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Summary
AIM OF THE STUDY: Previous literature suggests that
ambient temperature may play a role in increasing the risk
of suicide. Although in Switzerland suicides are an important cause of death, limited research exists on risk factors
for suicidal behaviour, including ambient temperature. We
aimed to assess the short-term association between ambient temperature and suicide risk in Switzerland between
1995 and 2016, and the differences by region, individual
characteristics and method of suicide.
METHODS: We collected daily data on suicides and mean
temperatures in each canton of Switzerland. We used
a two-stage approach, consisting of a case time series
analysis using conditional quasi-Poisson and distributed
lag non-linear models followed by a multivariate meta-regression analysis. We conducted subgroup analyses by
sex, age (<35, 35–65 and >65 years) and method of suicide (violent or nonviolent).
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RESULTS: Between 1995 and 2016, there were a total of
24,067 suicides in Switzerland. Overall, we found a positive and non-linear temperature–suicide association in all
regions. On average, the risk of suicide increased by 34%
(1.34 relative risk [95% confidence interval: 1.19–1.52])
from the 10th to the 99th temperature percentile in Switzerland (lag period of 0–2 days). Indications of larger risks
were mostly found in females, younger individuals (<35
years) and with nonviolent methods. Regional risks
ranged from 24% (East region) to 55% (North-West region).
CONCLUSIONS: Our findings suggest that increasing
temperatures could be considered a risk factor for suicidal
behaviour in Switzerland. Knowledge of the profile of people committing suicide could help us to understand the
mechanisms behind this association and thus support policymakers in suicide prevention.

Introduction
Suicide worldwide
Suicide is a global phenomenon resulting in a major public
health burden. With an estimated 700,000 suicide deaths
occurring worldwide every year, suicides account for half
of all violent deaths in men and more than two-thirds in
women [1]. Suicide amounted to 1.4% of all deaths worldwide, making it the 18th most common cause of death
overall in 2016 and the fourth most common in 15–19 year
olds in 2019 [1, 2]. There are indications that for each adult
who dies by suicide there may be more than 20 others
attempting suicide [1]. Notably, there are regional differences in suicide rates worldwide, particularly with respect
to sex [2].
Suicides in Switzerland
In Switzerland, almost 10 suicides per 100,000 inhabitants
were registered in 2019 (14.2 for men and 5.6 for women)
[2]. According to the Federal Statistical Office (BfS), in
females this corresponds to approximately the same death
rate as for colorectal cancer and leads to almost as many
potential life years lost as breast cancer [3]. In comparison,
the age-standardized suicide rate per 100,000 inhabitants
in Europe was 10.5 overall (e.g., 10.4 in Austria, 9.6 in
France, 8.3 in Germany, 4.3 in Italy) in 2019 [2]. However,
since the year 2002, the suicide rate in Switzerland has declined slightly. The restriction of firearm availability due to
a reform of the Swiss army in 2003 has been found to be a
reason for this decline [4]. In contrast, the rate of assisted
suicides (in Switzerland performed by “right to die” organizations like EXIT and Dignitas, who assist persons wishing to end their life in taking a lethal substance) has risen
constantly since the registry started in 1998 [5]. Nevertheless, the 2017 Swiss Health Survey estimated that there
were 33,000 suicide attempts in one year [6].
Pathogenesis of suicide
Suicide is a complex event. Several neurobiological factors
influencing suicidal behaviour have been proposed, in-
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cluding alterations of the serotonergic mechanism, receptor-linked signalling mechanisms, dysregulation in the hypothalamic-pituitary-adrenal axis and abnormalities of
neurotrophins and neurotrophin receptors [7]. Most suicide
victims have been diagnosed with a mental disorder prior
to their death [8]. These primarily involve major depressive episodes or schizophrenia, as well as eating disorders
and personality disorders [9,10]. Multiple other interacting
factors, such as alcohol and drug-related disorders as well
as histories of more than one mental disorder, may play a
role in suicidal behaviour [10].

been assessed across the whole Swiss population, nor has
whether individual characteristics influence vulnerability
to the temperature–suicide association. Also, to our knowledge there is no study evaluating whether temperature affects the method of suicide.

In addition to health conditions, individual characteristics
and social factors have been associated with a higher risk
of suicide [9–18]. In particular, social and socioeconomic
factors like unemployment, financial or legal difficulties,
being a single parent, living alone, living in an urban area,
lower educational level and migration background have
been reported as risk factors for suicidal behaviour in the
Swiss population [6].

Materials and methods

Based on studies on the seasonality of suicide, several environmental factors have been proposed as potential triggers of suicide. These include several climatic factors or
phenomena such as droughts, changes in atmospheric pressure, air pollution, melting ice, sunshine and ambient temperature [9, 14, 18–21]. In Europe, it has recently been suggested that the effect of weather (e.g. rainfall, temperature)
on national suicide rates seems stronger than the effect of
economic conditions such as, e.g., national unemployment
rate, national growth rate, gross domestic product per capita or inflation [14].
Ambient temperature, mental health and suicides
Recent evidence suggests that ambient temperature may
play an important role in the pathogenesis of suicide [9,
11, 16, 19, 22–26]. Potential mechanisms, such as over-activation of brown adipose tissue or alteration of the serotoninergic system, have been proposed [27, 28]. Additionally, high ambient temperatures might lead to worse
mental health in psychiatric patients [29–37], which could
eventually lead to suicidal behaviour, as mentioned above.
For example, heat has been associated with mood disorders, bipolar disorder, anxiety, alcohol/drug abuse, dementia, schizophrenia, aggressive thoughts and increased selfreported mental distress [20, 35, 38–42]. A recent study
in the city of Bern (Switzerland) found that the risk of
hospitalization for mental health reasons increases by 4%
for each 10 °C increase in ambient temperature [37]. In
particular, larger risks of hospitalization of 10–30% were
found in patients with schizophrenia and developmental
disorders, which have been associated with suicidal behaviour [8, 37]. Additionally, association estimates seem
to vary across regions and populations, suggesting differential vulnerability patterns [24]. For example, in some
Asian countries, older adults and people living in rural areas were more affected [19, 25], and in Croatia and Brazil
men seem to be more susceptible, while females were
more affected in Japan [9, 22, 25]. So far, there has been
limited research assessing whether heat influences suicidal behaviour in the Swiss population. In a multi-country study, Kim et al. found a positive association between
high ambient temperature and suicides in eight cantons in
Switzerland [24]. However, this association has not yet

We aimed to assess further the impact of temperature on
suicidal behaviour in Switzerland by using a nationwide
dataset on suicides between 1995 and 2016 to identify regional patterns as well as predisposing individual characteristics.

Data collection & preparation
Suicides
Data on suicides in Switzerland between 1995 and
2016 were collected from anonymized individual mortality
data provided by the Federal Statistical Office of Switzerland (BfS). Based on the reported cause of death, suicide
was defined as intentional self-harm (International Statistical Classification of Diseases and Related Health Problems, 10th revision [ICD-10]), corresponding to codes X60
to X84 [43]. We excluded assisted suicides, usually coded
as X61.8 (if the name of the right-to-die society was mentioned) or X61.9 (if barbiturates were mentioned). Of note,
since 2009 assisted suicide has been consistently coded as
a circumstance concomitant with death. That is, the disease
leading to the assisted suicide was classified as the primary
cause of death and the assisted suicide only as a concomitant of death [44].
We collected information on date of death, canton of residence, sex and age. We distinguished two subgroups of
suicide: nonviolent suicides, defined as self-poisoning
[ICD-10: X60–X69] (e.g. overdose of drugs), and violent
suicides, defined as self-harm [ICD-10 code X70–X84]
(e.g. hanging, drowning, shot gun, jumping from a high
place). Details of the ICD-10 codes are described in table
S1 (appendix).
Data on suicides were aggregated into daily counts by canton of residence for all suicides and for the subgroups
of sex (male, female), age (<35, 35–65, >65 years) and
method of suicide (violent, nonviolent).
Weather data
We used population-weighted daily mean temperature data
from each canton between 1995 and 2016. We used daily
mean temperature instead of other temperature metrics
(e.g. maximum temperature) because we were interested
in exploring the association across the whole temperature
spectrum, including heat and cold. It should also be noted
that previous studies have shown that mean temperature
can be considered a suitable indicator with which to capture temperature–mortality associations [45]. Populationweighted daily mean temperature data were obtained and
validated for assessing temperature–mortality risks in a
previous study [46]. In brief, spatially-resolved temperature data with 1.6 × 2.3 km resolution were originally obtained from the Federal Office of Meteorology and Climatology, MeteoSwiss, and combined with population data
from EOSDIS (Earth Observing System Data and Informa-
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tion System, UN WPP-adjusted population count, v4.11,
2010) with a 1x1 km resolution to derive populationweighted daily mean temperatures for each canton [47]. In
brief, we calculated the weights as a ratio between the population residing in the corresponding grid cell and the total
population residing in the canton. This population-weighted temperature metric has been shown to be a better approximation of the average exposure of the population living in a large area with a highly heterogeneous climate and
orography, as is particularly the case for large cantons in
Switzerland [46].
The sunshine duration data (hours of sunshine per day and
percentage of maximum duration of sunshine possible on
that day at that location) were collected from the IDAweb
database [48], which is provided by the Federal Office of
Meteorology and Climatology, MeteoSwiss (details are described in the supplementary information).
Statistical modelling
We assessed the association between ambient temperature
and suicide using the so-called two-stage approach commonly used in multi-location time series studies. In brief,
we first performed a case time series analysis, a newly developed study design by Gasparrini [49], and combined
this with distributed lag non-linear models to derive the region-specific association estimates. Second, we pooled the
temperature-suicide associations in each region in a multivariate meta-regression model to derive the country-wide
exposure-response functions for all suicides and for the
subgroups of sex, age and method.
First, for each major region (figure S1), we performed a
case time series analysis with conditional quasi-Poisson regression and distributed lag non-linear models (DLNMs)
[50, 51]. The case time series design was developed recently as an alternative to the usual case-crossover design
[49]. It allows multiple canton-specific time series of suicide and temperature to be modelled within each region
through a conditional Poisson regression. That is, it allows
analysis of the exposure and the outcome aggregated at a
smaller geographical unit (i.e. the canton), thus reducing
the exposure misclassification, while reporting more precise risks at an upper geographical level (i.e. the region).
The method uses the usual data structure of time series
analysis, in which a common exposure level is defined for
all subjects within the study area, in this case the canton.
The aggregated case-crossover approach applies the concept of a bidirectional, time-stratified design to control for
long-term and seasonal trends by matching case and control days within the year, month and day of the week [37].
Thus, any factors altering the temporal patterns which vary
over longer time scales beyond this timeframe (i.e. longterm trends, seasonality) are accounted for by design. Unlike the usual case-crossover design, the matching pairs are
defined within each canton in each region-specific model.
We modelled the association between temperature and suicide through DLNMs. This methodological framework allows assessment of the complex non-linear and lagged
dependencies typically found in temperature studies. It
consists of the combination of two functions that define
the conventional exposure–response association and the
additional lag–response association, respectively [51]. The
exposure–response dimension represents how the risk

changes at each temperature with respect to a reference
value, usually expressed as a relative risk (RR). The
lag–response association represents the temporal distribution of the risk after the exposure, accounting for immediate and delayed effects that cumulate across the lag period [51]. Specifically, we used a quadratic B-spline with
one internal knot placed at the 75th percentile of the cantonspecific mean temperature distribution to model the exposure-response dimension. Additionally, we modelled the
lag–response association with up to two days of lag with
an integer function (i.e., unconstraint DLNM). We tested several nonlinear functions (natural-spline, quadratic Bspline) with internal knots placed at different percentiles
(25th, 50th, 75th, 90th, 95th) for the exposure-response dimension. We selected the model specifications using quasiAkaike Information Criteria (Q-AIC). For each model
combination, we computed the sum of the Q-AIC in each
region and selected the combination with the lowest value
[24]. The number of lags was restricted to two based on a
previous study [24].
Second, we pooled the region-specific temperature-suicide
associations in a multivariate random effects meta-analysis
[52]. In the meta-analysis model we included the regionspecific average temperature and temperature range as covariates to partially capture the heterogeneity of the association between regions. We derived from the model the
pooled country-wide exposure–response curve and the corresponding region-specific best linear unbiased predictions
(BLUPS). BLUPs are improved estimates of the temperature-suicide association which borrow information across
units within the same hierarchical level (i.e. regions) and
based on similarities with respect to the covariates included in the model (i.e. average temperature and temperature
range). These can offer more accurate estimates and more
stable curves, especially in locations with small daily mortality counts.
Results were expressed as RRs and 95% confidence intervals (CI) for each temperature value in each region. The
10th percentile was used here as a reference, following the
procedure of a recent study [24]. Finally, we conducted a
subgroup analysis by sex, age group (<35, 35–65 and >65
years) and method of suicide (violent or nonviolent).
We tested whether sunshine was a potential confounder
of the temperature-suicide association. Specifically, we included the variables hours of daily sunshine and percentage of the maximum possible sunshine duration (as a linear
function of the value on the same day of the death) in separate temperature models and checked whether the association between temperature and suicide risk changed or remained similar.
The statistical analysis was performed using R statistical
software (version 1.3.1093 © 2009–2020 RStudio, PBC)
and the gnm, dlnm and mixmeta R packages.

Results
Description of the data
Between 1995 and 2016, a total of 24,067 suicides were
registered in Switzerland. These do not include the 3,233
cases (11.8%) identified as assisted suicides during the
study period. Overall, 74.3% (17,873) were male and
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53.5% (12,870) were aged between 35 and 65 years, 20.8%
(5,009) were younger than 35 years and 25.7% (6,188)
were older than 65 years. Violent suicide accounted for a
large proportion (90.2%) of all suicides, compared to 9.8%
who died by a nonviolent method (table 1). The highest
proportion of suicides was registered in the region of Midland (25.3%), while the lowest was in Ticino (2.9%). Nevertheless, we generally found homogenous patterns among
the regions regarding the subgroups of sex, age and method
(table 1). The annual number of suicides declined slightly
over the study period, from 1,306 deaths in 1995 to 998
deaths in 2016 (figure S2 and table S4 in appendix). Regarding the subgroup analysis, between 1995 and 2016
there was a decrease among the age group <35 years and
an increase among the age group >65 years (table S4 in appendix). The patterns generally did not change over time in
the subgroups of sex and method.
We observed modest differences in average temperature
between the seven major regions (table 1). The warmest region was North-West Switzerland (median 10.7 °C), while
the coldest mean temperatures were measured in Central
Switzerland (median 7.7 °C). Ticino was the sunniest region (median 6.5 hours of sunshine per day and 66% of
the maximum possible sunshine duration), while in Central
Switzerland the median hours of sunshine per day was 2.8,
with a median of 26% of the maximum possible sunshine
duration (table S2 in appendix).
Association between temperature and suicide
The pooled and region-specific exposure–response curves
representing the associations for all suicides and for the
subgroups of sex, age group and method of suicide are
shown in figure 1, while the corresponding RRs at the 99th
percentile are reported in table 2. The association between
mean temperature and suicides remained similar when sunshine duration was included in the model (table S3 in appendix). Therefore, we assumed that sunshine duration was
not a confounder in our analysis.
Overall, we observed a positive and nearly linear association between ambient temperature and suicide risk in all regions (figure 1), although the shape of the association varied slightly across regions and subgroups. On average, the
risk of committing suicide increased by 34% (1.34 [95%
CI: 1.19–1.52]) from the 10th to the 99th temperature percentile in Switzerland. Regarding the subgroup analysis,
although the confidence intervals largely overlapped, we
found larger risk increases in females (1.48 [1.17–1.87])

compared to males (1.29 [1.12–1.49]) and in the population aged <35 years (1.52 [1.12–2.06]) relative to the 35-65
years (1.29 [1.03–1.61]) and the older than 65 years (1.26
[0.96–1.67]) age groups. An indication of larger risk increases for nonviolent methods (1.68 [1.15–2.46]) compared to violent methods (1.31 [1.15–1.49]) was found.
The suicide-temperature association seemed to diverge
slightly between regions. In the Lake Geneva, Midland and
Central regions we found a nearly linear association with
similar increases in risk at the 99th percentile, ranging between 34–39%. In the Zurich, East and Ticino regions the
association reaches a maximum increased risk of 20–25%
around a temperature of 15 ºC, followed by a plateau or
even a decrease in risk with extreme temperatures. In the
North-West region we found a steeper, nonlinear increase
in risk, reaching a relative risk of 1.55 [1.19–2.02] at the
99th percentile. The results by subgroup followed similar
patterns across regions and the confidence intervals largely
overlapped.

Discussion
The aim of this study was to assess the association between
ambient temperature and suicide in Switzerland between
1995 and 2016. We found that risk of suicide increased
almost linearly with increasing temperatures in all seven
regions in Switzerland. We also found indications of a
stronger association in females, those younger than 35
years and for suicides by nonviolent methods.
Our findings align with evidence from previous studies
showing a slightly non-linear temperature–suicide relationship characterized by an increased risk with increasing
temperatures over cold-to-moderately-warm temperature
ranges, followed by a plateau or decrease in risk at very
high temperatures [24, 25]. This pattern was more visible
in the Zurich, East and Ticino regions. Our results are also
consistent with previous findings from studies performed
in the Swiss population. For example, Kim et al. found a
similar shape to the association, as well as a similar range
of results with moderate regional variability [24].
Association estimates varied across the seven major regions of Switzerland, which could be due to the heterogenous population in Switzerland. In fact, the major regions
are characterized by different urbanicity, economic, social,
cultural, linguistic and religious profiles, which could result in variable levels of vulnerability. For example, people
living in urban areas in Switzerland have been shown to
have suicidal thoughts more often [6], while there is some

Table 1:
Summary statistics of suicides and mean daily temperature in the seven major regions of Switzerland.
Region

All

Sex

Age group

Method

Mean temperature

Male

Female

<35

35–65

>65

Nonviolent

Violent

Lake Geneva

4,323 (18.0)

3,074 (71.1)

1,249 (28.9)

895 (20.7)

2,378 (55.0)

1,050 (24.3)

512 (11.8)

3,811 (88.2)

8.9 (3.1, 14.8)

Midland

6,098 (25.3)

4,606 (75.5)

1,492 (24.5)

1,183 (19.4)

3,232 (53.0)

1,683 (27.6)

489 (8.0)

5,609 (92.0)

9.1 (3.0, 14.7)

North-West

3,225 (13.4)

2,465 (76.4)

760 (23.6)

653 (20.2)

1,705 (52.9)

867 (26.9)

335 (10.4)

2,890 (89.6)

10.7 (4.6, 16.2)

Zurich

4,073 (16.9)

2,992 (73.5)

1,081 (26.5)

859 (21.1)

2,110 (51.8)

1,104 (27.1)

440 (10.8)

3,633 (89.2)

9.9 (3.6, 15.6)

East

3,620 (15.0)

2,726 (75.3)

894 (24.7)

819 (22.6)

1,933 (53.4)

868 (24.0)

335 (9.3)

3,285 (90.7)

7.8 (1.8, 13.5)

Central

2,034 (8.5)

1,498 (73.6)

536 (26.4)

466 (22.9)

1,134 (55.8)

434 (21.3)

176 (8.7)

1,858 (91.3)

7.7 (1.9, 13.4)

Ticino

694 (2.9)

512 (73.8)

182 (26.2)

134 (19.3)

378 (54.5)

182 (26.2)

66 (9.5)

628 (90.5)

10.5 (4.2, 16.4)

TOTAL

24,067

17,873 (74.3)

6,194 (25.7)

5,009 (20.8)

12,870 (53.5)

6,188 (25.7)

2,353 (9.8)

21,714 (90.2)

8.6 (2.7, 14.4)

Total number of suicides and percentage (%, in brackets) by region overall and for each of the subgroups of sex (male, female), age group (<35, 35–65, >65 years) and method
of suicide (violent or nonviolent) over the whole study period (1995–2016), along with daily mean temperature (°C) median values and quantiles (25th, 75th percentiles).
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evidence that the temperature–suicide association is larger
in rural prefectures [25]. Furthermore, in Switzerland suicide prevention plans are implemented by cantonal authorities, following the federal guidelines. Thus, differences in
the cantonal interventions might also partly explain regional patterns.
Our findings suggest differential vulnerability patterns.
However, we could not derive consistent conclusions from
these patterns due to the large uncertainty of the estimates.
First, our results indicate larger risk increases with temperature for females, as found in some previous investigations [9, 24, 25]. In contrast, other studies have found

stronger associations in men because they tend to do more
outdoor work and are exposed to high ambient temperatures more frequently [28]. We also observed larger risk increases in people aged younger than 35 years. A potential
reason for this could be that the onset of schizophrenia, a
common disorder associated with suicide which has also
been seen to be associated to heat stress [37], occurs in early adulthood [40]. However, interestingly we found larger risk increases for suicide by nonviolent methods (e.g.
poisoning), which are usually associated with substancerelated disorders, while high-severity psychiatric disorders
tend to correlate with more violent suicides (often seen in

Figure 1: Exposure-response curves of the temperature-suicide association overall and across the seven major regions of Switzerland. Relative risk (RR) of suicide with the 95% CI (transparent colour) against daily mean temperature (°C) with the corresponding 99th percentile of the
temperature distribution (dashed line). Overall exposure-response curves for each region and for pooled data, and stratified analyses by sex,
age group and method of suicide.
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Table 2:
Temperature-suicide association.
All

Sex

Age

Method

Male

Female

<35 years

35–65 years

<65 years

Nonviolent

Violent

Pooled

1.34 (1.19–1.52)

1.29 (1.12–1.49)

1.48 (1.17–1.87)

1.52 (1.12–2.06)

1.29 (1.03–1.61)

1.26 (0.96–1.67)

1.68 (1.15–2.46)

1.31 (1.15–1.49)

Lake Geneva

1.34 (1.20–1.50)

1.30 (1.14–1.48)

1.47 (1.18–1.84)

1.63 (1.08–2.45)

1.32 (0.96–1.81)

1.15 (0.78–1.70)

1.67 (1.16–2.40)

1.31 (1.17–1.47)

Midland

1.39 (1.22–1.59)

1.35 (1.16–1.57)

1.54 (1.21–1.96)

1.92 (1.27–2.89)

1.46 (1.08–1.99)

1.07 (0.73–1.56)

1.74 (1.19–2.56)

1.36 (1.19–1.56)

North-West

1.55 (1.19–2.02)

1.51 (1.15–1.98)

1.73 (1.23–2.41)

1.67 (0.98–2.86)

1.40 (0.89–2.20)

1.83 (1.11–3.04)

1.95 (1.25–3.05)

1.51 (1.15–1.97)

Zurich

1.29 (1.03–1.63)

1.23 (0.97–1.57)

1.42 (1.04–1.93)

1.35 (0.82–2.23)

1.26 (0.84–1.90)

1.21 (0.76–1.95)

1.64 (1.06–2.55)

1.26 (0.99–1.59)

East

1.24 (1.01–1.52)

1.19 (0.96–1.48)

1.36 (1.02–1.80)

1.25 (0.80–1.96)

1.34 (0.92–1.94)

1.19 (0.77–1.85)

1.54 (1.02–2.32)

1.21 (0.99–1.49)

Central

1.36 (1.09–1.70)

1.33 (1.05–1.67)

1.51 (1.12–2.02)

1.50 (0.93–2.42)

1.16 (0.77–1.74)

1.28 (0.80–2.04)

1.69 (1.12–2.56)

1.33 (1.07–1.67)

Ticino

1.25 (0.81–1.92)

1.17 (0.76–1.82)

1.36 (0.84–2.20)

1.41 (0.68–2.92)

1.10 (0.56–2.15)

1.27 (0.63–2.57)

1.61 (0.90–2.89)

1.21 (0.78–1.86)

Relative risks (RR) at the 99th percentile (vs. 10th percentile) with 95% confidence intervals [CI]: pooled estimates and by region overall and for the subgroups of sex (male,
female), age group (<35, 35–65, >65 years) and method of suicide (violent or nonviolent)

schizophrenia, bipolar disorder and major depression) [53,
54]. Furthermore, it is known that deficiencies in serotonergic innervation, which may be associated with heat exposure, lead to increased aggression [7, 55, 56]. Aggression
is generally other-directed or self-directed, and in the case
of self-directed aggression it could consequently lead to violent suicide [56]. These contradicting patterns and mechanisms show the complex and still unclear interrelation between exposure to ambient temperature, mental disorders
and suicide. Further studies are needed to clarify how ambient temperature affects mental health conditions, and in
particular, to identify vulnerable subgroups towards which
specific public health interventions should be targeted.
To the best of our knowledge, this is the first nationwide
analysis in Switzerland of the short-term association between ambient temperature and suicide, focusing on individual factors and the method of suicide. The results of this
study have important implications for public health. In particular, our findings are relevant given the current scenario
of progressive warming due to climate change. Additionally, our results suggest that individual characteristics may
modify a person’s vulnerability to higher ambient temperatures. However, we failed to identify clear conclusions
about the most vulnerable groups and the potential mechanisms behind the variable vulnerability. Understanding the
influence of socioeconomic (e.g., culture, religion, income,
housing, education) and other environmental factors (e.g.,
pollen, air pollution) on suicides could enable policymakers shaping public health measures for suicide prevention
to be better informed.
Finally, we acknowledge several limitations of this study.
First, we reported estimates for the seven major regions of
Switzerland, and not for cantons or smaller units, due to
limited statistical power. Although these regions have been
classified according to criteria of economic, demographic,
linguistic and cultural connectivity, they could still include
heterogeneous populations as well as climatic differences.
The region-specific estimates are considered average associations for all populations in each region, and thus we cannot disregard potential variability in risks across the cantons within each region – as found in previous assessments
of temperature-mortality associations [46]. Second, related
to the previous point, we acknowledge that despite using
regional estimates, our estimates in the subgroup analysis were still highly imprecise, which prevented us from
deriving solid conclusions on the differential vulnerability across populations. Third, residual confounding by other known time-variant factors (e.g. humidity, air pressure,

air pollution) or other unknown factors might be present.
However, we argue that the confounding effect would be
minimal, as shown in previous research [24]. Lastly, this
study applies the assumption that ambient temperature exposures were the same for the whole canton, which in turn
affects the precision of the estimates, the so-called Berkson error [57]. To partially overcome any potential exposure misclassification, however, daily mean temperatures
were weighted based on the distribution of the population
across cells within a canton [46].
In conclusion, our findings support the existing hypothesis
that higher ambient temperature could be a trigger of suicide. The heterogeneous risks across subpopulations suggest differential vulnerability patterns and mechanisms.
Further research should aim to understand the mechanisms
behind the relationship between ambient temperature and
suicide, in particular in relation to potential links to mental
health conditions of those who commit suicide.
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Supplementary material
Sunshine duration data
For 13 meteorological stations, we collected the total hours
of sunshine per day (measured hourly), as well as the corresponding percentage of the measured sunshine duration
in relation to the maximum possible sunshine duration at
the location on that day of the year.
We choose the following stations for the seven major regions of Switzerland: Genève/Cointrin, Sion and Pully for
Lake Geneva; Neuchâtel and Bern/Zollikofen for Midland;

Basel/Binningen and Buchs/Aarau for North-West; Zürich/
Fluntern for Zurich; Aadorf/Tänikon, Chur and St. Gallen
for East; Luzern for Central; Lugano for Ticino. For some
regions, more meteorological stations recording sunshine
duration data were available than we selected. However,
we only choose the stations with complete data for the
whole study period and excluded stations which seemed
not representative for the populated area of a region (e.g.,
meteorological stations on mountain tops). We also referred to meteorological stations used in previous studies
[24].

Table S1:
ICD-10 codes for intentional self-harm.
ICD -10

Chapter XX: intentional self-harm

X60–69

Intentional self-poisoning by and exposure to:

X60

nonopioid analgesics, antipyretics and antirheumatics

X61

antiepileptic, sedative-hypnotic, antiparkinsonism and psychotropic drugs, not elsewhere classified

X62

narcotics and psychedelics [hallucinogens], not elsewhere classified

X63

other drugs acting on the autonomic nervous system

X64

other and unspecified drugs, medicaments and biological substances

X65

alcohol

X66

organic solvents and halogenated hydrocarbons and their vapours

X67

other gases and vapours

X68

pesticides

X69

other and unspecified chemicals and noxious substances

X70–84

Intentional self-harm by:

X70

hanging, strangulation and suffocation

X71

drowning and submersion

X72

handgun discharge

X73

rifle, shotgun and larger firearm discharge

X74

other and unspecified firearm discharge

X75

explosive material

X76

smoke, fire and flames

X77

steam, hot vapours and hot objects

X78

sharp object

X79

blunt object

X80

jumping from a high place

X81

jumping or lying before moving object

X82

crashing of motor vehicle

X83

other specified means

X84

unspecified means
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Figure S1: Topographical map of Switzerland, divided into seven major regions: Lake Geneva (cantons Vaud, Valais, Geneva); Midland (cantons Bern, Fribourg, Solothurn, Neuchâtel, Jura); North-West (cantons Basel-Stadt, Basel-Landschaft, Aargau); Zurich (canton Zurich); East
(cantons Glarus, Schaffhausen, Appenzell Ausserrhoden, Appenzell Innerrhoden, St. Gallen, Graubünden, Thurgau); Central (cantons
Lucerne, Uri, Schwyz, Obwalden, Nidwalden, Zug); Ticino (canton Ticino).

Table S2:
Summary statistics of sunshine data in the seven major regions of Switzerland.
Region

Hours per day

% of the maximum possible sunshine

Lake Geneva

5.1 (1.2, 9.2)

52 (12, 86)

Midland

3.9 (0.4, 8.5)

35 (4, 75)

North-West

3.3 (0.2, 7.9)

29 (3, 69)

Zurich

3.5 (0.4, 8.1)

32 (3, 71)

East

3.6 (0.4, 7.6)

35 (4, 78)

Central

2.8 (0.1, 7.3)

26 (1, 66)

Ticino

6.5 (1.7, 9.3)

66 (16, 93)

Median values and quantiles (25th, 75th percentiles) of the region-specific sunshine variables over the whole study period: hours of sunshine per day and percentage of sunshine
duration in relation to the maximum possible sunshine duration at the specific meteorological station.
Table S3:
Confounding by sunshine duration.
Model

RR

Main model

1.34 (1.18–1.52)

Main model + sunshine (hours)

1.30 (1.14–1.48)

Main model + sunshine (%)

1.30 (1.13–1.48)
th

Relative risks (RR) (95% CI) of suicide at the 99 temperature percentile, including the percentage of the maximum possible sunshine duration and daily sunshine duration in the
main model with temperature.
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Table S4:
Summary statistics of suicides per year in Switzerland.
Year

Total

Sex

Age group

Method

Male

Female

<35

35–65

>65

Nonviolent

Violent

1995

1,306 (5.4)

971 (74.3)

335 (25.7)

310 (23.7)

671 (51.4)

325 (24.9)

121 (9.3)

1,185 (90.7)

1996

1,200 (5.0)

884 (73.7)

316 (26.3)

307 (25.6)

615 (51.2)

278 (23.2)

101 (8.4)

1,099 (91.6)

1997

1,153 (4.8)

876 (76.0)

277 (24.0)

291 (25.2)

590 (51.2)

272 (23.6)

125 (10.8)

1,028 (89.2)

1998

1,212 (5.0)

931 (76.8)

281 (23.2)

299 (24.7)

630 (52.0)

283 (23.3)

83 (6.8)

1,129 (93.2)

1999

1,148 (4.8)

855 (74.5)

293 (25.5)

267 (23.3)

593 (51.7)

288 (25.1)

90 (7.8)

1,058 (92.2)

2000

1,209 (5.0)

896 (74.1)

313 (25.9)

286 (23.7)

626 (51.8)

297 (24.6)

112 (9.3)

1,097 (90.7)

2001

1,119 (4.6)

857 (76.6)

262 (23.4)

246 (22.0)

605 (54.1)

268 (23.9)

102 (9.1)

1,017 (90.9)

2002

1,246 (5.2)

908 (72.9)

338 (27.1)

271 (21.7)

677 (54.3)

298 (23.9)

114 (9.1)

1,132 (90.9)

2003

1,055 (4.4)

775 (73.5)

280 (26.5)

219 (20.8)

563 (53.4)

273 (25.9)

114 (10.8)

941 (89.2)

2004

1,067 (4.4)

765 (71.7)

302 (28.3)

207 (19.4)

612 (57.4)

248 (23.2)

116 (10.9)

951 (89.1)

2005

1,089 (4.5)

805 (73.9)

284 (26.1)

225 (20.7)

590 (54.2)

274 (25.2)

96 (8.8)

993 (91.2)

2006

1,041 (4.3)

749 (72.0)

292 (28.0)

225 (21.6)

570 (54.8)

246 (23.6)

123 (11.8)

918 (88.2)

2007

1,083 (4.5)

799 (73.8)

284 (26.2)

221 (20.4)

579 (53.5)

283 (26.1)

119 (11.0)

964 (89.0)

2008

1,027 (4.3)

743 (72.3)

284 (27.7)

201 (19.6)

552 (53.7)

274 (26.7)

100 (9.7)

927 (90.3)

2009

1,056 (4.4)

804 (76.1)

252 (23.9)

192 (18.2)

595 (56.3)

269 (25.5)

99 (9.4)

957 (90.6)

2010

950 (3.9)

705 (74.2)

245 (25.8)

166 (17.5)

533 (56.1)

251 (26.4)

109 (11.5)

841 (88.5)

2011

1,007 (4.2)

748 (74.3)

259 (25.7)

192 (19.1)

531 (52.7)

284 (28.2)

106 (10.5)

901 (89.5)

2012

1,027 (4.3)

753 (73.3)

274 (26.7)

187 (18.2)

560 (54.5)

280 (27.3)

107 (10.4)

920 (89.6)

2013

1,038 (4.3)

774 (74.6)

264 (25.4)

175 (16.9)

583 (56.2)

280 (27.0)

112 (10.8)

926 (89.2)

2014

996 (4.1)

744 (74.7)

252 (25.3)

163 (16.4)

518 (52.0)

315 (31.6)

104 (10.4)

892 (89.6)

2015

1,040 (4.3)

777 (74.7)

263 (25.3)

191 (18.4)

539 (51.8)

310 (29.8)

99 (9.5)

941 (90.5)

2016

998 (4.1)

754 (75.6)

244 (24.4)

168 (16.8)

538 (53.9)

292 (29.3)

101 (10.1)

897 (89.9)

Overall

24,067

17,873 (74.3)

6,194 (25.7)

5,009 (20.8)

12,870 (53.5)

6,188 (25.7)

2,353 (9.8)

21,714 (90.2)

Suicide counts per year in Switzerland with percentage of the total suicides (%, in brackets), in total and for each subgroup of sex (male, female), age group (<35, 35–65, >65
years) and method of suicide (violent or nonviolent).

Figure S2: Time trends of suicides and temperature in Switzerland from 1995 to 2016. Suicide counts per month with integrated regression
(loess function – blue); temperature in °C per month with integrated regression (loess function – red).
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