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Abstract
Backgrounds Austerity has been shown to have an adverse in�uence on people’s mental health and suicide rates. Most existing studies have focused on the
governments’ reactions to a single event, for example, the Great Recession of 2008.Methods This study focused on signi�cant changes in �scal policy
between 2001 and 2014 in Japan. The size of expenditures by national and local governments decreased dramatically between 2001 and 2006 under the
neoliberal reform and then increased after the global economic crisis and the Great East Japan Earthquake. Using the data from 47 prefectures between 2001
and 2014, we tested whether more spending by the local governments was associated with a lower suicide rate in their jurisdiction. We also investigated
whether this relationship was particularly salient during a more severe recession.Results Our analysis revealed that an increase of 1% in the per capita local
government expenditures was associated with a decrease of 0.2% in the suicide rates among males and females aged between 40 and 64 and that this
correlation was strengthened as the unemployment rate increased, particularly among males.Conclusions Government’s reaction to economic crises can either
exacerbate or mitigate the negative impact of the economic recession on people’s mental health and suicide rates.

Background
The relationship between an economic downturn and people's health has been extensively studied in a variety of disciplines. This topic has drawn increasing
attention from scholars after the global economic crisis in 2008 [1-3]. Evidence on whether economic downturn improves or worsens people's health is mixed,
depending on the measures of health, demographic groups, levels of economic development, and the degree of downturns [1-4]. The results of previous
studies are more consistent when we focus on mental health and suicidal risks as a measure of health: mental health worsens, and suicidal risks increase
during the recession [5].

The adverse in�uence of the economic downturn on mental health and suicidal risks could be exacerbated or mitigated by government actions. This
possibility became particularly evident in the aftermath of the 2008 Great Recession when many nations adopted �scal austerity as a political reaction to the
massive economic crisis [6-8]. Austerity in the period of the economic downturn can worsen people's mental health in two major ways: by increasing economic
insecurity among vulnerable individuals and by reducing healthcare services [9,10]. Indeed, suicide rates increased after the Great Recession in countries
where the austerity measures had been taken, including Greece, Ireland, Portugal, and Spain [11-17].

At the same time, the government can mitigate the effect of adverse economic shock by taking proper actions. For example, the amount of New Deal relief
spending allocated to the US cities after the Great Depression between 1929 and 1940 was negatively correlated with the suicide rates of the area [18].
Similarly, the negative effect of the recessions on suicide rates was shown to be weakened in countries with relatively larger social welfare spending [19-21],
though others reported no such relationship [22].

This study offers additional evidence on the role of the government’s actions to prevent suicide in the period of recession using longitudinal data from Japan.
The study period is from 2001 to 2014, during which Japan experienced both the reduction and expansion of government expenditures under different
administrations and political climates. More precisely, government expenditures signi�cantly decreased under the neoliberal reform between 2001 and 2006
and then increased after the global economic crisis in 2008 and the Great East Japan Earthquake in 2011. In response to a severe recession that Japan
experienced after the Asian �nancial crisis in the late 1990s, Junichiro Koizumi, who became the prime minister of Japan in 2001, adopted several major
neoliberal reforms that downplayed the economic role of the government. Koizumi’s administration downsized the amount of government expenditures by up
to 10% between 2001 and 2006, as compared to 2000. Such austerity measures, however, did not continue after Koizumi stepped down in 2006. The several
administrations after Koizumi increased the amount of government expenditures mainly to stimulate economic activities after the Great Recession in 2008. In
particular, Abe’s second administration (2012-) initiated various aggressive economic measures to recover from the long recession, including interventions that
increased government spending on public infrastructure. In addition, the amount of public spending also expanded after the Great East Japan Earthquake in
2011 to mitigate its impact and to accelerate recovery from the disaster.

Thus, Japan has experienced both austerity and expansion as government policies over the last two decades. These policy changes at the national level also
fundamentally affected the �nancial situation of subnational governments that relied heavily on �scal transfers from the national government as a source of
revenue. Prefectures and municipalities in Japan are administrative units that have independent sources of revenues, but about 30% of their total expenditures
rely on a transfer from the national government. Thus, the amount of spending by local government crucially depends on the economic policies of the national
government.

In particular, when Koizumi’s administration lowered the number of transfers from the central government to subnational governments as part of his neoliberal
reform, the volume of spending by subnational government declined, as shown in Figure 1. The solid line in Figure 1 depicts the change in the total amount of
expenditure by the national government between 2001 and 2014 using the amount in 2000 as a baseline [23]. The dashed line in Figure 1 depicts the total
amount of spending by local governments [24]. The �gure indicates that local government expenditures were highly correlated with national government
expenditures and that local government expenditures decreased until 2007 and then increased.  Notably, Figure 1 also shows that the overall crude suicide rate
shown as a solid gray line declined rapidly just after the amount of national and local government spending increased.

This study used these changes in the amount of local government spending associated with the policy changes at the national level in Japan to understand
how the level of government expenditures affects suicide rates. Using data from 47 prefectures between 2001 and 2014, we tested two hypotheses: (1) Higher
spending by the local governments was correlated with the lower suicide rates in their jurisdictions, and (2) the negative relationship between local
government spending and the suicide rates was particularly strong during a more severe recession.

Our study improves upon previous studies on the role of government expenditures on suicide by focusing on different time horizons and types and levels of
policymaking [25]. First, the evidence presented here does not concern only the government reaction to a single event, such as the studies focusing on the
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Great Recession of 2008. We examined the impact of various government actions over a period of 14 years. Second, this is the �rst study on the association
between government spending and suicide in a non-European country, whereas the existing literature focused primarily on European countries and the United
States. Third, our study is not a cross-country analysis, which often faces a challenge to isolate the effect of government spending from other national-level
policy changes. Because our study used subnational variations over time, we were able to use unit-speci�c and year-speci�c �xed effects and thus control for
unit-speci�c time-invariant and country-speci�c characteristics.

Methods
We created panel data for 47 prefectures between 2001 and 2014. The number of observations was 658. We limited our data coverage until 2014 because of
data availability. Using the panel data, we tested the �rst hypothesis that the larger amount of spending by subnational governments was correlated with the
lower suicide rates in their jurisdictions by estimating the following model: 

[S]jt = α[E]jt + β[U]jt + λwjt + μjT + φt + ρj + εjt   (1)

where the outcome variable [S]jt is a natural log of the suicide rate per 100,000 individuals in the year t in prefecture j. Suicide includes all deaths classi�ed as
X60-X84 under ICD-10. Considering the possibility that the effects of government expenditures varied by age and sex, we generated the suicide rates for six
subpopulation groups: (1) males aged 20-39, (2) males aged 40-64, (3) males aged 65 and over, (4) females aged 20-39, (5) females aged 40-64, and (6)
females aged 65 and over. The suicide data were calculated by using data from the Vital Statistics [26].

Our primary explanatory variable is [E]jt, which denotes the per capita government expenditures in prefecture j in the year t. We used the sum of expenditures of
the prefectural government in j and all municipal governments in j from the Annual Report of Local Public Finance [24]. Japan is divided into 47 prefectures,
and the number of municipalities in each prefecture ranges from 15 to 179. Both prefectural and municipal governments can use their expenditures on social
welfare, public health, employment-related issues, public works, education, and disaster relief. We used the total amount of spending, rather than spending
speci�cally for social welfare and public health because other types of local government spending can affect people's well-being. For example, spending on
infrastructure would produce job opportunities for the unemployed and may improve their economic and mental well-being. We transformed the per capita
amount, adjusted for in�ation, into a natural log for estimation.  

[U]jt in equation (1) refers to the percentage of unemployed people in prefecture j in year t. Building on recent research on the same topic [21,22,27,28], we used
the unemployment rate as a measure of recession. We used the unemployment rate for the total population, though this data is limited in that it is not age-
speci�c. The data were obtained from Statistics Japan [29]. 

Further, wjt refers to the socioeconomic characteristics of each prefecture in each year, all of which were likely to affect both the suicide rate and the
government’s expenditures. Speci�cally, included in wjt are income per capita, �scal strength index, population size, and percentages of the dependent
population aged under 14 and 65 and over, in each prefecture and year. Income per capita, obtained from the System of National Accounts, was de�ned as the
total amount of income in prefecture j in the year t divided by the population size [30]. The �nancial strength index measures the �scal conditions of each
prefecture each year. The index exceeds 1 if the amount of revenue coming from the prefecture’s �nancial sources exceeds the amount of �scal demand and
falls below 1 otherwise. This index is used to determine the amount of money transferred from the national to the local government. Because there were
considerable year-to-year �uctuations, the values were averaged over the past three years. The data were obtained from the Annual Report of Local Public
Finance [24]. The population size and the percentages of the dependent population were obtained from the Annual Resident Registers [30]. We used natural
logs of the total population and income per capita in our regression analysis.

Finally, φt in equation (1) represents the year �xed effects, while ρi represents the prefecture �xed effects unique to each prefecture. The year �xed effects
allowed us to control for the effects of annual socioeconomic and political changes at the national level, such as the effects of macroeconomic policies and
business cycle that might affect the entire country. It also controls for the effects of natural disasters such as the Great East Japan Earthquake in 2011. The
prefecture �xed effects allowed us to control for the effects of time-invariant characteristics of the prefectures, such as the effects of culture related to suicide,
and climate and geographic conditions. The inclusion of the prefecture �xed effects in equation (1) means that the model used variations in the level of
government expenditures over time within each local government. We also added the prefecture-speci�c linear time trends, μjT, to the model to control for the
effects of linear trends in the suicide rates unique to each prefecture.

To test the second hypothesis that the negative relationship between local government spending and the suicide rates was particularly robust during a more
severe recession, we included the interaction term between [E]jt and [U]jt in the model as: 

[S]jt = α[E]jt+β[U]jt +γ[E]jt*[U]jt + λwjt+μjT + φt + ρj + εjt  .  (2) 

Because the marginal effect of local government expenditures was hypothesized to change as the unemployment rate increased, we calculated and plotted
the marginal effect of [E]jt and its con�dence interval at the different values of the unemployment rate.

Results
The summary statistics of all variables used in our estimation are presented in Table 1. The suicide rates were higher among males than females. Males aged
40-64 showed the highest rate among all subgroups.



Page 4/8

Table 2 reports the estimation results. Columns (1) to (3) report the results using the male suicide rates by three age groups, while columns (4) to (6) report the
results using the female suicide rates. The prefecture-speci�c and year-speci�c �xed effects and the prefecture-speci�c linear time trend were always included
in the models, but the estimates are not reported in the table. In order to address the potential heterogeneity and autocorrelation in the error terms within each
prefecture, standard errors were clustered by prefectures.

Table 2 shows that the log of government expenditures per capita was negatively correlated with the log of suicide rates by males and females aged 40-64.
More speci�cally, as the per capita expenditures decreased by 1%, the suicide rate among males aged 40-64 increased by 0.25% (95% CI: -0.43, -0.06) and the
suicide rate among females aged 40-64 increased by 0.21% (95% CI: -0.38, -0.03). We found that the estimates were small or the con�dence intervals were
large in the other columns, suggesting that the local government’s expenditures had little relationship with the suicide rates by other sex and age subgroups.

 Because the local government spending was shown to have a strong relationship only with the suicide rates of middle-aged males and females in Table 2, we
focused on these two subgroups and estimated equation (2). Using the estimated results reported in Table 3, we plotted the marginal effect of local
government expenditures in a solid line and its con�dence interval in a dashed line at the different values of the unemployment rate in Figure 2. The vertical
solid line in Figure 2 denotes the average amount of government expenditures. The top panel shows that the negative relationship between local government
expenditures and the log of suicide rate by males aged 40-64 was particularly relevant when the unemployment rate was modestly to extremely high. The
con�dence intervals overlap the horizontal line of zero when the unemployment was relatively low, suggesting that local government spending had a
negligible relationship with the middle-aged male suicide rates when economic conditions are good. The bottom panel also indicates that the marginal effect
of local government expenditures on the suicide rate of middle-aged females became larger as the unemployment rate was higher, but the change in the
marginal effect over the scale of the unemployment rate was small.

Discussion
This study investigated the relationship between government expenditures and suicide rates by using the variations in the amount of local government
spending associated with the national-level economic policy change. Our estimation models controlled for the effects of other relevant factors, such as the
unemployment rate and per-capita income, as well as the prefecture- and year-speci�c factors and time trends. We found that the suicide rates of middle-aged
males and females tended to increase when prefectural governments decreased their spending level. This negative association was stronger among males
when the unemployment rate increased. These �ndings suggest that local suicide rates could be reduced when local governments increase their spending.
The magnitude of the effect is not trivial. During our study period, the average male suicide rate for the middle-aged was 31.19, and a one-percent increase in
government spending would translate to a reduction of the suicide rate per 100,000 by 0.078 cases, which translates to 0.36 cases of suicide in each
prefecture and 17 suicides across the whole of Japan per year. 

However, we also found that the amount of spending by subnational governments had little relationship with the suicide rates of the younger generation and
those of the elderly population. The null-�nding for the elderly group is not surprising, as they are less likely to be working and, hence, less likely to bene�t from
any increased economic activities associated with an expansion in government spending. However, they are also more likely to be bene�ciaries of welfare-
related spending, and thus the �nding is somewhat counterintuitive at the same time.  As for the younger generation, it is possible that their suicide rates are
determined by an entirely different set of factors. According to the data compiled by the National Police Agency, among those whose motives and reasons
behind their suicide are known, 3% and 14% of suicide deaths by those aged less than 20 and aged 20-29 are related to economic hardship, respectively,
whereas 19% and 22% of deaths by those aged 30-39 and 40-49 are attributable to economic conditions, respectively [32]. Among the elderly population (ages
70 and higher), a majority of their suicides is due to health-related reasons, and only 6% of their suicides are due to economic factors.

We conducted robustness checks to ensure that our results are not sensitive to the speci�c model and data that were chosen. The above results were based on
the total amount of government spending of both prefectural and municipal governments combined. We evaluated the same models with the total amount of
government expenditures only by prefecture governments. The main results did not change. In order to check if the expenditures in the previous year matter for
the well-being of the population, we also took a one-year lag of local government’s expenditures and added the lagged value as an additional regressor. We
found that the amount of government spending in the previous year does not affect the suicide rate; the estimated results suggest that only the government
expenditures in the current year affect the suicide rate for that year. Both results are available upon request.

The present study contributes to the existing literature by providing further evidence on the importance of government actions on suicide rates. Depending on
how the government reacts to economic shocks, it can either exacerbate or mitigate the negative impact of the economic recession on the population. The
�ndings of this study are mostly consistent with those of other studies that showed that austerity measures during an economic crisis could have a
detrimental effect on people’s mental health and health in general.

The major strength of this study lies in the fact that we examined the effect of different government reactions to multiple economic crises over an extended
period within a single country. Most previous studies have examined the impact on people’s health of government reactions to a single major �nancial crisis,
such as the 2008 Great Recession, by using a cross-national comparison.  Our analysis of the sub-national data in Japan allowed us to isolate the effect of
government spending from other major national-level policy changes, which thus provided more robust evidence for the relationship between austerity and
suicide. Moreover, to our knowledge, this is the �rst study on the association between government spending and suicide in a non-European country.

This study has several limitations. First, our study cannot provide answers as to why increased government spending can decrease the number of suicides as
our study was ecological in nature. Second, our analysis did not explicitly consider the potential effect of various suicide prevention measures on suicide
rates. The Japanese government introduced its �rst national suicide prevention program in the mid-2000s, and the suicide rates have decreased since around
2012. The prefecture �xed effects and the prefecture linear trends that we included in the model should capture most of the effects of suicide prevention
measures. However, in order to check this possibility more explicitly, we also added the per capita amount of transfers from the national government
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earmarked for suicide prevention activities to model (1) to control for the effect of local suicide prevention activities. We found that our main results did not
change by this modi�cation and also that the amount spent on suicide prevention activities does not seem to affect suicide rates in a meaningful way. The
results of this supplementary analysis are reported in Table A1.

Conclusion
In conclusion, our �ndings suggest that government actions can signi�cantly affect the health of the general public, even if the actions are not directly related
to spending for public health and social security. Decreasing the level of overall government spending can be detrimental to people’s health.
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Tables
Table 1: Summary Statistics

  Mean SD Min Max
Log of suicide rate: male 20-39  3.419 0.205 2.674 4.056
Log of suicide rate: male 40-64 3.926 0.257 3.287 4.684
Log of suicide rate: male 65- 3.811 0.214 3.132 4.453
Log of suicide rate: female 20-39 2.399 0.287 1.105 3.070
Log of suicide rate: female 40-64 2.638 0.213 1.733 3.183
Log of suicide rate: female 65- 3.000 0.296 1.749 3.926
Log of government expenditures per capita 13.658 0.212 13.102 14.393
Unemployment rate  4.257 1.029 2.100 8.400
Log of income per capita 14.848 0.153 14.506 15.541
Fiscal strength index 0.457 0.196 0.197 1.406
Log of population size 14.495 0.742 13.283 16.396
Percent under 14 13.848 1.111 10.786 19.879
Percent over 65 22.745 3.357 13.150 31.141
N of observations 658

Note: Data covered the period from 2001 to 2014 in 47 prefectures of Japan.

Table 2: Estimated influences of government expenditures on suicide rates by sex and age  

https://www.mof.go.jp/budget/reference/statistics/data.htm
http://www.soumu.go.jp/iken/zaisei/toukei.html
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00450011&tstat=000001028897&cycle=7&tclass1=000001053058&tclass2=000001053061&tclass3=000001053065&result_back=1
https://www.stat.go.jp/data/roudou/pref/index.html
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200241&tstat=000001039591&cycle=7&month=0&tclass1=000001039601&cycle_facet=tclass1%3Acycle&second2=1
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(1) 
Male 20−39

(2)
Male 40-64

(3)
Male 65-

(4)
Female 20−39

(5)
Female 40-64

(6)
Female 65-

Log of government expenditures per capita -0.017 -0.246 0.069 0.188 -0.207 -0.043
(-0.183, 0.150) (-0.428, -0.063) (-0.080, 0.219) (-0.292, 0.669) (-0.383, -0.032) (-0.322, 0.237)

Unemployment rate  0.014 0.023 0.062 -0.057 -0.007 -0.008
(-0.039, 0.067) (-0.017, 0.063) (0.020, 0.105) (-0.110, -0.004) (-0.078, 0.064) (-0.080, 0.064)

Log of income per capita -0.266 -0.173 -0.109 -0.183 -0.236 0.604
(-0.988, 0.457) (-0.673, 0.327) (-0.630, 0.413) (-1.245, 0.879) (-1.143, 0.671) (-0.068, 1.276)

Fiscal strength index -0.026 0.038 0.107 -0.518 -0.055 -0.397
(-0.323, 0.271) (-0.298, 0.375) (-0.146, 0.359) (-1.245, 0.208) (-0.494, 0.383) (-1.078, 0.283)

Log of population size 1.396 3.446 1.881 10.457 0.976 2.042
(-3.959, 6.750) (-0.267, 7.160) (-2.597, 6.360) (-0.311, 21.225) (-5.407, 7.359) (-2.602, 6.686)

Percent under 14 0.149 -0.045 -0.095 0.170 -0.005 -0.233
(-0.061, 0.360) (-0.185, 0.095) (-0.289, 0.100) (-0.160, 0.500) (-0.244, 0.233) (-0.436, -0.029)

Percent over 65 0.154 0.044 0.017 0.049 -0.023 0.046
(-0.012, 0.319) (-0.085, 0.174) (-0.106, 0.139) (-0.176, 0.275) (-0.215, 0.170) (-0.096, 0.189)

             
Prefecture fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Prefecture-specific liner trend Yes Yes Yes Yes Yes Yes
N of observations 658 658 658 658 658 658
R squared 0.342 0.825 0.405 0.262 0.269 0.448

Note: Table entries are regression coefficients with 95% confidence intervals in parentheses. Standard errors are clustered by prefectures.
The dependent variable is a log of the suicide rate per 100,000 by sex and age. Data covered the period from 2001 to 2014 in 47 prefectures
of Japan.

Table 3: Estimated relationships between government expenditures and suicide rates conditional on the unemployment rate  

 
(1)

Male 40-64
(2)

Female 40-64
Log of government expenditures per capita 0.173 -0.026

 (-0.343, 0.688) (-0.458, 0.406)

Expenditures * unemployment -0.090 -0.039

 (-0.182, 0.002) (-0.126, 0.047)

Unemployment rate 1.256 0.528

  (-0.003, 2.515) (-0.648, 1.703)

Log of income per capita -0.153 -0.228

 (-0.600, 0.295) (-1.129, 0.674)

Fiscal strength index -0.014 -0.078

 (-0.301, 0.272) (-0.511, 0.354)

Log of population size 3.823 1.140

 (0.190, 7.457) (-5.393, 7.672)

Percent under 14 -0.036 -0.002

 (-0.178, 0.105) (-0.243, 0.240)

Percent over 65 0.029 -0.029

 (-0.100, 0.158) (-0.222, 0.163)

     

Prefecture fixed effect Yes Yes

Year fixed effect Yes Yes

Prefecture-specific liner trend Yes Yes

N of observations 658 658

R squared 0.827 0.269
 Note: Table entries are regression coefficients with 95% confidence intervals in parentheses. Standard errors are clustered by prefectures.

The dependent variable is a log of the suicide rate per 100,000 by men and women aged 40 to 64. Data covered the period from 2001 to 2014

in 47 prefectures of Japan.
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Figure 1

The change in the expenditures of the national and local governments and the suicide rate per 100,000 in Japan between 2001 and 2014, as the year of 2000
as a baseline (=100). Note: Data on the amount of expenditures were adjusted for in�ation.

Figure 2

The marginal effect of government spending conditional on the unemployment rate in 47 prefectures of Japan. Note: These graphs are based on the
estimation results in Table 3.


