Lithium in Public Drinking Water and Suicide Mortality in
Portugal: Initial Approach

-
<
=
o)
14
o
o
o
=
14
<

Litio nas Aguas de Consumo Publicas e Mortalidade por
Suicidio em Portugal: Primeira Abordagem

Pedro OLIVEIRAPA'?, Joana ZAGALO?®, Nuno MADEIRA'?, Orquidia NEVES*
Acta Med Port 2019 Jan;32(1):47-52 = https://doi.org/10.20344/amp.10744

ABSTRACT
Introduction: Lithium can be found naturally in drinking water. There is some evidence that natural levels of lithium in drinking water
may have a protective effect on suicide mortality. The aim of this study is to evaluate if higher natural concentrations of lithium in public
drinking water are associated with lower local rates of suicide in Portugal.
Material and Methods: Suicide standardized mortality ratios at 54 Portuguese municipalities within the 6-year period from 2011 to 2016
was correlated with lithium concentrations in public drinking water and socioeconomic factors using Pearson’s correlation coefficients
(r) with one-tailed tests. Multivariate regression models were adjusted for well-known socioeconomic factors known to influence suicide
mortality in Portugal (population density, average income per capita, unemployment rates and proportion of Roman Catholics).
Results: The average lithium level, as evidenced by raw values for 54 municipalities, was 10.88 pg/L (standard deviation = 27.18).
There was no statistically significant correlation between lithium levels and suicide standardized mortality ratio (r = 0.001, p-value =
0.996). There was a statistically significant higher suicide standardized mortality ratio for males (p-value = 0.000). When analyzed
separately for both sexes, no statistically significant correlation between suicide standardized mortality ratio and lithium levels was
found (male r = 0.024, p-value = 0.862; female r = 0.000, p-value = 0.999). No association between suicide standardized mortality ratio
and socioeconomic factors was found: population density (r = -0.144, p-value = 0.300), average income per capita (r = -0.112, p-value
= 0.418), unemployment rates (r = -0.001, p-value = 0.994), and proportion of Roman Catholics (r =- 0.150, p-value = 0.278).
Discussion: Unlike most international studies regarding natural lithium levels and suicide risk, no inverse relation was found in
Portugal. Factors such as the country’s low suicide rate, confunding suicide risk variables, and unaccounted lithium intake might have
influenced these findings.
Conclusions: No association between lithium in public drinking water and suicide rates was found in Portugal.
Keywords: Drinking Water; Lithium; Portugal; Suicide; Water Supply

RESUMO
Introdugao: O litio faz parte dos constituintes naturais da agua potavel. Algumas evidéncias referem que os niveis de litio presentes
na agua potavel podem ter um efeito protetor na mortalidade por suicidio. O objetivo deste estudo é avaliar se concentragdes mais
elevadas de litio nas aguas da rede publica estdo associadas a menores taxas de suicidio em Portugal.
Material e Métodos: Taxas de mortalidade padronizada por suicidio em 54 municipios portugueses, no periodo de seis anos de 2011
a 2016, foram correlacionadas com concentragdes de litio em agua potavel publica e fatores socioeconédmicos usando coeficientes
de correlagédo de Pearson (r). Foram usados modelos de regressao multivariada para ajustar a relagdo com factores socioeconémicos
tidos como possiveis influenciadores da mortalidade por suicidio em Portugal (densidade populacional, rendimento médio per capita,
taxas de desemprego e proporcéo de catolicos).
Resultados: O nivel médio de litio, dos 54 municipios analisados, foi de 10,88 pg/L (desvio padrdo = 27,18). Nao se verificou uma
correlacéo estatisticamente significativa entre a taxa de mortalidade padronizada por suicidio e os niveis de litio (r = 0,001, p-value =
0,996). Apesar de ser ter verificado uma taxa de mortalidade padronizada por suicidio estatisticamente superior no sexo masculino
(p-value = 0,000), quando analisados separadamente ambos os sexos, ndo foi encontrada correlagdo estatisticamente significativa
entre taxa de mortalidade padronizada por suicidio e niveis de litio (masculino r = 0,024, p-value = 0,862; feminino r = 0,000, p-value
= 0,999). Nao foi encontrada associagdo entre taxa de mortalidade padronizada por suicidio e fatores socioeconémicos: densidade
populacional (r = -0,144, p-value = 0,300), indice de poder de compra (r = -0,112, p-value = 0,418), taxas de desemprego (r = -0,001,
p-value = 0,994) e proporgéo de catdlicos (r = -0,150, p-value = 0,278).
Discussao: Ao invés da maioria dos estudos internacionais sobre os niveis naturais de litio e o risco de suicidio, ndo se encontrou em
Portugal uma associagdo inversa. Factores como a baixa taxa nacional de suicidio, variaveis confundentes de risco suicida e outras
fontes de ingesta de litio poderao ter influenciado estes achados.
Conclusdes: Nao se verificou uma associagéo entre niveis de litio na agua potavel e as taxas de suicidio.
Palavras-chave: Abastecimento de Agua; Agua Potavel; Litio; Portugal; Suicidio

INTRODUCTION
Suicide is one of the largest health burdens in industrial-  tries in Southern Europe, where rates have also been de-

ized nations.! Traditionally, Portugal is touted as a country  clining - currently at around 7.5 per 100 000 inhabitants, in
with low standardized suicide rates, alongside other coun- contrast to an European average of 10 per 100 000.2
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Suicide is considered a multifactorial event caused
by a complex interaction between biological, genetic,
psychological, social and environmental factors.® The
complexity of epidemiology of suicide is amplified
by considerable risk variations between nations and
within countries.! Several studies from developing and
industrialized countries indicate a prevalence of mental
disorders in about 90% of cases of suicide; in particular,
individuals with a mood disorder have a suicide risk 10
to 20 times higher than the general population.® Several
meta-analyses of clinical trials have found that suicide risk
among those with mood disorders is significantly reduced
when they are treated with lithium.* It has been proposed
that lithium’s anti-suicidal properties might be independent
from its mood-stabilizing effects.® The recommended serum
levels for lithium in bipolar disorder maintenance therapy
range between 0.6 and 1.0 mmol/L; nonetheless, the optimal
blood level at which lithium exerts its possible suicide
preventive effect has not been identified.® As a natural
trace element, lithium is mobilized by rock weathering to
soils and ground or surface water. In some regions drinking
water sources may present high concentrations of lithium,
as the Lluta river (0.33 mmol/L) in Northern Chile, reflecting
a natural daily intake of lithium of up to 1.5 mmol/day.”®
Although such daily doses of lithium are considerably lower
than those used therapeutically, it is unknown to what extent
the intake of natural lithium might influence mental health
or suicide mortality.2 Although natural lithium intake doses
are relatively low, there is growing evidence that even
very low lithium levels induced by routine consumption of
lithium from public drinking water may have anti-suicidal
effects, both in patients with mood disorders and in general
population.® However, most studies have been criticized for
omitting socioeconomic confounders such as poverty and
economic issues.® Several factors such sex, age, population
density, average income per capita, unemployment rates
and proportion of Roman Catholics were recently shown to
influence suicide mortality in Portugal.'®

To address the hypothesis that lithium levels and
public drinking water are inversely associated with suicide
mortality, we evaluated this correlation in Portugal while
adjusting the data for relevant regional socioeconomic
conditions.

MATERIAL AND METHODS

An empirical analysis was conducted in Portugal using
an ecological study design. Portugal is divided into 308
municipalities: 278 located in continental territory, 11 in the
archipelago of Madeira and 19 in the archipelago of Azores.
For this study, we evaluated 54 semi-randomly selected
municipalities, considering the need for homogeneous
geographic distribution, covering all regions of the country.
The Portuguese National Statistics Institute (INE) was
the source of data regarding mortality, population and
socioeconomic conditions (www.ine.pt). INE provided
the official Portuguese mortality database for suicides -
according to International Classification of Diseases 10™

Revision (ICD-10)" codes X60 - X84 - in 19 age groups and
both genders for every municipality and for each year in the
period 2011 —2016. Other data of interest such as population
density, average income per capita, unemployment rates
and proportion of Roman Catholics were also obtained using
INE database. As suicide is a rare event, the annual data
were pooled over time to reduce the random fluctuations
of suicides within a municipality. By taking the difference
in gender and age distribution of individual municipality
populations into account, the standardized mortality ratio
(SMR) of suicide was calculated for each municipality taking
the age composition of general Portuguese population as
standard.

Lithium levels were obtained from public drinking water
samples that were collected from private houses in Portugal.
Samples are representative of the water that is consumed
by the Portuguese population for drinking or cooking every
day. Public drinking water may be derived from groundwater
or from surface water (e.g. lakes, rivers, artificial reservoirs)
and could be mixed in the distribution system. Lithium was
analyzed by inductively coupled plasma mass spectrometry
(ICP-MS), with a detection limit of 1 pg/L, at a certified
laboratory (Actlabs, Canada), after acidifying water (HNO,
until pH < 2) and without sample filtration after collection.
The sample data were collected between 2011 and 2014.
In total, 54 water supplies from 54 municipalities were
analyzed. Subthreshold values (< 1 pg/L) were found in
eight samples.

We used Pearson’s correlation coefficients (r) with one
tailed tests to study the correlation between local suicide
SMR and lithium concentrations, population density, average
income per capita, unemployment rates and proportion of
Roman Catholics. The same was done between SMR and
because of greater differences in population size across the
54 municipalities, weighted least squared (WLS) regression
analyses adjusted for the size of the population per district
were employed to test for the robustness of univariate
and multivariate statistics. Multivariate regression models
incorporated those covariates that were significantly
correlated with SMR for suicide (population density, average
income per capita, unemployment rates and proportion
of Roman Catholics) in correlation tests. Data analysis
was performed on SPSS 23.0 for Windows. The level of
significance considered was 5% (p - value < 0.05).

RESULTS

In 2011 - 2016, total suicide SMR mean was 1.19,
standard deviation (SD) = 0.97; males 1.74 (SD = 1.05)
and females 0.55 (SD = 0.63). The lowest suicide SMR was
found in Santa Cruz das Flores (Azores archipelago) and
Porto Santo (Madeira archipelago), both without suicide
deaths. The highest suicide SMR in both sexes was found
in Fronteira (Alentejo) with total SMR of 7.12; 5.94 for males
and 4.67 for females (Fig. 1A). There was a higher suicide
SMR for males. This difference was statistically significant
(p—value = 0.000).

The average lithium level, as evidenced by raw values
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Figure 1 — Spatial distribution of: (A) standardized mortality ratio (SMR) for suicide: (B) lithium levels in public drinking water
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Figure 2 — Lithium levels in public drinking water and standardizes mortality ratios (SMR) for suicide from 2011 to 2016

for 54 municipalities, was 10.88 ug/L (SD = 27.18). The
highest level was found in Castelo Branco® (191 ug/L)
(Fig. 1B). There was no statistically significant correlation
between lithium levels and suicide SMR (Fig. 2). When SMR
was analyzed separately for both sexes, no statistically
significant correlation was found (Male r = 0.024, p-value =
0.862; Female r = 0.000, p-value = 0.999).

The average population density was 476.2 per km? (SD
= 1188.80). The highest population density was found in
Lisbon (the capital of Portugal) of 6446.2 per km? and the
lowest was found in Mértola (5.6 per km?). No statistically
significant correlation was found between suicide SMR and
population density (Table 1).

The average relative income per capita found in the
analyzed municipalities was lower (96.42%; SD = 24.81)
than the national average of the total income per capita. No
statistically significant correlation between suicide SMR and
income was identified (Table 1).

The average unemployment rate was 12.69% (SD =
2.83), 11.96% (SD = 3.23) for males and 13.60% (SD =
3.19) for females. The highest unemployment rate was
20.9% in Ponte de Sor (Alentejo) and the lowest was 7.3%
in Sao Roque (Azores). There was no statistically significant
correlation between suicide SMR and unemployment rates
(Table 1).

The average proportion of Roman Catholics was 80.3%
(SD = 9.8). The highest proportion of Roman Catholics
was found in Pévoa do Lanhoso (94.7%) and the lowest in
Lagos (58.7%). There was also no statistically significant

Table 1 — Correlation between municipality characteristics and
standardized mortality ratios (SMR)

Suicide SMR

r p-value
Lithium level, mean (ug/L) 0.001 0.996
Purchasing power index, % -0.112 0.418
Population density (per km?) -0.144 0.300
Unemployment rate, % -0.001 0.994
Proportion of Roman Catholics, % -0.150 0.278

correlation between suicide SMR and the proportion of
Roman Catholics (Table 1).

In the final weighted (WLS) multivariate model, no
statistically significant differences between lithium levels
and suicide SMR remained.

DISCUSSION

This is the first study in Portugal (Europe’s largest
producer of lithium) investigating the association between
natural lithium levels in public drinking water and suicide
rates. We evaluated whether higher natural lithium levels in
the public drinking water were associated with lower local
suicide rates in 54 semi-randomly selected Portuguese
municipalities. Overall, we found no association between
public drinking water lithium levels and mortality from
suicide.

The natural lithium levels in drinking water have
correlated inversely with suicide risk in most,2®'2-7 but
not all studies regarding the relationship between drinking
water lithium levels and suicide rates'®'® Most of these
studies did not consider variables associated with variations
in suicide rates such as population density, average income
per capita, unemployment rates and religiousness; an
apparently negative correlation might have been interfered
by these important biases.

However, we hypothesize some explanations for this
apparent lack of correlation between lithium levels in
drinking water and suicide SMR. First, Portugal has one
of the lowest suicide rates; many other studies analyzed
countries with substantial higher suicide ratios. In such
populations, the impact of lithium could be more effective
given lithium’s anti-suicidal properties could only emerge
in individuals with mental disorders and with higher risk
factors for suicide.* Second, although we have taken into
account variables such as the unemployment rate and
income per capita, such variables could have varying
contributions in different countries. Portugal has one of the
highest unemployment rates and one of the lowest incomes
per capita in comparison with other studied countries. It
is estimated that these factors will have a greater relative
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interference in suicide rates, reducing the possible influence
of lithium levels in drinking water.' In addition, Portugal has
recently emerged from one of the greatest contemporary
economic and social crisis, a factor influencing suicide
rates as demonstrated by Santana et al."® Third, public
drinking water may constitute a small fraction of lithium
intake. Portugal is also a country with high bottled water and
vegetable consumption.' In 2014, the average consumption
of bottled water per inhabitant was 112 L, which is one of the
highest among European countries.'® There are no drinking
water standards for lithium in bottled water in the European
Union and there may be significant differences between
different types of water. In Portuguese natural mineral and
spring bottled waters lithium concentration ranges from < 1
up to 318 444 mmol/L.?° Vegetables and grains are another
important dietary source of lithium and in some regions may
account for two-thirds of lithium intake.?!

The physiological basis for lithium'’s anti-suicidal effects,
even at plasma levels usually considered as therapeutic,
remains largely unknown. From a clinical perspective, it has
been hypothesized that lithium may exert its anti-suicidal
effects by reducing relapses of mood disorders.® From a
behavioral point of view, the anti-suicidal effect of lithium
might be related to its anti-aggressive effects, which have
been shown in various species, populations and settings.®
Neurobiological mechanisms that may be involved in the
anti-suicidal effects of lithium include decreased impulsivity
and hostile or aggressive behavior. Such an effect may
be mediated by enhanced functioning of the central
serotoninergic system.® Several recent studies suggest that
lithium also has stimulating effects on neurogenesis? which
might relate with its clinical effects.

Although national suicide prevention programs
are being increasingly implemented in many countries
and researchers keep seeking for effective preventive
interventions, itis highly controversial whether adding lithium
to public drinking water would reduce suicide mortality, as
previously suggested regarding the supplementation of
water with fluoride for dental caries prevention. Not only is
there no clear evidence of protective effects, nor is the safety
of these procedures clear. High lithium concentrations in
public drinking water could have deleterious implications for
human health. Additional research is needed to understand
how lithium in public drinking water could affect thyroid
function, pregnant women and fetuses in utero.t®

Our study has some limitations. First, the present
findings were derived from 54 municipalities of Portugal
(31% of the general population), and thus only limited
generalization is possible. Second, we could not factor
other dietary sources of lithium uptake like bottled water,
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