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Abstract

Objectives Suicide mortality varies in both the short and

long term. Our study examines suicide mortality in Finland

and Sweden from the 1750s until today. The aim of our

study is to detect any seasonal peaks in suicide rates and

examine their temporal evolution to suggest a mechanism

that may explain such peaks.

Method We acquired the study material from the Finnish

and Swedish cause of death statistics (257,341 deaths by

suicide) and the relevant population gender structure data.

We then separately calculated the annual male and female

suicide rates per 100,000 inhabitants. We analysed the

suicide peaks, calculating factors of proportionality for the

available data by dividing the suicide rates in the peak

months (May and October) by the annual suicide rates.

Results Suicide rates in Finland and Sweden peak twice a

year. Both men and women in both countries most often

commit suicide in May. There is another peak in October,

with the exception of Finnish men. These suicide peaks

coincide with a temperature increase in May and the big-

gest annual drop in temperature in October. We also

observed a monotonic long-term change in the Swedish

statistics, but not in the Finnish data. Our hypothesis is that

seasonal variation in suicide rates may be caused by abrupt

temperature changes twice a year that trigger the activity in

brown adipose tissue and deepen depression.

Conclusion While the overall suicide mortality rates

varied considerably, the monthly proportions in May did

not. This finding suggests a routine factor underlying the

spring peak in suicide mortality.

Keywords Population � Season � Suicide rate �
Thermal stress � Time

Introduction

Mortality from suicide varies between latitudes and tem-

perature zones. However, the majority of related studies

have recorded a suicide peak between April and June, and

some of them confirm another peak in the autumn [1–3].

Nevertheless, some studies have not detected seasonal

patterns for suicide mortality [4, 5]. There is indication that

the further from the equator a region is located, the later in

the spring the suicide rates peak.

Suicide is not a static and inevitable course of events.

Suicide rates vary in both the short and long term [6–8].

Mortality from suicide may additionally vary considerably

within a country [9] or in accordance with a section of the

population [10]. Suicide is not a minor problem, given all

the people who are contemplating suicide, have attempted

suicide or are affected, in one way or another, by the sui-

cide of people close to them. Suicide ranks among the ten

leading causes of death worldwide [11] and is the second

leading cause of death for people aged 15–19 years [12].

In two neighbouring Nordic countries, Finland and

Sweden, suicide has been an important public health
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problem. A few decades ago, suicide rates in Finland were

among the highest in the world, but since the 1990s they

have been decreasing. Still, suicide mortality in Finland has

been 1.4-fold greater than the EU average, whereas in

Sweden it has been equal to that in recent years [13]. In

Sweden the suicide rates have declined since the peak in

the early 1970s. However, suicide still constitutes a major

public health problem and in an effort to create awareness

and to increase knowledge on this phenomenon, the

Swedish parliament ratified a zero vision for suicide in

2008 [14].

Recent suicide mortality studies have mainly focused on

the past few decades. However, statistical time series

covering as long a period as possible are necessary for

examining the nature of suicide mortality. Finland and its

neighbouring country Sweden have records of demo-

graphic change and deaths by suicide since the early 1750s

[15, 16]. These are the most extensive continuous demo-

graphic statistics available in the world. They enable the

year-specific examination of suicide rates over a period of

260 years [17]. Monthly statistics are available from 1861

in Sweden and from 1878 in Finland. Our study examines

trends in suicide mortality in Finland and Sweden over the

abovementioned time periods. We aim to detect any sea-

sonal peaks in suicide rates and examine their temporal

evolution to suggest a mechanism that may explain such

peaks.

Methods

The annual publications of the Finnish and Swedish sta-

tistical centres provided the relevant data for determining

suicide mortality, including the respective annual suicide

rates and national gender structure data. The first Swedish

suicide statistics date to 1750, but the data is discontinuous

at first. A uniform time series, including gender data,

begins in 1776. Uniform Finnish suicide statistics, includ-

ing gender data, begin in 1751. Monthly suicide mortality

data is available from 1861 in Sweden and 1878 in Finland.

A database was formed from the suicide data compiled

on the basis of the Finnish and Swedish statistical publi-

cations. Summary tables of monthly and annual suicide data

were then printed out. The monthly and annual suicide rates

per 100,000 inhabitants were separately calculated for men

and women. Spring (May) and autumn (October) suicide

peak variability were analysed by calculating their factors

of proportionality. These were calculated by dividing the

suicide rates in the peak months (May and October) by the

annual suicide rates. We then proceeded to examine

the temporal development of the factors of proportionality.

The suicide time series were subsequently analysed

using Pearson’s product–moment coefficients. Correlations

were calculated between the national (Finland versus

Sweden) series and between sexes (men versus women).

Calculations were performed on annual, seasonal and

monthly suicide series.

The suicide time series were clearly autocorrelated.

Moreover, it is reasonable to assume that the autocorrela-

tion at different orders was likely to vary from series to

series. Consequently, the levels of statistical significance

for the resulting Pearson correlations could not be deter-

mined using standard options (e.g. tables of statistical

textbooks). More appropriate significance levels for the

correlations were obtained. To this end, one thousand

Monte Carlo simulations were performed [18]. Surrogate

data were produced following the frequency-domain

method of Ebisuzaki [19]. The discrete Fourier transform

was computed for the time series, after which a Fourier

series with random phases and the same power spectrum as

in the original series was calculated. New synthetic series

(1,000) were obtained by the inverse Fourier transform.

The empirical probability density functions of each statistic

were determined to obtain the corresponding significance

based on the resulting two-tailed distribution, and the

empirical probability distribution of each statistic was then

used to estimate the significance. This procedure was

repeated in each correlation calculation. The calculations

were run using the algorithms of Macias Fauria et al. [20]

and Macias Fauria et al. [21].

In the ‘‘Discussion’’ section, the hypothesis is illustrated

with the monthly mean temperatures in Helsinki and Stock-

holm. The temperature data were mainly downloaded from

the Rimfrost databank at http://rimfrost.no/. The Helsinki

mean temperature data from 1878 to 1889 were obtained from

the KNMI databank at http://climexp.knmi.nl/.

Our research was in accordance with the ethical stan-

dards of the institutional and national committees respon-

sible for human experimentation, and with the Helsinki

Declaration and its amendments.

Results

Between 1750 and 2010, a total of 161,182 people com-

mitted suicide in Sweden, of whom 119,704 were men and

40,712 were women. A total of 96,159 people committed

suicide in Finland between 1751 and 2010, of whom

75,984 were men and 20,175 were women. There has been

a general increase in suicide mortality in both countries

(Fig. 1). Nevertheless, suicide rates have decreased in both

countries in the past few decades. In Sweden, they began to

decrease in the 1970s and in Finland in the early 1990s.

Suicide rates repeatedly peak in the spring (May) and in

the summer in both countries (Fig. 2). Out of the 92,227

suicides committed in Finland between 1878 and 2010,
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27.0 % were committed in the spring, 27.6 % in the sum-

mer, 24.3 % in the autumn and 21.1 % in the winter.

Accordingly, out of the 149,186 suicides committed in

Sweden between 1861 and 2010, 27.5 % were committed

in the spring, 26.8 % in the summer, 24.0 % in the autumn

and 21.7 % in the winter.

Regardless of the considerable national variation in

monthly suicide rates, similar trends are detectable (Fig. 3).

In both countries, men and women alike most often com-

mitted suicide in May (Table 1). In both countries, the

monthly suicide peak in the autumn occurred in October,

with the exception of Finnish men, who also retained a high

level of suicide mortality throughout the summer months.

The spring suicide peak for Finnish men and women

was highly stable over time (Fig. 4). The Swedish statis-

tics, on the contrary, showed a monotonic, long-term

change for both the spring and the autumn peak; however,

no changes similar to those in Finland were detected

(Fig. 5). Furthermore, the earliest Finnish statistics showed

considerable variation in the women’s spring peak ratios:

in 1878 and 1895, the peak increased by nearly 40 % and

Fig. 2 Seasonal variations in suicides in Finland and Sweden. Winter

pertains to the 3-month season from December (previous year)

through February, spring to March through May, summer to June

through August, and autumn to September through November

Fig. 3 Distribution of months with highest amount of suicides each

year, as presented separately for men and women, in Finland and

Sweden during the periods 1878–1935 and 1969–2010. Each value is

the count of years with highest number of suicides during the

particular month

Fig. 1 Suicide mortality rates (per 100,000) by sex in Finland

(1751–2010) and Sweden (1750–2010)
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did not decrease in the following years. The Swedish sta-

tistics show no similar variation.

The calculated Pearson’s correlation coefficients indi-

cated a strong positive correlation between annual Finnish

and Swedish male and female suicide rates (Table 2).

When comparing the peak months (May and October), we

only detected a significant positive correlation between the

monthly overall suicide rates of Finnish and Swedish men

in the month of May for the period 1878 to 1935. Other-

wise, we did not detect a strong positive correlation

between the Finnish and Swedish suicide ratios in the peak

months (Table 3).

Discussion

The results indicate that suicide mortality varies consid-

erably in the long term in both Finland and Sweden.

Additionally, suicide rates clearly vary according to season

in both countries. Male and female suicide mortality peaks

in May and October in both countries, with the exception

of Finnish men. The clear spring peak in male and female

Table 1 Distribution of months with highest amount of suicides each

year, as calculated separately for men, women, and total sums, in

Finland and Sweden during the periods 1878–1935 and 1969–2010

Men Women Total

Finland

January 2 January 1 January 1

February 0 February 1 February 0

March 0 March 2 March 2

April 7 April 9 April 4

May 21 May 25 May 29

June 22 June 17 June 26

July 16 July 11 July 14

August 17 August 6 August 10

September 9 September 8 September 6

October 3 October 15 October 4

November 2 November 3 November 3

December 1 December 3 December 1

Sweden

January 0 January 5 January 0

February 0 February 0 February 0

March 3 March 5 March 6

April 7 April 8 April 10

May 40 May 38 May 47

June 24 June 11 June 21

July 6 July 10 July 4

August 10 August 10 August 6

September 0 September 3 September 0

October 6 October 6 October 7

November 2 November 3 November 0

December 1 December 1 December 0

Each value is the count of years with highest number of suicides

during the particular month

Fig. 4 Temporal variability in spring peak of suicides (May) in

Finland and Sweden, 1861–2010

Fig. 5 Temporal variability in autumn peak of suicides (October) in

Finland and Sweden, 1861–2010
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suicide rates in both countries suggests the influence of a

biological factor underlying this routine phenomenon [9].

In both hemispheres, seasonality (pertaining to temper-

ature) increases poleward. Plants, animals and cultures

have each adapted to seasonal variation in their own unique

ways. That suicide rates in the Northern Hemisphere peak

just after the vernal equinox implies that not everyone

necessarily adapts to changes in sunlight exposure and

temperature with equal ease in the shortest thermal season

of the year. Instead, the risk of suicide increases as spring

waxes. What mechanism could explain this?

Below we present a new hypothesis for the robust

incidence of suicides that peaks during the late-spring and

early summer. In mammals, brown fat has a key role in

heat and cold tolerance, since in its activated state it gen-

erates heat, a phenomenon known as non-shivering ther-

mogenesis. It is current evidence that brown adipose tissue

is a highly active tissue, rather than merely being ‘‘a form

of embryonic adipose tissue’’ [22] or the so-called hiber-

nating gland, and it is highly prevalent in adult humans

[23–25]. It can be activated in nearly all humans, but its

activity appears to be reduced in those who are overweight

or obese [26, 27].

At temperate latitudes, there are often rapid temperature

changes twice a year, during the autumn and during the

spring. These changes trigger the metabolic activity in brown

adipose tissue. Once brown adipose tissue has become

metabolically active, it is more resistant to becoming qui-

escent [28], and, as we hypothesize, it is then more subject to

triggers that are driving it over-activated. It is of note here

that non-thermal stimuli, such as the photoperiod, may also

affect the development of brown adipose tissue, and that at

thermoneutral conditions, equal to room temperature, the

inhibitory action of a long photoperiod on the activity of

Table 2 Correlations between Finnish and Swedish suicide sums

1776–2010 S-m-Ann F-m-Ann S-f-Ann F-f-Ann

S-m-Ann 1

F-m-Ann 0.899 (0.0009) 1

S-f-Tot 0.955 (\0.001) 0.930 (\0.001) 1

F-f-Tot 0.879 (0.0075) 0.982 (\ 0.001) 0.933 (\ 0.001) 1

1878–1935 S-m-May F-m-May S-f-May F-f-May

S-m-May 1

F-m-May 0.613 (0.0392) 1

S-f-May 0.419 (0.0757) 0.195 (0.4561) 1

F-f-May 0.528 (0.0841) 0.765 (0.0007) 0.247 (0.3345) 1

1969–2010 S-m-May F-m-May S-f-May F-f-May

S-m-May 1

F-m-May 0.064 (0.9077) 1

S-f-May 0.631 (0.0022) -0.011 (0.9837) 1

F-f-May 0.040 (0.8827) 0.0623 (0.7638) 0.002 (0.9906) 1

1878–1935 S-m-Oct F-m-Oct S-f-Oct F-f-Oct

S-m-Oct 1

F-m-Oct 0.597 (0.0745) 1

S-f-Oct 0.305 (0.0543) 0.189 (0.3526) 1

F-f-Oct 0.429 (0.1534) 0.786 (\ 0.001) 0.230 (0.1571) 1

1969–2010 S-m-Oct F-m-Oct S-f-Oct F-f-Oct

S-m-Oct 1

F-m-Oct 0.036 (0.9602) 1

S-f-Oct 0.464 (0.0653) 0.149 (0.7894) 1

F-f-Oct 0.146 (0.7426) 0.476 (0.1010) 0.066 (0.8229) 1

Pearson correlations were computed between Swedish (S) and Finnish (F) data of males (m) and females (f) using annual (Ann), spring (May)

and autumn (Oct) sums over the full period 1776–2010, and over the early (1878–1935) and late (1969–2010) periods common to both national

monthly datasets. Statistical significance (P) of each correlation is given in brackets
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brown adipose tissue is lost only during the early summer

[29], indicating this period of the year to be conducive to

over-activation of brown adipose tissue. The mismatch

emerging from a conflict between the signals of the photo-

period and those of ambient temperature (i.e. the long and

sunny but still cold days at high latitudes during the late-

spring) might have particular relevance among those suf-

fering from depressive episodes [30]. During depressive

episodes of a melancholic type, individuals experience a loss

of appetite, insomnia, significant weight loss (e.g. more than

5 % of body weight in a month), and a lack of reactivity to

usually pleasurable stimuli. This depressed phenotype mat-

ches closely with physiological responses, being produced

by over-activation of brown adipose tissue [31].

Currently, there are no direct data on whether the basic

activity of brown adipose tissue, or its cold-induced activ-

ity, correlate with measures of anxiety or depressive epi-

sodes. There are only indirect data demonstrating that those

mice with an increased amount of brown adipose tissue but

a reduced ability to activate it in response to cold exposure

have increased measures of anxiety in behavioural test

settings. Concerning humans, there is thus far preliminary

evidence that brown adipose tissue was clearly over-

activated in two suicide cases involving depressive disor-

ders [32]. However, on the basis of these data it cannot be

judged whether the finding concerned only depressed sui-

cide cases or is a key feature of depressive disorder in

general. Nevertheless, it gives support to the view that the

activation of brown adipose tissue improves cold tolerance

at the cost of heat tolerance, triggering anxiety and psy-

chomotor agitation and eventually affecting mood in a

negative way during the late-spring and early summer [8].

To illustrate this hypothesis, we compiled a chart of the

monthly mean temperatures in the Finnish and Swedish

capital cities, Helsinki and Stockholm respectively, from

1878 through to 2010 (Table 4). In that period, February

was the coldest and July the hottest month on average in

both cities. The greatest changes in monthly mean tem-

perature between two consecutive months were from April

to May (?6.0 �C) and from September to October

(-5.1 �C) in both cities (Fig. 6). The most abrupt changes

in the seasonal temperature cycle fully coincide with the

spring and autumn suicide peaks. Similarly, the February

dip in suicide rates is consistent with the smallest annual

change in temperature between two consecutive months,

from January to February (approximately -0.2 �C). This

Table 3 Correlations between Finnish and Swedish suicide ratios

1878–1935 S-m-May F-m-May S-f-May F-f-May

S-m-May 1

F-m-May 0.126 (0.3096) 1

S-f-May 0.096 (0.4983) 0.087 (0.4811) 1

F-f-May -0.106 (0.3806) 0.214 (0.1216) 0.120 (0.3234) 1

1969–2010 S-m-May F-m-May S-f-May F-f-May

S-m-May 1

F-m-May 0.135 (0.4137) 1

S-f-May 0.150 (0.3036) -0.274 (0.664) 1

F-f-May 0.294 (0.0250) -0.066 (0.6875) -0.044 (0.7566) 1

1878–1935 S-m-Oct F-m-Oct S-f-Oct F-f-Oct

S-m-Oct 1

F-m-Oct 0.170 (0.1640) 1

S-f-Oct 0.144 (0.2829) 0.114 (0.3863) 1

F-f-Oct -0.293 (0.0284) -0.1601 (0.1997) -0.113 (0.3886) 1

1969–2010 S-m-Oct F-m-Oct S-f-Oct F-f-Oct

S-m-Oct 1

F-m-Oct -0.055 (0.7362) 1

S-f-Oct 0.096 (0.5083) 0.004 (0.9789) 1

F-f-Oct 0.242 (0.1241) 0.076 (0.7067) 0.001 (0.9985) 1

Pearson correlations were computed between Swedish (S) and Finnish (F) data of males (m) and females (f) using spring (May) and autumn (Oct)

ratios over the early (1878–1935) and late (1969–2010) periods common to both national monthly datasets. Statistical significance (P) of each

correlation is given in brackets
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comparison reinforces the view that most suicides are

committed in the months of greatest variation in tempera-

ture and that suicide rates are at their lowest in the months

of least variation in temperature.

The strong positive correlation between the overall

annual suicide rates in Finland and Sweden indicates that

suicides were committed in the same period of the year in

both countries over the long period examined in this study.

National differences in monthly suicide peaks can most

likely be explained by a constantly varying factor (or fac-

tors) which had a less pronounced effect in Finland than it

did in Sweden over the study period. A particular weather-

related or social change, for example, a northward shift in

the population, could constitute such factor. It is important

to bear in mind that Finland and Sweden were part of the

same country from the start of the time series until 1809.

Furthermore, despite the countries’ joint land border in the

north, one-third of Swedish terrain is located further south

than the southernmost parts of Finland. Consequently, a

particular climatic development may partially explain the

national differences in suicide peak month trends.

We did not find a clear explanation for the abrupt var-

iation in the spring suicide peak in Finland in the late

1800s. However, it may have resulted from a change in the

prevalence of suicide committed by young women (ages

20–24 years) in connection with unwanted pregnancy [33].

Then again, the abrupt changes may also be a coincidence.

The number of female suicides in May in the late 1800s

generally varied from 0 to 3. However, five women com-

mitted suicide in May 1878 (out of an annual overall of 13

female suicides) and 10 women committed suicide in May

1895 (out of an annual overall of 27 female suicides). In

comparison, on average, 26 women have committed sui-

cide in May over the past 10 years (2001–2010).

Changes in behaviour leading to suicide may be an

indication of the direct influence of biological factors or of

the significance of social factors in suicide. What is clear is

that suicide rates have increased in the long term. For

example, in Finland, there were 2 suicides in 1756 (0.43

per 100,000) and 1,523 in 1990 (30.47 per 100,000),

demonstrating a 70-fold increase in suicide mortality in

234 years. Thereafter, by 2010, suicide mortality rates per

100,000 inhabitants had decreased in both countries, to

17.75 in Finland and 12.05 in Sweden. The fact that suicide

rates do not vary abruptly in both countries simultaneously

is probably an indication of the nature of the prevalence of

suicide as a personal solution within a specific cultural and

temporal framework [16]. Globally speaking, the nature of

suicide may vary considerably between nations and in the

long term.

Our study contains certain limitations. First, this study

employs an operational definition of suicide: any death

classified as suicide on a death certificate is treated as

suicide. Our study did not address issues concerning

unclear cause of death, or how the cause was determined or

who determined it. Second, the Finnish statistics do not

Fig. 6 Temperature difference between two consecutive months in

Helsinki and Stockholm. Changes from April to May (referred to as

May) and September to October (referred to as October) coincide

with the seasonal suicide maximums in May and October

Table 4 Monthly mean temperatures (Tc, �C) and the temperature differences between the concurrent and previous month (Tc - Tp), given

separately in Helsinki and Stockholm during the period 1878–2010

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Helsinki

Tc -5.1 -5.8 -2.7 2.8 9.2 14.3 17.3 15.9 11.2 5.9 1.2 -2.7

Tc - Tp -2.4 -0.7 3.1 5.5 6.4 5.1 3.0 -1.4 -4.7 -5.3 -4.7 -3.9

Stockholm

Tc -2.3 -2.6 0.0 4.7 10.3 15.0 17.7 16.4 12.0 7.0 2.5 -0.6

Tc - Tp -1.7 -0.3 2.6 4.7 5.6 4.7 2.7 -1.3 -4.4 -5.0 -4.5 -3.1
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specify gender for the months from 1936 to 1968. A third

potential limitation in this respective of this study origi-

nates from the assumption of linearity. Pearson correlation

measures the linear dependence between the two records;

therefore, other methods, targeted to reveal non-linear

dependences [34], might be used to overcome this limita-

tion. However, non-linear dependences were beyond the

scope of this study.

Preventing suicide remains a challenge for both socie-

ties. Our results encourage studies on the seasonal inter-

action of brown fat functions and temperature variations.

Such studies may pave a way to identify a target on which

interventions may have a therapeutic effect, thus providing

help in prevention of deaths from suicide during the spring

peaks of excessive suicide mortality.
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