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Abstract

Background: Several studies have suggested strong associations between economic
downturns and suicide mortality, but are at risk of bias due to unmeasured confounding.
The rationale for our study was to provide more robust evidence by using a quasi-
experimental design.

Methods: We analysed 955561 suicides occurring in the USA from 1980 to 2010 and
used a broad index of economic activity in each US state to measure economic condi-
tions. We used a quasi-experimental, fixed-effects design and we also assessed whether
the effects were heterogeneous by demographic group and during periods of official
recession.

Results: After accounting for secular trends, seasonality and unmeasured fixed charac-
teristics of states, we found that an economic downturn similar in magnitude to the 2007
Great Recession increased suicide mortality by 0.14 deaths per 100000 population [95%
confidence interval (Cl) 0.00, 0.28] or around 350 deaths. Effects were stronger for men
(0.28, 95% CI 0.07, 0.49) than women and for those with less than 12 years of education
(1.22 95% CI 0.83, 1.60) compared with more than 12 years of education. The overall ef-
fect did not differ for recessionary (0.11, 95% Cl —0.02, 0.25) vs non-recessionary periods
(0.15, 95% CI1 0.01, 0.29). The main study limitation is the potential for misclassified death
certificates and we cannot definitively rule out unmeasured confounding.

Conclusions: We found limited evidence of a strong, population-wide detrimental effect
of economic downturns on suicide mortality. The overall effect hides considerable
heterogeneity by gender, socioeconomic position and time period.
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Key Messages

period.

¢ After controlling for time-invariant state characteristics, common secular trends and seasonality, there is evidence
that economic downturns lead to small increases in suicide mortality.

* The effect of economic downturns on suicide did not differ for recessionary vs non-recessionary periods.

* The estimated effect of economic downturns on suicide showed heterogeneity by gender, age, education and time

Introduction

There is longstanding interest in studying the relationship
between economic conditions and suicide.'”” The Great
Recession that began in 2007 provides an opportunity to
investigate whether rapid economic changes are associated
with changes in suicide rates. In both in the USA®? and

=13 recent studies of the Great Recession suggest

Europe,
that large changes in economic conditions may have pro-
duced important increases in suicide rates, and that gov-
ernments and institutions should be acting to prevent
suicide deaths from economic downturns. However, the
extant literature on economic conditions and suicide still
suffers from several limitations and remaining questions.

First, the most commonly used measures of economic
conditions, such as gross domestic product per capita, are
often only available at the country level. However, time-
series analyses at the national level may omit factors
(e.g. health policies, alcohol consumption) that could be
correlated with both macroeconomic changes and
suicide.'* To overcome this problem, previous studies have
used state or local variations in economic changes to
estimate their impact on suicide rates. This strategy has the
advantage of potentially controlling for common (i.e.,
national) secular trends, but a disadvantage in that studies
have often relied on a single indicator (usually the un-
employment rate) as proxy for economic conditions.

Second, there exists no work, of which we are aware,
that has attempted to quantify heterogeneity of any eco-
nomic shock-suicide association by socioeconomic position
using a quasi-experimental design. There is evidence that
economically disadvantaged populations may have been
more severely affected by recessions,'® which suggests that
differential effects are plausible. Further, economic reces-
sions may have a more detrimental effect on the mental
health of vulnerable populations, including socially disad-
vantaged groups,®'® but direct evidence on this question
with respect to suicide is lacking.

Third, most past research has focused on the economic
peaks and valleys associated with normal business
cycles."™718 Because “official’ recessions are considered to
encompass more severe and widespread changes in macro-
economic conditions, it has been argued that recessions

may have larger effects on suicide.'""'” Whereas there is
evidence that larger unemployment increases (<3%)
showed stronger effects on suicide than smaller increases in
Europe,”” this has not yet been formally tested.

In this paper we advance the literature on suicide and
economic conditions in three ways. First, we take advan-
tage of a broad and comprehensive measure of economic
conditions that is local to each US state, rather than relying
only on the unemployment rate as a proxy. Second, we
extend the analysis of effects on average suicide rates to
estimate differential impacts by demographic groups—
including socioeconomic position. Third, using both
national and state-specific definitions of recession, we
test whether the impact of economic conditions on sui-
cide differs during recessionary vs non-recessionary
periods.

Methods

Data

We obtained data on suicide deaths by age (15-24, 25-44,
45-54, 65 years and over), gender, race (White, non-
White), years of educational attainment (<12 vyears,
12 years, >12 years), and month for 1980-2010 from the
US National Center for Health Statistics Detailed
Mortality Files.”' Combining our four age strata, four gen-
der-race strata, 50 states and 372 months gives a sample

size of 297600. Consistent with previous studies,”>>* w

e
restricted the education analysis to 45 states with at least
80% completeness of education information in all years
in the period from 1994 to 2010 (excluding Georgia,
Kentucky, Oklahoma, Rhode Island and South Dakota).
We used International Classification of Diseases, 9th
revision (ICD-9) codes E950-958 and ICD-10 codes X60-
X84 to identify suicide deaths, excluding late effects
(E959, Y87.0) that accounted for 0.12% of suicides. We
obtained annual population denominators by state and
demographic group from the US Census** and linearly
interpolated monthly population values using annual esti-
mates as benchmarks. We calculated education-specific
monthly population estimates from the US Current
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Population Surveys by linearly interpolating from annual
estimates.”’

We measured economic conditions using a state-based
indicator of current economic activity, the Index of
Coincident Economic Indicators (ICEI).?® Briefly, the ICEI
is a monthly composite index of four key indicators of eco-
nomic activity (private sector employment, the unemploy-
ment rate, average weekly work hours of manufacturing
workers, and sales tax collections) that is designed to pro-
vide a broad index of economic conditions related to wages
and labour market activity.”” Crone reports the median
contribution of each component across states as 57.4% for
non-farm employment, 17.7% for the unemployment rate,
4.9% for manufacturing hours and 14.3% for real wages
and salaries. The ICEI provides a consistent monthly meas-
ure of state-level economic output and a similar index has
been used previously to study the impact of economic con-
ditions on suicide in New York City,” but it has not been
applied nationally. Given the evidence that both the magni-
tude and the timing of recessions in the USA differ by
state,”® the ICEI may provide a better source of identifying
variation (compared with, say, pre-recession time trends)
for estimating the causal effect of economic conditions on
suicide.

Statistical analysis

Identifying the effect of economic downturns on suicide re-
quires the construction of a valid counterfactual ‘control
group’ for estimating what would have happened to sui-
cide rates in the absence of an economic downturn. The
control group is critical for accounting for other influences
on suicide rates that may be confounded with changes in
economic conditions. We used fixed effects regression
models to identify the impact of economic conditions on
suicide. That is, we estimated the causal effect of economic
conditions on suicide by comparing changes over time in
suicide mortality within states that experienced larger vs
smaller changes in economic conditions. We used a series
of Poisson regression models,”” which assume that the con-
ditional distribution of the number of suicides in state s in

month 2 is Poisson:

Ysm ~ Poisson(u,,).

Our general model is written as%:

tgm = exp(a+ B X ICELg, + 05 + 1y + Yy + myq + 0Xgn
+ In(popsm))

where g, represents the number of suicides in state s in
month 7z, ICEI is the index of economic conditions and we

use the log of population size as the offset.*! This model
also includes state fixed effects (o), fixed effects for year
(ty) and quarter (), and their interaction (m,;), and basic
demographic covariates X, (age, gender, race, educa-
tion) at the state-month level. We expanded the model
above to assess whether the effect of economic downturns
is heterogeneous during recessionary periods. For these
analyses we included a product term between ICEI and a
binary indicator of whether or not a state was in a reces-
sion. We used both national recessions as defined by the
US National Bureau of Economic Research (NBER)*? and
state-specific recessionary periods. State recessionary peri-
ods were defined as a cumulative decline of at least 0.5%
in a state’s ICEI over a minimum of 3 months.*? Finally, to
present effects on the absolute scale we used the coeffi-
cients and standard errors from our Poisson models to esti-
mate marginal predicted incidence rates, rate differences
and standard errors using the delta method. We used Stata
13 (StataCorp, College Station, TX) and R 3.1.1
(www.r-project.org) software for data analysis.

The purpose of state fixed effects in the model above is
to remove any variation in suicide rates that arises because
of time-invariant differences between states (e.g. large and
persistent regional variations in US suicide rates). Fixed
effects for time are important because there are strong sea-

1>* and national® secular trends in suicides. These

sona
temporal patterns may be correlated with changes in eco-
nomic conditions and we do not want to mistakenly iden-
tify seasonal changes as being the effect of changing
economic conditions. We specified the time effects by
including a product term between fixed effects for each
year and a series of indicator variables for season, specified
quarterly as Nov—Jan, Feb-Apr, May-Jul and Aug-Oct.
This allows each quarter of time to have a separate param-
eter. Flexibly controlling for secular trends also protects
our estimates from secular changes in demographic factors
that could be correlated with exposure (e.g. changes in the
race and gender composition of the labour market). After
controlling for state and time fixed effects, we use residual
variation in the timing and severity of changes in economic
conditions across states to estimate the effects on suicide.
That is, when a state’s change in economic output is
greater (or less) that the national average, we use that vari-
ation to identify the effect of economic changes on suicide
rates.

In addition to the fixed effects for year-season, we also
estimated models including state-specific linear, quadratic
and cubic time trends. The purpose of these models is to at-
tempt to control for residual confounding by unmeasured
state characteristics that would, for example, lead to sui-
cide rates gradually trending differently in states with dif-
ferent trends in economic conditions.’® We also estimated
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each of these models separately for demographic sub-
groups by age, gender and education and tested for hetero-
geneity across subgroups using Cochran’s O statistic.

As a series of checks on our main fixed effects models,
we also conducted several sensitivity analyses. We esti-
mated: (i) models with 6- and 12-month lagged values of
ICEL; (ii) negative binomial models as a check on the
Poisson assumption that the conditional mean and vari-
ance are equal; (iii) models with the seasonally-adjusted
unemployment rate rather than ICEI as a measure of ex-
posure; (iv) models using cancer mortality as a negative
control outcome for detecting bias; and (v) estimates for
different periods of observation.

All of the publicly available data and statistical code for
reproducing the results in this study are available with
unrestricted open access from the corresponding author’s
Dataverse: http://dvn.iq.harvard.edu/dvn/dv/samharper.

Results

Figure 1 shows the change in the mean ICEI over the pre-
vious three decades (indexed to a value of 100 in July
1992), overlaid with recessionary periods as defined by the
NBER.*? During non-recessionary periods, the ICEI grew
by an average of about 2.5% per month, whereas during
recessions it declined by about 2.7% per month. The aver-
age absolute decline in ICEI during recessionary periods
was roughly four points. During the Great Recession
(December 2007 to June 2009), the value of the ICEI plum-
meted by 8%, from 160.9 to 148.1. To facilitate interpret-
ation of our regression results, we use a similar change in
the ICEI (10 points) when estimating exposure contrasts.
Figure 1 also shows state-specific changes (blue lines) in
ICEI from 1980 to 2010 and demonstrates heterogeneity
by state, as it is clear that economic conditions began
declining in some states both before and after the onset of
the national recession.

From 1980 to 2010 there were 955561 suicides (see
Appendix Table 1 for number of suicides and crude suicide
rates by demographic groups, available as Supplementary
data at IJE online). Figure 2 shows temporal trends in the
crude suicide mortality rate by gender, age group, race and
education, in addition to loess-smoothed trends
(bandwidth=0.25). The figures readily demonstrate
strong seasonality among all groups and persistently higher
rates of suicide among men, Whites and those with 12 or
fewer years of education. The age patterning of suicide
rates has changed considerably during past decades. Most
notably, suicide rates among those aged 65 and over have
dropped steadily since the mid 1980s, whereas the rates
among those aged 45-64 years have increased since the
early 2000s. Each graph also shows shaded regions

200+

100)

(July, 1992

Index of Coincident Economic Indicators

50—, ¥ ' 1 1 1 1
1980 1985 1990 1995 2000 2005 2010

Figure 1. Mean monthly Index (July 1992 =100) of monthly Coincident
Economic Indicators for each state (thin blue lines) and national aver-
age (thick black line), 1980-2011. Shaded areas indicate recessionary
periods as defined by the National Bureau of Economic Research®2.

corresponding to periods of national economic recession as
defined by NBER.??

Table 1 shows results from our regression models. With
respect to demographic factors, our estimates show higher
suicide rates among men, those aged 65 and over, Whites,
and in spring and summer relative to winter. With adjust-
ment for demographic covariates and state and year-season
fixed effects, a 10-unit decrease in the ICEI was associated
with an increase of 0.14 suicide deaths per 100 000 popu-
lation (95% CI 0.0, 0.28), which translates roughly into a
1% increase. Additional models controlling flexibly for
non-linear time trends that may vary across states that
experienced differential changes in economic conditions
were somewhat larger than the basic fixed effects model,
but with considerable overlap of confidence intervals.

Figure 3 shows results from additional models investi-
gating heterogeneity of the effects of economic conditions
on suicide. The estimate at the top is from the fixed effects
model for the overall effect on suicide mortality (Model 2
in Table 1). The next estimates are from an expanded
model that allowed the effect of economic conditions on
suicide to vary by recessionary period. We found little evi-
dence that the impact of economic changes on suicide dif-
fers during ‘official’ recessions (Cochran’s O =0.82,
p=0.85), whether defined at the national or at the state
level. Figure 3 also shows estimates of the effects of
changes in economic conditions on suicide separately for
each demographic group, including education (limited to
ages 25 and over, when educational attainment is usually
complete), and there is some evidence of heterogeneity
(model results for each demographic group are shown in
Appendix Table 2, available as Supplementary data at IJE
online). Our estimates show that a 10-unit decrease in the
ICEI increased suicide mortality by 0.28 deaths per
100000 population (95% CI 0.07, 0.49) among men but
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Figure 2. Temporal trends in suicide mortality by gender, age, race and education, by month, 1980 to 2010. Estimates for education are for individuals
ages 25 and older. Darker lines are loess-smoothed conditional means (band width = 0.25). Shaded areas indicate national recessionary periods as
defined by the National Bureau of Economic Research.?? Estimates for education are for 45 states that report education on 80% of death certificates

(excluding Georgia, Kentucky, Oklahoma, Rhode Island and South Dakota).

had no effect on women (0.02, 95% CI —0.06, 0.09,
Cochran’s Q =5.34, p =0.02), though for the latter group
estimates with state-specific trends suggested effects
around 0.1 deaths per 100000 population. Effects were
generally similar by race (O =0.71, p =0.40) but differed
by age group (O =15.56, p=0.001), though heterogeneity
by age was driven by a protective effect among those aged
65 and over (—0.15, 95% CI —0.30,—0.00). Our estimates
for education groups were limited to 45 states from 1994 to
2010, and Figure 3 also shows that the effect of economic
downturns was somewhat larger in this period (0.35 deaths
per 100000) relative to the entire period from 1980 to
2010. More strikingly, the estimates by education group
show that the overall effect in this period masks consider-
able heterogeneity (O =26.96, p < 0.001). We estimate that
large economic downturns increased suicide mortality by
1.22 deaths per 100000 population (95% CI 0.83, 1.60)
among those with <12 years of education, compared with
only 0.17 (95% CI 0.03, 0.30) among those with >12 years
of education. Estimates by education were similar when lim-
ited to those aged 25-64.

Table 2 shows results from additional sensitivity ana-
lyses; 6- and 12-month lagged effects of ICEI were nearly
identical to the contemporaneous effect. A fixed effects
negative binomial model showed that there was some over-
dispersion in the Poisson model (alpha=0.038, 95% CI
0.030, 0.49), but marginal effects and standard errors were
also nearly identical to the Poisson model. We found no
evidence of an effect of economic conditions using cancer
mortality as the outcome (see Appendix Table 3 for full
model results, available as Supplementary data at IJE on-
line), indicating that our effect estimates are not being
driven by other state-specific time-varying factors that
might affect mortality more generally. Using the seasonally
adjusted unemployment rate rather than ICEI was not
associated with suicide mortality in the basic two-way
fixed effects model; however, estimates with state-specific
trends (see Appendix Table 4, available as Supplementary
data at IJE online) were consistent with an increase of
roughly 0.5 suicide deaths per 100 000. Lastly, estimates
by period varied to some degree, with stronger effects evi-
dent when the base year of analysis was the 1990s.
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Rate Diff per Age

Population 100000 (95% CI) range
1980-2010
Overall —0— 0.14 (0.00, 0.28) 15+
Recessionary period
During national recession (2250 state-months) o— 0.11 (-0.02, 0.25) 15+
Absent national recession (16350 state-months) —0— 0.15(0.01,0.28) 15+
During state recession (4126 state-months) -To— 0.08 (-0.07, 0.23) 15+
Absent state recession (14474 state-months) —0— 0.17 (0.03, 0.31) 15+
Gender
Men —_—— 0.28 (0.07, 0.49) 15+
Women - 0.02 (-0.06, 0.09) 15+
Race
White —0— 0.18 (0.01, 0.35) 15+
Non-white i 0.31 (0.05,0.58) 15+
Age
15-24 years e 0.20 (0.03, 0.36) 15+
25-44 years —_—— 0.27 (0.07,0.48) 15+
45-64 years —0— 0.15 (-0.02, 0.31) 15+
65 years and over —0— -0.15 (-0.30, -0.00)15+
1984-2010
Overall —0— 0.34 (0.18, 0.50) 25+
Education: ages 25+
<12 years —_— 1.22 (0.83, 1.62) 25+
12 years —— 0.53 (0.22, 0.83) 25+
>12 years —0— 0.15(0.02, 0.29) 25+
Education: ages 25-64
<12 years —0—— 1.51(1.09, 1.93) 25-64
12 years —_— 0.69 (0.32, 1.06) 25-84
>12 years —0— 0.15(0.02, 0.28) 25-64
I I I | | |
-1.5 -1 -5 0 5 1 1.5

Exposure decreases suicide

Exposure increases suicide

Figure 3. Estimated effect of 10-point decrease in the Index of Coincident Economic Indicators on suicide mortality, by recessionary period and demo-
graphic group. Effects for each demographic group were estimated in separate models that controlled for other demographic factors, state fixed ef-
fects and quarter fixed effects (specified as a set of product terms between year and season of death).

Interestingly, restricting only to the period including the
Great Recession (2005-10) produced generally null effects,
regardless of whether we used the ICEI [rate difference
(RD)=0.0, 95% CI —0.12,0.12, Table 2] or the un-
employment rate (RD =0.12, 95% CI —0.13, 0.38).

Discussion

A recent systematic review of the health effects of reces-
sions noted that the ‘most consistent results’ between reces-
sions and mortality are for suicide.® Although this review
suggests that there is little controversy regarding a correl-
ation between economic conditions and suicides, our

analysis suggests that any population-wide causal effects in
the USA may be smaller than previously estimated. Both
Chang et al.” and Reeves et al.® estimated that approxi-
mately 4500 ‘excess’ US suicides had occurred between
2007 and 2010, and the latter study attributed about 1500
of these to the change in the unemployment rate during the
Great Recession. Our results do not correspond directly to
the estimates of ‘excess deaths’ due to recessions, since we
are only isolating the effect of economic fluctuations rather
than the entire scope of changes that occur during reces-
sionary periods. However, with respect to economic fluctu-
ations, our estimates are about one-third of the magnitude
of previous estimates. For a reduction in ICEI equivalent to
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Table 2. Sensitivity analyses for the effect® of a 10-unit decrease in the Index of Coincident Economic

Indicators (ICEIl) on suicide mortality rates, 1980-2010

Model adjustments®

Rate difference 95% CI
per 100 000 person-years

Basic fixed effects model
ICEI (Model 2 from Table 1)
Lagged effects
Fixed effects using 6-month lagged ICEI
Fixed effects using 12-month lagged ICEI
Alternative specification
Negative binomial regression
Negative control outcome
Cancer mortality
Alternative exposure
Unemployment rate as exposure (9.6% vs 5.8%)
Effects by period of analysis
1985-2010
1990-2010
1995-2010
2000-10
2005-10

0.14 0.00, 0.28
0.14 —-0.00, 0.27
0.13 -0.01, 0.27
0.13 —0.02,0.27
—0.03 -3.08,3.03
—0.08 —0.62,0.46
0.15 0.02,0.29
0.18 0.04, 0.32
0.22 0.11, 0.32
0.07 0.01, 0.14
0.00 -0.12,0.12

*Marginal effect from Poisson regression.

PAll models also adjust for age, gender, race, season-by-year fixed effects and state fixed effects.

that during the Great Recession (160.8 to 148.1), we esti-
mate 0.18 (95% CI 0.01, 0.28) more suicide deaths per
100000 population. For a population ages 15 and over of
around 250 million, this equates to about 450 excess
deaths (95% CI 25, 850). What accounts for the differ-
ence? Earlier studies of excess suicides during the Great
Recession relied on extrapolation of age-standardized secu-
lar trends in suicide during the early 2000s to estimate the
counterfactual suicide rate in the absence of a recession.
These ‘time-trend’ designs may be susceptible to bias,
either by misspecification of ‘counterfactual trends’ or by
confounding by other potential determinants of suicide
rates that are correlated with the timing of the reces-
sion.'**” Our estimates, in contrast, use larger vs smaller
changes in economic conditions within states to estimate
the impact on suicide mortality, thus purging our estimates
of any non-linear trends in suicide that are common among
all states. A recent study'® in the UK also concluded that
previous estimates'! in that population, which also relied
to some extent on linear extrapolation, may have been con-
founded by non-linear suicide trends.

To be clear, our estimates are consistent with an in-
crease in suicide mortality following an economic down-
turn. However, the increase in suicide is only around 0.4%
for the change in economic conditions during the average
recession (a decline in ICEI around 3%) and, even for a
change as large as the Great Recession, the increase in

suicide is roughly 1%. These effects should be seen in con-
text of other factors affecting suicide rates. Quasi-experi-
mental studies on drunk driving laws and alcohol
consumption have shown effects on suicide of 10-15%

3839 imilarly designed studies of di-

among young people;
vorce laws reported effects of around 10% among
women.*’ Moreover, according to our estimates the num-
ber of excess suicide deaths in May-June relative to
Oct-Dec every year is nearly 3000 (RD approximately 1.2
per 100 000), almost seven times greater than the excess
death rate attributable to the economic fluctuations ac-
companying the Great Recession. This does not mean that
the impact of economic fluctuations on suicide should be
ignored, but excess deaths associated with changing eco-
nomic conditions should be put in the context of larger so-
cial and economic trends that may be stronger
determinants of changes in suicide rates. Although not a
substitute for quantitative estimates, visual inspection of
suicide rates over time among demographic groups (Figure
2) are also not suggestive of strong recessionary effects. For
example, rates of suicide among middle-aged individuals
have been rising steadily since the early 2000s, though the
precise causes are unknown.*' Likewise, rates among
youth began trending downward in the mid 1990s and flat-
tened out in the 2000s, and rates among those aged 65
years and over decreased strongly after the mid 1980s.
Suicide mortality rates thus exhibit strong seasonality and
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demographic-specific trends, but these show little
evidence of being disrupted by shifts in either intercept or
slope during economic downturns, even during the Great
Recession.

We also found some evidence that the overall impact of
economic changes on suicide mortality masks an unequal
distribution across social groups. In particular, we found
that the effect was concentrated among men, middle-aged
groups and those with the lowest education. In some re-
spects these differential effects accord well with the groups
that have been hardest hit by recessions. In percentage point
terms, the Great Recession’s effects on unemployment were
strongest among the very young (16-20-year-olds), Blacks
and Hispanics, and those with less than a high school de-
gree,'® and to some extent we find that the adverse effect of
economic conditions on suicide mortality were largest in
those groups. The stronger impact of economic changes on
suicides among middle-aged groups is consistent with some

k,>*2 as is the lack of evidence for negative im-

42-44

previous wor
pacts of recessions on older adults.

Our finding of stronger effects among the lowest edu-
cated is novel, as prior investigations have not disaggre-
gated the effect by socioeconomic position. This effect
seems consistent with a general picture of worsening rela-
tive mortality among those with low education in the USA
in recent years.”>***® Meara et al. found that educational
differences in life expectancy widened between 1981 and
2000, though they attributed a good deal of this increase in
inequality to smoking-related diseases.*’ Because suicide is
generally rare and economic recessions are infrequent, it
seems unlikely that recession-induced suicide mortality has
played a large role in widening socioeconomic gaps in life
expectancy. However, the general economic stagnation
experienced by low-educated individuals in the USA in re-
cent years®’ could be concentrating suicide among lower-
educated groups.

Prior work has also suggested that the impact of eco-
nomic conditions on suicide mortality may be stronger in
the context of large changes in unemployment.'”*°
Recessionary periods typically demonstrate much larger
increases in unemployment relative to seasonal or annual
fluctuations. We tested whether any effect of economic
fluctuations on suicide differed during recessionary peri-
ods, but found little evidence of any difference during
periods of either ‘official’ national recessions or our cat-
egorization of recessions for each state. The argument
that more severe recessions have stronger effects on sui-
cide also conflicts with our estimates restricted to the
most recent period, encompassing the Great Recession
(2005-10). When restricting to this period, we found gen-
erally null effects, regardless of the measure of economic
conditions.

Our analysis has limitations. We used an unconditional
fixed effects Poisson model with robust variance and found
that suicide mortality rates were overdispersed, but a nega-
tive binomial model produced similar results, and uncondi-
tional fixed effects Poisson models are not subject to the
incidental parameters problem.*”** We did not adjust for
changes in ICD coding, but the comparability ratio for the
same US suicide deaths coded under ICD-9 and ICD-10 is
reported as 0.996, suggesting minimal misclassification.*®
We also assumed no differential classification of suicide
deaths by state. There is some evidence of regional differ-
ences in suicide reporting,*” but it seems unlikely that it
may correlate with the timing of economic downturns
across states. The coding of education on death certificates
was revised in 2003 to reduce missing data, but not all
states have adopted the revised version.’” This could affect
suicide rate differences by education, but state and time
fixed effects make this unlikely as a source of bias in our ef-
fect estimates. Finally, our models assume there are no un-
measured factors that are correlated with both economic
conditions and suicide rates in a time-varying way. Our
use of fixed effects models removes concern for time-in-
variant state characteristics and national trends, but we ob-
viously cannot rule out the possibility that unmeasured
factors that vary over time and by state could have biased
our estimates.

In summary, using a comprehensive state-based meas-
ure of economic conditions we find some evidence that
worsening economic conditions increase suicide mortality.
The effects are heterogeneous across age, gender and edu-
cation groups, and are sensitive to choices about the period
of observation and how underlying trends in suicide are
modelled. Future research should focus on better under-
standing the role of separate components of the ICEI and
related economic factors that change during economic
downturns, and on eliciting the mechanisms by which eco-
nomic fluctuations may increase suicide among socioeco-

nomically disadvantaged young men.

Supplementary Data

Supplementary data are available at IJE online.
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Quasi-experimental designs are often applied in public
health research to assess phenomena for which truly ex-
perimental studies are not feasible. Recently, investigators
have used these tools to examine the association between
macro-economic conditions and rates of suicides in specific
populations.'™ In this issue of the International Journal of
Epidemiology, Harper and colleagues have added new evi-
dence to this topic, with an analysis on a large dataset
including more than 20 years of data and almost 1 million
cases in the USA.* The original analytical approach they
propose, combined with the interpretational issues in

evaluating such a complex multi-factorial phenomenon,
provide an excellent opportunity to comment on the bene-
fits and limitations of quasi-experimental designs in public
health evaluation studies.

The first issue we would like to discuss pertains to the
definition of the research question. This step is straightfor-
ward in experimental analyses such as randomized con-
trolled trials, in which the treatment is directly allocated to
an intervention group, and a specific health outcome is
then measured and compared with a control group. This
makes the objective of the analysis, and the scope of the
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