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ABSTRACT

Globally, there has been growing evidence pointing to a relationship. among 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 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 applied to investigate the relationship amongst 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, as well as, in men, a-peak was documented in May — June, whereas females
mostly peaked in July. Among the risk factors under investigation, 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 17" 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 19" century and Durkheim’s study on
circannual suicide patterns,? seasonality of suicides has been thoroughly documented, with
an increasing number of studies showing a peak in spring/summer and a trough in winter,
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depending on the region under investigation.® A small number of studies reported a bimodal
annual distribution.>™ Despite accumulating 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.5” Beyond seasonal patterns, as suicide is commonly seen as a multi-factorial
phenomenon, several possible socioeconomic risk factors such as age,® marital status,®™*!
gross domestic product (GDP) per capita,® urbanicity,® religion,* unemployment rates and
psychiatric disorders,®>'> national days and festive periods,'®'® have been extensively
studied, often with contradicting findings.*®"! Particularly in Greece, it has 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 concerns 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.®

The present study
Due to the contradicting evidence regarding the factors associated with suicide rates, the
present study aimed to clarify the existence of seasonal suicide patterns, the effect of gender
on seasonality, the trend of these patterns and whether the suicides are associated with
economic and social risk factors for the longest available duration, as a recent study in Greece
has pointed out.®

Methods

Study design

Monthly data of 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 services purchased by the
average Greek household each month and, in general, it depicts the inflation in the economy.
Unemployment monthly rates/were accessible from April of 1998 to the end of 2018. The
estimated population of the.country, for the 1% of January and 30" of June of every year, was
included in the study. Subsequently, the population of 1** of January was assigned to the
months of 1%t semester (January until June) and the population of 30'" of June to the remaining
months (July up to. December), except for 1980 from which only the population of 30" of June
was available: Monthly marriage rates were calculated by dividing marriages by the underlying
population 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 suicide counts for the total period under study (1980-2018) and by applying
Poisson regression with dummy variables 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 seasonal patterns across
the study period was investigated by dividing the study sample in 5-years’ subgroups (except
for the last subgroup which contained 4 years; 2015-2018) and reapplying Poisson regression
as described above. Sex - stratified analysis was also applied.

Consequently, the relationship among socioeconomic factors (CPI, marriages,
unemployment rates) and suicides was investigated. Firstly, individually for each factor, the
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underlying relationship between outcome (suicides) and exposure variables were assessed by
using 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 linear models were selected, as the best fit (suppl.
Table 1).% AIC was used to evaluate the goodness of fit for models; the lower the AIC, the
better the model fits the real-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 gvselect command,?® which implements 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 population (total and by sex) assigned to each month was used as an offset
in every regression 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 data were aggregated and publicly
available.

Results
In total, 15,692 suicides (12,331 males and 3,361 females) 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 average 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 investigation are presented in Suppl. Table 2-3.

Seasonality

Seasonal patterns were both evidentiin the total sample (Figure 1), as well as across all 5-year
subgroups (suppl. Figure 3). The Walter-Elwood test indicated a maximum angle rate at 160.4
degrees, which corresponded to June, while Poisson regression results pointed 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 (suppl. Figure 4-5), while in former
intervals it differed greatly (from March to July). On the contrary, female suicides peaked
mostly in July (suppl.Figure 6-7), while peaks 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 significant, 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 separately, a downward trend from 1980 to 2018 was observed,
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 selected as the best subset variables, excluding
CPI due to 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 significant
(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 unemployment 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
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%. In the male subgroup, marriage rates were associated with a 0.5% reduction in suicides
(p=0.024), while the 0.3% reduction in females was statistically not significant (p=0.618). For
exploratory-only purposes, univariate models are also presented in suppl. Table 5.

Discussion

The current study demonstrates the existence of seasonal suicide patterns in Greece during
the four decades under study. Seasonality was evident in all subgroups, including sex-stratified
analysis, as others have previously been documented.'® As it was demonstrated in Spain,?
another Mediterranean country, women appeared to follow 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 months.>?%2° However, contradicting evidence to our
results do exist, pointing to a more intense seasonal pattern in women than.men circannually
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 assumption of a unimodal pattern. As far as the seasonal trend
across the whole period under study is concerned, seasonality appeared 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 U.S.A, where an increase was observed.?®2% This could be attributed to the increasing
prevalence of depression and subsequently; the increasing use of anti-depressant medications
in Greece, which tend to flatten the circannual suicide pattern, as it has been previously
supported.3? Nevertheless, geneticcmechanisms may also play a crucial role, as heritability
of suicidal behavior contributes up to 30-55% and suicide cases meet criteria for psychiatric
disorders up to 60-98%.3*** Subsequently, it can be hypothesized that certain
neurotransmitters such as serotonin or its metabolites, which follow a distinct seasonality,3
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 suicidality, similar to the one caused by antidepressants in short-term period, as
other studies‘have supported.394°

Across the three socioeconomic factors that were investigated, 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 previously supported.®™! On the other hand, unemployment
seemed to have no significant effect on suicides, which consists 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 relationship 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 be the result from different methodologies,
such as forensic studies or ecological studies, using aggregated data on a yearly basis.?>** 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. working age males)
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due to high unemployment rates, as other studies have pointed out in the
past.2Y*'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 to this, it failed
to decrease AIC as an explanatory factor. Macroeconomic conditions, such as the
consumption trend, has historically appeared to explain the suicides 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 economic 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 subsequently 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 employment or adequate
purchasing power.

It is worth noting that absolute suicide counts appeared to increase abruptly in 2011
(suppl. Figure 1-2), a year after the economic crisis started and the 1% bailout was
implemented. Economou et al. found that 1-month prevalence of major depression steadily
increased from 2008 to 2013,3! while suicidality also followed this trend up to 2011, with a
decline afterwards. 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 itsecological design and its inherent inability to
establish a causal relationship between the 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 final model and probably this resulted in the exclusion of CPI from the
analysis although data from 1980 regarding suicide, CPl and marriage rates were available.
Furthermore, the lack of daily suicide data does not allow to investigate more specific patterns
such as the ones around National or Holy days, as recently Tsouvelas et. al. have found.'® On
the other hand, the main advantage of the current study is the investigation of suicide
seasonal patterns of both sexes during almost 4 decades, 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, depended on the statistical method and a negative association between suicide
rates and marriage, which is an important social parameter. A better understanding of suicide
circannual patterns and their relationship to certain social and economic drivers could help
better preventive strategies to be designed and implemented.
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Table 1. Descriptive statistics of suicides per month in Greece during the period 1980-2018.

Unemployment rates 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% ClI p % Change ~ 95% Cl p % Change 95% Cl p
Consumer Price - - - - - - - - -
Index
Marriage rates -0.5 -0.8--0.1 0.025 -0.5 -0.9--0.1 0.024 -0.3 -1.1-0.6 0.618
Unemployment 2.4 -0.5-5.5 0.099 1.6 -1.6-4.8 0.313 4.1 -2.6-11.3 0.226
rates




Total suicides in Greece
1980-2018

12 2

10

IRR
_
| ——
—_
—_—

Suicides — — — - Expected Suicides

10| — 1 —————————————— l - Center is at 0

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 (*)
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EPEYNHTIKH EPTAZIA

Alepelivnon TG OXE0NG TWV QLUTOKTOVLWY, TNG EMOXLKOTNTAG KOl
KOLVWVLKOOLKOVO LKWV Ttapayovtwv otnv EAAada

Adapunpog Qpiwv AcnUaKOMOUAOG

Epyaotnpto Neupopuotodoyiac, Tunua latpikncg, ZyoAn Emtotnuwy Yyeiac,
Anuokpiteto Mavemniotiuio Opakng, AAeéavépourmoAn, EAAada

IZTOPIKO APOPOY: NopaiidOnke 8 Arnpthiou 2022/ AvaBewpriBnke 30 OktwPpiov 2022 /
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NEPIAHWH
Maykooplwg, umapxel ohogva Kat PeyaAUTEPOG OYKOG eveifewv Tepl UTAPENG oxEONC LETAEY
TWV OUTOKTOVLWY, TNG EMOXIKOTNTAG KOl KOWWVLKOOLKOVOULKWY TIOPAYOVIWY. ZKOTOG TNG
TapovoaG LEAETNG lval va EETACEL TA EMOXIKA MOTIBO TWV UTOKTOVIWY, TNV eNidpacn Tou
dUAOU O QUTA, TNV TACNH TOUC KOL TN OXEON TWV OUTOKTOVIWV LE OLKOVOULKOUG KOl
KOLVWVLKOUG TapAYovTeG KlvdUvou. AlepeuviBnKe n €MOXLKOTNTO TWV OUTOKTOVLWV OThV
EANGSa yia to Sdtdotnua 1980-2018 (39 £1n), OMwWG emiong KAl N 0X£CN TWV AUTOKTOVLWYV UE
KOLVWVLKOOLKOVOULKOUC TIAPAYOVTEG  Yla HLKPOTEPN Opwe Tepiodo (21 €tn) Adyw un
SlaBeopotntag twy dedopévwy, Ta onola eAdBnoav amnoé tnv EAANVLOTLKN ZTatloTtikn Apxn.
Ma tnv Slepelivnon NG €MOXLKOTNTAC Xpnolpomolibnke to Walter-Elwood test, evw n
naAwvépounon Poisson xpnotwdomolnBnke yia va efetaotel n oxéon Hetafl €mMOXNG,
KOLVWVLKOOLKOVOULKWY  TIOPOYOVTIWY  KOL  HNVIOLWV  OUTOKTOVIWV. JUVOAWKA, 15.692
oautoktovieg oupnepteAndOnoav. Xto oAlkod delypa, kabwg Kal otoug avdpeg, n Kopudwaon
TWV UNVLOLWV QUTOKTOVLWY Kataypadnke Katd Tov Mdlo-loUvio, VW OTLC YUVAIKES KUPLWG
tov loUAlo. AO Toug TOpPAyovteg KvdUvou, n avénon Twv YAUwv GAVNKE Vo UELWVEL
OTATLOTIKWG ONHAVTIKA TLG AUTOKTOVIEG EVW N alENCN TWV TOCOCTWY AVEPYLAC, VAL LUEV VO TLG
auédvouv, aAAQ OTATLOTIKWG N CNUAVTIKA. Ta eupApata tng LeAETNG Seixvouv tnv UTtapPEn
Slakpltwv avapeoa ota SVo GpUAA EMOYIKWY MOTIRWV KOL TNV TTPOCTATEVUTLKI EMidpach Twv
YAUWV €VAVTL TWV AUTOKTOVLWV.
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