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Shimodera and colleagues find an inverse association between lithium
levels in tap water and psychotic experiences (Shimodera et al., 2018).
Together with other recent studies using individual-level data that
found inverse associations with dementia and depression (Ando et al.,
2017; Kessing et al., 2017a), suggestions for considering the promotion
of intake of lithium-rich water as a public health strategy are appealing
and indeed have been made, under the provision that any adverse ef-
fects can be excluded (e.g. McGrath and Berk, 2017; Shimodera et al.,
2018). Since the biological mechanisms underlying such protective
mental health effects of lithium in drinking water remain unclear,
studies on the full range of mental and physical health outcomes asso-
ciated with lithium exposure are warranted to avoid unintended nega-
tive consequences.

We have studied the association between lithium in drinking water
and schizophrenia, schizophrenia spectrum disorder (SSD), and bipolar
disorder in a nationwide population-based prospective cohort study in
the Danish registers under the hypothesis that lithium-rich drinking
water has a protective effect on these outcomes. However, we find a
positive association with schizophrenia and SSD, and no association
with bipolar disorder. While there is still a need for further studies,
our results necessitate caution: lithium in drinking water may be asso-
ciated with adverse as well as advantageous mental health outcomes.

We included all persons born in Denmark between January 1, 1985
and December 31, 2002, who were alive on their 10th birthday and
whose parents were both born in Denmark. Drinking water samples
from 139 public waterworks were analyzed for lithium using ICP-MS
in 2013 (Voutchkova et al., 2015). Kessing, Knudsen and colleagues
used these data to spatially interpolate lithium concentrations for all
of Denmark to study the associations with suicide, bipolar disorder,
and dementia (Kessing et al., 2017a, 2017b; Knudsen et al., 2017). In
contrast, we only included persons whose household was within the
supply area of a waterworks (Schullehner and Hansen, 2014), where a
lithium sample was taken (Supplementary Fig. 1), and excluded private
well users, resulting in a smaller study population butmore accurate ex-
posure estimation. Exposure was estimated as the lithium concentra-
tion at the location a person was living at on their 10th birthday.

From the Danish Psychiatric Central Register, we identified incident
cases of schizophrenia (ICD10: F20 and eq. ICD8), SSD (ICD10: F20-F29
and eq. ICD8), and bipolar disorder (ICD10: F30-F31 and eq. ICD8). Ac-
curate linkage at individual-level is possible in the Danish registers
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based on the unique personal identification number. The geographical
distribution of lithium in Denmark follows an east-west gradient (Sup-
plementary Fig. 1). Therefore, we included both urbanization, popula-
tion density and family socioeconomic status (all measured at each
cohort member's 10th birthday), which vary geographically and are as-
sociated with schizophrenia risk (Agerbo et al., 2015; Pedersen and
Mortensen, 2001; Vassos et al., 2016). Study population characteristics
and a description of the covariates are shown in Supplementary Table 1.

Individuals were followed from their 10th birthday until the date of
disorder of interest, death, emigration from Denmark, or December 31,
2013, whichever came first. Incidence rate ratios (IRRs) for each disor-
der were estimated by log linear Poisson regression. All IRRs were ad-
justed for calendar period, age, and sex, and the interaction between
age and sex. Age and calendar period were treated as time-dependent
variables. P values and 95% confidence intervals (CIs) were based on
likelihood ratio tests. The adjusted-score test suggested that the regres-
sionmodels were not subject to over-dispersion. All analyses were con-
ducted using SAS version 9.2 (SAS Institute, Cary, N.C.). The study was
approved by the Danish Data Protection Agency.

During follow-up, 3459 of 374,737 cohort members had their first
contact with SSD, 1714 with schizophrenia, and 700 with bipolar disor-
der. Modelling exposure as quantiles, persons who lived in areas with
the highest lithium levels had a 1.88 (95% CI: 1.69–2.10) fold increased
risk of SSD, compared to those in areas with the lowest level. There was
a tendency of a dose-response relationship. A similar pattern was seen
for schizophrenia, while there was no association with bipolar disorder
(Table 1).

We also considered exposure as a continuous variable scored from 0
to 1. This summary estimate assumes a dose-response association and
utilizes information on all lithium levels. The summary estimate
showed a 1.75 (95% CI: 1.59–1.92) fold increased risk of SSD for persons
living in high level areas, compared to those living in low level areas
(Table 1).

Adjustment for urbanization, population density, and parental socio-
economic status attenuated the association slightly. Adjusting for all
these covariates, there was a modest positive association between lith-
ium levels in drinking water and SSD (IRR = 1.21, 95% CI: 1.07–1.35).
Adjusted associations between lithium and narrow schizophrenia
were nearly identical to those for SSD (Supplementary Table 2). There
was no association with bipolar disorder under these confounder ad-
justment scenarios (results not shown). Additionally, we estimated
summary associations between lithium and SSD and schizophrenia
stratified by degree of urbanization and found robust results, with the
exception of provincial cities (Supplementary Table 3). The association
of tap water lithium with these two outcomes was consistent across
year of birth and sex (Supplementary Table 3). The effect of lithium in
drinking water was invariant, when persons with bipolar affective dis-
orderwere censored from schizophrenia analyses.When censoring per-
sons with schizophrenia from the bipolar analyses, the risk estimate
was attenuated slightly below nil.
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Table 1
Incidence rate ratios of schizophrenia spectrum disorder, schizophrenia and bipolar disorder associated with concentrations of lithium in drinking water among 374,737 persons born in
Denmark 1985–2002.

Schizophrenia spectrum disorder Schizophrenia Bipolar disorder

No of cases IRa IRR (95% CI)b No of cases IRa IRR (95% CI)b No of cases IRa IRR (95% CI)b

Total 3459 9.36 1714 4.63 700 1.89
Quantile of lithium in drinking water (μg/L)

High (16.7–30.7) 900 11.87 1.88 (1.69–2.10) 438 5.76 1.65 (1.42–1.92) 132 1.73 1.03 (0.81–1.31)
Medium High (12.4–16.7) 792 11.00 1.75 (1.57–1.96) 391 5.42 1.56 (1.34–1.82) 144 1.99 1.20 (0.95–1.51)
Medium (10.3–12.4) 609 8.45 1.34 (1.20–1.51) 283 3.92 1.13 (0.96–1.33) 174 2.41 1.45 (1.16–1.82)
Medium Low (5.8–10.3) 652 9.34 1.48 (1.32–1.66) 321 4.60 1.31 (1.12–1.54) 115 1.64 0.98 (0.76–1.25)
Low (0.6–5.8) 506 6.35 1 (ref) 281 3.52 1 (ref) 135 1.69 1 (ref)

Summary estimatec

High versus low 1.75 (1.59–1.92) 1.60 (1.41–1.83) 1.11 (0.90–1.36)
p b 0.0001d p b 0.0001d p = 0.34d

a IR: incidence rate, number of new cases per 10,000 person-years at risk.
b IRR: incidence rate ratio, adjusted for calendar year, age and sex.
c The summary estimate measures the IRR for a person exposed to the highest quantile of lithium in drinking water compared to a person exposed to the lowest quantile of lithium in

drinking water, utilizing information on all levels of lithium.
d Likelihood ratio-based p-value.
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To our knowledge, this is the largest cohort study on the association
between lithium in drinking water and schizophrenia. We find a posi-
tive association, which contrasts with some previous studies that
found protective associations of drinking water lithium with mental
health. Limitations of our study include potential residual confounding,
lack of data on actual water intake, and co-exposure to other drinking
water quality parameters.

Shimodera and colleagues studied tap water lithium's association
with prevalence of psychotic experiencesmeasured usingDiagnostic In-
terviews (Shimodera et al., 2018), while the outcome assessment in our
prospective nationwide cohort studywas based on clinical diagnoses. In
addition, the different choice of lithium analysis method and substan-
tially lower exposure range in Shimodera et al. (2018) (between 0.01
and 2.1 μg/L) make direct comparison between studies difficult. Collec-
tively, studies of exposure to lithium in drinkingwater have not yielded
a clear picture of its potentially beneficial mental health effects. Further
studies are needed to investigate whether our findings can be repli-
cated. A better understanding of underlying mechanisms is needed, as
well as future studies disentangling the effects of other naturally occur-
ring drinking water components.
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