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ABSTRACT

Introduction: Smokers exhibit elevated risk for suicide, but it is unknown whether smoking interventions reduce suicide risk.
We examined whether state-level policy interventions—increases in cigarette excise taxes and strengthening of smoke-free air
laws—corresponded to a reduction in suicide risk during the 1990s and the early 2000s. We also examined whether the magni-
tude of such reductions correlated with individuals’ predicted probability of smoking, which would be expected if the associa-
tions stemmed from changes in smoking behavior.

Methods: We paired individual-level data on suicide deaths from the U.S. Multiple Cause of Death files, years 1990-2004,
with living population data from the same period. These were linked with state data on cigarette excise taxes and smoke-free air
policies. Utilizing a quasiexperimental analytical approach, we estimated the association between changes in policy and suicide
risk. To examine whether associations correlated with individuals’ probability of smoking, we used external survey data to
derive a predicted probability of smoking function from demographic variables, which was then used to stratify the population
by predicted smoking prevalence.

Results: Cigarette excise taxes, smoke-free air policies, and an index combining the two policies all exhibited protective asso-
ciations with suicide. The associations were strongest in segments of the population where predicted smoking prevalence was
the highest and weaker in segments of the population where predicted smoking prevalence was the lowest, suggesting that the
protective associations were related to changes in smoking behavior.

Conclusion: These results provide support for the proposition that population interventions for smoking could reduce risk for

suicide.

INTRODUCTION

Prospective cohort studies across multiple populations have
consistently shown that smokers exhibit two- to fourfold
higher risk for suicide than nonsmokers (see Li et al. [2012]
for a review and meta-analysis). This may be because of fac-
tors that influence risk for both smoking and suicide, such as
psychiatric disorders, including alcohol and drug use disorders
(Angst & Clayton, 1986, 1998; Clayton, Ernst, & Angst, 1994;
Doll & Peto, 1976; Hemmingsson & Kriebel, 2003). Markedly
elevated rates of smoking are found among people with anxi-
ety disorders, alcohol and drug dependence, and schizophrenia
and other diagnoses, in both clinical and general population
studies (De Leon et al., 1995; Hughes, Hatsukami, Mitchell,
& Dahlgren, 1986; Kalman, Morissette, & George, 2005;
Lasser et al., 2000). However, it is also possible that smok-
ing is not merely a marker for psychiatric disorders, but rather
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directly increases the risk for such disorders, which in turn
increases the risk for suicide (Hughes, 2008; Leistikow, 2003;
Leistikow & Shipley, 1999). Major lines of evidence to sup-
port this proposition include biological plausibility studies
(e.g., Clark, Lindgren, Brooks, Watson, & Little, 2001; Collins
& Izenwasser, 2004; Mineur & Picciotto, 2010; Picciotto,
Brunzell, & Caldarone, 2002; Poorthuis, Goriounova, Couey,
& Mansvelder, 2009) and longitudinal studies examining the
sequence of changes in smoking status and changes in psy-
chiatric disorder in human populations and references (e.g.,
Breslau & Klein, 1999; Breslau, Peterson, Schultz, Chilcoat,
& Andreski, 1998; Cavazos-Rehg et al, 2014; Fleming,
Leventhal, Glynn, & Ershler, 1989; Isensee, Wittchen, Stein,
Hofler, & Lieb, 2003; Johnson et al., 2000).

While many studies have provided evidence that smoking
has adverse psychiatric consequences, few designs are able to
address causality in humans. /n vitro studies and animal models
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are limited by their lack of direct generalizability to humans,
whereas observational studies leave open the possibility of
confounding by factors such as common genetic liability and
adverse environments. As such, it is an open question whether
smoking is a direct risk factor for poor mental health outcomes
and, by extension, suicide. If so, this would have significant
implications for public health and clinical practice because it
would establish smoking as a common and modifiable risk
factor for suicide. In this case, more effective tobacco control
policies and other smoking interventions could be promising
means for suicide risk mitigation.

The objective of this article is to investigate the proposi-
tion that smoking is a direct risk factor for suicide. There is
no practical experimental way to examine this hypothesis in
a human population. Hypothetically, one could conduct mor-
tality follow-ups of randomized controlled trials to examine
whether post-trial suicide rates were lower among treatment
groups than among control groups. If so, this would pro-
vide evidence that smoking cessation decreases suicide risk.
However, this approach would require prohibitively large sam-
ples. In this study, we describe a parallel approach that takes
advantage of historical state-level tobacco control policies as
natural experiments. We leveraged state-level changes in two
of the most effective tobacco control policies: smoke-free air
legislation and cigarette excise taxes (Chaloupka & Warner,
2000; Levy, Chaloupka, & Gitchell, 2004). Our reasoning was
that if smoking makes a substantial contribution to suicide risk,
states that implemented more stringent tobacco control policies
would have experienced more favorable changes in suicide risk
than states that did not. Moreover, policy-related differences
in suicide risk would be most pronounced among those most
likely to smoke as there would be no reason to expect tobacco
control policy to be related to suicide risk among nonsmok-
ers (Gruber & Mullainathan, 2005). The advantage of study-
ing policy rather than studying smoking directly is that tobacco
control policy is largely outside of individual-level control and
therefore can be considered to be a true environmental factor.
The policy changes that have taken place in recent decades
provide a tool for probing causation in the well-documented
associations between smoking and suicide.

METHODS

Analytical Strategy

Our goal was to test the proposition that smoking is a direct
risk factor for suicide. If so, then we expect interventions that
influence smoking prevalence to have secondary effects on
risk for suicide. We employed state-level cigarette excise taxes
and smoke-free air policies as antismoking interventions and
utilized individual-level data from mortality files and from
U.S. population databases to examine suicide risk. State and
time are the major determinants of which tobacco control poli-
cies an individual experiences, thus we postulate that policy
exposure is essentially random at the individual level after
adjusting for these. By including state and year as unordered
categorical covariates, associations between policy and suicide
are expected to be observed only if the magnitudes of within-
state changes in policy correlate with within-state changes in
the prevalence of suicide. This is because all time-invariant state
characteristics are absorbed by the state effects, while the year
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effects account for national trends in suicide rates. This results
in a quasiexperimental “differences-in-differences” approach
that relates changes in suicide rates to changes in state policy
(Bertrand, Duflo, & Mullainathan, 2004; Angrist & Pischke,
2008; Norberg, Bierut, & Grucza, 2009). The inclusion of state
and time effects accounts for unobserved time-invariant factors
but leaves open the possibility of confounding by time-varying
state-level variables. Therefore, we also estimated models that
included a number of observed, time-varying state characteris-
tics and examined the consistency of estimates across models.

We proposed that tobacco control policies are associated
with suicide as a result of their influence on smoking, specifi-
cally, through prevention of initiation, inducement of cessation,
or reduction in number of cigarettes smoked among smokers.
If this is the case, we would expect policy to be associated
with the greatest reductions in relative risk for suicide among
individuals with the highest probability of smoking (Gruber
& Mullainathan, 2005). That is, those who are most likely to
smoke independently of policy are the most likely to experi-
ence any protective effects of policy interventions. Because
we are relying on vital statistics data, we do not have data on
individuals’ smoking histories. Instead, we used external data-
sets to derive and validate a smoking probability function using
demographic variables. Smoking probability was then esti-
mated in the main dataset to determine whether any association
between tobacco control policies and suicide were strongest
among likely smokers.

Dependent Variable and Data Sources

We examined suicide risk in all 50 states for the period 1990
through 2004 in relation to tobacco control policy changes. We
chose this observation window for several reasons. First, we
wanted to examine a period during which both smoke-free air
policy and cigarette excise taxes were changing. An increasing
number of states began passing smoke-free air legislation and
continued to increase cigarette excise taxes during the 1990s
(Giovino et al., 2009). Second, policy changes during this era
are well characterized, and it is generally accepted that these
changes contributed to declines in the prevalence and intensity
of smoking (Cavazos-Rehg et al., 2012; DeCicca, Kenkel, &
Mathios, 2008; Ross & Chaloupka, 2004; Tauras & Chaloupka,
1999). The year 2004 was selected as the end of the observa-
tion window because it is the last year that state identifiers are
available in public use mortality data from the National Vital
Statistics System (confidentiality restrictions went into place
beginning with 2005 mortality data).

Data on individual suicide deaths were obtained from the
Multiple Cause of Death files for 1990-2004, collected by the
National Center for Health Statistics. Files containing indi-
vidual-level data were obtained through the National Bureau
of Economic Research (http://www.nber.org/data/multicause.
html). From the complete set of death records, we selected
observations for which either suicide was the underlying
cause, or among the contributing causes of death using codes
from the International Classification of Disease, versions 9
and 10 (codes E950-E959 and X60-X84, Y87, respectively).
Living population data were constructed from 1% samples
of the 1990 and 2000U.S. Census and from the 2001-2004
American Community Surveys. These datasets were obtained
from the Integrated Public Use Microdata Series maintained
by the Minnesota Population Center (Ruggles er al., 2010).
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Living population estimates for unobserved years (1991-1999)
were imputed using a linear interpolation algorithm: for 1991
through 1999, each yearly population was estimated as [(9 — #
years after 1990) x (1990 population) + (# years after 1990) x
(2000 population)]/9. This interpolation was conducted sepa-
rately for each state and demographic combination (state, year
of birth, sex, race/ethnicity). Because smoking is relatively
rare among older individuals, we restricted main analyses to
individuals aged between 18 and 65 years. However, analyses
stratified by age and smoking probability included individuals
older than 65 to maximize variance with respect to smoking
prevalence.

Primary Independent Variables: State Tobacco Policies

State Excise Tax per Pack of Cigarettes

Annual state excise tax data were obtained from “The Tax
Burden on Tobacco™ historical compilation (Orzechowski &
Walker, 2012). Values were adjusted for inflation to reflect
2012 dollars using the consumer price index obtained from
the Bureau of Labor Statistics (www.bls.gov/cpi/); all reported
results reflect these adjusted values.

State Smoke-Free Air Policies

Smoke-free air policy data were retrieved from the State
Cancer Legislative Database (National Cancer Institute, n.d.).
Three key policies were scored, covering private worksites,
restaurants, and bars (International Agency for Research on
Cancer, 2009). Total scores were assigned ranging from 0 to 6
that represent the sum of a 3-point scale for each policy (0 for
no policy, 1 for restrictions with less than a complete ban, and
2 for a complete ban).

The policies were linked with subjects by state of residence
and year. We used 6-year averages of each of the tobacco poli-
cies as independent variables, that is, scores from the year of
observation and the previous 5 years were averaged. This
approach assumes that both contemporaneous and prior pol-
icy exposures could influence risk. An empirical justification
for this decision and results of models using alternative time-
averages are provided in the Supplementary Material. Because
cigarette excise taxes and smoke-free air policies tend to be
correlated, we created an index combining the two policies
based on the effect sizes of each in relation to smoking; these
are also presented in the Supplementary Material. Results of
analyses of U.S. smoking data from the time period of interest
suggested that the effect of a $1 increase in cigarette excise
tax on the prevalence of smoking was equivalent to a 5-point
increase on the clean indoor air scale. Thus, an index was cre-
ated where index = 6-year average tax + (6-year average clean
indoor air score/5).

Covariates

Individual-level covariates extracted from mortality records
included state of residence, year, sex, age, year of birth, and
race/ethnicity. Year was coded as an unordered categorical
variable. Race/ethnicity was coded as non-Hispanic White,
non-Hispanic Black, Hispanic, and other. Age categories were
established by dividing the 18- to 65-year-old population into
quartiles (18-29 years, 30-40 years, 41-51 years, 52—65 years).
We also selected several time-varying state-level factors to
include as covariates. We chose variables that could potentially

Nicotine & Tobacco Research

influence both tobacco control policy and suicide rates or that
may correlate with such factors. These included (a) a meas-
ure of citizen political ideology (Berry, Ringquist, Fording, &
Hanson, 1998); (b) state mental health agency expenditures per
capita (National Association of State Mental Health Directors
Research Institute, n.d.); (c) proportion of population in rural
areas (U.S. Census Bureau, 2000); (d) state excise tax on beer
(Ponicki, 2004); (e) percentage of household incomes under
poverty level, (f) percentage of individuals without health
insurance; (g) infant mortality rates; and (h) the state annual
unemployment rate (United Health Foundation, n.d.). For state
mental health spending and rural population, data were not
available for all years; missing years were imputed via linear
interpolation.

Statistical Analysis

All models utilized logistic regression analysis in which sui-
cide was predicted from the 6-year averages of the tobacco
policies. The most basic models controlled for age, sex, race,
and categorical indicators for state and year. First, cigarette
excise tax and clean indoor air score were assessed in the
models separately (Models A and B). Then the index combin-
ing the two policies was assessed (Model C). In more refined
models, we incorporated the state-level covariates. Parameter
estimates and standard errors were calculated using the SAS
statistical package “surveylogistic” procedure. To account for
intracorrelation of residuals within states and across time in the
estimation of standard errors, we employed a two-way clus-
tering procedure described by Petersen (2009). The District of
Columbia was excluded from all analyses as not all state-level
covariates were available.

We took two approaches to examining whether policy—sui-
cide associations were stronger among those with a higher
likelihood of smoking. First, because prevalence of smoking
is a strong function of age (Centers for Disease Control and
Prevention [CDC], 2002), we examined the policy—suicide
association separately in each age quartile of the 18- to 65-year
old population and also in those aged 65 and older. Because
the oldest age group has a very low probability of smoking,
we expected that any association reflecting changes in rela-
tive risk for suicide would be weaker for that group than for
younger age groups. Second, we created a multivariable func-
tion to predict the probability of smoking using data from two
nationally representative surveys taken during the observation
period. This function employed demographic variables that
are reliably assessed on both death certificates and in census
data, allowing us to group individuals in our mortality data-
set by smoking risk. We then divided the sample into quartiles
based on the predicted probability of smoking and examined
policy—suicide associations for each quartile, with the expecta-
tion that the magnitude of the association would correlate with
predicted probability of smoking. Full details on the derivation
and validation of the predicted probability of smoking function
are provided in the Supplemental Material.

RESULTS

Prior to regression modeling, we conducted a graphical anal-
ysis in which suicide rates were compared across groups of
states categorized by magnitude of policy change during
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the observation window. The 10 states that implemented the
strongest changes in tobacco control policies, as measured by
the policy index described above (6-year average tax + (6-year
average clean indoor air score/5), were contrasted with the 10
states that implemented the weakest changes in tobacco control
policies. The rate in each group was divided by the national
rate to control for other secular trends, yielding a measure
of relative risk over time in each group. The group with the
strongest policy changes includes states that implemented
excise tax increases up to $1.07 (New York) and increases in
the smoke-free policy score of up to 5 points out of a possible 6
points (California). The group with the weakest policy changes
included 9 states whose excise taxes decreased once inflation
was considered and 9 states whose smoke-free score did not
increase. Relative risk over time for each group is plotted in
Figure 1. The Figure shows a widening gap between states that
implemented strong tobacco control policies and those that did
not, with relative risk increasing in the latter and decreasing in
the former.

Results of analyses predicting suicide rates from tobacco
control policies while controlling for demographic covariates,
state, and year are summarized in Table 1, leftmost columns.
Significant protective effects of higher cigarette tax per pack,
smoke-free air score, and an index combining the two policies
were observed. An increase of $1 in state excise tax per pack
of cigarettes was associated with a 12.4% reduction in risk of
suicide. An increase of 1 point on the 6-point smoke-free air
score was associated with an approximately 3% reduction in

risk of suicide. Combining the two policies into one index,
which equates a $1 excise tax increase to a 5-point increase in
smoke-free air score, each unit increase in the index was asso-
ciated with an approximately 12% reduction in risk of suicide.
Inclusion of the state-level covariates had little effect on the
associations, as shown in the right-hand columns of Table 1.
Note that Table 1 lists only the main parameters (odds ratio for
policy—suicide associations); a detailed tabulation of covariate
parameters for the final model is provided in Table 2.
Age-stratified results for analyses of the association
between the tobacco control policy and suicide are shown in
Table 3. For ease of comparison across subgroups, Table 3 pre-
sents the results of the analyses using the tobacco policy index
only. These analyses also included subjects older than 65, in
contrast to the previous analyses that were limited to ages < 65,
as outlined in the Methods section. Associations between pol-
icy variables and suicide outcomes were strongest in the three
youngest age groups (ages 18 through 51), who exhibited the
highest predicted prevalence of smoking, based on analyses of
health survey data (~25%). The association between the policy
index and suicide for individuals aged 52—65 was significantly
weaker than for the younger age groups, but still nominally
significant (p = .049), whereas the association for subjects over
the age of 65, for whom smoking predicted prevalence was
under 10%, was not significantly different from 1. Results of
analyses for which the data were stratified by predicted prob-
ability of smoking, computed from multiple demographic vari-
ables, are also presented in Table 3. These results also showed
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Ratio of suicide rate to national average in 10 states that implemented the strongest tobacco control policies between

1990 and 2004 (black), and 10 states that implemented the least strong policies during this period (gray). Strength of policy is
gauged by change in the policy index described in Methods section, which combines excise taxes and smoke-free air scores. Trend
lines are 5-year moving-window averages of the plotted ratio. Please note that because suicide rates are based on population counts
(as opposed to statistical sampling), confidence intervals are not applicable.
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Table 1.
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Associations Between State Tobacco Policies and Suicide Among Adults Aged 18-65 Years, Adjusted

for State and Year-Fixed Effects and Other Covariates, 1990-2004

Adjusted for demographics
(sex, race, and age group)

Adjusted for demographics and
state characteristics®

Tobacco policy OR (95% CI) p value OR (95% CI) p value
Model A

Tax per pack of cigarettes, per dollar (6-year average) 0.876 (0.764, 0.958) .007 0.885 (0.866, 0.925) <.001
Model B

Smoke-free air score (6-point scale, 6-year average) 0.965 (0.955, 0.974) <.001 0.972 (0.961, 0.982) <.001
Model C

Combined index of tax per pack and smoke-free 0.881 (0.847,0.917) <.001 0.895 (0.866, 0.925) <.001

air score (6-year averages)®

Note. All models include state and year as unordered categorical fixed effects in addition to covariates described in the column

header. OR = odds ratio; CI = confidence interval.

aState characteristics include rural population percentage, citizen political ideology, poverty rate, infant mortality rate, percentage
of uninsured individuals, beer tax rate, mental health expenditures per capita, and unemployment rate.
PResults of models using policy averaged over other lengths of time are shown in Supplemental Table S4.

Table 2. Associations Between State Tobacco Policies Index and Suicide Among Adults Aged 18-65 Years

OR (95% CI) p value

Index of tax per pack and smoke-free air score (6-year averages) 0.895 (0.866, 0.925) <.001
Sex, female vs. male 0.252 (0.238, 0.261) <.001
Race

Caucasian Ref.

African American 0.581 (0.526, 0.643) <.001

Hispanic 0.452 (0.395, 0.518) <.001

Other 0.458 (0.390, 0.538) <.001
Age

18-29 years Ref.

3040 years 1.039 (1.008, 1.070) .013

41-51 years 1.072 (1.009, 1.138) 024

52-65 years 0.975 (0.921, 1.031) 374
Rural population (%) 1.002 (0.987, 1.016) .804
Citizen political ideology 0.999 (0.997, 1.001) .368
Poverty rate (%) 1.003 (0.998, 1.008) 230
Infant mortality rate (%) 1.014 (0.991, 1.039) .238
Uninsured (%) 0.996 (0.990, 1.002) 215
Beer tax per barrel, per dollar 1.003 (0.997, 1.008) 316
State mental health agency per capita expenditures (per $100) 0.998 (0.934, 1.067) 957
Unemployment rate (%) 1.017 (1.006, 1.028) .003

Note. These are the complete covariates from Model C as described in Table 1 and the text. This model included state and year as
unordered categorical fixed effects in addition to covariates listed. OR = odds ratio; CI = confidence interval.

a correspondence between predicted smoking prevalence and
the magnitude of the policy—suicide association in the expected
direction, with a significant difference in the magnitude of the
association between the highest predicted smoking prevalence
quartile and the lowest.

DISCUSSION

We hypothesized that past changes in tobacco policies that
resulted in reduced prevalence of smoking would also be asso-
ciated with reduced suicide rates. We found that increases in
both smoke-free indoor air policies and cigarette excise taxes
were associated with reduced suicide rates during the period
1990 through 2004. This was true when the policies were ana-
lyzed separately and when they were combined into a single

index, scaled to reflect each policy’s association with smok-
ing prevalence. Because our analyses controlled for state and
time effects, these results indicate that within-state changes
in tobacco control policy were associated with within-state
changes in suicide risk. Changes in relative risk for suicide
associated with policy were strongest among groups with high-
predicted smoking prevalence and lowest among groups with
low-predicted smoking prevalence. This is consistent with the
interpretation that the effect is a result of policy influence on
smoking behavior, rather than stemming from confounding
with other environmental variables. Moreover, the associations
were robust to adjustment for relevant time-varying state vari-
ables such as per capita mental health spending and economic
factors.

The results of our study imply that the beneficial impact of
stricter tobacco control policies may extend beyond reductions
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Table 3. Associations Between State Tobacco Policy Index (Model C in Table 1) and Suicide Among Adults by

Age Group and Demographic Smoking Probability Quartile

Estimated smoking prevalence® OR (95% CI) p value

By age group (year)

18-29 24.9% 0.882 (0.843, 0.928) <.001

3040 25.1% 0.849 (0.809, 0.903) <.001

41-51 25.1% 0.884 (0.841, 0.931) <.001

52-65 20.4% 0.950 (0.901, 1.000) .056

>65 9.7% 0.972 (0.929, 1.015) 223
By smoking probability quartile®

Fourth quartile 29.7% 0.850 (0.794, 0.909) .003

Third quartile 26.2% 0.917 (0.877, 0.966) .022

Second quartile 20.7% 0.924 (0.871, 0.990) .001

First quartile 10.8% 0.935 (0.899, 0.979) <.001

Note. All models include state and year as unordered categorical fixed effects in addition to individual and state-level covariates

described in Table 1. OR = odds ratio; CI = confidence interval.

2Smoking prevalence estimates from similar demographic group in the TUS-CPS survey.
bSee supplementary material for further information on derivation of smoking probability quartiles and on TUS-CPS.

in chronic disease prevalence and into the realm of mental
health. Based on our results, we estimate that a $1 increase in
cigarette excise taxes across the United States could result in a
10.5% relative reduction in risk for suicide. Given an adult sui-
cide rate of 16.1 per 100,000 in 2010 (CDC, 2012), this would
correspond to nearly 4,000 fewer suicides per year. Reductions
in suicide rates might also be brought about by stricter smoke-
free air policies nationally, a combination of these policies, or
novel policy interventions that would reduce smoking preva-
lence. Our results are consistent with mounting evidence that
tobacco control policies may reduce the prevalence of psychi-
atric disorders and substance abuse—two key risk factors for
suicide. Two recent studies utilizing a nationally representative
panel of U.S. smokers showed that increases in cigarette excise
taxes and stricter smoke-free air policies were associated
with decreased alcohol consumption and alcohol use disorder
remission, respectively (Young-Wolff, Hyland, et al., 2013;
Young-Wolff, Kasza, Hyland, & McKee, 2013). Mojtabai and
Crum (2013) use the same dataset to show that regular smok-
ing is associated with new onset mood and anxiety disorders;
they also used cigarette excise taxes and social attitudes toward
smoking as instrumental variables to argue that the association
is causal, implying that stronger tobacco control policies could
reduce the prevalence of these disorders. Finally, Gruber and
Mullainathan (2005) conducted separate analyses of U.S. and
Canadian data to show that cigarette excise taxes were associ-
ated with a reduction in the number of people reporting subjec-
tive unhappiness and that these effects were limited to people
with high probability of smoking. Self-reported happiness and
other subjective measures are inversely associated with sui-
cide risk, so those results are concordant with the results of
our study (Koivumaa-Honkanen, Honkanen, Koskenvuo, &
Kaprio, 2003; Xu & Roberts, 2010).

In concert with previous literature on the smoking—suicide
and smoking—mental health links, our findings raise critical
questions about the long-term neurobehavioral consequences
of nicotine exposure. Studies of cigarette smoking cannot tease
apart the effects of other components of smoke from those of
nicotine (Swan & Lessov-Schlaggar, 2007). Nonetheless, stud-
ies of nicotine exposure in animals and in vitro suggest that the
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psychiatric health effects of nicotine are far from benign, and
our results are consistent with this literature (Clark et al., 2001;
Collins & Izenwasser, 2004; Gutknecht et al., 2012; Lg, Wang,
Harding, Juzytsch, & Shaham, 2003; Mineur & Picciotto,
2010; Picciotto et al., 2002) The rapid rise of new nicotine
users relying on alternative tobacco and nicotine products such
as electronic cigarettes raises concern about the mental health
risks associated with such products (CDC, 2013; Chatterji
etal., 1997).

A limitation of our work is that the vital statistics data that
were analyzed lacked information about smoking. Mitigating
this limitation, however, we were able to demonstrate signifi-
cant moderation of the policy—suicide association by prob-
ability of smoking, as indicated either by age alone or by a
smoking probability function assembled from multiple demo-
graphic variables. The strongest policy—suicide associations
were observed among those with high probability of smok-
ing, while weak or insignificant effects were observed among
groups with low smoking probability. These trends are consist-
ent with policy associations with suicide occurring as a result
of policy effects on smoking.

Several additional limitations should be kept in mind when
interpreting these results. First, although unobserved state-
invariant and time-invariant covariates are implicitly controlled
by analytical design, and additional observed covariates were
explicitly specified, no observational design can unambigu-
ously establish causation. Potential confounders include any
factors that changed in the same states and at the same times
as excise taxes and smoke-free air policies. Furthermore, the
regression parameters we estimate for the 1990-2004 period
may not precisely extend to the current period as associations
between policy and smoking may have changed over time due
to more stringent tobacco control policies and further declines
in smoking. A final limitation is that our models focused on
state-level smoke-free air policies and excise taxes, but local-
level policy may also influence smoking behaviors. The pres-
ence of these policies would result in misclassification error;
the bias that might result from such error would most likely be
toward the null hypothesis. Limitations notwithstanding, these
results suggest that stronger tobacco control policies could
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reduce suicide rates, and they constitute a novel line of evi-
dence that smoking may increase risk for suicide. While further
studies may be required to establish a compelling weight of
evidence, this study provides strong epidemiological support
in favor of the proposition that smoking is a causal risk factor
for suicide.
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