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Abstract

Background

Regional disparity in suicide rates is a serious problem worldwide. One possible cause is

unequal distribution of the health workforce, especially psychiatrists. Research about the

association between regional physician numbers and suicide rates is therefore important

but studies are rare. The objective of this study was to evaluate the association between

physician numbers and suicide rates in Japan, by municipality.

Methods

The study included all the municipalities in Japan (n = 1,896). We estimated smoothed stan-

dardized mortality ratios of suicide rates for each municipality and evaluated the association

between health workforce and suicide rates using a hierarchical Bayesian model accounting

for spatially correlated random effects, a conditional autoregressive model. We assumed a

Poisson distribution for the observed number of suicides and set the expected number of sui-

cides as the offset variable. The explanatory variables were numbers of physicians, a binary

variable for the presence of psychiatrists, and social covariates.

Results

After adjustment for socioeconomic factors, suicide rates in municipalities that had at least

one psychiatrist were lower than those in the other municipalities. There was, however, a

positive and statistically significant association between the number of physicians and sui-

cide rates.
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Conclusions

Suicide rates in municipalities that had at least one psychiatrist were lower than those in

other municipalities, but the number of physicians was positively and significantly related

with suicide rates. To improve the regional disparity in suicide rates, the government should

encourage psychiatrists to participate in community-based suicide prevention programs

and to settle in municipalities that currently have no psychiatrists. The government and

other stakeholders should also construct better networks between psychiatrists and non-

psychiatrists to support sharing of information for suicide prevention.

Introduction
Suicide is a serious public health problem. According to the World Health Organization, about
800,000 people die by suicide every year worldwide and suicide was the 15th most common
cause of death in 2012 [1]. The suicide rate in Japan is high, over 15 per 100,000 people [1].

There is considerable regional variation in suicide rates. Suicide rates are often higher in
rural areas than urban, a phenomenon that has been observed in, for example, China [2], the
United States [3], Australia [4], Finland [5] and the United Kingdom [6]. Regional variation in
suicide rates has also been observed in Japan; for example, the suicide rate in Akita prefecture
is higher than in other areas, and this regional disparity is gradually becoming more pro-
nounced [7].

The regional disparity in suicide rates has a complicated mechanism and many contributory
factors have been identified. These include some socioeconomic factors, for example, unem-
ployment rate [8], population density [9], and average per capita income [10]. One important
factor may be the unequal distribution of the healthcare workforce. In a study in Hungary, a
negative correlation between the density of physicians and regional suicide rates was shown,
but this study did not consider socioeconomic confounders [11]. A study at the county level in
the United States found similar results [12]. It is also important to conduct studies across
smaller areas because the size of the area might affect results about the relationship between
socioeconomic factors and suicide rates [13]. A small-area study in Finland showed that the
prominence of outpatient services was associated with low suicide rates after adjustment for
socioeconomic factors [5]. In a nationwide small-area study in Austria, density of neither psy-
chiatrists nor general practitioners was statistically associated with regional suicide rates [14].

Research into the association between regional mental health workforce and suicide rates is
important to formulate policies for preventing suicide, but not many studies have focused on
this. Nationwide and municipality-level studies are particularly rare. The aim of this study was
to evaluate the association between density of physicians and suicide rates by municipality.

Materials and Methods

Study design
This was an observational cross-sectional study using publicly-available secondary data. Japan
consists of 47 prefectures, of which the smallest administrative division is municipalities. We
targeted all the municipalities in Japan as at January 11, 2015 (n = 1,896).
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Data sources
Socioeconomic data were obtained from the national Japanese government database, e-Stat,
which holds various data at municipality level, including socioeconomic and sanitary data [15].
Geographical information, such as boundary data for the municipalities, was obtained from
data published by ESRI Japan Inc. [16]. Suicide data were obtained from the official mortality
database for suicides by municipality published by the Japanese Cabinet Office [17].

The Japan Ministry of Health, Labour andWelfare (MHLW) conducts a detailed biennial
investigation into the working conditions of physicians, dentists and pharmacists. Details from
this investigation supplied numbers of physicians and psychiatrists in each municipality [18].

As socioeconomic covariates, we used all available socioeconomic factors from e-Stat that
had been identified in previous studies [5, 13–14]. These were: population density (people per
hectare), average per capita income (in 10,000 yen), unemployment rate (%), proportion of
university graduates per population over 15 years old (%), crime rate (incidence per 1,000 pop-
ulation), and divorce rate (incidence per 1,000 population). Data for all socioeconomic factors
except for the crime rate were from fiscal year 2010, and crime data were from fiscal year 2009.
Data for physicians and suicide rates were from fiscal year 2010. To control for municipal
mergers since 2010 and give figures for 2015 municipalities, we amalgamated data from 2010.
To manage municipal amalgamation, we summed data for the municipalities amalgamated in
2009 and 2010, 12 in total, creating six new municipalities. The cities of Sagamihara and Kuma-
moto were designated by government ordinance and divided into three and five districts,
respectively. We used the average data for each city in 2009 and 2010 to provide data for each
district in 2015.

Statistical analysis
We calculated ratios for mortality from suicide based on standard mortality ratios (SMRs).
SMR has commonly been used to adjust for age and sex in previous studies about suicide rates
and we used this index because of its high comparability [8, 14]. SMR is calculated by dividing
the observed number by expected number of suicides. We calculated ratios separately for men
and women, and for eight age subgroups: under 20, 21–30, 31–40, 41–50, 51–60, 61–70, 71–80,
and over 80 years. We calculated national suicide rates in each subgroup, then multiplied the
national suicide rates by population of each subgroup in the municipality to obtain the
expected number of suicides.

Because municipalities can vary in size, SMR might be affected by larger variances in small
municipalities than in large ones. To adjust for this problem, we estimated smoothed SMR
(sSMR) using a hierarchical Bayesian model. A conditional autoregressive model (CAR) is
commonly used to estimate sSMR considering neighborhood structure [14, 19–21]. We chose
the Leroux CAR model. Lee used simulations to establish that this was consistently suitable for
various spatial correlation scenarios [22]. We assumed a Poisson distribution for the observed
number of suicides and set the expected number of suicides as the offset variable. We used
Markov chain Monte Carlo (MCMC) simulations with 110,000 iterations and 10,000 burn-in.
Typically, there is likely to be a correlation with spatial data relating to locations, or spatial
autocorrelation [23]. We calculated Moran’s I for sSMR and checked whether sSMR had any
spatial autocorrelation [23].

To investigate the association between health workforce and suicide rates, we included the
number of physicians per 1,000 population, a binary variable for the presence of psychiatrists,
and socioeconomic factors in the Leroux model as explanatory variables. Because many munic-
ipalities have no psychiatrists (n = 852), we set the dummy binary variable as 1 if a municipality
had at least one psychiatrist and 0 if there were no psychiatrists. We evaluated multicollinearity
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of socioeconomic covariates using the variance inflation factor (VIF). VIF is calculated for each
variable using a regression of the variable on all the other variables [24]. Allison suggested the
need for concern when a VIF is greater than 2.5 [24]. Average per capita income (VIF = 3.34)
and proportion of university graduates in the population over 15 years old (VIF = 3.36) both
showed this characteristic, and the variables strongly correlated (r = 0.829). We removed the
proportion of university graduates because it had the greatest VIF and put all the other vari-
ables into the Leroux model. We estimated the relative risks (RR) and 95% Bayesian credible
intervals (CIs) of each variable.

All analyses were conducted using R v.3.1.2 [25].

Ethics
This study used only publicly available secondary data and approval from an ethics review
board was not necessary, according to the Ethical Guidelines for Medical and Health Research
Involving Human Subjects in Japan [26].

Results
The mean and standard deviation of sSMR were 1.096 and 0.247, indicating a range across
municipalities. Fig 1 shows sSMR of suicide rates in Japan in 2010 and shows the variety across
municipalities. The sSMR in big cities, such as Tokyo and Osaka, were smaller than other
areas, which suggested an autocorrelation. Moran’s I statistic for sSMR was 0.597 (p< 0.001),
which showed the strong autocorrelation of sSMR in Japan.

Table 1 shows descriptive data for the 1,896 municipalities included in this study. The num-
ber of physicians varied quite widely and 26 municipalities had no physicians. Almost half of
the municipalities (852) had no psychiatrists.

Table 2 shows the detailed results of the CAR Leroux model. The absolute values of the
Geweke diagnostic for each parameter were all less than 1.96, which showed that all the param-
eters used in MCMC converged [27]. Table 2 shows that the association between the density of
physicians and sSMR was significant (RR = 1.015, CI = 1.004–1.026). Across Japan, an increase
of 130,000 physicians, or about 45% of the total, increases suicide rates at a rate of 1.5%. Suicide
rates in municipalities with at least one psychiatrist were significantly lower than in other
municipalities (RR = 0.9, CI = 0.852–0.947). Unemployment rate and crime rate per 1,000 pop-
ulation were positively associated with suicide rates, while average per capita income in 10,000
yen, population density per hectare and divorce rate were negatively associated.

Discussion
Regional disparity in suicide rate is a very serious problem and it is important to know whether
there is an association between health workforce and regional suicide rates, so that effective
policies can be developed to reduce these disparities. We found two major results with regard
to the relationship between physician numbers and suicide rates.

First, sSMRs of municipalities with at least one psychiatrist were lower than those of other
municipalities. This result shows the importance of having psychiatrists in each municipality.
It is inconsistent with a previous study in Austria, but agrees with a study in the United States
[12, 14]. The Austrian study showed that the density of psychiatrists in the United States (0.14
per 1,000) was higher than in Austria (0.02 per 1,000) and that the effect of psychiatrists on sui-
cide rates had been shown in the United States [14]. The density of psychiatrists in Japan (0.11
per 1,000) was also much higher than in Austria, and might play a key role in suicide rates [14].
It might be important to encourage psychiatrists to settle in municipalities that currently have
no psychiatrists.
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Because there are limited numbers of psychiatrists, we might also need to increase the qual-
ity of interventions. The MHLW has set up a project team for the management of depression
and prevention of suicide. Community-based approaches to suicide prevention by municipali-
ties have been promoted [28], and some have been successful. For example, Ono and colleagues
showed that community-based interventions were effective in reducing suicide rates among
men and older people in rural areas [29].

In their study, non-medical ‘gatekeepers’ were used to identify people who might commit sui-
cide at an early stage. The effect of the intervention program could potentially be increased by
using psychiatrists to educate and support gatekeepers. To improve the quality of such interven-
tions, it will be important to raise awareness of such interventions among psychiatrists and to
encourage them to participate. It might, however, be difficult to impose duties on psychiatrists,

Fig 1. smoothed standardized mortality ratio for suicide in Japan, 2010.

doi:10.1371/journal.pone.0148288.g001

Density of Physicians and Suicide Rates in Japan

PLOS ONE | DOI:10.1371/journal.pone.0148288 February 3, 2016 5 / 9



because many of them are employed by hospitals. The government should therefore work on
persuading not only psychiatrists but also hospitals to participate in these initiatives.

Second, our findings showed that there was a positive relationship between the number of
physicians and suicide rates. Considering the negative relationship between the presence of
psychiatrists and suicide rates, this result suggests increasing the number of physicians who are
not psychiatrists (hereafter called “non-psychiatrists”) does not improve suicide rates. This
might be because of differences in methods of assessment and treatment of psychiatric patients,
and particularly in the prescription of psychotropic drugs and assessment of suicide risk.

A study in Japan suggested that an increase in overdose suicide in younger generations after
2000 was the result of suboptimal prescription of psychotropic drugs [30]. Non-psychiatrists,
who make up the majority of physicians in Japan, generally have less knowledge of psychotro-
pic drugs than psychiatrists, but often prescribe them. If there are more non-psychiatrists in a
municipality, there will be more opportunities for suboptimal prescription of psychotropic
drugs. The association between suicide rates and the density of physicians in this study might
be because of an association between rates of suboptimal prescription and suicides. Our result
was, however, different from previous studies in other countries [5, 11, 14]. This difference
might result from higher rates of suboptimal prescription of psychotropic drugs in Japan. A
previous study suggested that consumption levels of benzodiazepine agents in Japan tended to
be comparatively high and that this high consumption might reflect suboptimal prescription
and associated abuse [30]. Future studies should examine this possibility more closely.

Table 1. Characteristics of 1,896 municipalities in Japan.

Interquartile range

Characteristics Median 1st 3rd

sSMR (2010) 1.080 0.942 1.216

Physicians per 1,000 population (2010) 1.578 0.716 1.832

Unemployment rate (%) (2010) 6.150 5.118 7.315

Average per capita income in 10,000 yen (2010) 271.7 248.7 305.9

Population density per hectare (2010) 600.5 295.3 1703.4

Crime rate per 1000 population (incidence per 1,000 population) (2009) 10.89 6.920 16.19

Divorce rate (incidence per 1,000 population) (2010) 1.789 1.452 2.105

Proportion of university graduates (%) (2010) 10.80 7.700 15.53

sSMR = smoothed standardized mortality ratio

doi:10.1371/journal.pone.0148288.t001

Table 2. Results of estimating the Lerouxmodel for suicidemortality ratio.

Credible interval

Median 2.5% 97.5% Geweke diagnostic

Intercept 0.539 0.344 0.735 −0.8

Physicians per 1,000 population 0.015 0.004 0.026 −1.2

Presence of psychiatrists −0.100 −0.148 −0.053 −0.8

Unemployment rate 0.017 0.004 0.030 1.4

Average per capita income −0.0014 −0.002 −0.0008 1.4

Population density −0.002 −0.003 −0.001 −0.1

Crime rate per 1,000 population 0.006 0.003 0.008 1.5

Divorce rate −0.085 −0.139 −0.032 −1.6

doi:10.1371/journal.pone.0148288.t002

Density of Physicians and Suicide Rates in Japan

PLOS ONE | DOI:10.1371/journal.pone.0148288 February 3, 2016 6 / 9



A study in the United Kingdom pointed out that it was difficult for general practitioners to
assess suicide risk in primary care, partly because of a relative lack of suicide risk assessment
training [31]. Non-psychiatrists in Japan are similar to general practitioners in the sense that
they have little training in suicide risk assessment.

To support non-psychiatrists in developing their ability to assess psychiatric patients, it
might help to create networks of psychiatrists and other physicians to share information about
suicide prevention. This will increase opportunities for psychiatrists to provide information to
and share skills with non-psychiatrists. Evidence shows that general practitioners often suffer
from an environment that makes it hard to consult psychiatrists [32]. This phenomenon is
common in Japan and there are barriers between non-psychiatrists and psychiatrists. Commu-
nity-based interventions for suicide prevention demand cooperation between non-psychiatrists
and psychiatrists, and the MHLW has provided support in this regard [28].

To construct better networks between physicians, it may be important to establish a clear
qualifications system such as a specialist system. Without such a system, it is hard to clarify the
roles of physicians in networks, and network infrastructure may not work as well. After resolv-
ing these problems, the government should provide more opportunities for psychiatrists to
share their expertise in psychiatric examination with non-psychiatrists, which might close the
gap.

Our results for all socioeconomic variables except for divorce rate coincided with previous
studies in various countries [8–10]. A positive relationship between divorce and suicide has
been found in Western countries in particular, although this relationship tended to vary across
Eastern Asian countries [33]. Stack found no association between divorce and suicide in Japan
[34]. In another Japanese study, a negative association between suicide rates of older people
and divorce rates was found in an area of Osaka prefecture [35]. Motohashi pointed out that
the relationship between divorce and suicide rate depended on the year studied [36]. Further
studies of social conditions at various times are necessary.

Limitations
This study had several limitations. First, it was a municipality-level ecological analysis and did
not account for patient-level factors that might contribute to suicide, such as mental disorders,
drug misuse, and other personal factors. Further studies using individual data are necessary to
overcome this problem. Second, it was a cross-sectional study and this design does not permit
us to estimate any causal relationships, only associations. In future, longitudinal studies will be
necessary. Third, the study considered only spatial autocorrelation and not spatial heterogene-
ity. For example, a statistical model might vary in each region. In future, other spatial statistical
models should be used to address this problem. Fourth, we could only obtain limited socioeco-
nomic variables at municipality level from the national database, e-Stat. Further studies using
other databases are necessary to overcome this.

Despite these limitations, this study provides the first evidence from Japan that we are
aware of that shows an association between health workforce and regional suicide rates. Few
studies have assessed this association and our findings therefore help to fill a gap in the litera-
ture. We have enhanced the study’s accuracy by using spatial statistical models to consider spa-
tial autocorrelation.

It will be important for future research to assess regional differences in associations between
health workforce and suicide rates by analyzing spatially varying relationships. This will enable
more detailed policy recommendations for distribution of the health workforce to improve sui-
cide prevention.
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Conclusions
To reduce the regional disparity in suicide rates, the government should encourage psychia-
trists to participate in community-based programs for suicide prevention and to settle in
municipalities that currently have no psychiatrists.

The government should also construct networks for sharing clinical information about
patients at high risk of suicide, and thus reduce professional isolation of non-psychiatrists. To
do so, it might be helpful to establish a clear qualifications system such as a specialist system.

Author Contributions
Conceived and designed the experiments: HK. Performed the experiments: HK. Analyzed the
data: HK SK. Contributed reagents/materials/analysis tools: HK. Wrote the paper: HK SK.

References
1. World Health Organization (WHO). Suicide prevention. 2015. Available: http://www.who.int/mental_

health/prevention/suicide/suicideprevent/en/

2. Reardon DC. Suicide rates in China. Lancet. 2002; 359(9325): 2274–2275. Available: http://www.
thelancet.com/article/S014067360209267X/fulltext

3. Singh GK, SiahpushM. Increasing rural-urban gradients in US suicide mortality, 1970–1997. Am J Pub-
lic Health. 2002; 92(7): 1161–1167. Available: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=1447208&tool = pmcentrez&rendertype = abstract PMID: 12084702

4. Caldwell TM, Jorm AF, Dear KBG. Suicide and mental health in rural, remote and metropolitan areas in
Australia. Med J Aust. 2004; 181(7 Suppl): S10–14. Available: http://www.ncbi.nlm.nih.gov/pubmed/
15462636 PMID: 15462636

5. Pirkola S, Sund R, Sailas E, Wahlbeck K. Community mental-health services and suicide rate in Fin-
land: a nationwide small-area analysis. Lancet. 2009; 373(9658): 147–153. Available: http://dx.doi.org/
10.1016/S0140-6736(08)61848-6 doi: 10.1016/S0140-6736(08)61848-6 PMID: 19097638

6. Middleton N, Sterne JAC, Gunnell D. The geography of despair among 15–44-year-old men in England
andWales: putting suicide on the map. J Epidemiol Community Health. 2006; 60(1991): 1040–1047.

7. Suzuki E, Kashima S, Kawachi I, Subramanian SV. Social and geographical inequalities in suicide in
Japan from 1975 through 2005: a census-based longitudinal analysis. PLoS One. 2013; 8(5): e63443.
Available: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3646025&tool =
pmcentrez&rendertype = abstract doi: 10.1371/journal.pone.0063443 PMID: 23671679

8. Stuckler D, Basu S, Suhrcke M, Coutts A, McKee M. The public health effect of economic crises and
alternative policy responses in Europe: an empirical analysis. Lancet. 2009; 374(9686): 315–323. Avail-
able: http://dx.doi.org/10.1016/S0140-6736(09)61124-7 doi: 10.1016/S0140-6736(09)61124-7 PMID:
19589588

9. Hirsch JK. A review of the literature on rural suicide: Risk and protective factors, incidence, and preven-
tion. Crisis. 2006; 27(4): 189–199. PMID: 17219751

10. Ying YH, Chang K. A study of suicide and socioeconomic factors. Suicide Life Threat Behav. 2009; 39
(April): 214–226.

11. Rihmer Z, Rutz W, Barsi J. Suicide rate, prevalence of diagnosed depression and prevalence of work-
ing physicians in Hungary. Acta Psychiatr Scand. 1993; 88: 391–394. PMID: 8310845

12. Tondo L, Albert MJ, Baldessarini RJ. Suicide rates in relation to health care access in the United States:
an ecological study. J Clin Psychiatry. 2006; 67(4): 517–523. Available: http://www.ncbi.nlm.nih.gov/
pubmed/16669716 PMID: 16669716

13. Rehkopf DH, Buka SL. The association between suicide and the socio-economic characteristics of geo-
graphical areas: a systematic review. Psychol Med. 2006; 36: 145–157. PMID: 16420711

14. Kapusta ND, Posch M, Niederkrotenthaler T, Fischer-Kern M, Etzersdorfer E, Sonneck G. Availability
of mental health service providers and suicide rates in Austria: a nationwide study. Psychiatr Serv.
2010; 61(12): 1198–1203. doi: 10.1176/appi.ps.61.12.1198 PMID: 21123403

15. General government statistics portal GL01010101. Available: http://www.e-stat.go.jp/SG1/estat/
eStatTopPortal.do

16. Nationwide municipal boundary data in Japan, Esri Japan Inc. Available: http://www.esrij.com/
products/japan-shp/

17. Cabinet Office. Statistics of suicides. Available: http://www8.cao.go.jp/jisatsutaisaku/toukei/

Density of Physicians and Suicide Rates in Japan

PLOS ONE | DOI:10.1371/journal.pone.0148288 February 3, 2016 8 / 9

http://www.who.int/mental_health/prevention/suicide/suicideprevent/en/
http://www.who.int/mental_health/prevention/suicide/suicideprevent/en/
http://www.thelancet.com/article/S014067360209267X/fulltext
http://www.thelancet.com/article/S014067360209267X/fulltext
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1447208&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1447208&tool�=�pmcentrez&rendertype�=�abstract
http://www.ncbi.nlm.nih.gov/pubmed/12084702
http://www.ncbi.nlm.nih.gov/pubmed/15462636
http://www.ncbi.nlm.nih.gov/pubmed/15462636
http://www.ncbi.nlm.nih.gov/pubmed/15462636
http://dx.doi.org/10.1016/S0140-6736(08)61848-6
http://dx.doi.org/10.1016/S0140-6736(08)61848-6
http://dx.doi.org/10.1016/S0140-6736(08)61848-6
http://www.ncbi.nlm.nih.gov/pubmed/19097638
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3646025&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3646025&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.1371/journal.pone.0063443
http://www.ncbi.nlm.nih.gov/pubmed/23671679
http://dx.doi.org/10.1016/S0140-6736(09)61124-7
http://dx.doi.org/10.1016/S0140-6736(09)61124-7
http://www.ncbi.nlm.nih.gov/pubmed/19589588
http://www.ncbi.nlm.nih.gov/pubmed/17219751
http://www.ncbi.nlm.nih.gov/pubmed/8310845
http://www.ncbi.nlm.nih.gov/pubmed/16669716
http://www.ncbi.nlm.nih.gov/pubmed/16669716
http://www.ncbi.nlm.nih.gov/pubmed/16669716
http://www.ncbi.nlm.nih.gov/pubmed/16420711
http://dx.doi.org/10.1176/appi.ps.61.12.1198
http://www.ncbi.nlm.nih.gov/pubmed/21123403
http://www.e-stat.go.jp/SG1/estat/eStatTopPortal.do
http://www.e-stat.go.jp/SG1/estat/eStatTopPortal.do
http://www.esrij.com/products/japan-shp/
http://www.esrij.com/products/japan-shp/
http://www8.cao.go.jp/jisatsutaisaku/toukei/


18. Data from the investigation into doctors, dentists and pharmacists. General government statistics por-
tal. 2010. Available: http://www.e-stat.go.jp/SG1/estat/NewList.do%3Ftid=000001030962

19. Chang SS, Sterne J a, Wheeler BW, Lu TH, Lin JJ, Gunnell D. Geography of suicide in Taiwan: spatial
patterning and socioeconomic correlates. Health Place. 2011; 17(2): 641–650. Available: http://www.
ncbi.nlm.nih.gov/pubmed/21292534 doi: 10.1016/j.healthplace.2011.01.003 PMID: 21292534

20. Santana P, Costa C, Cardoso G, Loureiro A, Ferrão J. Suicide in Portugal: Spatial determinants in a
context of economic crisis. Health Place. 2015; 35: 85–94. Available: http://dx.doi.org/10.1016/j.
healthplace.2015.07.001 doi: 10.1016/j.healthplace.2015.07.001 PMID: 26277771

21. Helbich M, Leitner M, Kapusta ND. Lithium in drinking water and suicide mortality: interplay with lithium
prescriptions. Br J Psychiatry. 2015; 207(1): 64–71. Available: http://bjp.rcpsych.org/cgi/doi/10.1192/
bjp.bp.114.152991 doi: 10.1192/bjp.bp.114.152991 PMID: 25953888

22. Lee D. A comparison of conditional autoregressive models used in Bayesian disease mapping. Spat
Spatiotemporal Epidemiol. 2011; 2(2): 79–89. Available: http://dx.doi.org/10.1016/j.sste.2011.03.001
doi: 10.1016/j.sste.2011.03.001 PMID: 22749587

23. Anselin L. Spatial econometrics: methods and models. 1988. Available: http://books.google.co.jp/
books/about/Spatial_Econometrics_Methods_and_Models.html?id=3dPIXClv4YYC&pgis=1

24. Paul D. Allison. Multiple Regression: A Primer (Research Methods and Statistics). 1999.

25. R Core Team. R: a language and environment for statistical computing. Vienna, Austria; 2014. Avail-
able from: http://www.r-project.org/

26. Ethical guidelines for medical and health research involving human subjects. 2015; March: 1–51.

27. Geweke J. Evaluating the accuracy of sampling-based approaches to calculating posterior moments.
In Bayesian Statistics 4 (ed Bernardo JM, Berger JO, Dawid AP, and Smith AFM). Clarendon Press,
Oxford, UK. 1992;169–193.

28. Ministry of Health, Labour andWelfare. Abstract about project team for prevention of suicide and
depression. Available: http://www.mhlw.go.jp/bunya/shougaihoken/jisatsu/torimatome.html

29. Ono Y, Sakai A, Otsuka K, Uda H, Oyama H, Ishizuka N, et al. Effectiveness of a multimodal community
intervention program to prevent suicide and suicide attempts: a quasi-experimental study. PLoS One.
2013; 8(10).

30. Yoshioka E, Hanley SJ, Kawanishi Y, Saijo Y. Time trends in method-specific suicide rates in Japan,
1990–2011. Epidemiol Psychiatr Sci. 2014;November: 1–11. Available: http://www.journals.cambridge.
org/abstract_S2045796014000675

31. Saini P, While D, Chantler K, Windfuhr K, Kapur N. Assessment and management of suicide risk in pri-
mary care. Cris J Cris Interv Suicide Prev. 2014; 35(6): 415–425. Available: http://psycontent.
metapress.com/openurl.asp?genre = article&id = doi:10.1027/0227-5910/a000277

32. Saini P, Chantler K, Kapur N. General practitioners’ perspectives on primary care consultations for sui-
cidal patients. Health Soc Care Community. 2015. Available: http://doi.wiley.com/10.1111/hsc.12198

33. Yip PSF, Yousuf S, Chan CH, Yung T, Wu KC-C. The roles of culture and gender in the relationship
between divorce and suicide risk: a meta-analysis. Soc Sci Med. 2015; 128: 87–94. Available: http://
www.sciencedirect.com/science/article/pii/S0277953614008429 doi: 10.1016/j.socscimed.2014.12.
034 PMID: 25594953

34. Stack S. The effect of divorce on suicide in Japan: a time series analysis, 1950–1980. J Marriage Fam.
1992; 54: 327–334.

35. Aihara H, Iki M. Effects of socioeconomic factors on suicide from 1980 through 1999 in Osaka Prefec-
ture, Japan. J Epidemiol. 2002; 12(6): 439–449. Available: http://www.scopus.com/inward/record.url?
eid=2-s2.0-0036831130&partnerID=tZOtx3y1 PMID: 12462279

36. Motohashi Y. Effects of socioeconomic factors on secular trends in suicide in Japan, 1953–86. J Biosoc
Sci. 1991; 23(2): 221–227. Available: http://www.ncbi.nlm.nih.gov/pubmed/2061349 PMID: 2061349

Density of Physicians and Suicide Rates in Japan

PLOS ONE | DOI:10.1371/journal.pone.0148288 February 3, 2016 9 / 9

http://www.e-stat.go.jp/SG1/estat/NewList.do%3Ftid=000001030962
http://www.ncbi.nlm.nih.gov/pubmed/21292534
http://www.ncbi.nlm.nih.gov/pubmed/21292534
http://dx.doi.org/10.1016/j.healthplace.2011.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21292534
http://dx.doi.org/10.1016/j.healthplace.2015.07.001
http://dx.doi.org/10.1016/j.healthplace.2015.07.001
http://dx.doi.org/10.1016/j.healthplace.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26277771
http://bjp.rcpsych.org/cgi/doi/10.1192/bjp.bp.114.152991
http://bjp.rcpsych.org/cgi/doi/10.1192/bjp.bp.114.152991
http://dx.doi.org/10.1192/bjp.bp.114.152991
http://www.ncbi.nlm.nih.gov/pubmed/25953888
http://dx.doi.org/10.1016/j.sste.2011.03.001
http://dx.doi.org/10.1016/j.sste.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/22749587
http://books.google.co.jp/books/about/Spatial_Econometrics_Methods_and_Models.html?id=3dPIXClv4YYC&pgis=1
http://books.google.co.jp/books/about/Spatial_Econometrics_Methods_and_Models.html?id=3dPIXClv4YYC&pgis=1
http://www.r-project.org/
http://www.mhlw.go.jp/bunya/shougaihoken/jisatsu/torimatome.html
http://www.journals.cambridge.org/abstract_S2045796014000675
http://www.journals.cambridge.org/abstract_S2045796014000675
http://psycontent.metapress.com/openurl.asp?genre�=�article&id�=�doi:10.1027/0227-5910/a000277
http://psycontent.metapress.com/openurl.asp?genre�=�article&id�=�doi:10.1027/0227-5910/a000277
http://doi.wiley.com/10.1111/hsc.12198
http://www.sciencedirect.com/science/article/pii/S0277953614008429
http://www.sciencedirect.com/science/article/pii/S0277953614008429
http://dx.doi.org/10.1016/j.socscimed.2014.12.034
http://dx.doi.org/10.1016/j.socscimed.2014.12.034
http://www.ncbi.nlm.nih.gov/pubmed/25594953
http://www.scopus.com/inward/record.url?eid=2-s2.0-0036831130&partnerID=tZOtx3y1
http://www.scopus.com/inward/record.url?eid=2-s2.0-0036831130&partnerID=tZOtx3y1
http://www.ncbi.nlm.nih.gov/pubmed/12462279
http://www.ncbi.nlm.nih.gov/pubmed/2061349
http://www.ncbi.nlm.nih.gov/pubmed/2061349

