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Abstract: Lithium has been used as a mood-stabilizing drug in people with mood 

disorders. Previous studies have shown that natural levels of lithium in drinking water may 

protect against suicide. This study evaluated the association between lithium levels in tap 

water and the suicide standardized mortality ratio (SMR) in 40 municipalities of Aomori 

prefecture, which has the highest levels of suicide mortality rate in Japan. Lithium levels in 

the tap water supplies of each municipality were measured using inductively coupled 

plasma-mass spectrometry. After adjusting for confounders, a statistical trend toward 

significance was found for the relationship between lithium levels and the average SMR 

among females. These findings indicate that natural levels of lithium in drinking water 

might have a protective effect on the risk of suicide among females. Future research is 

warranted to confirm this association. 
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1. Introduction 

Lithium is a mood-stabilizing drug that has been used effectively in the treatment of bipolar 

affective disorder for many years, and increasing evidence suggests its effectiveness in reducing the risk 

of suicide. At so-called therapeutic levels of lithium, several meta-analyses have shown anti-suicidal 

effects in people with mood disorders, namely, major depression and bipolar disorder [1–3].  

In addition, a study with a randomized placebo-controlled design showed mood-stabilizing effects for 

low-dose lithium supplementation (400 μg/day) in former drug users [4]. 

Growing evidence from ecological studies suggests that natural levels of lithium in drinking water 

may protect against suicide. Schrauzer and Shrestha first reported a negative association between 

lithium levels in tap water and suicide rates in 27 counties in Texas [5]. This association was replicated 

in Japan and Austria [6,7]. However, a study from eastern England that used separate measurements of 

lithium for 47 subdivisions found no relationship between lithium levels in tap water and suicide rates [8]. 

The objective of this study was to investigate the relationship between lithium levels in tap water 

and suicide mortality in Aomori prefecture, which has the highest levels of suicide mortality rate and 

the lowest lithium levels in tap water in Japan.  

2. Methods 

In 2010, the population of Aomori prefecture was 1,373,339. Aomori prefecture has 40 cities, 

towns, and villages and the highest levels of suicide mortality rate in Japan. Of its 40 municipalities, 

Aomori city has the largest population (299,520; 21%). The populations of other centers range from 

237,615 (Hachinohe city) to 1,594 (Nishimeya village). Thus, the population size varies significantly 

across the 40 municipalities. By considering the difference in gender and age distributions in 

individual municipality populations, the standardized mortality ratio (SMR) for suicide was calculated 

for each individual municipality. The SMR is an indirect method of adjusting the mortality rate that is 

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 government statistics on suicide in Aomori prefecture and used these statistics as  

the average suicide SMR for the past two years across all 40 municipalities. 

Lithium levels in the tap water supplies of each municipality were measured using inductively 

coupled plasma-mass spectrometry at Saishunkan Reassurance and Safety Laboratory Co., Ltd. 

(Kumamoto, Japan). This method can measure very small amounts of lithium at a minimum level of 

0.1 ppb (0.1 μg/L). Lithium levels in drinking water were measured at multiple water suppliers in  

the same municipality, and the mean value was calculated. The distribution of lithium levels was 

considerably skewed (skewness = 2.66; kurtosis = 9.40). Thus, we employed log transformation 

(skewness = −0.27; kurtosis = −0.33) to use parametric statistical procedures. Because of significant 

differences in population size across the 40 municipalities, weighted least-squares regression analysis, 

adjusted for the size of each population, was used to investigate the association between lithium levels 

in drinking water and SMRs. Model 1 included only the lithium level as the independent variable. In 

Model 2, the density of medical institutions per 10,000 people and the unemployment rate were added 

as covariates. A value of p < 0.05 was considered significant. The data were analyzed using PASW 
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Statistics PC software for Windows, Version 18.0.0 (SPSS Inc., Chicago, IL, USA). This study was 

approved by the Ethics Committee of Hirosaki University. 

3. Results 

The lithium levels in the drinking water of 40 municipalities in Aomori prefecture ranged from  

0.0–12.9 μg/L. In total, the average suicide SMR in Aomori prefecture was 123 (range 96–186) for 

males and 105 (range 72–152) for females.  

Table 1. Least squares regression model weighted for the size of each population on 

standardized mortality ratios (SMRs) for suicide. 

 Male Female 

 β t value p β t value p 

Model 1       

Log lithium level 0.136 0.836 0.408 −0.350 −2.275 <0.05 

Model 2       
Log lithium level 0.064 0.286 0.777 −0.369 −1.738 <0.10 

Medical institutions density 
(per 10,000 population) 

−0.268 −1.240 0.229 0.127 0.619 0.542 

Unemployment rate −0.115 −0.499 0.623 0.079 0.363 0.720 

Table 1 shows that the SMRs for suicide across the 40 municipalities were significantly negatively 

associated with lithium levels in females (beta = −0.35, p < 0.05) but not with lithium levels in males 

(beta = 0.14, p = 0.408). After adjusting for confounders (the number of medical institutions per 

10,000 people and the unemployment rate), a statistical trend toward significance remained in females 

(beta = −0.37, p < 0.10) but not in males (beta = 0.12, p = 0.597). 

4. Discussion 

In this study, lithium levels were significantly negatively associated with SMRs among females 

across 40 municipalities. However, the model that was adjusted for the density of medical institutions 

and the unemployment rate attenuated this association. Furthermore, although several studies have 

suggested that even very low lithium levels may reduce the risk of suicide, such associations were not 

observed among males in either the crude or the adjusted model.   

A possible explanation for this finding is that the distribution of lithium levels may have affected 

our results. A study in the US found a relationship between lithium levels and suicide rates, with  

a wider range of lithium levels (range < 1–160 μg/L) in public water [5]. However, a study in eastern 

England found no association, with a narrower range and a lower maximum level of lithium  

(range < 1–21 μg/L) [8]. In addition, traditional gender role ideology may explain the gender 

difference in our results. Females tend to have lower levels of organizational commitment than their 

male counterparts [9]. Moreover, Japanese males are traditionally conditioned to prioritize their 

breadwinner role [10]. During working hours, males might work and drink tap water at different 

municipalities apart from residing ones. Therefore, the suicide rate among males might be affected by 

factors other than lithium levels. 
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The limitations of the present study are as follows. First, the present findings were derived from  

a local prefecture, and therefore, only limited generalization is possible. Second, the ecological nature 

of this study cannot determine a causal relationship between lithium levels in tap water and suicide 

mortality. Our results should thus be interpreted with caution. Third, other factors, such as 

psychosocial and economic factors, were not taken into consideration. 

5. Conclusions 

Our study indicates that natural levels of lithium in drinking water might have a protective effect on 

the risk of suicide among females. However, we cannot completely rule out an association between 

lithium levels and suicide mortality among males due to the limitations of this study. Future research is 

warranted to confirm this association. 

Acknowledgments 

The authors would like to thank all of their co-workers in this study for their skillful contributions 

to the data collection. The authors declare that they have no competing interests. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Baldessarini, R.J.; Tondo, L.; Davis, P.; Pompili, M.; Goodwin, F.K.; Hennen, J. Decreased risk of 

suicides and attempts during long-term lithium treatment: A meta-analytic review. Bipolar Disord. 

2006, 8, 625–639. 

2. Cipriani, A.; Pretty, H.; Hawton, K.; Geddes, J.R. Lithium in the prevention of suicidal behavior 

and all-cause mortality in patients with mood disorders: A systematic review of randomized trials. 

Am. J. Psychiatry 2005, 162, 1805–1819. 

3. Goodwin, F.K.; Fireman, B.; Simon, G.E.; Hunkeler, E.M.; Lee, J.; Revicki, D. Suicide risk in 

bipolar disorder during treatment with lithium and divalproex. J. Am. Med. Assoc. 2003, 290, 

1467–1473. 

4. Schrauzer, G.N.; de Vroey, E. Effects of nutritional lithium supplementation on mood. Biol. Trace 

Elem. Res. 1994, 40, 89–101. 

5. Schrauzer, G.N.; Shrestha, K.P. Lithium in drinking water and the incidences of crimes, suicides, 

and arrests related to drug addictions. Biol. Trace Elem. Res. 1990, 25, 105–113. 

6. Ohgami, H.; Terao, T.; Shiotsuki, I.; Ishii, N.; Iwata, N. Lithium levels in drinking water and risk 

of suicide. Br. J. Psychiatry 2009, 194, 464–465. 

7. Kapusta, N.D.; Mossaheb, N.; Etzersdorfer, E.; Hlavin, G.; Thau, K.; Willeit, M.; Praschak-Rieder, N.; 

Sonneck, G.; Leithner-Dziubas, K. Lithium in drinking water and suicide mortality. Br. J. Psychiatry 

2011, 198, 346–350. 

8. Kabacs, N.; Memon, A.; Obinwa, T.; Stochl, J.; Perez, J. Lithium in drinking water and suicide 

rates across the East of England. Br. J. Psychiatry 2011, 198, 406–407. 



Int. J. Environ. Res. Public Health 2013, 10 6048 
 

 

9. Baird, J.E.; Zelin, R.C., II.; Marxen, D.E. Gender differences in the job attitudes of accountants. 

Am. J. Bus. 1998, 13, 35–44.  

10. Katsurada, E.; Sugihara, Y. Gender-role identity, attitudes toward marriage, and gender-segregated 

school backgrounds. Sex Roles 2002, 47, 249–258. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


