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ABSTRACT
Objective: Recently, several epidemiologic 
studies reported that lithium in drinking 
water may be associated with lower rates 
of suicide mortality at the population level, 
but other studies failed to confirm the 
association. The objective of the present 
study is to determine whether lithium in 
drinking water is associated with lower 
suicide rate after adjustment of potential 
confounding factors.

Method: From 2010 to 2013, 274 mean 
lithium levels of 434 lithium samples in 
drinking water were examined in relation to 
suicide standardized mortality ratios (SMRs) in 
274 municipalities of Kyushu Island in Japan. 
Weighted least squares regression analysis 
adjusted for the size of each population was 
used to investigate the association of lithium 
levels with suicide SMRs. The associations 
of lithium levels in drinking water with 
suicide SMRs (total, male, and female) were 
investigated adjusting for proportion of 
elderly people, proportion of 1-person 
households, proportion of people with 
college education or more, and proportion 
of people engaging in primary industry 
(adjusted model 1), and further adjustment 
was performed with overall unemployment 
rate, annual marriage rate, annual mean 
temperature, and annual postal savings per 
person (adjusted model 2).

Results: Lithium levels in drinking water were 
significantly (β = −.169, P = .019) and inversely 
associated with male suicide SMRs but not 
total or female SMRs in the adjusted model 2.

Conclusions: The present findings suggest 
that lithium in drinking water may be 
associated with the low risk of male suicide 
in the general population. Further studies 
are required to confirm these findings and 
investigate gender differences.
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Suicide is an unresolved and serious problem in psychiatry. Several meta-
analyses1–3 have shown antisuicidal effects of lithium in people with mood 

disorders, namely major depression and bipolar disorder, but these reviews have 
examined only randomized controlled trials that primarily compare lithium with 
placebo or other drugs in long-term prophylactic treatment of mood episodes 
(ie, not antisuicidal effects) that were maintained at so-called therapeutic levels. 
To date, there are only 2 studies4,5 that have directly compared antisuicidal 
effects (but not prophylactic effects). In one 1-year double-blind randomized 
controlled trial,4 patients with affective spectrum disorder and a recent suicide 
attempt were randomly assigned to lithium or placebo addition. Although 
survival analysis showed no significant difference of suicidal acts between 
lithium and placebo addition, post hoc analysis revealed that all completed 
suicides had occurred in placebo addition but not in lithium addition with 
significant difference. In another 2.5-year double-blind randomized controlled 
trial,5 patients with bipolar disorder and past suicide attempts were randomly 
assigned to treatment with lithium or valproate conditions, but no significant 
difference between the 2 treatments was found in either time to suicide attempt 
or number of suicide events.

In contrast, there is growing evidence from epidemiologic studies that lithium 
in drinking water may protect against suicide. An inverse association between 
lithium levels in drinking water and suicide rates was first reported in the United 
States in 27 Texas counties.6 In Japan, we showed the inverse association between 
lithium levels in drinking water and suicide rates for 18 municipalities of Oita 
prefecture,7 whereas another study8 found no association for 47 subdivisions in 
the East of England.8 A nationwide Austrian study,9 however, found an inverse 
association between lithium levels in drinking water and suicide rates after 
adjustment of population density, per capita income, and proportion of Roman 
Catholics, as well as the availability of mental health service providers. Recently, 
the Austrian group confirmed an inverse association between lithium levels in 
drinking water and suicide rates after adjustment of county-based population 
density, age, gender, race/ethnicity, median income per household, poverty, and 
unemployment rates in Texas.10 Very recently, 2 studies that were performed in 
Hirosaki prefecture of Japan11 and in 34 prefectures of Greece12 also confirmed 
the inverse association between lithium levels in drinking water and suicide 
rates.

To appropriately analyze such data, it is important to select potential factors 
to adjust the crude association between lithium levels in drinking water and 
suicide rates. With regard to the potential factors associated with suicide, it 
has been variously reported that greater suicidality was associated with male 
gender,13–15 female gender,15 older age,14 younger age,13,16,17 married status,15,18 
unmarried status,15 outpatient service,19 unemployment,13,15,18,20,21 lower 
income,15,18 more sunshine,22 less sunshine,23 lower temperature,24 higher 
temperature,25 alcohol dependence,26 and lower omega-3 fatty-acids.27 As a 
preliminary study,28 apart from lithium in drinking water, we attempted to 
create a statistical model whereby suicide rate in 2008 was predicted by potential 
risk factors recorded from 1 year before (ie, 2007), which included the above 
personal and interpersonal factors, medical factors, economic factors, climate 
factors, alcoholic factors, and omega-3 fatty-acid factors in all the 47 prefectures 
in Japan. As a result, Japanese male suicide standardized mortality ratios (SMRs) 
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s  ■ Lithium in drinking water may be associated with low risk of 
male suicide in the general population.

 ■ Despite low lithium levels in drinking water, long-term 
intake  of lithium via drinking water may be associated with 
the lithium effects on suicide in the general population.

 ■ Antiaggressive effects rather than mood-stabilizing effects of 
lithium may be associated with the low risk of male suicide.

in 2008 were accounted for by greater unemployment, higher 
proportion of elderly people, lower annual rate of marriage, 
and less annual postal savings per person in 2007, whereas 
female suicide SMRs in 2008 were accounted for by higher 
unemployment rate and lower annual mean temperature in 
2007.28

Therefore, it seems reasonable that these factors are selected 
as potential factors to adjust the crude association between 
lithium levels in drinking water and suicide rates in Japan. 
In addition, it is generally accepted that age, environment, 
educational background, and professions are associated with 
suicide. In the present study, the association of lithium levels 
in drinking water with suicide SMRs (total, male, and female) 
were investigated by adjusting for proportion of elderly people 
as one of age factors, proportion of 1-person households as 
one of environment factors, proportion of people with college 
education or more as one of educational background factors, 
and proportion of people engaging in primary industry such 
as farmer, fisherman, and forest workers as one of profession 
factors; further adjustment was performed with overall 
unemployment rate, annual marriage rate, annual mean 
temperature, and annual postal savings per person.

METHOD
Study Population

Japan has 4 large islands—Hokkaido, Honshu, Shikoku, 
and Kyushu. The northernmost island is Hokkaido, whereas 
the southernmost island is Kyushu. In the present study, we 
focused on Kyushu Island as the development of our previous 
study,7 which investigated Oita Prefecture, which was 1 of 
8 prefectures in Kyushu Island. In 2011, the total, male, 
and female populations of Kyushu Island were 14,646,121, 
6,952,255, and 7,693,866, respectively. Kyushu Island has 118 
cities, 119 towns, and 37 villages, totaling 274 municipalities. 
Of the 274 municipalities, Fukuoka city had the largest 
population (1,409,297 residents), whereas Mishima village 
had the smallest population (366 residents). The difference 
of population was very large across the 274 municipalities. 
These data were acquired from the Ministry of Internal 
Affairs and Communications, Tokyo, Japan.

Suicide Data
Taking the large differences in gender and age distribution 

of individual municipality populations into account, the 
SMR of suicide in 2011 was calculated for each individual 
municipality. The standardized mortality ratio is an indirect 

method of adjusting a mortality rate, defined as the number 
of observed deaths in an individual municipality population 
divided by the number of expected deaths compared with the 
gender- and age-matched general population. We examined 
data from the Ministry of Health Labor and Welfare, Tokyo, 
Japan, on suicide and from the Statistics Bureau, Ministry of 
Internal Affairs and Communications, and then calculated 
total, male, and female suicide SMRs for 2011 across all the 
274 municipalities.

Measurement of Lithium Levels in Drinking Water
From 2010 to 2013, 434 tap water samples (mainly, from the 

main rail station or the municipal office) of each municipality 
were taken and their lithium levels were measured by using 
mass spectroscopy analyzed by a third party. This method can 
measure very small amounts of lithium; the minimal amount 
of lithium that can be measured is 0.1 parts per billion (0.1 
μg/L). If lithium levels in drinking water were measured at 
multiple points in the same municipality, the mean value 
was calculated. Although lithium levels were measured once, 
we confirmed a very small fluctuation in levels because the 
correlation coefficient between the lithium levels and those 
remeasured after 1 year in the same places was 0.998.7

Adjustment Factors
Although we initiated a crude model of the association 

of lithium levels in drinking water and suicide SMRs (total, 
male, and female) without any adjustment of the confounding 
factors (crude model), as aforementioned, the associations 
were further investigated by adjusting for proportion 
of elderly people, proportion of 1-person households, 
proportion of people with college education or more, and 
proportion of people engaging in primary industry (adjusted 
model 1). Finally, further adjustment was performed with 
overall unemployment rate, annual marriage rate, annual 
mean temperature, and annual postal savings per person 
(adjusted model 2).

Although the data of proportion of elderly people, 
proportion of 1-person households, proportion of people 
with college education or more, proportion of people 
engaging in primary industry, overall unemployment rate, 
and annual marriage rate in 2010 were available for all 
274 municipalities from the Statistics Bureau, Ministry of 
Internal Affairs and Communications, the data relating to 
annual postal savings per person were only partially available 
in 2009 for 153 of 274 municipalities from the Statistics 
Bureau, Ministry of Internal Affairs and Communications, 
but not for the years 2010 or 2011. On the other hand, the 
data relating to annual mean temperature was partially 
available for 102 of 274 municipalities in 2010 from Japan 
Meteorological Agency, which was assumed to represent the 
neighboring municipalities and was extrapolated to the other 
municipalities where data were unavailable.

Statistical Analysis
When a procedure that treats all of the data equally would 

give less precisely measured data points more influence than 
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Figure 1. Log-Transformed Lithium Levels and Standardized Mortality Ratios for Total 
Suicide in Kyushu Islanda

aThe lithium levels are log transformed for easy observation, and the size of the sphere represents 
population size. The suicide standardized mortality ratios for total population were significantly and 
negatively associated with the lithium levels (β = −.175, P = .031).
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they are entitled to and, vice versa, would give highly 
precise data points too little influence, weighted least 
squares regression analysis was performed by attempting to 
give each data point its proper influence over the parameter 
estimates. Also in the present study, due to greater 
differences in population size across the 274 municipalities, 
weighted least squares regression analysis adjusted for 
the size of each population was used to investigate the 
association of lithium levels in drinking water with the 
suicide SMRs.

Multiple regression analyses were used to predict suicide 
SMRs (total, male, and female) in 2011 by lithium levels 
in drinking water and the adjustment factors in 2010 and 
annual postal savings per person in 2009, which was similar 
to our previous method.28

This study was approved by the ethics committee of Oita 
University Faculty of Medicine, Oita, Japan.

RESULTS

Suicide Data
In 2011, 3,485 deaths in the total population 

(N = 14,646,121; 23.8 per 100,000 population), 2,456 deaths 
in the male population (n = 6,952,255; 35.3 per 100,000 
population) and 1,029 deaths in the female population 
(n = 7,693,866; 13.4 per 100,000 population) were by suicide 
in Kyushu island.

The mean total, male, and female suicide SMRs were 114 
(SD = 84; range, 0–729), 120 (SD = 102; range, 0–1,082), and 
101 (SD = 108; range, 0–644), respectively.

Lithium Levels in Drinking Water
The mean lithium level in drinking water of 274 

municipalities of Kyushu Island was 4.2 μg/L (SD = 9.3; 
range, 0–130).
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Figure 2. Log-Transformed Lithium Levels and Standardized Mortality Ratios for Male 
Suicide in Kyushu Islanda

aThe lithium levels are log transformed for easy observation, and the size of the sphere represents 
population size. The suicide standardized mortality ratios for male population were significantly and 
negatively associated with the lithium levels (β =  −.228, P  = .005).
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Adjustment Factors
The mean total, male, and female proportions of elderly 

people in 2010 were 27.7% (SD = 6.4; range, 14.0–43.4), 
23.5% (SD = 5.3; range, 12.1–38.1), and 31.5% (SD = 7.4; 
range, 15.3–49.4). Mean proportions of 1-person households 
(per municipality households) in 2010, people with college 
education or more (per municipality population ≥ 15 years 
old) in 2010, and people engaging in primary industry (per 
municipality population ≥ 15 years old) in 2010 were 27.2% 
(SD = 7.6; range, 14.4–61.6), 19.1% (SD = 5.5; range, 7.1–
36.9), and 6.8% (SD = 5.4; range, 0.2–23.6). The mean total, 
male, and female proportions of overall unemployment rate 
in 2010 was 7.5% (SD = 2.9; range, 0.8–20.3), 9.2% (SD 3.6; 
0.6–24.4), and 5.1% (SD = 2.2; range, 0.8–15.0). Furthermore, 
the mean total annual marriage rate in 2010 was 4.8% 
(SD = 1.2; range, 1.4–9.6), annual mean temperature in 

2010 was 17.7°C (SD = 2.7; range, 10.1–24.6), and annual 
mean postal savings per person in 2009 was ¥2,261,700 (US 
$19,122) (SD = ¥1,081,000 [US $9,139]; range, ¥194,000–
¥5,586,000 [US $1,640–$47,228]).

The Association Between Suicide  
SMRs and Lithium Levels

As shown in Figures 1–3, total and male suicide SMRs, 
but not female SMRs, were significantly and inversely 
associated with lithium levels in drinking water in the crude 
model. As shown in Tables 1–3, when the associations were 
further investigated adjusting for proportion of elderly 
people, proportion of 1-person households, proportion of 
people with college education or more, and proportion of 
people engaging in primary industry (adjusted model 1), 
total and male suicide SMRs, but not female suicide SMRs, 
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aThe lithium levels are log transformed for easy observation, and the size of the sphere represents 
population size. The suicide standardized mortality ratios for female population were not associated 
with the lithium levels (β = .004, P = .957).

Figure 3. Log-Transformed Lithium Levels and Standardized Mortality Ratios for Female 
Suicide in Kyushu Islanda
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were significantly and inversely associated with lithium levels 
in drinking water. After further adjustment was performed 
with overall unemployment rate, annual marriage rate, annual 
mean temperature and annual postal savings per person 
(adjusted model 2), male suicide SMRs, but not total or female 
suicide SMRs, were significantly and inversely associated with 
lithium levels in drinking water.

In the adjusted model 2, total suicide SMRs were 
significantly and directly associated with proportion of 
1-person households, proportion of people engaging in 
primary industry, and overall unemployment rate. Also in 
the adjusted model 2, male suicide SMRs were significantly 
and directly associated with proportion of people engaging in 
primary industry and overall unemployment rate, while they 
were significantly and inversely associated with lithium levels 
in drinking water. In the adjusted model 2, however, female 

suicide SMRs were significantly and directly associated with 
proportion of 1-person households.

There was no multicollinearity in all multiple regression 
analyses.

DISCUSSION
In the present study, lithium levels were significantly 

and inversely associated with total suicide SMRs across 274 
municipalities in Kyushu Island in the crude model, which 
is in agreement with our previous study.7 Moreover, male 
but not female suicide SMRs were significantly and inversely 
correlated with lithium levels in the adjusted model 1, where 
the associations were further investigated adjusting for 
proportion of elderly people, the proportion of 1-person 
households, proportion of people with college education 
or more, and proportion of people engaging in primary 



© 2015 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. e6     J Clin Psychiatry

Ishii et al 

Table 3. Female Suicide Standardized Mortality Ratios and 
Lithium Levels in Drinking Water (274 municipalities)
Factor β P Adjusted R2

Crude model
Lithium .004 .957 0.000

Adjusted model 1
Lithium .021 .795 0.048
Proportion of elderly people .061 .664
Proportion of 1-person households .253 .012
Proportion of people with college education 

or more
−.121 .439

Proportion of people engaging in primary 
industry

.169 .157

Adjusted model 2
Lithium .031 .706 0.032
Proportion of elderly people .076 .761
Proportion of 1-person households .268 .038
Proportion of people with college education 

or more
−.041 .841

Proportion of people engaging in primary 
industry

.223 .105

Overall unemployment rate .075 .519
Annual marriage rate −.043 .822
Annual mean temperature −.063 .583
Annual postal savings −.098 .310

  

Table 2. Male Suicide Standardized Mortality Ratios and 
Lithium Levels in Drinking Water (274 municipalities)
Factor β P Adjusted R2

Crude model
Lithium −.228 .005 0.046

Adjusted model 1
Lithium −.198 .007 0.209
Proportion of elderly people −.390 .001
Proportion of 1-person households .157 .077
Proportion of people with college education 

or more
−.518 .000

Proportion of people engaging in primary 
industry

.263 .017

Adjusted model 2
Lithium −.169 .019 0.264
Proportion of elderly people −.190 .287
Proportion of 1-person households .156 .124
Proportion of people with college education 

or more
−.187 .235

Proportion of people engaging in primary 
industry

.460 .000

Overall unemployment rate .352 .000
Annual marriage rate .083 .597
Annual mean temperature −.059 .553
Annual postal savings −.030 .720

 

Table 1. Total Suicide Standardized Mortality Ratios and 
Lithium Levels in Drinking Water (274 municipalities)
Factor β P Adjusted R2

Crude model
Lithium −.175 .031 0.024

Adjusted model 1
Lithium −.150 .041 0.199
Proportion of elderly people −.334 .008
Proportion of 1-person households .253 .005
Proportion of people with college education 

or more
−.520 .000

Proportion of people engaging in primary 
industry

.302 .006

Adjusted model 2
Lithium −.122 .094 0.240
Proportion of elderly people −.187 .377
Proportion of 1-person households .263 .018
Proportion of people with college education 

or more
−.226 .194

Proportion of people engaging in primary 
industry

.490 .000

Overall unemployment rate .314 .001
Annual marriage rate .004 .983
Annual mean temperature −.080 .436
Annual postal savings −.064 .453

 

industry. However, in the adjusted model 2, where further 
adjustment was performed with overall unemployment rate, 
annual marriage rate, annual mean temperature, and annual 
postal savings per person, male suicide SMRs, but not total 
or female suicide SMRs, remained significantly and inversely 
associated with lithium levels in drinking water. These 
findings suggest that male suicide SMRs may be inversely 
associated with lithium levels in drinking water and that the 
combination of the significant association of lithium with 
male suicide SMRs and the nonsignificant association of 
lithium with female SMRs might have produced significant 
associations of lithium with total suicide SMRs in the crude 
model and the adjusted model 1 but not in the adjusted 
model 2.

To the best of our knowledge, this is the first report 
demonstrating a gender difference of the inverse association 
between suicide rate and lithium levels in drinking water. 
Although there has been a report showing little gender 
difference in clinical response to lithium treatment of 
bipolar and related affective disorders,29 with regard to 
suicide, among the lithium-unexposed population men 
had a 3.57-fold higher rate (95% CI, 3.12–4.07) of suicide 
than women, whereas, among patients purchasing lithium, 
the rate of suicide did not differ significantly for men and 
women.30 This report may indirectly indicate the gender 
difference in the antisuicidal effect of lithium treatment 
(ie, the antisuicidal effect for men  is greater than that for 
women), which is in agreement of our study’s findings.

The present findings suggest that even very low lithium 
levels (mean = 4.2 μg/L) may be associated with a low risk 
of suicide and that within the lithium level range (0–130 
μg/L) there seems to be a dose-response relationship with 
SMRs. In a routine psychiatric setting, we prescribe about 
600–1,000 mg per day of lithium to our patients, producing 
approximately 0.4–1.0 mEq/L of therapeutic lithium levels 
for mood-stabilizing effects. If we were to prescribe 4.2 
μg/L of drinking water to attain 600 mg/d of lithium, we 
calculate that the patient would need to drink 142,857 L 
of drinking water per day. A 4-week, randomized placebo-
controlled study31 was conducted in which 400 μg of lithium 
or placebo was administered to former drugs users.  Some 
subjects were violent offenders or had a history of domestic 
violence. Although serum lithium levels were not measured, 
the dose was 1/1,000 of clinically used doses. As a result, the 
mood test scores of the lithium group improved steadily and 
significantly, whereas those of the placebo group showed 
no consistent changes,31 revealing a possibility that very low 
doses of lithium can bring about mood-stabilizing effects. 
Nonetheless, it is likely that antiaggressive effects of lithium 
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could potentially prevent suicide in those who take lithium 
contained in drinking water for a long time.32,33 If male 
aggression is greater and more responsive to lithium than 
female aggression, this could explain gender differences in 
the present findings, but more studies are required to further 
investigate this possibility.

In Texas, Dawson et al34 reported that the urine lithium 
was inversely correlated at statistically significant levels with 
all and first admission rates, with psychotic and neurotic 
rates, and with annual rainfall, and urine lithium level was 
positively correlated with water lithium level. Because the 
soils of several areas of Texas contained high levels of lithium 
salts and the rainfall washes the lithium from the soils and 
dilutes the surface water lithium levels, the relationship 
between rainfall and lithium levels in drinking water as 
well as mental admission may be thus explained.34 Such a 
mechanism can account for the difference of lithium levels 
in drinking water in Kyushu Island. In addition, it seems 
possible that hot spring may be associated with the soils 
containing high levels of lithium salts because Oita prefecture 
has several hot springs and high lithium levels in drinking 
water, and their relationship is yet to be determined.

The limitations of the present study are the lack of data 
relating to lithium levels in food and the proportion of the 
population who drank tap water and their consumption 
habits. Moreover, there is no evidence that water drinking 
habits were similar in these municipalities because, in some 
areas, residents might not drink tap water because of water 
quality. Moreover, it is unknown how many populations 
shifted within and out of municipalities and how long they 
drank tap water within their municipality. Finally, this type of 
study has a possibility of ecological fallacy inevitably, and we 
should understand the present results cautiously. To resolve 
these limitations, we are now performing a comparison 
study of serum lithium levels in suicide attempters and a 
control group.

CONCLUSIONS
The present findings suggest that lithium in drinking 

water may be associated with the low risk of male suicide 
in the general population. Further studies are required to 
confirm these findings and investigate gender differences.
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