere obtained from the Austrian Alcohol

Coordination and Information CentreCoordination and Information Centre

(Uhl(Uhl et alet al, 2006)., 2006).

Statistical analysisStatistical analysis

To assess the effect of the enactment of theTo assess the effect of the enactment of the

1997 firearm law, a regression of the num-1997 firearm law, a regression of the num-

ber of firearm licences per 100 000 inhabi-ber of firearm licences per 100 000 inhabi-

tants per year was performed with antants per year was performed with an

autoregressive error model of first orderautoregressive error model of first order

to compare time trends before and afterto compare time trends before and after

enactment. Similarly, Poisson regressionsenactment. Similarly, Poisson regressions

were performed to compare time trends ofwere performed to compare time trends of

firearm suicides, of firearm suicides as afirearm suicides, of firearm suicides as a

percentage of total suicides and of the totalpercentage of total suicides and of the total

number of homicides, before and after thenumber of homicides, before and after the

law was enacted (using SAS/STAT versionlaw was enacted (using SAS/STAT version

8 for Windows). Because of underdisper-8 for Windows). Because of underdisper-

sion, we allowed the variance estimate insion, we allowed the variance estimate in

both models to depend on an underdisper-both models to depend on an underdisper-

sion factor estimated from the data. Datasion factor estimated from the data. Data

on total suicides indicated overdispersion,on total suicides indicated overdispersion,

hence total suicides were modelled with ne-hence total suicides were modelled with ne-

gative binomial distribution. The regressiongative binomial distribution. The regression

model included linear time trends allowingmodel included linear time trends allowing

for a change point in 1998. Changing popu-for a change point in 1998. Changing popu-

lation sizes were taken into account bylation sizes were taken into account by

including the respective changes in theincluding the respective changes in the

model. To distinguish between the effectsmodel. To distinguish between the effects

of the new legislation and other factorsof the new legislation and other factors

known to influence rates of suicide and ho-known to influence rates of suicide and ho-

micide, unemployment rates and averagemicide, unemployment rates and average

alcohol consumption per capita were in-alcohol consumption per capita were in-

cluded in the analysis as covariates. In thecluded in the analysis as covariates. In the

calculation of the regression model ofcalculation of the regression model of

homicide rates, the ratio of young men inhomicide rates, the ratio of young men in

the population was also included as athe population was also included as a

covariate. All parameter estimates are re-covariate. All parameter estimates are re-

ported with 95% confidence intervals.ported with 95% confidence intervals.

The analysis is based on figures for firearmThe analysis is based on figures for firearm

licences, suicide, firearm suicide, firearmlicences, suicide, firearm suicide, firearm

homicide and population sizes in the periodhomicide and population sizes in the period

1985–2005. The two-tailed significance1985–2005. The two-tailed significance

level was set at 5%.level was set at 5%.

RESULTSRESULTS

During the observation period 6071 fire-During the observation period 6071 fire-

arm suicides were counted. Of these,arm suicides were counted. Of these,

95.1% were by men and 4.9% by women.95.1% were by men and 4.9% by women.

When firearm suicides by men are split intoWhen firearm suicides by men are split into

age groups, 3.3% of all firearm suicidesage groups, 3.3% of all firearm suicides

were by men aged under 19 years, 62.9%were by men aged under 19 years, 62.9%

by men aged 20–64, and 28.8% by menby men aged 20–64, and 28.8% by men

aged 64 or older. Of all suicides, 0.2% wereaged 64 or older. Of all suicides, 0.2% were

by females aged 19 years or younger, 3.8%by females aged 19 years or younger, 3.8%

by women aged 20–64 and 0.9% byby women aged 20–64 and 0.9% by

women aged 64 or older.women aged 64 or older.

Figure 1 shows the trend of the firearmFigure 1 shows the trend of the firearm

suicide rate, prior to and after enactment ofsuicide rate, prior to and after enactment of

the legislation. We observed no significantthe legislation. We observed no significant

time trend in the total number of firearmtime trend in the total number of firearm

suicides between 1985 and 1997suicides between 1985 and 1997

((ww22¼0.04, d.f.0.04, d.f.¼18,18, PP¼0.84). During this0.84). During this

period the mean firearm suicide rate wasperiod the mean firearm suicide rate was

3.96 per 100 000 (s.d.3.96 per 100 000 (s.d.¼0.19). In the period0.19). In the period

1998–2005, we observed a significant nega-1998–2005, we observed a significant nega-

tive trend (tive trend (ww22¼88.0,88.0, PP550.0001) with a0.0001) with a

steady decline in the firearm suicide ratesteady decline in the firearm suicide rate

of 4.7% each year (Table 1). The firearmof 4.7% each year (Table 1). The firearm

suicide rate reached a low of 2.67 persuicide rate reached a low of 2.67 per

100 000 in the year 2005. The change in100 000 in the year 2005. The change in

the time trend after 1998 is significantthe time trend after 1998 is significant

((ww22¼46.0,46.0, PP550.0001) even when adjusted0.0001) even when adjusted

for unemployment and alcohol consump-for unemployment and alcohol consump-

tion (tion (ww22¼19.9,19.9, PP550.0001).0.0001).

When the firearm suicide rates wereWhen the firearm suicide rates were

analysed by age group and gender, the onlyanalysed by age group and gender, the only

significant trend changes after the legisla-significant trend changes after the legisla-

tion reform could be found in the grouption reform could be found in the group

of women aged 20–64 years (of women aged 20–64 years (ww22¼9.9,9.9,

PP¼0.0016), in men aged 20–64 years0.0016), in men aged 20–64 years

((ww22¼81.7,81.7, PP550.0001) and in men 65 years0.0001) and in men 65 years

old or older (old or older (ww22¼6.4,6.4, PP¼0.01). The group0.01). The group

of persons aged under 19 years and womenof persons aged under 19 years and women

more than 64 years old showed no signifi-more than 64 years old showed no signifi-

cant trend change in suicide by firearmscant trend change in suicide by firearms

after enactment of the law. When all agesafter enactment of the law. When all ages

were pooled for each gender, the trend ofwere pooled for each gender, the trend of

firearm suicides after enactment changedfirearm suicides after enactment changed

significantly among both women and mensignificantly among both women and men

(women:(women: ww22¼12.5,12.5, PP¼0.0004; men:0.0004; men: ww22¼
28.9,28.9, PP550.0001).0.0001).

We observed a significant negative timeWe observed a significant negative time

trend in the total number of suicides beforetrend in the total number of suicides before

1998 (1998 (ww22¼131.0, d.f.131.0, d.f.¼18,18, PP550.0001), as0.0001), as

well as in the period 1998–2005 (well as in the period 1998–2005 (ww22¼23.4,23.4,

PP550.0001). The overall suicide rate de-0.0001). The overall suicide rate de-

creased from 27.6 per 100 000 in 1985 tocreased from 27.6 per 100 000 in 1985 to

16.7 per 100 000 in 2005. The change in16.7 per 100 000 in 2005. The change in

the trend was not significant (the trend was not significant (ww22¼0.3,0.3,

PP¼0.590), even when adjusted for unem-0.590), even when adjusted for unem-

ployment and alcohol consumptionployment and alcohol consumption

((ww22¼0.03,0.03, PP¼0.870).0.870).

During the examined pre-legislationDuring the examined pre-legislation

period, a significant positive time trend inperiod, a significant positive time trend in

firearm suicides as a percentage of totalfirearm suicides as a percentage of total

suicides was observed (suicides was observed (ww22¼68.5, d.f.68.5, d.f.¼18,18,

PP550.0001). During this period the per-0.0001). During this period the per-

centage of firearm suicides increased fromcentage of firearm suicides increased from

14.3% in 1985 to 19.3% in 1997. Con-14.3% in 1985 to 19.3% in 1997. Con-

versely, during the post-implementationversely, during the post-implementation

period, a significant negative time trendperiod, a significant negative time trend

was observed (was observed (ww22¼30.5,30.5, PP550.0001), with0.0001), with

a decrease to 16.8% in 2005 (Fig. 2). Thea decrease to 16.8% in 2005 (Fig. 2). The

growth factor of the percentage of firearmgrowth factor of the percentage of firearm

suicides per year, derived from Poisson re-suicides per year, derived from Poisson re-

gression analysis, was +2.6% prior to andgression analysis, was +2.6% prior to and

772.9% following the change in legislation2.9% following the change in legislation

(Table 1). Consequently, with 1998 set as(Table 1). Consequently, with 1998 set as

offset, the change in trend was significantoffset, the change in trend was significant

((ww22¼53.5,53.5, PP550.0001). Figure 3 shows the0.0001). Figure 3 shows the

course of suicide methods in the examinedcourse of suicide methods in the examined

period. After the implementation of theperiod. After the implementation of the

firearm law, no increase in other methodsfirearm law, no increase in other methods

was observed.was observed.

Figure 4 shows the time trend of the to-Figure 4 shows the time trend of the to-

tal number of firearm homicides, indicatingtal number of firearm homicides, indicating

no significant trend before 1998 (no significant trend before 1998 (ww22¼0.04,0.04,

d.f.d.f.¼18,18, PP¼0.840) with a mean of 0.390.840) with a mean of 0.39

(s.d.(s.d.¼0.08) firearm homicides per0.08) firearm homicides per

100 000. The growth factor during this per-100 000. The growth factor during this per-

iod was a modest +0.2% per year. A nega-iod was a modest +0.2% per year. A nega-

tive time trend was observed in the post-tive time trend was observed in the post-

1998 period (1998 period (ww22¼23.6,23.6, PP550.0001); the0.0001); the

growth factor wasgrowth factor was 772.3% per year. Fire-2.3% per year. Fire-

arm homicides reached a 20-year low ofarm homicides reached a 20-year low of

0.16 per 100 000 in the year 2005. The0.16 per 100 000 in the year 2005. The

change in the firearm homicide trend pre-change in the firearm homicide trend pre-

and post-legislation was significantand post-legislation was significant

((ww22¼14.3,14.3, PP¼0.0002). When adjusted for0.0002). When adjusted for

unemployment, alcohol consumption andunemployment, alcohol consumption and

the proportion of young men in the popu-the proportion of young men in the popu-

lation, the trend change remained signifi-lation, the trend change remained signifi-

cant (cant (ww22¼3.9,3.9, PP¼0.049) (Table 1).0.049) (Table 1).

Finally, we observed a significant posi-Finally, we observed a significant posi-

tive time trend in firearm licences pertive time trend in firearm licences per

100 000 before 1998 (Fig. 5) with an esti-100 000 before 1998 (Fig. 5) with an esti-

mated increase of 140 per year (mated increase of 140 per year (tt¼6.85,6.85,

PP550.0001) and a significant negative time0.0001) and a significant negative time

trend after the law with an estimated de-trend after the law with an estimated de-

crease of 125 per year (crease of 125 per year (tt¼773.52,3.52,
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Fig. 1Fig. 1 Firearm suicide rates before and after theFirearm suicide rates before and after the

1997 firearm legislation (squares indicate counted1997 firearm legislation (squares indicate counted

numbers, line shows numbers predicted throughnumbers, line shows numbers predicted through

regression models).regressionmodels).
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PP¼0.0026). Hence, the change in the trend0.0026). Hence, the change in the trend

of firearm licence rates is also significantof firearm licence rates is also significant

((tt¼775.28,5.28, PP550.0001). Significant positive0.0001). Significant positive

autocorrelation (autocorrelation (PP¼0.0015) was observed0.0015) was observed

(Table 1).(Table 1).

DISCUSSIONDISCUSSION

More stringent firearm legislation has beenMore stringent firearm legislation has been

suggested as an evidence-based suicide pre-suggested as an evidence-based suicide pre-

vention strategy (Mannvention strategy (Mann et alet al, 2005). We ex-, 2005). We ex-

amined the effects of a firearm legislationamined the effects of a firearm legislation

reform in Austria over a period of 12 yearsreform in Austria over a period of 12 years

prior to and 8 years following its enact-prior to and 8 years following its enact-

ment. The results show that the firearmment. The results show that the firearm

suicide rate decreased among women agedsuicide rate decreased among women aged

20–64 years, men aged 20–64 years and20–64 years, men aged 20–64 years and

men aged 65 years or older; firearmmen aged 65 years or older; firearm

suicides as a percentage of total suicidessuicides as a percentage of total suicides

decreased; the firearm homicide ratedecreased; the firearm homicide rate

decreased; and the overall firearm licencedecreased; and the overall firearm licence

rate decreased after enactment of the newrate decreased after enactment of the new

law. These results hold true even when ad-law. These results hold true even when ad-

justing for common confounders of suicidejusting for common confounders of suicide

rates such as unemployment and average al-rates such as unemployment and average al-

cohol consumption per capita as well as thecohol consumption per capita as well as the

proportion of young men in the population.proportion of young men in the population.

The observed decline in the number ofThe observed decline in the number of

firearm suicides among some age groupsfirearm suicides among some age groups

after enactment of more stringent legislationafter enactment of more stringent legislation

is in congruence with previous studies. Inis in congruence with previous studies. In

the USA, the Brady Handgun Violencethe USA, the Brady Handgun Violence

Prevention Act has been shown to havePrevention Act has been shown to have

reduced suicide rates among people agedreduced suicide rates among people aged

55 years and over (Ludwig & Cook,55 years and over (Ludwig & Cook,

2000). In Canada, Leenaars & Lester2000). In Canada, Leenaars & Lester

(1997) observed a decrease in firearm sui-(1997) observed a decrease in firearm sui-

cides, but this effect was not apparent forcides, but this effect was not apparent for

those over 65 years old. In Australia a de-those over 65 years old. In Australia a de-

cline in the firearm suicide rate, especiallycline in the firearm suicide rate, especially

among younger men, was observed inamong younger men, was observed in

metropolitan and provincial cities aftermetropolitan and provincial cities after

legal restrictions were introduced in 1992legal restrictions were introduced in 1992

(Cantor & Slater, 1995). The decline in(Cantor & Slater, 1995). The decline in
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Table1Table1 Parameter estimates derived from the Poisson regression model.Parameter estimates derived from the Poisson regression model.

Growth factor (95% CI)Growth factor (95% CI)11 Change inChange in

growth factorgrowth factor

Test for trend changeTest for trend change

Before 1998Before 1998 After 1998After 1998 % (95% CI)% (95% CI) ww22 PP

Model 1 (unadjusted)Model 1 (unadjusted)

Percentage of firearm suicidesPercentage of firearm suicides

among all suicidesamong all suicides

1.026 (1.01.026 (1.019 to 1.032)19 to 1.032) 0.9710.971

(0.961 to 0.981)(0.961 to 0.981)

775.2 (5.2 (776.7 to6.7 to773.9)3.9) 53.053.0 550.0000.00011

Firearm suicide rateFirearm suicide rate 1.000 (0.994 to 1.01.000 (0.994 to 1.010)10) 0.949 (0.935 to 0.964)0.949 (0.935 to 0.964) 774.9 (4.9 (775.9 to5.9 to773.9)3.9) 45.745.7 550.0000.00011

Total suicide rateTotal suicide rate 0.975 (0.971 to 0.979)0.975 (0.971 to 0.979) 0.978 (0.971 to 0.985)0.978 (0.971 to 0.985) 0.3 (0.3 (771.0 to 1.3)1.0 to 1.3) 0.280.28 0.590.59

Firearm homicide rateFirearm homicide rate 1.002 (0.977 to 1.029)1.002 (0.977 to 1.029) 0.877 (0.832 to 0.923)0.877 (0.832 to 0.923) 7712.5 (12.5 (7718.2 to18.2 to776.2)6.2) 14.314.3 550.0000.00011

Model 2 (adjusted)Model 2 (adjusted)

Percentage of firearm suicidesPercentage of firearm suicides

among all suicidesamong all suicides22
1.026 (1.01.026 (1.016 to 1.038)16 to 1.038) 0.978 (0.963 to 0.993)0.978 (0.963 to 0.993) 774.8 (4.8 (776.7 to6.7 to772.8)2.8) 21.821.8 550.0000.00011

Firearm suicide rateFirearm suicide rate22 1.00 (0.968 to 1.01.00 (0.968 to 1.013)13) 0.953 (0.937 to 0.969)0.953 (0.937 to 0.969) 774.8 (4.8 (776.9 to6.9 to772.7)2.7) 19.919.9 550.0000.00011

Total suicide rateTotal suicide rate22 0.975 (0.969 to 0.982)0.975 (0.969 to 0.982) 0.974 (0.964 to 0.984)0.974 (0.964 to 0.984) 770.1 (0.1 (771.4 to 1.3)1.4 to 1.3) 0.030.03 0.870.87

Firearm homicide rateFirearm homicide rate33 0.994 (0.894 to 1.10)0.994 (0.894 to 1.10) 0.895 (0.791 to 1.00.895 (0.791 to 1.013)13) 779.9 (9.9 (7718.9 to18.9 to770.1)0.1) 3.93.9 550.0000.00011

1. A growth factor of e.g.1.05 indicates an increase in the suicide rate of 5% per year.1. A growth factor of e.g.1.05 indicates an increase in the suicide rate of 5% per year.
2. Adjusted for unemployment and per capita alcohol consumption.2. Adjusted for unemployment and per capita alcohol consumption.
3. Adjusted for unemployment, per capita alcohol consumption and proportion of youngmen in the population.3. Adjusted for unemployment, per capita alcohol consumption and proportion of youngmen in the population.

Fig. 2Fig. 2 Firearm suicides as a percentage of totalFirearm suicides as a percentage of total

suicides.suicides. Fig. 3Fig. 3 Course of suicidemethods before and after the1997 firearm legislation.Course of suicidemethods before and after the1997 firearm legislation.
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firearm suicides in Australia was further ac-firearm suicides in Australia was further ac-

celerated after the enactment of a morecelerated after the enactment of a more

stringent firearm law in 1996 (Goldney,stringent firearm law in 1996 (Goldney,

2006). Data from New Zealand showed2006). Data from New Zealand showed

that the mean firearm suicide rate de-that the mean firearm suicide rate de-

creased after assessment of firearm reliabil-creased after assessment of firearm reliabil-

ity and licence tests were introduced inity and licence tests were introduced in

1992 (Beautrais1992 (Beautrais et alet al, 2006). Besides this, 2006). Besides this

decline in firearm suicides, a decrease indecline in firearm suicides, a decrease in

firearm suicides as a percentage of totalfirearm suicides as a percentage of total

suicides was also observed, similar to thesuicides was also observed, similar to the

decrease observed in our findings. Thedecrease observed in our findings. The

decrease in the percentage of firearm sui-decrease in the percentage of firearm sui-

cides has been discussed as ruling out thecides has been discussed as ruling out the

possibility that the decline in firearm-possibility that the decline in firearm-

related suicides is due to changes in overallrelated suicides is due to changes in overall

suicide rates (Beautraissuicide rates (Beautrais et alet al, 2006)., 2006).

A series of studies is also available fromA series of studies is also available from

Canada, where the criminal code wasCanada, where the criminal code was

amended in 1977 (Bill C-51). Some studiesamended in 1977 (Bill C-51). Some studies

reported a decrease in firearm suicide ratesreported a decrease in firearm suicide rates

after enactment of the reform (Richafter enactment of the reform (Rich et alet al,,

1990; Carrington & Moyer, 1994; Leenaars1990; Carrington & Moyer, 1994; Leenaars

et alet al, 2003). Although Rich, 2003). Although Rich et alet al (1990) sug-(1990) sug-

gested possible switching effects from firearmgested possible switching effects from firearm

suicides to suicides by jumping, comparing 5-suicides to suicides by jumping, comparing 5-

year periods before and after the reform, ayear periods before and after the reform, a

subsequent study (Carrington & Moyer,subsequent study (Carrington & Moyer,

1994) with a longer observation period1994) with a longer observation period

found this trend to be insignificant. Thefound this trend to be insignificant. The

findings on the effects of legal restrictionfindings on the effects of legal restriction

in Canada have been replicated by a furtherin Canada have been replicated by a further

study, after two additional firearm lawsstudy, after two additional firearm laws

(Bills C-17 and C-68) were enacted in(Bills C-17 and C-68) were enacted in

1991 and 1995; subsequent to this legisla-1991 and 1995; subsequent to this legisla-

tion, firearm suicides, the percentage oftion, firearm suicides, the percentage of

firearm suicides and firearm homicidesfirearm suicides and firearm homicides

further decreased (Bridges, 2004). How-further decreased (Bridges, 2004). How-

ever, when re-examining these Canadianever, when re-examining these Canadian

data, Leenaarsdata, Leenaars et alet al (2003) found evidence(2003) found evidence

of switching for men but not women. Sinceof switching for men but not women. Since

firearm suicide rates among women ac-firearm suicide rates among women ac-

counted for a small proportion of all fire-counted for a small proportion of all fire-

arm suicides in our study, switchingarm suicides in our study, switching

effects for each gender were not calculated.effects for each gender were not calculated.

The potential switch to other suicideThe potential switch to other suicide

methods is a complex phenomenon whichmethods is a complex phenomenon which

is often misinterpreted. Since firearm sui-is often misinterpreted. Since firearm sui-

cides (as a percentage of all suicides) declinecides (as a percentage of all suicides) decline

after an effective law, the proportion ofafter an effective law, the proportion of

other methods of suicide logically increases.other methods of suicide logically increases.

But this does not explain a possible switch-But this does not explain a possible switch-

ing phenomenon – one has to consider theing phenomenon – one has to consider the

course of suicide rates. Accordingly, acourse of suicide rates. Accordingly, a

switching phenomenon would be reflectedswitching phenomenon would be reflected

in an increase in absolute suicides by allin an increase in absolute suicides by all

other methods (or some of the methods)other methods (or some of the methods)

after the enactment of a more stringent fire-after the enactment of a more stringent fire-

arm law, which was not observed in ourarm law, which was not observed in our

work.work.

Besides cross-sectional studies on theBesides cross-sectional studies on the

association of firearm availability and fire-association of firearm availability and fire-

arm suicides in the USA (Dahlbergarm suicides in the USA (Dahlberg et alet al,,

2004; Miller2004; Miller et alet al, 2004) and Austria, 2004) and Austria

(Etzersdorfer(Etzersdorfer et alet al, 2006), longitudinal, 2006), longitudinal

studies have shown that firearm suicidesstudies have shown that firearm suicides

are associated with household firearm own-are associated with household firearm own-

ership (Millerership (Miller et alet al, 2002; Haw, 2002; Haw et alet al, 2004)., 2004).

Our results support and supplement theseOur results support and supplement these

findings, additionally demonstrating that afindings, additionally demonstrating that a

change in firearm legislation has an impactchange in firearm legislation has an impact

on firearm availability. A change in firearmon firearm availability. A change in firearm

legislation simultaneously alters the num-legislation simultaneously alters the num-

ber of firearm licences and the firearmber of firearm licences and the firearm

suicide rate, and this emphasises thesuicide rate, and this emphasises the

hypothesised association between bothhypothesised association between both

variables.variables.

In a cross-sectional study we have re-In a cross-sectional study we have re-

cently shown that there is a trend towardscently shown that there is a trend towards

higher firearm suicide rates in counties withhigher firearm suicide rates in counties with

higher firearm licensing rates (Etzersdorferhigher firearm licensing rates (Etzersdorfer

et alet al, 2006). These findings have been de-, 2006). These findings have been de-

scribed as representing an urgent publicscribed as representing an urgent public

health issue (Leenaars, 2006). Along withhealth issue (Leenaars, 2006). Along with

the results of the longitudinal analysis re-the results of the longitudinal analysis re-

ported here, there is even more evidenceported here, there is even more evidence

to support the view that a reduction in fire-to support the view that a reduction in fire-

arm suicides and firearm homicides can bearm suicides and firearm homicides can be

achieved by restriction of firearm availabil-achieved by restriction of firearm availabil-

ity through implementation of more strin-ity through implementation of more strin-

gent firearms legislation.gent firearms legislation.

Limitations of the studyLimitations of the study

Because of the limiting ecological design ofBecause of the limiting ecological design of

this study, it must be noted that the de-this study, it must be noted that the de-

creasing firearm homicide and suicidecreasing firearm homicide and suicide

trends we observed – although having sig-trends we observed – although having sig-

nificantly changed in and after the year ofnificantly changed in and after the year of

the legal reform – may be attributable to so-the legal reform – may be attributable to so-

cio-economic or other factors. The influ-cio-economic or other factors. The influ-

ence of well-known confounders such asence of well-known confounders such as

consumption of alcohol per capita and un-consumption of alcohol per capita and un-

employment did not significantly diminishemployment did not significantly diminish

the positive effects of the new law as ob-the positive effects of the new law as ob-

served in our study. This has also beenserved in our study. This has also been

found in earlier multivariate models, wherefound in earlier multivariate models, where

the association of firearm availability andthe association of firearm availability and

firearm suicide rates has not been ruledfirearm suicide rates has not been ruled

out (Ludwig & Cook, 2000; Lenaarsout (Ludwig & Cook, 2000; Lenaars et alet al,,

2003; Miller2003; Miller et alet al, 2006)., 2006).

Since the accuracy of survey data andSince the accuracy of survey data and

other proxy variables of firearm availabilityother proxy variables of firearm availability

are questionable (Millerare questionable (Miller et alet al, 2004), the, 2004), the

number of officially issued firearm licencesnumber of officially issued firearm licences

was used to assess the availability of fire-was used to assess the availability of fire-

arms. We acknowledge that this measurearms. We acknowledge that this measure

is an underestimation of firearm availabil-is an underestimation of firearm availabil-

ity, but it is the only available measure fority, but it is the only available measure for

Austria. Another limitation of our resultsAustria. Another limitation of our results

is that aggregated data analyses allow nois that aggregated data analyses allow no

direct conclusion about individuals. Millerdirect conclusion about individuals. Miller

et alet al (2002) discussed the possibility that(2002) discussed the possibility that

individuals who die by suicide may notindividuals who die by suicide may not

share the characteristics (level of income,share the characteristics (level of income,

available firearm) of the group from whichavailable firearm) of the group from which

they were drawn. However, this does notthey were drawn. However, this does not

limit the growing evidence that morelimit the growing evidence that more

stringent firearm legislation reduces firearmstringent firearm legislation reduces firearm

deaths in the overall population.deaths in the overall population.

Finally, it could be argued that the de-Finally, it could be argued that the de-

crease in firearm suicide rates observed increase in firearm suicide rates observed in

our study might be a randomly found effectour study might be a randomly found effect

of an overall decline in suicide rate and notof an overall decline in suicide rate and not

due to the change in legislation. This isdue to the change in legislation. This is

found to be improbable when the declinefound to be improbable when the decline

in post-legislation firearm homicides is alsoin post-legislation firearm homicides is also

taken into consideration. We could showtaken into consideration. We could show

that, along with a decline in the numberthat, along with a decline in the number
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Fig. 4Fig. 4 Firearm homicide rates.Firearm homicide rates.

Fig. 5Fig. 5 Firearm licence rates before and after theFirearm licence rates before and after the

1997 firearm legislation.1997 firearm legislation.
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of firearm suicides, the number of firearmof firearm suicides, the number of firearm

homicides also decreased after enactmenthomicides also decreased after enactment

of the new legislation. The firearm homi-of the new legislation. The firearm homi-

cide rate trend had previously been steady,cide rate trend had previously been steady,

but it decreased after enactment, whereasbut it decreased after enactment, whereas

the overall suicide rate was in continuousthe overall suicide rate was in continuous

decline both before and after the legal re-decline both before and after the legal re-

form. We argue that the effect of changesform. We argue that the effect of changes

in firearm laws can be observed in twoin firearm laws can be observed in two

different measures: firearm suicides anddifferent measures: firearm suicides and

firearm homicides. Restrictive firearm legis-firearm homicides. Restrictive firearm legis-

lation has previously been shown to reducelation has previously been shown to reduce

firearm suicides as well as homicides infirearm suicides as well as homicides in

cross-sectional (Conner & Zhong, 2003;cross-sectional (Conner & Zhong, 2003;

RosengartRosengart et alet al, 2005) and longitudinal, 2005) and longitudinal

studies (Loftinstudies (Loftin et alet al, 1991; Leenaars &, 1991; Leenaars &

Lester, 1994; LeenaarsLester, 1994; Leenaars et alet al, 2003; Bridges,, 2003; Bridges,

2004).2004).

Implications of the studyImplications of the study

Suicide prevention plans encounter resis-Suicide prevention plans encounter resis-

tance when they demand more stringenttance when they demand more stringent

firearm laws, because national firearm re-firearm laws, because national firearm re-

strictions inevitably affect many people, in-strictions inevitably affect many people, in-

cluding those who are not at risk of suicide.cluding those who are not at risk of suicide.

Yet it should also be remembered that thoseYet it should also be remembered that those

who are at risk will be more effectively pro-who are at risk will be more effectively pro-

tected by such laws. Some researchers statetected by such laws. Some researchers state

that suicide prevention strategies are basedthat suicide prevention strategies are based

on two different approaches, which shouldon two different approaches, which should

be balanced – namely, the restriction of thebe balanced – namely, the restriction of the

means of suicide and the prevention ofmeans of suicide and the prevention of

mental disorders (Gunnell & Lewis,mental disorders (Gunnell & Lewis,

2005). They rightly point to the fact that re-2005). They rightly point to the fact that re-

striction of means does not address the rootstriction of means does not address the root

cause of the problem. However, until thecause of the problem. However, until the

effective prevention of mental disorderseffective prevention of mental disorders

realistically becomes our long-term aim,realistically becomes our long-term aim,

we should recall that the restriction ofwe should recall that the restriction of

means very probably does prevent suicidemeans very probably does prevent suicide

in the short term, thereby increasing thein the short term, thereby increasing the

likelihood of people who are suicidal re-likelihood of people who are suicidal re-

ceiving professional help in time. Despiteceiving professional help in time. Despite

its limitations, this study provides evidenceits limitations, this study provides evidence

from a European country that firearm sui-from a European country that firearm sui-

cides and homicides may indeed be pre-cides and homicides may indeed be pre-

vented through legal restriction of thevented through legal restriction of the

availability of firearms. Therefore, we re-availability of firearms. Therefore, we re-

commend that further steps be taken incommend that further steps be taken in

Austria and in other countries to reduceAustria and in other countries to reduce

the availability of firearms.the availability of firearms.
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