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ABSTRACT

Globally, there has been growing evidence pointing to a relationship between suicides, seasonality, and socioeconomic factors.
This study aims at investigating the seasonal suicide patterns, the effect of gender on these patterns, the trend of these patterns,
and whether the suicides are associated with economic and social risk factors. The objects of the current study have been the
seasonal suicide patterns in Greece during 1980-2018 (39 years), as well as their interrelation with a variety of socioeconomic risk
factors, however for a shorter period (21 years) due to the unavailability of aggregated data provided by the Hellenic Statistical
Authority (ELSTAT). The Walter-Elwood test was applied in order to investigate seasonality. Poisson regression models were ap-
plied to investigate the relationship between seasonality, socioeconomic risk factors, and monthly suicides. The best variable
subset was selected according to the leaps and bounds algorithm. A total of 15,692 suicides were recorded. In the total sample
and men, a peak was documented in May — June, whereas females mostly peaked in July. Among the risk factors under investiga-
tion, an increase in marriage rates appeared to have significantly lowered the number of suicides, while a rise in unemployment
rates exhibited a statistically non-significant increase in suicides. The findings of the study suggest distinct sex-oriented seasonal

patterns and a protective effect of marriage.
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Introduction

Suicide is one of the major public health concerns,
constituting the 17th leading cause of death worldwide,
making its underlying pathophysiological pathways and
social triggering mechanisms a critical point as far as the
preventive interventions of mental health professionals
and State policies are concerned.’ Since the 19th centu-
ry and Durkheim'’s study on circannual suicide patterns,?
seasonality of suicides has been thoroughly document-
ed, with an increasing number of studies showing a peak
in spring/summer and a trough in winter, depending on
the region under investigation.* A small number of stud-

ies reported a bimodal annual distribution.?-* Despite ac-
cumulating evidence, seasonal patterns have not always
been consistent; contradicting historical evidence for
the seasonal trend has been reported, pointing to either
a flattened seasonality and a diminishing trend towards
today or the opposite.®’” Beyond seasonal patterns, as
suicide is commonly seen as a multi-factorial phenom-
enon, several possible socioeconomic risks factors such
as age,® marital status,”"" gross domestic product (GDP)
per capita,® urbanicity,® religion,’> unemployment rates,
and psychiatric disorders,” ' national days and festive
periods,’s'® have been extensively studied, often with
contradicting findings.'?' Particularly in Greece, it has
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been argued that the unemployment rate, as well as the
GDP per capita, are both associated with an increase in
suicide rates, although the effect of these factors con-
cerns specific groups including the working age (20-59
years old) men.? In another study, these findings were
not replicated and the suicides were associated with
meteorological parameters.'”

Due to the contradicting evidence regarding the fac-
tors associated with suicide rates, the present study
aimed to clarify the existence of seasonal suicide pat-
terns, the effect of gender on seasonality, the trend of
these patterns, and whether the suicides are associat-
ed with economic and social risk factors for the longest
available duration, as a recent study in Greece has point-
ed out.'

Material and Method
Study design

Monthly data on suicide, marriages, and the
Consumer Price Index (CPl) were obtained from the
Hellenic Statistical Authority (ELSTAT) regarding the
period 1980-2018 (468 months).?> The aim of the CPI
is to measure the level of the prices of goods and ser-
vices purchased by the average Greek household each
month and, in general, it depicts the inflation in the
economy. Unemployment monthly rates were accessi-
ble from April 1998 to the end of 2018. The estimated
population of the country, for the 1st of January and
30th of June of every year, was included in the study.
Subsequently, the population of the 1st of January was
assigned to the months of the 1st semester (January
until June) and the population of the 30th of June to
the remaining months (July up to December), except
for 1980 from which only the population of 30th of
June was available. Monthly marriage rates were calcu-
lated by dividing marriages by the underlying popula-
tion and then multiplied by 100.000 to obtain rates per
100.000 persons.

Statistical analysis

Initially, the seasonality was investigated by applying
the Walter-Elwood test using the average monthly sui-
cide counts for the total period under study (1980-2018)
and by applying Poisson regression with dummy varia-
bles for each month (1-12) having the month with the
lowest suicide rate as a reference month.??* Negative
binomial regression was used for over-dispersed data
according to the likelihood ratio test. The trend of sea-
sonal patterns across the study period was investigated
by dividing the study sample into 5-years subgroups
(except for the last subgroup which contained 4 years;

2015-2018) and reapplying Poisson regression as de-
scribed above. Sex - stratified analysis was also applied.

Consequently, the relationship between socioeco-
nomic factors (CPIl, marriages, unemployment rates) and
suicides was investigated. Firstly, individually for each
factor, the underlying relationship between outcome
(suicides) and exposure variables was assessed by us-
ing natural cubic splines with 3 degrees of freedom (df)
in order to explore possible nonlinear associations for
the longest period available for each exposure variable.
Based on the Akaike Information Criterion (AIC), the line-
ar models were selected, as the best fit (suppl. table 1).%
AIC was used to evaluate the goodness of fit for mod-
els; the lower the AIC, the better the model fits the re-
al-world data. Furthermore, considering the limitation of
taking into account data only from April 1998 to 2018
(249 months), the best variable subset was selected
using the user-written select command,?® which imple-
ments the leaps and bounds algorithm.?”” The selected
subset was further applied in the sex-stratified analysis.
All models were adjusted for seasonality and time trends
with indicator variables.

The logarithm of the population (total and by sex) as-
signed to each month was used as an offset in every re-
gression model.

Analysis was conducted in Stata MP (version 13, Stata
inc.). Statistical significance was set at 5%.

No ethical approval or consent was needed, as the da-
ta were aggregated and publicly available.

Results

In total, 15,692 suicides (12,331 males and 3,361 fe-
males) were included in the study (suppl. figure 1-2).
Total suicides ranged from 11 to 74 every month with a
mean (standard deviation (SD)] of 33.52 (9.8). The aver-
age unemployment rate was 15.24% (6.7%). Descriptive
characteristics are presented in table 1. In addition, the
monthly and yearly averages of the variables under in-
vestigation are presented in suppl. table 2-3.

Seasonality

Seasonal patterns were both evident in the total sam-
ple (figure 1), as well as across all 5-year subgroups (sup-
pl. figure 3). The Walter-Elwood test indicated a maxi-
mum angle rate at 160.4 degrees, which corresponded
to June, while Poisson regression results pointed to May
as the peak month. Across subgroups, May was also
found to be the most prevalent peak month. In males,
the peak month was consistently May after 1995 (sup-
pl. figure 4-5), while in former intervals it differed greatly
(from March to July). On the contrary, female suicides
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Table 1. Descriptive statistics of suicides per month in Greece during the period 1980-2018. Unemployment rates were available

from April 1998 to the end of 2018.

Mean SD Min Max

Suicides Male 26.34 8.37 9.00 60.00
Female 7.18 3.42 0.00 20.00

Unemployment rates Male 11.88 6.86 4.70 25.40
Female 19.91 6.40 11.00 31.9

Marriage rates 45.54 19.06 5.94 105.67
Consumer Price Index 65.04 36.15 4.99 111.34

Table 2. Percentage changes (and corresponding 95% confidence intervals (Cl)) in monthly suicides per outcome for the period April
1998 — December 2018 in Greece. Results from Poisson models are adjusted for time trends and seasonality.

Total Men Female
% Change 95% Cl p % Change  95% CI p % Change 95% Cl p
Consumer Price Index - - - - - - - - -
Marriage rates -0.5 -0.8--0.1 0.025 -0.5 -09--0.1 0.024 -0.3 -1.1-0.6 0.618
Unemployment rates 24 -05-55 0.099 1.6 -16-48 0313 4.1 -26-113 0.226
peaked mostly in July (suppl. figure 6-7), while peaks  Discussion

were also found in April and May at different intervals.
The monthly distribution appeared to be unimodal,
however, a small, and in most cases statistically signif-
icant, peak was evident in January, probably due to an
increase in male suicides (figure 1-2, suppl. figure 4-5).
Females' patterns appeared to be also unimodal (suppl.
figure 6-7). When the incidence rate ratio (IRR) of the
peak month from the 5-year intervals was plotted sep-
arately, a downward trend from 1980 to 2018 was ob-
served, although upward fluctuations were evident in
1995-1999 and after 2010 (suppl. figure 8).

In relation to socioeconomic factors

Unemployment rates and marriage rates were select-
ed as the best subset variables, excluding CPI due to the
higher AIC of the most complex model (suppl. table 4).
Unemployment rates appeared to increase suicides by
2.4%, although the increase was not statistically signif-
icant (p=0.099). The same statistically non-significant
effect was documented in both males and females
(p=0.313 & p=0.226, respectively), as sex-specific un-
employment rates were associated with a 1.6% and
4.1% increase in suicides, respectively. Marriage played
a protective role as it decreased suicides by 0.5% with
a 95% confidence interval of 0.1 % - 0.8 %. In the male
subgroup, marriage rates were associated with a 0.5%
reduction in suicides (p=0.024), while the 0.3% reduc-
tion in females was statistically not significant (p=0.618).
For exploratory-only purposes, univariate models are al-
so presented in suppl. table 5.

The current study demonstrates the existence of sea-
sonal suicide patterns in Greece during the four decades
under study. Seasonality was evident in all subgroups,
including sex-stratified analysis, as others have previous-
ly been documented.’® As it was demonstrated in Spain,?
another Mediterranean country, women appeared to fol-
low a unimodal pattern with a peak in July, while in the
men’s subgroup, a small second peak was shown to exist
in January, apart from the main one in May. These results
replicate international findings which indicate a peak
month between the spring and summer months3282°
However, contradicting evidence to our results does
exist, pointing to a more intense seasonal pattern in
women than men circannual or a bimodal seasonality in
women and two seasonal cycles in men.>* In the total
sample, June appeared to be the peak month regarding
the Walter-Elwood test while the Poisson model showed
May as the riskiest month. This inconsistency probably
depicts the Walter-Elwood test underlying an assump-
tion of a unimodal pattern. Regarding the seasonal trend
across the whole period under study, seasonality ap-
peared to decrease over the decades, although upward
fluctuations were also documented (suppl. figure 8). This
finding is also consistent with the international evidence
documenting a smoothing of seasonal patterns towards
the 21st century,® although that was not evident in
neighboring Italy or in the USA, where an increase was
observed.?*3° This could be attributed to the increasing
prevalence of depression and subsequently, the increas-
ing use of anti-depressant medications in Greece, which
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Figure 1. Seasonal pattern of suicides in Greece for the period 1980-2018. IRR stands for incidence rate ratio. Peak month is denoted

with an asterisk (¥).

tend to flatten the circannual suicide pattern, as it has
been previously supported.?'*? Nevertheless, genetic
mechanisms may also play a crucial role, as heritability
of suicidal behavior contributes up to 30-55% and su-
icide cases meet criteria for psychiatric disorders up to
60-98%.3%2* Subsequently, it can be hypothesized that
certain neurotransmitters such as serotonin or its me-
tabolites, which follow a distinct seasonality,*> mediate
suicidality.3*” In turn, this could infer that either the
depletion of the specific neurotransmitter increases
the risk of suicide, especially in winter,*> or on the other
hand, the sudden increase in spring, possibly due to the
higher levels of sunlight,* contributes to increased sui-
cidality, similar to the one caused by antidepressants in
a short-term period, as other studies have supported.394°

Across the three socioeconomic factors that were in-
vestigated, marriage rates were consistently found to
protect against suicide in the total population as well as
in men but not in females, as literature has also previ-
ously supported.®'" On the other hand, unemployment
seemed to have no significant effect on suicides, which
consists of a contradicting finding, if previous reports

concerning the connection between unemployment
rates and suicide rates in Greece,*' or in other countries,
such as Taiwan,*? are taken into account. Nonetheless,
evidence similar to this study’s recently emerged in
neighboring Italy, pointing to a non-significant rela-
tionship between suicide and unemployment.?* Mixed
findings were also documented in England with either
positive, negative, or no relationship at all.** As far as
Greece is concerned, the mixed findings could result
from different methodologies, such as forensic studies
or ecological studies, using aggregated data yearly.?"*
On the other hand, it is possible that the current study
could not identify more specific associations such as the
exaggeration of suicides in certain age groups (i.e. work-
ing-age males) due to high unemployment rates, as oth-
er studies have pointed out in the past.?'“! Furthermore,
CPl was excluded in the final model (table 2), although it
exhibited a statistically significant protective role (supp.
table 5). This discrepancy probably appeared because
CPI has had small fluctuations since April 1998, which
was considered as the starting year in the final model,
in order to also include unemployment rates, and due
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Figure 2. Seasonal male and female suicide patterns in Greece for the period 1980-2018. Peak months are denoted with an asterisk (*).

to this, it failed to decrease AIC as an explanatory factor.
Macroeconomic conditions, such as the consumption
trend, have historically appeared to explain the suicide
rates adequately.* On the contrary, unemployment
rates alone could not explain the change in suicides
unless unemployment protection was also taken into
account.*® Regarding our findings, strong family bonds
may explain the protective role of marriages, as Greek
families could offer extensive social support against eco-
nomic hardship,* similar to the one that is perceived in
Muslim community in China.” Besides social support
due to family ties in Greece,”® we could hypothesize,
generalizing the suggestions made by Basta et al for
suicides on the island of Crete,* that families and sub-
sequently marriage may also offer economic support,
especially in small communities (for example, the Greek
villages/towns), alleviating the pressure towards the
person at risk of committing suicide due to lack of em-
ployment or adequate purchasing power.

It is worth noting that absolute suicide counts ap-
peared to increase abruptly in 2011 (suppl. figure 1-2),

a year after the economic crisis started and the 1st bail-
out was implemented. Economou et al. found that the
1-month prevalence of major depression steadily in-
creased from 2008 to 2013,*" while suicidality also fol-
lowed this trend up to 2011, with a decline afterward.
It appeared that economic hardship could contribute
to the decline in mental health via the dismantling of
health services.>'*

The main limitation of the study is its ecological de-
sign and its inherent inability to establish a causal re-
lationship between suicide counts and the risk factors
under investigation. The quality of the suicide data is
another issue, as under-reporting cannot be excluded.
Furthermore, the availability of unemployment rates
after April 1998 restricted our investigation in the fi-
nal model and probably this resulted in the exclusion
of CPI from the analysis although data from 1980 re-
garding suicide, CPIl, and marriage rates were available.
Furthermore, the lack of daily suicide data does not al-
low us to investigate more specific patterns such as the
ones around National or Holy days, as recently Tsouvelas
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et al have found.'® On the other hand, the main advan-
tage of the current study is the investigation of suicide
seasonal patterns of both sexes during almost 4 dec-
ades, as well as the trend of these patterns.

In conclusion, our findings suggest a distinct suicide
seasonality with a peak mostly in May or June, depend-
ing on the statistical method, and a negative association
between suicide rates and marriage, which is an impor-
tant social parameter. A better understanding of suicide
circannual patterns and their relationship to certain so-
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EpsuvnTIKN Epyacia

Algpelivnon TNG OXEONG TWV AUTOKTOVIWY, TNG EMOXIKOTNTAG
Kal KOIVWVIKOOIKOVOMIKWYV mapayovtwv otnv EAAGada

Aaunmpoc-Qpiwv AcNUAKOTTOUAOG

Epyaotripio Neupoguaotodoyiag, Turjua latpikric, 2xoAr) Emotnuwy Yyeiag, Anuokpiteio Mavemotriuio Opdkng, AAeéavdpoumoAn

IXTOPIKO APOPOY: MNapahripOnke 8 Ampihiou 2022/AvabswpriBnke 30 OktwBpiou 2022/Anuoocievbnke Aladiktuakd 15 Aekeppiov 2022

NEPINHWYH

Maykoopiwg, uTdpxel ohoéva Kal PeyalUTePOG OyKog evoeifewy mepi UTAPENG oxéong HETAEY TWV AUTOKTOVIWY, TNG ETTOXI-
KOTNTAG KAl KOIVWVIKOOIKOVOUIKWV TTAPayOVTWwV. ZKOTOG TNG MAPoUoag MENETNG €ival va e€ETACEL TA EMOXIKA MOTIBA Twv au-
TOKTOVIWVY, TNV EMIGPacN Tou GUAOU G€ AUTA, TNV TACN TOUG KAl TN OXE0N TWV AUTOKTOVIWY UE OIKOVOULKOUG Kal KOIVWVIKOUG
TTOPAYOVTEC KIVOUVOU. AlEPELVHONKE N EMOXIKOTNTA TWV AUTOKTOVIWV 0TNV EAAASa yia To Staotnua 1980-2018 (39 £1n), 6TTWG
€TONG KAl N OXE€0N TWV AUTOKTOVIWVY LE KOIVWVIKOOIKOVOULKOUG TTAPAYOVTEG YIa MIKPOTEPN OUWG TTEPiI0dO (21 £Tn) Adyw pn
SlaBeoipoTnTag Twv Sedopévwy, Ta omoia EARPONoav amd tnv EAAnvIKn Ztatiotikr Apxn. lNa tn Siepelivnon TG EMOXIKOTNTAG
xpnotuomotdnke to Walter-Elwood test, evw n maAivépopnon Poisson xpnoipomolndnke yia va e§etaotel n oxéon petadld
EMOXNAC, KOWVWVIKOOIKOVOUIKWY TTAPAYOVTWY Kal UNVIA{WV AUTOKTOVIWV. ZUVOAIKA, 15.692 dUTOKTOVIEC CUUTIEPLEARPONCAV. XTO
OAIKO Seiypua, KaBw¢ Kal 0Toug AvOPEC, N KOPUPWON TWV KNVIAIWY AUTOKTOVIWV KATAYPAPNnKE Katd Tov Mdlo-lovvio, evw oTIC
YUVaikeg Kupiwg Tov lovAlo. ATid Toug TaPAYoVTECG KivoUvou, N aénon Twv YApwV @AVNKE VA HEIWVEL OTATIOTIKWE ONUAVTIKA
TIC OUTOKTOVIEC EVW N aENON TWV TTOCOOTWYV AVEPYIAC, Val HEV va TIC AUEAVEL, AANA OTATIOTIKWG PN ONUAVTIKA. Ta eupripata
NG HEAETNG Seixvouv Ty UapEn SIOKPITWY avapeca oTa SUO PUAA EMOXIKWY MOTIBWV Kal TNV TPOCTATEVUTIKN EMIGpacn Twv
YAUWV £VAVTI TWV AQUTOKTOVIWV.

NEZEIZ EYPETHPIOY: EmoxkOTNnTa, QUTOKTOVIES, YAMOL, avepyia, SEIKTNE TIHWY KATAVAAWTH).

Juyypapéag emkoivwviag: Napmpoc-Qpiwv Aonpakdmoulog, Epyactripio Neupoguaotohoyiag, Tuiua latpikig, ZxoAy Emotnuwv Yyseiag,
Anpokpiteto Mavemotruio Opdkng, 681 00 AAe§avdpoumoAn, Opdkn, AlevBuvon e-mail: lampasim@pm.me



